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EXECUTIVE SUMMARY

The Old Radioactive Waste Burial Ground (ORWBG) (643-E including Solvent Tanks 650-0 lE

to 650-22E) is located within the Savannah River Site (SRS) Burial Ground Complex (BGC).

The BGC occupies approximately 75 hectares (195 acres) in the central part of SRS between F

and H Separations Areas on a nearly flat divide between Upper Three Runs Creek to the norrh

and Fourmile Branch to the south.

The ORWBG, including Old Solvent Tanks (S01 -S22) is identified as a Resource Conservation

and Recovery Act (RCRA) and a Comprehensive Environmental Response, Compensation and

Liability Act (CERCLA) operable unit and is designated as Building Number 643-E. Tbe unit is

quadrilateral in shape and occupies approximately 31 hectares (76 acres) in the southern area of

the BGC.

The ORWBG comprised a disposal area for solid radioactive waste produced at SRS and

shipments from other Department of Energy and Department of Defense facilities. The unit

received waste from 1952 to 1972; however, it was used until 1974 for small quantities of waste,

primarily in retrievable form. The various levels/types of radioactive wastes were disposed in

earthen trenches. The wastes included Transuranic (TRU) waste, low-level radioactive waste,

and intermediate-level radioactive waste. Twenty-two underground storage tanks were used to

store organic solvents for incineration in two areas of the unit. The ORWBG was also used for

the storage of contaminated equipment, a sandblasting facility for equipment decontamination,

and various repair facilities. There is no evidence that free liquid waste forms are buried in an

“uncontained” state in the trenches at the ORWBG.

The ORWBG is relatively flat with elevations ranging from approximately 82 meters (270 feet)

mean sea level along the southern perimeter to approximately 31 meters (300 feet) mean sea level

adjacent to the northern boundary. The land surface generally slopes to the south, but has been

locally modified by excavations and mounds of soil.

An interim action at the ORWBG has been initiated to minimize contaminant migration. The

interim action places a low-permeability soil cover over the ORWBG unit with topsoil and

vegetation. The role of tbe soil cover is to reduce stormwater infiltration through the waste layer

to minimize contaminant migration to the water table. The soil cover is sloped to promote surface

runoff, minimize surface erosion, and control leaching of hazardous substances from the source

material.

ES- 1
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Previous investigations provide extensive information about the waste inventory in the ORWBG *

and the impact of that waste on the environment. Information concerning the waste inventory has

been compiled and mapped in detail in Appendix A, “Source Term for the Old Radioactive Waste

Burial Ground (ORWBG), Savannah River Site (U).” The relationship between the location of

various buried waste types and the location of groundwater contamination at the ORWBG has

been explored in Appendix B, “Summary of Warer Table Monitoring for the Old Radioactive

Wasre Burial Ground (ORWBG)”. Field investigations within the boundaries of the ORWBG
. .. !-—. . . . . ~m.nn\ . . .,-.~f., ,k- r-,.m.,ie~ !ecations Of tre,nch?~ of hl]riedurcluae grounu pcllc(latll,g LdU~ ,u. >., .V . ~. UJ . ..- --------

waste in the ORWBG, soil gas surveys, air sampling, shallow groundwater sampling, and soil

sampling.

Characterization of the geology, hydrogeology, and the plumes of contamination emanating from

the ORWBG has been conducted in accordance with, “A Field Investigation Plan for the Burial

Ground Complex” (WSRC-RP-93-848). All groundwater associated with the burial ground

complex is being addressed under the RCRA permit for the Mixed Waste Management Facility

F) . and complete documentation of the characterization of the plume at the ORWBG is——
presented in the RCRA Part B permit application for the MWMF. Pertinent information from the

groundwater characterization is summarized in this document.
e

The Data Quality Objectives (DQO) evahration and the unit assessment evaluation conclude that a

single data gap remains to complete characterization of the ORWBG. This single data gap is the

sampling and analysis of the remaining contents of the old solvent tanks to ensure that this

material can meet the waste acceptance criteria for existing ‘SRS disposal facilities.
.—. —___ ———— ___

This report identifies potential “hot spots” that may require special feasibility assessment in the

development of a final remedy for the ORWBG. Identification of the “hot spots” is based on the

following criteria

* high concentrations or high activity levels of radioactivity;

I
● persistence of high radioactivity through time;

I . burial type;

● waste fore, and

I ● mobility.

I
——
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● 1.0 INTRODUCTION

This document is a combmed Workpkur and Remedial Investigation Report.

1.1 Workplao/RCRA Facility Investigation/Remedial Investigation Report

Organimtion

This document presents the assessment of environmental impacts resulting from releases of

hazardous substances from the facilities in the Old Radioactive Waste Burial Ground (ORWBG,

643-E, including Solvent Tanks 650-OIE to 650-22E, also referred to as Solvent Tanks S01-S22)

at the Savannah River Site (SRS), Aiken, South Carolina.

This document is organized into twelve sections. Section 1, Introduction, outlines the regulatory

framework and provides a brief description and history of the ORWBG. Section 2, Preliminary

Unit Evaluation, provides de~ailed background information on unit characteristics and previous

investigations; presents the conceptual site model (CSM); discusses general impacts on the unit

and surrounding medi~ and provides a preliminary list of the applicable or relevant and

appropriate requirements (ARARs) and “to-k-considered” (TBC) factors. Section 3, Data

●
Quality Objectives, discusses the decision-making process for the Data QuaIity Objective (DQO)

evahsation. Section 4, Unit Assessment, identfles the specifrc investigation activities (including

detailed analyses of existing records) to be implemented in order to characterize the primary and

secondary sources of contamination and the environmental media impacted as depicted by the

CSM and as required by the DQO process needs. Early/interim remedial actions and potential

Corrective Measures Study~easibfity Study (CMS/FS) options are discussed in Sections 5 and 6,

respectively. Section 7, Qualitative Risk Assessment Summary, discusses risks to human health

and the environment, An estimated schedule, Health and Safety Plarr (HASP), Quality

Assurance/Quafity Control (QA/QC) Plan, and a Data Management Plan are provided in Sections

8,9, 10, and 11 respectively. References cited in this report are listed in Section 12.

1.2 Regulatory Background

1.2.1 RCRA Facifity Investigation Program

The U.S. Department of Energy

Carolina, manages waste materials

Recovery Act (RCRA) of 1976,

(DOE) Savannah River Operations Office, AAen, South

which are regulated under the Resource Conservation and

a comprehensive law requirhrg stringent management of
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hazardous waste. The Hazardous and Solid Waste Amendments (HSWA) were passed in 1984 to

further augment the 1976 requirements.
●

~ei:zifi ~ctilrit~e~ ~ond~l~ted at the SRS require operating or Post-c!osure Permits issued in

accordance with RCRA and are known as regulated units. Regulated units are those surface

impoundments, landfills, and waste piles (collectively termed “land disposal units”) which have

received hazardous waste since November 19, 1980, and which require RCRA operating or posL-

closure permils. The SRS has received a RCRA permit from the South Carolina Department of

Health and Environmental Controi (SCDH~CJ. --”.., A 0 --.:.- ann~ f..l -.,-~.,+=c ~h.enfi YVfi *c~L,Ukt auu~ Lul ‘..-..-...”.

investigation and corrective action at non-regulated units. These non-regulated units have been

termed Solid Waste Management Units (SWMUS) and may include any activity where hazardous

constituents remain uncontrolled and could potentially be released to the environment. The

Permit mandates that these SWMUS be further investigated to determine the actual or potential

impact to human health and the environment.

1.2.2 CERCLA Remedial Investigation Program

On December 21, 1989, the SRS was included on the National Priorities fist ~ mty

included on the NPL is subject to the provisions of the Comprehensive Environmental Response,

Compensation, and Liability Act (CERCLA). In accordance with Section 120 of CERCLA, DOE
9

has negotiated a Federal Facility Agreement (FFA) with the EPA and SCDHEC to coordinate

cleanup activities at the SRS into one comprehensive strategy. The ORWBG, including Old

Solvent Tanks (S01 -S22), is identfled as a RCRA/CERCLA unit under a new operable unit

entitled “Old Radioactive Yas!e_Buri~l Qr’und (643-E. 501-522 ).”-—. —

Public participation requirements are listed in South Caroliia’s Hazardous Waste Management

Regulation (SCHWMR) R.61 -79-124 and Sections 113 and 117 of CERCLA. These

requirements include the establishment of an Administrative Record fde that documents the

selection of cleanup alternatives and provides for review and comment by the public of those

alternatives. The SRS Public Involvement Plan (DOE, 1994b) is designed to facilitate public

involvement in the decision-making processes for permitting, closure, and the selection of
.. —.-=:-1 ., .-.-”. :.,e. 1: .~d~..,~~ fhp ~~.n,,irements of CERCLA, RCRA, and the NationalLGIL IGUL’1, a,tu, ,,a,, v “o. . ...”. “..-. . . . . .-=.. —..

Environmental Policy Act (NEPA). The Public Involvement Plan is available to the prrbfic in

information repositories located in communities new, the SRS. In addhion

Involvement Plan, the public wifl have access to the Adtilstrative Record

repositories.

to the Public

through these

9
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● Unit-specific workplarrs, such as this one, will be part of the Administrative Record and will be I
--

avaifable to the public. Information repositories have been established at DOE’s Public Reading

Room located at the University of South Carolina Aiken campus in Aken, South Carolina and the

Thomas Cooper Library in Columbia, South Carolina. A notice wilf be published in local

newspapers, and announcements will be made on local radio stations, when information is being

compiled regarding the investigation and cleanup of tbe ORWBG. Additional repositories maybe

added and/or locations changed to better meet the needs of the public.

The RCRA Facility Investigation Program Plan (WSRC, 1989) was developed by SRS to provide

guidance and delineate standard procedures for facility investigations at SRS. The RFl Program

Plan was expanded to include CERCLA hmardous substances and has been retitled the RCRA

Facifity Investigation/Remedial Investigation Program Plan (RFf/RI-PP, WSRC, 1993a).

1.2.3 Summary of Unit Description

1.2.3.1 Unit History and Characteristics

The ORWBG (643-E, including Solvent Tanks 650-OIE to 650-22E) is located within the SRS

o
Burial Ground Complex (BGC). The BGC is an area which occupies approximately 75 hectares

(195 acres) in the central part of SRS between F and H Separation Areas, on a nearly flat divide

between Upper Three Runs Creek to the north and Fourrnile Branch to the south (see Figure 1-l).

SRS Road E parallels the southern boundary of the ORWBG. A U.S. Government raifroad and

an inter-area high-level liquid waste transfer pipeline are located on the northern boundary of the

ORWBG, betwmn the ORWBG and the Mixed Waste Management Facifity (MWMF)hw-f-evel

Radioactive Waste Disposal Facifity (LLRWDF) areas (Figure 1-2). The adtilstration building

(No. 724-7E) and access road for the ORWBG are located

ORWBG, adjacent to Road E.

The ORWBG, designated Building Number 643-E, has a

near the southwest comer of the

quadrilateral shape and occupies

approximately 31 hectares (76 acres). The nearest SRS bounda~ is over 9.7 kilometers (km) [6

miles (nri)] to the north. The ORWBG was divided into sections to accommodate disposal of

various levels/types of radio act ive waste materials from 1952 until filled in 1972. These materials

include transuranic (TRU) waste, low-level waste, and intermediate-level waste generated at SRS,

and wrote generated elsewhere. A map delineating the general locations of the disposaf sections

is shown on Figure 1-3. Sections 2.2.1 and 2.2.2 provide additional information on the Unit’s

o history and waste composition.

1-3
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1.3 Regional Setting

1.3.1 Meteorology

The SRS region has a temperate climate with short, mild winters and long, humid summers. The

region is subject to continental influences, but is protected from the more severe winters in the

Tennessee Valley by the Appalachian Mountains to the north and northwest. It is often influenced

by warm, moist maritime air masses throughout the year. Gently rolling hills, with no unusual

...-~.. r......-. ,k.+ ,~jeu!d .ionific,ant!y influence the general climate, characterize the unit
iU~U~L ~~,,,b ,Ga. u. u. . ..-. . . . . . . . . .

and the surrounding area.

The annual average temperature at SRS is 18°C (65”F). The average annual precipitation at SRS

is 126 centimeters (cm) [49.73 inches (in)] and is distributed fairly evenly throughout the year.

The greatest observed rainfall for a 24-hour. period was about 50cm(19.6 in) in October 1990.

Additional details concerning climatology and meteorology of SRS can be found in the Site

Characteristics chapter of the Safety Analysis Report for SRS (WSRC, 1995a).
——

1.3.2 Physiography

SRS occupies an area of approximately 777 square kdometers (300 square rnifes) of the &en
●

Plateau, as depicted on Figure 1-4. The Aiken Plateau is a subdivision of the Atlantic upper

coastal plain, bounded by the Savannah River and the Congaree River on the east and west, and

extends from the Fall Line in the northwest to the Orangeburg scarp in the southemt. The surface

. .–. of.the.Aikcn. Plateau is highly disec:ed and characterized by broad intefluvial are~ with n~ow~.— .._ __ ____ -

steep-sided stream valfeys. Locaf elevations can vary as much as 91 meters (m) [300 =(T— ‘—

over smalf distances. The plateau is usually well drained, although many poorly drained sinks and

depressions exist, espwially in topographically high areas [above 76 m (250 ft) mean sea Ievel

(mSM.

SRS lies wholly within the Savannah River drainage basin, with the Savannah River forming the

southwestern boundary of SRS. Major tributaries to the Savannah River that flow southwestward

------- -m ~ --- r T...--. Th-.. D,,.. c.-.k ~~n~.~r ~reek, Fourmjle Branch, Pen Branch, SteeldUIVh> 01,0 ‘lLb “~sJb, L ,’, -” L.-... . . . . . . .

Creek, and Lower Three Runs Creek (Figure 1-5). Ground surface elevations at SRS range from

approximately 21 m (70 ft) msl at the mouth of Lower Three Runs Creek to over

msl on the plateau.

22 m (400 ft)

e

1-4
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0 1.3.3 SRSGeology/StratigmphicSequence

The age and stratigraphic correlation of geological units in the SRS area have long been

controversial because of the sparseness of the fossil record and the similarity of the lithology of

adjacent units. Until recently, most geologic studies used the nomenclature of Siple (1967) and

Cooke and MacNeal (1952). The extensive geological and hydrological programs at the SRS

have given rise to a large body of data which have greatly improved the understanding of the

lithostratigraphy of the region. This explosion of data has given rise to a series of changes in the

fithostratigraphic nomenclature and ranking of Price and Cook ( 1988). The nomenclature of

Fallaw and Price (1995) is the currently approved lithostratigraphic nomenclature at the SRS.

Figure 1-6 provides a general correlation between the fithostratigraphic nomenclature of these

works. The nomenclature of Aadland et al. (1995) will be used in this Workplan.

SRS is underlain by a seaward thickening wedge of Cretaceus and Cenozoic fluvial, deltaic, and

marine sediments. These sediments range in thickness from near zero at the fall fine, 32 km (20

miles) northwest of the SRS, to approximately 183 m (600 ft) thick at the northern boundary of

the SRS, 366 m (1,200 ft) at the southern boundary of the SRS, and more than 549 m (1,800 ft)

near the Allendale-Hampton county line. Regional dip is to the southwest and averages 6.6 m per

o kilometer (35 fiperrnile) at thesub-Cretaceous unconfofityanddecremes upwind through the

sediment column. Over most of the study area, the Coastal Plain sequence is underlain by

relatively impermeable saprolites and crystalline rocks of the Appalachian Orogen. The crystalline

rocks are dominantly Paleozoic metamorphic quartzites, hornblende gneisses, and chlorite-

hornblende schists which are intruded by slightly younger Paleozoic granitic plutons. In the

southeast, the Cretaceus sediments lie on Triassic sediments of the Newark supergroup that

were deposited in the Dunbarton basin. The Dunbarton basin is a Mesozoic graben formed at the

time of the inhial riftiig of the North Atlantic basin. This basin contains as much as 1615 m

(5,300 ft) of terrigenous sediments which are comprised of poorly sorted fanglomerates,

sandstones, siltstones, and claystones.

Rocks of the Paleozoic and Triassic have been leveled by erosion and are unconformably overlain

by unconsolidated to poorly consolidated Coastal Plain sediments. The Coastal Plain sediments

form a elastic wedge that thickens and dips to the southeast.

The Coastal Plain sequences near the center of the SRS consist of approximately213 m (700 ft)

of Late Cretaceus quartz sand, pebbly sand, and kaolinitic clays, overlain by approximately 18.3

●
m (60 ft) of Paleocene clayey and silty quartz sand, glauconitic sands, silts, and clays. The

1-5
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~
Paleocene sediments are in turn overlain by about 107 m (350 ft) of Eocene quartz sands,

@
glauconitic quartz sands, clays, and limestones. Calcareous sediments are common in the upper

parts of the downdip portion of the Eocene sediments and are commonly capped by deposits of

pebbly clayey sand, conglomerates, and clays of Miocene to Oligocene age. Wide variations in

lithology and thickness, both horizontally and vertically, are common in most of the Coastal Plain

sediments, which were deposited during a series of marine transgressions and regressions. These

variations make lithologic descriptions generalized and stratigraphic correlations difficult.

1.3.3.1 Upper Cretaceus Sediments

The Upper Cretaceus sequence consists of poorly consolidated clay-rich fme to medium grained

micaceous sand, sandy clays, and gravels. The sequence is divided into the basal Cape Fear

Formation and the overlying, poorly indurated Lumbce Group. The Lumbee Group is divided

into the Middendorf, Black Creek, and Steel Creek Formations. The Cape Fear formation rests

directly on top of the weathered and eroded surface of the basement complex.

~ ‘*
The Cape Fear Formation consists of a moderately indurated heterogeneous sequence of

sparsely fossdlferous clays, sandy clays and clayey sands which res=nconformably on 3 to JJ m

(10 to 40 ft) of saprolites that were derived from the underlying crystalline rocks.

The Middendorf Formation unconformably overlies the Cape Fear’ with a distinct contact. This

formation is marked by an abrupt change from the moderately indurated Cape Fear sediments to

the slightly indurated micaceous sands and clayey sands, with thin lenses of kaolinitic clay, of the

Middendorf. The Middendorf generally frees downdip to the southwest and has a basal zone that

is commonly pebbiy. The thickness of lhZ ‘fofiitiolTaFg&s-fr~ 3&6w-(-120-ft)in-the north -to-—— ———

7.3 m (240 ft) in’ the south. The top of the Mlddendorf, dips to the southeast at 4.9 m per

kifometer (26 ft per mife) across the study area.

The Black Creek Formation consists of 41 to 61 m (150 to 200 ft) of fluvial to upper deltaic

darker colored, micaceous, comparatively well sorted, fine grained sands with a relatively high

clay content. The Black Creek unconformably overfies the sediments of the Middendorf

Formation. Clay lenses in this formation are commonly 6 to 12 m (20 to 40 ft) thick. The

I
formation fines upward and is often capped by 3 to 7.6 m (10 to 25 ft) of chay.

The Steel Creek Formation (formerly the “Steel Creek Member” of the Peedee Formation)

overlies the Black Creek Formation and is differentiated by a higher percentage of sand. It is

characterized as yellow, tan, and gray, medium to coarse, moderately sorted sand interbedded ●

I 1-6
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● with variegated clays. Pebbly zones and layers with clay clasts are common. The formation

ranges in thickness from 18 to 53 m (60 to 175 ft). The top of the Steel Creek is a 0.9 to 9 m (3

to 30 ft) thick clay bed of large horizontal extent. The formation dips to the southeast 20 feet per

mile.

1.3.3.2 Tertiary Sediments

Tertiary sediments range from early Paleocene to Miocene in age and were deposited in fluvial to

marine shelf environments. The sequence of sand, silt, and clay generally grades into highly

permeable platform carbonates in the south and east. The Tertiary sequence is divided into three

groups that are further subdivided into 17 formations and members. All are overlain by the unit

referred to as “Upland Unit” of Price and Cook (1988) or the “Akemaba” Formation of Fallaw

and Price (1995).

The Black Mingo Group consists of quartz sands, silty clays, and clays that were probably

deposited in lower deltaic environments under marine influence. In the south, massive clays, often

more than 15 m (50 ft) thick predominate. At the coast, these beds grade into limestone,

anhydrite, and dolomite marine facies. The upper surface of the Black Mmgo Group d]ps to the

southeast at 3 m per kilometer (16 ft per mile) and thickens from 18 m (60 ft) in the north to 52 m

(170 ft) in the south. The group is approximately 700 feet thick at the coastline. The Black

Mingo Group consists of the Rhems Formation, and the overlying Snapp (Fallaw and Price 1995)

or WWlamsburg Formation (Fallaw et al 1990) and the Fourmile Formation (formerly the

Fourmile Member of the Fishburn Formation).

The Rhems Formation contains five memkrs, each representing a depositiorral facies. Two of

these members are represented in the SRS area the Sawdust Landing Member, an upper deltaic

plain fluvial deposit that unconformably overlies the cretaceous Steel CreeWeedee Formations,

and the Lang Sync Membr, a 10wer delta plain deposit of estuarine and littoral origin.

The Fourmile Formation averages approximately 9 m (30 ft) in thickness in the SRS area and is

characterized as a mostly tan, yellow, orange, brown, and white moderately-to well-sorted sand

with clay beds, a few feet thick, near the middle and top of the unit. It is distinguished from under

lying sediments by lighter color and a lower content of silt and clay content. It is nearly

indistinguishable from the overlying Congaree Formation. This formation becomes silty and

clayey do wndlp and then grades into calcareous, glauconitic sands and fossifiierous limestones.

1-7
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The Orangeburg Group consists of the lower-middle Eocene Congaree Formation and the

upper-middle Eocene Warley Hill and Tinker/Santee Formations. Over most of the SRS area,
o

these post-Paleocene units are more marine in character than the underlying units, consisting of

alternating iayers of sand, limestone, marl, arid clay. Sediments of this group thicken from

approximately 26 m (85 ft) in the northeastern part of the SRS area to 61 m (200 ft) in the

southwestern part of the area.

The Con~aree Formation overlies the Fournrile Formation. It is about 9 m (30 ft) thick in the

SRS area and COtrSiStS of yeiiow, orange, van, gray, and greefi, W*L, OU. .~u .I..= .----..- 1-----
. ...11 .,. -.-J G.. a .- ,. fi..’.e “,1.,.f7

sand with granule and small pebble zones common. Thin clay larninae occur throughout the

section. The quartz grains tend to be better rounded than those in the rest of the stratigraphic

column. The Congaree grades into the platform carbonate facies of the lower Santee Limestone,

beyond the sourthern border of the SRS.

The Warlev HI1l Formation unconformably overlies the Congaree. It consists of 3 to 6 m (10 to

20 ft) of tine-grained glauconitic sands and clayey beds commonly termed “Green Clay” in

sedlme nts indicate elastic-shelf environments of deposition.—

The Tinker/Santee Formations are late-middle Eocene shallow marine deposits overlying the

Warley Hill Formation. These deposits consist of moderately-sorted, yellow and tan quar~ sands,
●

calcareous sand, c[ay, limestone, and marl. The sediments are more calcareous downdip and are

sporadic in the middle of the SRS area, ranging from Oto 21 m (O to 70 ft) in thickness.

The Barnwefl Group are upper Eocene sediments which lie unconformably on the Tirrker/Santee

formations. They are shallow-tilnev qtiafii-;afid= WhiCh-corttairrsporacfic-clay-lenses:—The——————

group is approximately21 m (70 ft) thick at the northern boundary of the SRS thickening to 52 m

(170 ft) near its southeastern boundary. Down-dip, the Bamwell undergoes a facies change to

phosphatic, clayey limestone of the lower Cooper Group. The Barnweff Group consists of the

Dry Branch Formation and the Tobacco Road Formation.

The Dry Branch Formation is approximately 18 m (60 ft) thick near the center of the SRS. The

formation consists of the Irwinton Sand Member, Twiggs Clay Member, and Griffins Landing

Member.

The Irwinton Sand Member is a tan, yellow, and orange, moderately-sorted quartz sand with

discontinuous interbedded clay layers and clay clasts. Thickness is variable, but is approximately

1-8
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● 12 m (40 fi) in the north of the area. The interbedded clay layers have been referenced to the

‘“fan Clay” in earlier reports.

The Twiu~s Clav Member is not mapable in the SRS area. It reaches a thickness of 3.7 m (12

ft) in portions of the SRS, but is very discontinuous.

The Griffins Landing Member is composed of tan or green, slightly indurated quartzose

calcareous micrite and sparite, calcareous quartz sand and slightly calcareous clay. Oyster beds

are locally common. The member is widespread in the south where it can be 15 m (50 ft) thick,

but is discontinuous in the center where it pinches out. The member seems to have formed in a

shallow marine to lagoonal environment

The Tobacco Road Formation is a Late Eocene sediment. TKIs formation consists of

moderately to poorly sorted, red, brown, tan, purple and orange, fme to coarse, clayey quartz

sand. Pebble layers are common, as are clay Iarrrirrae and beds. Bumow clasts are common in

parts of the formation. The sands of the Tobacco Road Formation are better sorted than the

overlying “Upland Unit”. The lower part of the upper Eocene ,Cooper Group is the probable

downdip equivalent of this formation.

● The Cooper Group consists of marley upper Eocene/Oligocene deposits which grade

horizontally into the Ocala Limestone. This Group is discontinuous in the area, having been

described in only two cores in the south.

The “Unland Unit’’/Hawthorn/Chandler Brid~e Formations are poorly sorted, sifty, clayey,

pebbly sands and conglomerates which cap many of the higher elevations in the SRS area.

Weathered feldspar is abundant in places and colors are variable. Changes in facies and thickness

are abmpt, indicating that these may be fluvial deposits. Dlstinguisbirrg characteristics inchrde

cross bedding laminations and the presence of 0.6 centimeter (cm, quarter inch) diameter whke

clay balls. Thickness varies and is as much as 18 m (60 ft) in some sections of the SRS area.

1.3.3.3 SRS Hydrostratigraphy

The Coastal Plain sediments underlying the SRS constitute a multi-layered hydrologic system in

which water-flow retarding beds are interspersed with beds that transmit water more readily

(aquifers). Groundwater flow paths and flow velocities for each of these beds are governed by

the hydraulic properties and geometry of the particular &d and the distribution of recharge and

●
discharge areas.

1-9
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I

In unconsolidated sediments, predominately sandy beds fo~ aquifers. Beds containing large
@

percentages of clay form aquatards, if thick and homogeneous, or aquapauses, if inhomogeneous
I

or thin. Beds that form aquatards in one local area can transtit water in other areas due to lateral

changes in lithography or sporadic occurrence of the bed.

I
The accepted nomenclature of hydrogeologic units at SRS is that of Aadland et al. (1995). The

coastal plain sequence has been divided into two Provinces: the Piedmont Hydrogeologic

Province consisting of Triassic and earlier Iithitied sediments, metamorphic rocks, and granitic
—. . . . . . . . . . .... . . . ..--...:-- -c . . . . . ..”...l. A.+o.r.-rocks, and the Southeast Coastal r!am Hyarogeologlc r[ u VIIIGG, eUII.ISL,,,5 V, U,.&”,,.”,i~...-- .“

poorly consolidated, post-Triassic sediments,

Lfd

The Southeast Coastal Plain Hydrogeologic

Province is divided into hydrogeologic systems as depicted in Figure 1-7. Listed from bottom to

top these are designated the Appleton Confining System, the Dublin-Midville Aquifer System, the

Meyers Branch Confining System, and the Floridan Aquifer System. Whhirr these systems are

individual units which are further divided into zones. Boundaries of hydrologic units do not

necessarily coincide with stratigraphic boundaries, tilng dependent on hydrologic properties that

are, in turn, more dependent on environments of deposition and post depositional history rather

t an time o eposltlon.

The fofiowing summary of the hydrostratographic nomenclature currently in use at SRS is derived ●
from the work of Aadland et al. (1995).

The Appleton Confining System (I) correlates generally with the Cape Fear Formation and

represents the bottom of the Cretaceus section at SRS. The Cape Few Formation is an effective

continin~ unit at SRS because of its fine-grained character. It separates the water-bearing units. . . . . . . . . . . . .-. — —__
of the Southeast Coastal Plain from the Paleozoic crystalline rocks and Triassic sediments of the

Piedmont, which contain water of poorer quality. However, southeast and downdip from SRS,

the sediments within the Cape Fear Formation become more sandy and the unit is used for

groundwater withdrawal.

The Dublin-Midville Aquifer System (I) includes sediments of Cretaceus age. over most of

SRS, this system can be divided into two aquifers (the McQueen Branch [IA] and Crouch Branch

rml mfi..if.~c~ .G”nrnt-,i hv the. Mc.Olleen Rranch Confining Unit (lA-IB). The water-producingLA-l ‘7-.. ---, “-r ------ -, ---- ---- x--- --

zones within this aquifer system constitute the major aquifers beneath and immediately

surrounding SRS. Wells completed within the Dublin-Midville Aquifer System (I) are capable of

producing water at a rate of thousands of gallons per minute. Subdivisions of the Dublin-MidvMe

Aquifer System (I) are descrikd as follows:

1-1o
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● The McQueen Branch Aquifer (IA) overlies the Appleton Confining System (I) and

generrdly corresponds to the fine- to coarse-grained sands comprising the Middendorf

Formation. Clay layers occur within the upper part of the Middendorf Formation, but they

are only locally impervious. Sand zones in the lower third of the overlying Black Creek

Formation are hydraulically connected with Middendorf Formation sands and are also

considered part of the McQueen Branch Aquifer (IA). Collectively, these strata represent

the water-bearing zone previously known as the “Lower Tuscaloosa Aquifer” or

“Middendorf/Black Creek Aquifer.”

The McQueen Branch Confining Unit (IA-fB) overlies the McQueen Branch Aquifer

(IA) and consists of silty and clayey sediments within the rniddle third of the Black Creek

Formation. The Black Creek Formation, as a whole, is more fine grained and less

transmissive than the underlying and overlying formations, and contains significant clay

layers that can retard vertical flow. However, these layers do not appear to be Iaterafly

continuous over large distances and are generally concentrated in the middle third of the

formation. The McQueen Branch Confining Unit (IA-IB) generally corresponds to what

was previously known as the “Mid Tuscrdoosa Clay.” Sand layers which occur in the

●
Black Creek Formation are assigned to either the underlying McQueen Branch Aquifer

(1A) or overlying Crouch Branch Aquifer (IB). However, because of its lithologic and

physical character, the middle third of the Black Creek Formation can generally be

considered a confining unit between the major water-producing aquifer units. This

confining unit persists as a hydrogeologic barrier to vertical groundwater flow within the

Dublin-Midville Aquifer (I) over most of the SRS. The McQueen Branch Confining Unit

(IA-IB) thins and pinches out in the central portion of the SRS and is discontinuous in the

northern areas. Wkhin the study area, the McQueen Branch Confining Unit (IA-113) is

also referred to as the Allendale Confining System.

The Crouch Branch Aquifer (IB) is continuous throughout the SRS. It includes the

sandy sediments comprising the upper third of the Black Creek Formation and the

hydraulically connected sands of the overlying Steel Creek Formation. The Crouch

Branch Aquifer (113) generafly corresponds to the “Upper Tuscaloosa Aquifer” or the

“Black Creek/Peedee Aquifer” of previous terminology.

Overlying the Dublin-Midville Aquifer System (I) is a sequence of locally lignitic clay beds which

occur within the upper part of the Steel Creek Formation (where present) and the Paleocene-age

● Black Mingo Group, These beds form an effective confining unit across most of SRS, separating
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groundwater in the overlying post-Paleocene Tertiary sediments from that in the underlying

Cretaceus sediments. Tfris sequence is referred to as the Meyers Branch Confining System (I-II),
e

because of the thickness and lateral continuity of the clay beds. Both the Rhems and Snapp

formations (where present) of the Black Millgu Group contain sand layers that are capable of

producing significant quantities of water. However, these sands are relatively thin and

discontinuous and do not constitute major aquifers. The EIIenton Member of the Rhems

Formation is the principal confining unit in the ORWBG area.

The Floridan Aqutier System (11) inciuaes aii of the nydIugcuiugic unks ‘wfiktiiithe Tcrtiar~-&gc

sediments overlying the Meyers Branch Confining System (I-II). Between Upper Three Runs

Creek and the southern boundary of the SRS, this system is divided into two aquifer units

sePmated by a confining unit. From bottom to top, they are designated as the Gordon Aquifer

Unit (11A), the Gordon Confining Unit (IIA-IIB), and the Upper Three Runs Aquifer Unit (IIB).

The Gordon Aquifer Unit (11A) includes sands of the Congaree Formation and

immediately overlying and underlying formations. This unit forms an aquifer that is

uifers within the Dublin-MidviUe Aquifer System (I)._-— _

Wells completed within the Gordon Aquifer (11A) are capable of producing water at a rate

of hundreds of gallons per minute. ●
The Gordon Confining Unit (IIA-IIB) separates the Gordon Aquifer (11A) from the

overlying hydrogeologic units. This confining unit corresponds to the “Green Clay”

interval found at and near the base of the McBean Mem&r of the S antee L~estone

— _ Formation. The confuting inteEv@_generally consists of one or more thin, but persistent,—.—
clay beds. The Gordon Confining Unit (IIA-ID3) is a major aquitard that is second in

——- .. —..—

importance only to tbe clays of the McQueen Branch Confining Unit (IA-IB). Where

present, especially in the central and southern part of the SRS, the unit supports significant

head differences [greater than 12 m (40 ft) in some areas] between wells completed in

water-bearing strata above and below the unit.

The Upper Three Runs Aquifer (IIB) groups all sediments above the Gordon Confining

r T“:* {TTA_TIR~ imt,-, th,= ~~m~ Oeneral nnit. This unit includes the water table. Depending“.,.. . . . . . ..-, .... . .... -- --- ~

on the topographic and physiographic location, the Upper Three Runs Aquifer (IIB) may

include, with increasing depth, one or more confined or sern-confmed aquifer zones. In

the area of the ORWBG, the Upper Three Runs Aquifer (IIB) can be informally

subdivided into “lower” and “upper” aquifer zones (IIB, and RBz, respectively), separated

●
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by the “Tan Clay” confining zone (IIBI-IIB2). The “lower” aquifer zone (IIB,) of the

Upper Three Runs Aquifer (IIB) consists of fine-to coarse-grained sand between the “Tan

Clay” confusing zone (IIB,-IIB2) and the Gordon Confining Unit (IIA-IIB). These units

correspond to members of the Tinker and Santee formations and lower part of the Dry

Branch Formation. The “upper” aquifer zone (IIBz) of the Upper Three Runs Aquifer

(IIB) consists of the upper part of the Dry Branch Formation, the Tobacco Road

Formation, and, where present, the “Upland Unit”. The “Tan Clay” confining zone (IIB 1-

IIB2) corresponds to the Twiggs Clay Member of the Dry Branch Formation. Because the

Twiggs Clay is only locally present, the “lower” and “upper” aquifer zones (IIB i and IIB2,

respectively) of the Upper Three Runs Aquifer (IIB) are commonly hydraulically

connected. The water table is generally found within the Barnwell Group (Tobacco Road

and Dry Branch Formations). Most of the sands comprising the “Upland Unit” are

unsaturated. However, perched water may occur locally above clay bodies in the Upland

Unit, as has been historically reported at the ORWBG. Individual sand zones within the

McBean Member may be very transrnissive. However, the unit is not considered a

signflcant aquifer at SRS, because of the overall heterogeneity y of the sediments

comprising the Upper Three Runs Aquifer (IIB).

● Hydraulic heads of groundwater in the McQueen Branch (IA) and Crouch Branch (If3) aquifer

units are controlled by recharge and discharge regions distant from the SRS. As shown on the

regional potentiometric surface maps for these units (Figures 1-8 and 1-9), recharge and discharge

areas are to the northeast and southwest, respectively, of SRS. The regional potentiometric

surface map for groundwater in the Gordon Aquifer Unit (11A) (Figure 1-10) indicates that

recharge for that unit is to the north and east of SRS. The characteristics of the potentiometric

surface contours indicate, however, that Upper Three Runs Creek and the Savannah River

floodplain act as regional discharge areas for groundwater within the Gordon Aquifer Unit (11A).

Figure 1-11 shows the regional relationships between hydraulic heads in the Crouch Branch (IB)

and Gordon (11A) aquifer units. In the northwest and east-central parts of SRS, the hydraulic

head in the Gordon Aquifer Unit (11A) is higher than the hydraulic head in the Crouch Branch

Aquifer Unit (IB). Elsewhere at SRS, including the BGC/0RWf3G, the hydraulic head in the

Crouch Branch Aquifer Unit (IB) is higher than the hydraulic head in the Gordon Aquifer Unit

(11A). Comparisons of hydraulic heads in the McQueen Branch Aquifer (IA) with the hydraulic

head in the Gordon Aquifer Unit (11A) yield similar results. These relationships indicate that

●
groundwater in the vicinity of the BGUORWBG has the potential for upward movement from

underlying aquifers into the Gordon Aquifer Unit (11A).
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I 1.3.3.4 General Separations Area Hydrogeology

I
●

The General Separations Area (GSA), which includes the BGC and ORWBG, is near the

‘- ~~mt~rof the SRS and is approximately 39 square kilometers (15 square miles) in size.geogmphlu w“...-

All runoff from the GSA moves toward the Savannah River, about 14 to 16 km (9 to 10 mi) to

the southwest.

Approximately 125.3 centimeters (49.7 inches) of precipitation occurs annually at the GSA with
. . .. . . . . -Ifl ___. -... ,,. -. +L.,,,. -L ....”nff .-A o.,, nnt,gncnirstinnall GSLIL1l~LGU tU tJULGGILL L“*L . . ..””~.. .“..-.. ---- - .-r- .--... r-------- The, resi ~S available for

groundwater recharge.

Hydrogcological data was obtained from observatiotimonitoring wells which are concentrated

around and near the various facilities in the GSA, where data is more reliable. Where well density

is low, the data becomes more widely separated and less reliable.

The Crouch Branch Aquifer (IB) consists of medium- to coarse-grained, micaceous sands and is

considered the principal confined aquifer in the GSA. This aquifer is part of the regional

groundwater flow regime and IS either u~d as a s~”ui~of “drinkin~ibl dL a~ ‘~

hydrauhcally connected to underlying aquifers used as drinking water sources from areas outside

the SRS. ●

The Meyers Branch Confining System (I-II) is informally referred to as the “Ellenton Clay” and

forms the principal confining unit between the two regional aquifer systems. The Meyers Branch

(I-II) reaches a thickness of over 30 m (100 ft) in the GSA. Regional dip is to the south and

southwest with Iocti highs beneath the Y/Z-ha;BGCT and-H-Area-Seepage-B asins. ——— -—— ——_

The Floridan Aquifer System (II) is divided into the Gordon Aquifer (IIA), the Gordon Conftig

Unit (IIA-HB), and the Upper Three Runs Aquifer (IIB). The Upper Three Runs Aquifer (ID) is

informally subdivided into the “upper” (I~Z) and “lower” (IB3,) zones of the Upper Three Runs

Aquifer (IIB), separated by the “Tan Clay” confining zone (I~!-lIBz).

The Gordon Aquifer Unit (11A) ranges in thickness from 14.6 to 29.9 m (48 to 98 ft) within the
P–c A . ..2 ,.-...:. +” -s .-..A. .-J ~1.,,~., ..ndc ,J:ith ~m.a!! inte.rb.rls nf sandy clays: clay, andU“n a,,u V“L..L.L. “, .U.,u. UL.U -1-, -, .“----- . . . . . . . .—.

calcareous sands. Clays range in thickness from 0.3 to 2.7 m ( 1 to 9 ft). Locally, calcareous

sediments range in thickness from less than 1 foot near F-Area Seepage Basins to 4.6 m (15 ft)

beneath the H-Area Seepage Basins. The Gordon Aquifer (11A) is thickest to the west, thinning
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eastward, with the thinnest portion located under the H-Area Seepage Basins. Slight thickening

occurs between the MWMF and Y/Z Areas.

The Gordon Confining Unit (IIA-IIB), informally known as the “Green Clay” Unit, dips across

the GSA in a southerly direction with localized lows at the H-Area Seepage Basins and at the

northern boundary of the MWMF. Carbonate sediments within this confining unit are distributed

locally in approximately the same areas as the calcareous sediments in the Gordon Aquifer Unit

(11A).

The “lower” aquifer zone (IIB,) of the Upper Three Runs Aquifer (IIB) is irregular in thickness

within the GSA with a general thinning toward the west around the F-Area Seepage Basins. It is

thickest just east of the H-Area Seepage Basins. Calcareous sands and marl are variable in

thickness with the thickest being adjacent to the MWMF.

The “Tan Clay” confining zone (IIB ,-IIB2) of the Upper Three Runs Aquifer (IIB) dips southward

off a high located beneath the Hazardous Waste-Mixed Waste Disposal Facility. A linear

depression associated with possible faulting occurs in the vicinity of the F-Area Seepage Basins.

Localized depressions are also present beneath the ORWBG and H-Area Seepage Basins.

The “upper” aquifer zone (IIB2) of the Upper Three Runs Aquifer (IIB) represents the “Water

Table Aquifer” through most of the GSA. The depth to water varies from 1.22 to 24.38 m (4 to

80 ft). The saturated thickness of the “upper” zone (IIB2) decreases over localized highs adjacent

to stream valleys and to the north where the elevation of the “Tan Clay” increases over lows in

the “Tan Clay” confining zone (IIB ,-IIBz).

1.3.4 Ecological Setting

The ORWBG is located within the SRS BGC, a highly industrialized area surrounded by a

security fence. Whhin the fenced area encompassing the ORWBG, a soil cover is currently being

constructed over the unit. These construction activities preclude the presence of ecological

receptors at the ORWBG. Once the soil cover is completed and a vegetative cover is established

for erosion control, wildlife (e.g., small mammals and birds) may become reestablished in the area.

1.3.5 Demographics

SRS is located approximately 40 km (25 mi) southeast of Augusta, Georgia, and 32 km (20 mi)

south of Aiken, South Carofina. According to 1990 census data (U.S. Bureau of Census, 1991a

and 1991 b), the average population densities (in persons per square mile) for the surrounding
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South Carolina counties were 113 for Aiken County, 43 for Bamberg County, 37 for Bamwell ●
County, and 29 for Allendale Countfi and for the surrounding Georgia Counties, 228 for

Columbia County, 586 for Rlchrnond County, 25 for Burke County, and 21 for Screven County.

The population within these eight counties was 460,079 people in 1990. The eslirrra~ed

population for the area in the year 2000 is projected to be 528,329 (according to projections

developed by South Carolina State Budget and Control Board and Georgia OffIce of Planning and

Budget).

Six counties provide 90 percent of the SRS work force: Aiken, Allendale, Bamberg, and Barnweii

counties in South Carolina, and Columbia and Richmond counties in Georgia (DOE, 1994a).

Demographic data indicates that the population in these counties increased 13 percent from

376,000 to 425,658 between 1980 and 1990. The population in these counties is expected to

increase to 493,812 by the year 2000.

●

� ��� ✎✍✎✎��✎✎✎✎✿✿✿✿✿✿✿✿✿� ��

●
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Figure 1-10. Regional Potentiometric Surface Map,

Gordon=Aquifer(EA)
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● 2.0 PRELIMINARY UNIT EVALUATION

2.1 Introduction

This chapter describes the results of the Preliminary Unit Evaluation of the ORWBG source

operable unit located within the BGC. The evaluation is based on information determined from

descriptive documents concerning the ORWBG and analysis of existing data. The literature and

data reviewed address the following ORWBG Unit Evaluation categories:

● Unit Characteristics

● Conceptual Site Model

● Existing and previous investigations

● Unit Evaluation conclusions

. Potential ARARs and TBC criteria

Primary data and documents reviewed for this evaluation are referenced in Section 12.

2.2 Unit Characteristics

● 2.2.1 Unit History

> The ORWBG designated as Building Number 643-E, and including Solvent Tanks S01-S22, is

located in the southern area of the BGC. The ORWBG area h= a quadrilateral shape

approfitely 1128 m (3,700 ft) long, 335 m (1,100 ft) wide on the west end, 213 m (7OO ft)

wide on the east end, and occupies approximately 31 hectares (76 acres, Figure 2-1). It is

surrounded by an eight foot high chain link fence and is situated between Road E and the F-Area

railroad. A paved road leads to the entrance, and unimproved dirt roads inside the fence provide

access to old burial sites. The ORWBG comprises a d~posal area for solid radioactive waste

produced at SRS and shipments from other Department of Energy and Department of Defense

facilities.

The ORWBG began receiving waste in 1952 and was ftied in 1972; however, according to the

Computerized Radioactive Waste Burial Records Analysis (COBRA) database, it was used up

until 1974 for small quantities of waste, primarily in retrievable form. Earthen trenches within

ORWBG were excavated 6 m (20 ft) wide, 6 m (20 ft) deep, and up to 213 m (700 ft) long.

These trenches were ffled with various leveldtypes of radioactive waste materials. These

materials include Transumnic (TRU) waste, low-level radioactive waste, and intermediate-level

● radioactive waste generated at SRS; and waste generated from other DOE and Department of
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Defense (DOD) facilities. Most of the waste in the ORWBG originated from SRS operations;

relatively insignificant amounts were generated from off-SRS sources. The waste forms and
●

burial methods of off-SRS wastes were generally similar to SRS-generated wastes. Off-SRS

shipments comprise 141 burials from Mound Laboratory, Pirrelfas in Florida, General Electric,

Sylvania Corning, Burlington in Ohio, and Miarnisburg in Ohio. Off-SRS wastes total 37,978 ft’

or about 0.5% of the total inventory. Wastes from off-SRS sources contained a variety of

constituents, including:

.

●

●

●

●

●

Tritium: DOE weapons-complex facilities, primarily Mound Laboratory in Ohio and the

Pinelkrs Plant in Florida, periodically shipped tritium-conttinirrg wastes to SRS for disposal.

Additionally, certain trenches designated “Special Projects 234” include tritium burials from

both on-SRS and off-SRS sources. Both of these types of burials are included in the COBRA

database. Off-SRS sources contribute -1,468,300 Ci of the source term estimate.

Cesium-137 and Strontiurrr-90: Relatively insigrrflcant amounts of fission products were

received from off-SRS sources.

Plutonium-239: There are at least two special burials of Pu-239 in the ORWBG: (1) Spanish

soil and (2) filtered water and airplane debris from the Greenland accident. ●
Uranium: Two sources of off-SRS uranium are identfled. The Mound Laboratory

contributed 19 kg of depleted uranium and 450 g of enriched uranium. Area “XXX” consists

of 3 kg of depleted uranium and 3,310 g of enriched uranium from an unspecfled origin.

Carbon-14: Certain fuels at offsite non-commercial facilities were shipped to SRS for

reprocessing. These fuels contained varying amounts of C- 14 depending on the fuel type and

irradiation history.

[odine-129: Certain fuels irradiated off-SRS were ident~led as a significant contributor to the

source term invento~.

The primary uncertainties associated with off-SRS wastes are classified burials. These may

include, but are not limited to, buriak from the Charleston Naval Shipyard. Trenches were

covered with 1.2 m (4 ft) or more of soil to reduce surface radiation to less than 6 millirem per

hour (rnrefir). Twenty two underground storage tanks in the ORWBG were used to store

organic solvents. There is no evidence that free liquid waste forms are buried in an “uncontairred”

state in the trenches of the ORWBG.

2-2



I

I

Workpla~ Report for the Old Radioactive WSRC-RP-97-O0127, Rev. 1.4
Waste Burial Ground 643E, S01-S22 August 2000

● The ORWBG area was also used for storage of contaminated equipment. In addition, the

ORWBG contained severaf facilities and operations in the area that were not directly related to

the burial of solid waste. These included two areas for the incineration of organic solvents, a

sandblasting facility for decontaminating equipment, and some repair facilities (Appendix A).

It has been documented that the ORWBG Unit has contributed to localized shallow aquifer

groundwater contamination. The plume of contamination from the Unit seeps into the old

abandoned F-Area effluent stream channel which flows to Fourmile Branch and in turn into the

Savannah River (WSRC, 1996a). Groundwater associated with the BGC is being addressed

under the MWh4F RCRA Part B permit. The permit application, WSRC-IM-91 -53 has been

submitted and is being reviewed.

An interim action at the ORWBG has been initiated to minimize contaminant migration. The

objective of the interim action is to reduce stormwater infiltration through the waste layer which

will minimize contaminant migration to the water table. The interim action places a low-

permeability soil cover over the Unit with topsoil and vegetation. The sod cover will be sloped to

promote surface runoff, minimize surface erosion and control the leaching of hazardous

●
substances from the source material.

2.2.2 Waste Composition

The ORWBG contains radioactive and hazardous waste and spent solvents generated from plant

processes.

Examples of the materials disposed of at the ORWBG include tbe folfowirrg (Appendix A):

8

●

●

●

●

incidental waste from laboratory and production operations - srnaff equipment, spent

air fflters, clothes, analytical waste, decontamination residues, plastic sheeting, gloves,

soil, and construction debris

Contaminated equipment – obsolete or faifed tanks, pipes, jumpers, and other process

equipment from the radiochernical separations area

Lead – lead shielding, equipment, shot, bricks, and lead sheets

Reactor hardware – fuel components and housings not containing irradiated fuel

Spent deionizer resins

2-3



.

Workpl~ Report for the Old Radioactive WSRC-RP-97-O0127, Rev. 1.4

Waste Burial Ground 643E, S01-S22 August 2000

●

e

●

●

9

e

Spent lithium-aluminum targets – the waste target aUoy after tritium has been ●
extracted

Irradiated process oil from pumps in the tritium facilities and reactor areas – oil that

was placed in drums containing an absorbent material and buried before buk storage

was started

Mercury from gas pumps in tritium facilities – radioactively contaminated mercury

buried before 1968 in l-liter polyethylene (PE) bottles contained within a 0.7-cubic

foot steel can

Cadmium – associated with control rods and neutron shielding sheets

Scintillation fluid – a mixture of organic solvents used to quantify low levels

radioactivity in environmental and bioassay samples

Shipments from off site – for example, radioactive waste from nrilitwy hardware

of

Known or suspected releases of hazardous substances at the ORWBG include the following

(Ryan, 1983; Jaegge et al., 1987; McIntye and Wllhite, 1987): ●
● Two of the 22 underground storage tanks may have leaked an estimated 1477 liters

(L), (390 gallons [gals]) of tributylphosphate-kerosene extraction solvent to the

groundwater in the “upper” aquifer zone of the Upper Three Runs Aquifer in 1968.

This solvent contained approximately 5.6 rnillicuries (mCl) of plutonium.

● In 1962 approximately 152 Ls (40 gals) of plutonium-contaminated solvent were

inadvertently pumped dwectly into the shallow groundwater through a test well in the

north-central part of the ORWBG. The exact location and designation of the test well

is not known, however, it is known that the location was near monitoring well C17

(MGC 17) north of the OSTS.

Ryan (1983) reports that the solvent was “pumped d~ectly to the water table near

monitoring wefl C 17 (MGC- 17), when a test well was mistaken for a solvent storage

tank header (riser).” The report by Mason (1996) provides a relatively detailed

analysis of potential “candidates” for the well, which received the solvent. Muson

(1996) speculates that the dry wells installed at the ends of OSTS S 1-S3 might have

been mistaken for the tank risers, but the smaIl volume of these wells would have
●
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caused them to overflow with solvent after less than ten gallons. Mason (1996)

concludes that the most likely receptacle for the 40 gallons of solvent was one of the

monitoring wells, which were installed in the immediate vicinity of the OSTS. At the

time of the release, these would have included BG- 1 through BG- 10A. These wells

were installed with carbon steel casing which was 3 inches in diameter. Well BG-8

was located closest to the OSTS, and Mason (1996) concludes that this well, or a

temporary water-table well with similar construction was most liely the recipient of

the 40 gallons of solvent. All of the wells that could have received the solvent have

been abandoned.

Between 1955 and 1972, 1,472,115 L (382,750 gallons) of organic solvents were

burned in open pans in shallow unlined trenches located in the central part of the

ORWBG.

A decontamination station was operated in the northeast corner of the

during early operation of the facility. Completing agents

ORWBG

such as

ethylenediaminetetracetic acid (EDTA) and phosphate detergents were used and may

have been released during decontamination.

●
Beginning in 1962, records were kept of the contents, radiation level, and approximate storage

location of each shipment of waste to the ORWBG. Later this information was retroactively

recorded, from existbrg written burial records and from recollection of operating personnel, into

the COBRA system for future reference. Many of the waste volumes and radionuclide quantities

were estimated, inchrdmg information on waste disposed before 1962.

An inventory of buried waste at the ORWBG was conducted utiliziig information obtained from

the COBRA database, written rmords, nod interviews with operating personnel. The results of

that inventory for constituents of interest (COI) are inchrded in Table 2-1.

2.2.3 Physical Setting

2.2.3.1 Topography and Drainage

The ORWBG occupies approximately 31 hectares (76 acres) in the central part of SRS in the

BGC, btween F and H Separations Areas; on a interfluvial plateau between Upper Three Runs

Creek to the north and Forrrrnile Branch to the south (Figure 2-2), The ground surface at the

●
ORWBG is relatively flat, with elevations ranging from approximately 82 m (270 ft) msl along the
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southern perimeter to approximately 91 m (300 ft) msl adjacent to the northern boundary. A

mixture of brushland, sparse forest, and fields occupies the areas to the east, north and west of the ●
Unit. Fourmile Branch is located less than 1.6 km (1 mi) south of the southwest corner of the

ORWBG; Upper Three Runs Creek is located less than 1.3 km (0.75 mi.) north of the ORWBG.

The slope is generally to the south, although the slope is locally modified by excavations and

mounds of soil. Engineered ditches channel surface runoff to Fourmile Branch. The bed of

Upper Three Runs Creek is about 43 m (140 ft) below the divide surface, wtille the channel of

Fourrnile Branch is about 27 m (90 ft) below the divide surface.

The drainage pattern in the vicinity of the ORWBG is also shown on Figure 2-2. The primary

natural drainage from the ORWBG occurs by way of the old F-Area effluent stream, a tributary

channel of Fourmile Branch. This tributary originates near the western boundary of the ORWBG

and has a channel Iength of approxfiately one mile. Two other natural drainages originate

approximately 0.5 km (0.3 mile) northwest and 0.8 km (0.5 mile) northeast of the northern

boundary of the ORWBG, and transport runoff to Upper Three Runs Creek. In the southeastern

part of the ORWBG, engineered ditches transport mnoff to Fourrnile Branch through a

stormwater retention basin. These flow directions indicate the ORWBG is located on a surface-

drainage divide. The bed of Upper Three Runs Creek is about 43 m (140 ft) below the divide

surface, while the channel of Fourrnife Branch is about 27 m (90 ft) below the divide surface. The c

100-year flood limits for Upper Three Runs Creek and FourmiIe Branch are approximately 1.1 km

(0.7 mile) north and 0.8 km (0.5 mile) south, respectively, from the ORWBG boundary.

2.2.3.2 Surface Soils

at theBecause of the extensive excavation, construction, and fti activities that have occurred

Unit, the soils at the surface of the ORWBG are ckiasitied as Udorthents [distur~ soifs; soil

group six of honey et al., (1989)]. The physical and chemical characteristics of these soifs in the

Unit have not been studied quantitatively. In general, Udorthent soils have a low available water

capacity and a very low content of organic matter. They are strongly to extremely acidic.

Perrneabilities range from moderately slow to rapid, depending on the degree of disturbance.

2.2.4 Unit-Specific Geology

L
Generalized SRS and ORWBG geology and stratigraphy are discussed in Section 1.3.3.

Additiomd information on the ORWBG and vicinity is provided in the RCRA Part B Permit

Application for the MWMF (WSRC 1995b).

●
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● 2.2.5 Unit-Specific Hydrogeology

The general hydrogeology and hydrostratigraphy of the SRS and of the GSA (of which the

ORWBG is part) are discussed in Sections 1.3.3.3 and 1.3.3.4, respectively. Unit-specfic

information pertaining to hydrogeology, hydrostratigraphy, aquifer chmacteristics, and

groundwater flow for the 0RWf3G is presented in Section E of the RCRA Part B Permit

Application for the MWMF (WSRC 1995 b).

2.3 Conceptual Site Model

EPA guidance for both RCRA and CERCLA remedial investigations stresses the need for and

utility of a conceptual representation of the unit under consideration. Such a representation

provides an objective framework around which existing information can he organized and

synthesized, data gaps can be identified, and sampling programs can be designed to address

critical data needs identified iri accordance with the DQO process.

The CSM for the ORWBG (also known as buifding 643-E and includes Solvent Tanks S01

through S22), is presented in Figure 2-3. The CSM identtiles the potential sources of

●
contamination, the release mechanisms, the media of concern, and the receptors of interest. The

emphmis is on pathways by which contaminants could migrate from the sources to receptors.

Each of these components is described below. Data needs are also shown on the CSM and

discussed in Section 3.2.

2.3.1 Primary Sources of Contamination

The primary sources of contamination include various levels/types of radioactive waste materirds

buried in the trenches and solvents stored in underground storage tanks. These materials include

TRU waste, low-level waste, and intermediate-level waste. The materiafs were generated by

various activities at SRS and received from off-site sources. Examples of the materials disposed “

of at the ORWBG include: waste from laboratory and production operations, contaminated

equipment, reactor bardware, and various irradiated materials related to the site processes.

Inorganic constituents, such as lead, mercury and cadmium were also placed in the ORWBG.

Additionally, various solvents were stored in the 22 underground storage tanks inchrdmg

naphthafene, toluene, tribut ylphosphate (TBP), TBP-kerosene, trimethylbemene, and xylene.

Known or suspected releases of hazardous substances at the ORWBG include: approximately 390

●
gallons of TBP-kerosene extraction solvent containing approximately 5.6 mCi of plutonium
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leaked from two Old Solvent Tanks (OSTS), approximately 40 gallons of plutonium-contatiated

solvent was pumped directly into the sh~ow groundwater via a test well in 1962, organic
●

solvents were burned in open pans in unhned trenches from 1955 to 1972, agents such as EDTA

and phosphate detergents may have been released from a decontamination area in the early

operation of the unit.

Beginning in 1962, records were kept of the contents, radiation level, and approximate storage

location of each shipment of waste to the ORWBG. This information, along with written burial

records and records based on recollection of operation personnel, was later entered into the

COBRA system. Operational records were researched and a listing of radioactive/hazardous

materials disposed of in the ORWBG was compiled. The results of that research is presented in

Section 2.2.2 and summartid below. The quantities are estimated, based on available records

and projected quantities for time periods where no records exist. The review indicates that the

ORWBG received:

Constituent Estimated Quantities

Mercury 24,195 lbs (buried)

Negligible (in OSTS)

Cadmium 3,500 Ibs (buried)

Negligible (in OSTS)

Lead 50 tons

Negligible (in OSTS)

Vocs 7,100 kg toluene (buried)

7,100 kg trimethylberrzene (buried)

12,000 kg xylene (buried)

4,056 gal organic phase (in OSTS)

3,483 gal aqueous phase (in OSTS)

3,014,457 Ci (buried)

467,889 Ci (decayed)

Negligible (in OSTS)

Plutonium-238 1,193 grams (20,5 14 Ci, buried)

16,825 Ci (decayed)

1.24 grams (21.4 Ci, in OSTS)

Plutonium-239 24,188 grams (1,475 Cl, buried)

1,474 Ci (decayed)

Tritium

2-8
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Constituent Estimated Ouantities

1,351 grams (82.4 Ci, in OSTS)

Uranium-235 273,185 grams (0.6 Ci, buried)

0.11 Ci (in OSTS)

Uranium-238 44,233 kg ( 14.8 Ci, buried)

1.1 Ci (in OSTS)

Cesium- 137 58,657 Ci (buried)

26,838 Ci (decayed)

1.30 Ci (in OSTS)

Strontium-90 58,657 Ci (buried)

26,216 Ci (decayed)

1.28 Ci (in OSTS)

Carbon-14 3,778 Ci (buried)

3,767 Ci (decayed)

Negligible (in OSTS)

Cobalt-60 1,960,400 Ci (buried)

27,568 Ci (decayed)

Negligible (in OSTS)

Technetium-99 12 Ci (buried)

Negligible (in OSTS)

Iodine- 129 10.6 Ci (buried)

Negligible (in OSTS)

Neptunium-237 1.99 Ci (buried)

0.004 Cl (ingrown)

Negligible (in OSTS)

2.3.2 Primary Release Mechanisms

Contaminants may & released from the primary sources by

Infiltration/percolation of rainwater through the

underlying soif and groundwater (leaching)

Future excavation of trenches (potential pathway)

waste constituent and transport to
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2.3.3 Secondary Sources of Contamination ●
Environmental media impacted by the release of source contamination becomes a secondary

source. Previous investigations have determined that 0RW13G surface and subsurface soils are

contaminated with hazardous and radioactive constituents from the ORWBG (643-E, including

Solvent Tanks SO1 through S22) and pose unacceptable risk to human health and the environment

(see Section 2.4). A low-pemeability cap has been constructed as an interim remedial action for

source control (see Section 5). Since contaminant migration from surface and subsurface soils

has ken minimized, deep soil (1.2 m [4 ft] to water table) and disturbed soifs from future

excavation of trenches are the secondary sources of contamination considered in this evaluation.

2.3.4 Secondary Release Mechanisms

Environmental media serve both as a reservoir via chemical bonding and biotic uptake and as a

secondary release mechanism of contaminants. Wkh the construction of the low permeable cap at

the ORWBG, secondary environmental release mechanisms become minimal but may include the

following:

●

●

Leaching of contaminants from subsurface soil to groundwater

Future excavation (direct contact)

2.3.5 Exposure Pathways

Contact with contaminated environmental media creates the exposure pathways for both human

and ecological receptors. These pathways may include the following:

● Direet contact with sediment and surface water in and around the ORWBG (future

excavation)

● Direct contact with surface and deep soils in and around the ORWBG (future

excavation)

● Domestic water usage (human health only)

~ .——--
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● 2.3.6 ExPoSU~ Routes

Exposure routes for human and ecological receptors may include the following:

● Inhalation of contaminated emissions and airborne dust

● Ingestion of contaminated media, including soil, groundwater, surface water, produce

grown by future on-unit residents, and biota

● Dermal contact with contaminated media

● Showering, which takes into account inhalation of volatiles from the shower spray and

dermal contact with the water

Wind erosion of surface soil could result in the airborne dispersion of radionuclides and chemicals

adsorbed to surface soil particulate (windblown dust). Exposure points also exist at the

ORWBG for chemicals in air that have volatilized from surface soils. Surface soil or deep soils, if

excavated in the future and redistributed onto the surface, are potential exposure points for

radionuclides and chemicals uresent in soils.

o The consumption of produce by hypothetical human receptors and vegetation by ecological

receptors is a potential exposure point for contaminants present in the soil. The uptake of

contaminants by living organisms and consumption by higher trophic levels also is a potential

exposure point for radionuclides and chemicals present in the soil. Any future excavation of soil

may result in higher radlonuclide and chemical concentrations than those currently in surface soils,

and potentially greater concentrations in receptor tissue.

Exposure points in groundwater may exist during future household or industrial use of

groundwater. Chemicals in groundwater also may migrate to surface water and sediients where

they may be contacted by potential receptors. Surface water and sediments become exposure

points for chemicals in soil through erosion and transport by wind and water. Groundwater and

surface water will be addressed under the MWMF RCRA Part B permit application WSRC-IM-

91-53.

2-11
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2.3.7 Potential Receptors

Human and ecological receptors are identfied blow. Human receptors may include the

following:

● Known on-unit workers

● Hypothetical future industrial workers

● Hypothetical future on-unit residents

● Hypothetical recreational trespasser

Under the current land use designation, the known on-unit workers are considered to be

individuals who periodically perform site maintenance and groundwater sample collection. Since

the ORWBG is located over 10 km (6.5 rni) from the nearest SRS boundary, trespassers are not

considered to be potential receptors except for the possible exposure to surface water at Fourrnile

Branch. Future-land use planning at SRS has designated this area as industrial and will prohibit

residential development through deed restrict ions. Under future industrial use, potential receptors

may include industrial workers. However, if fnture land use is converted from industrial to

residential, fnture receptors would include on-unit residents.
●

Ecological receptors may include the following:

● Terrestrial, aquatic, and semi-aquatic ecological receptors currently limited to outside

the unit due to completion of the low permeabfity cap

. Plants and animals that may come in contact with rainwater mnoff or groundwatel

seepage to nearby waterways

2.4 Existing/Previous Investigations

Existing data on extent of contamination for the ORWBG includes groundwater monitoring data,

soif sampling, soif-gas sampfing, coring, COBRA and written disposal records, ground-

penetrating radar (GPR) surveys, air sampling, and RFf/RI BGC Field Investigation Plan (FfP)

(WSRC 1994b) related sampling. Information pertaining to these investigations is presented

blow.

●
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0 2.4.1 Grorrndwater Investigations

Approximately 144 groundwater monitoring wells are presently located in the vicinity of the BGC

(WSRC1996b). InstaIIation of thegroundwater monitoring we~networkkganin 1987. These

wells provide groundwater quality data for groundwater assessment, monitoring, and compliance

purposes. Table 2-2 lists the individual ORWBG wells and identifies the well designation

(background, point of compliance (POC), or assessment) while Figures 2-4, 2-5, and 2-6 depict

the groundwater monitoring wells in the appropriate screened aquifer.

Extensive groundwater investigations have been performed to delineate the horizontal and vertical

extent of groundwater contamination at the ORWBG. Various sampling methodologies [i.e.,

Cone Penetrometer (CPT), and Hydropunch HTM well installations] were employed to assist in

data gathering to characterize the horizontal and vertical extent of groundwater contamination at

the ORWBG.

Hydrogeologic characterizations and review of existing groundwater data from the groundwater

monitoring wells at the ORWBG indicate that there are three distinct plume areas originating from

different source areas within the BGC (Figure 2-7). Groundwater data fortritiumand TCE, in

o
s~ples from the “upper” aquifer zone (I~z) of the Upper Three Runs Aquifer (1~), were

selected to represent theareal distribution of thethree phrmearea.s. Tritium and TCE were used

because these constituents are the most mobile and laterally extensive (Figures 2-8 and 2-9,

respectively). The three plumes also consist to varying degrees of heavy metals, radionuclides,

volatile organics, and other constituents which are included within the larger TCE and tritium

plumes.

Of the three plume areas, the southwest plume etilbits the highest concentrations of tritium and

TCE. A majority of the groundwater contamirration irr this area is the result of contaminants

leaching into the groundwater from buried waste at the ORWBG. The northeast plume is the

largest interrns of areal extent; however, the contaminant concentrations are much lower than

those in the southwest plume. Theorigin of thegroundwater contamination inthlsplume area is

primarily from waste disposed of at the ~ and LLRWDF. The northwest plume is the

smallest of the three, and the contaminants levels are simikrr to those exhibited in the northeast

plume. The northwest plume results from a co-mingling of contaminants which have leached into

the groundwater from both the ORWBG and the ~. The groundwater divide has played a

contirmal role in the co-mingling and migrating of contaminants at this plume area (WSRC,

@

i996b) as depicted on Figures 2-8 and 2-9.
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2.4.2 Soil-Gas Surveys ●
Two soil-gas surveys have been conducted for the BGC. A reconnaissance soif-gas survey

conducted from August 1991 to May 1992 indicated that the soils near or beneath the BGC

contained votatile organic compounds (VOCS). Four separate areas within the BGC were

surveyed: the ORWBG, the MWMF/LLRWDF, the Burial Ground Railroad, and the Burial

Ground Perimeter. The surveys monitored the presence of hydrocarbons, normal paraffins,

gasoline range aromatics (BTEX), and selected chlorinated hydrocarbons in soils at depths of 1 to

3 feet below grade. For this RFIiRI, only the soil-gas survey areas associated with the ORWBG

are discussed.

A soil-gas survey was performed in 1994 as a part of implementing the BGC FIP. The 1992 soil-

gas survey data were evaluated and 75 additional soil-gas locations around the periphe~ of the

ORWBG were ident~led along with three background locations at the New Production Reactor

(NPR) site. Background locations are depicted on Figure 2-10.

2.4.2.1 ORWBGSurvey

The soil-gas survey in the ORWBG consisted of 1167 samples in an irregular grid pattern

designed to provide coverage over thenumerous burial trenches as shown on Figures 2-n and ●
2-12.

The observations of the chlorinated solvent TCE are larger and much more widely distributed in

this area than intheareas surveyed inthe BGC. Incontrast, observations of 1,1,1 -trichloroethane

aemuchless widely distributed mcompared toobservations ~the~LLRWF. This may

reflect the differences in use of these solvents over the fiie of the BGC.

Scattered, low levels of~ET, chloroform, andtrans-1,2-dichloroethylene were also observed.

The most signflcmt observations oftrans-l,2-dichloroethylene are found at four sites which are

easily distinguished inthecentral pat’tofthe area. Concentrations oftrans-1,2-dlchloroethyleneat

these sites range from 0.2to 1 parts perrniUlon by volume (ppmv, 201 to l,OOOparts per biUion

byvohrme(ppbv)) andappear tocorrelate'with lowconcentrations of TCEat three of the four

sites. Itissuggested that thetrms-l,2-dichloroethylenemaykpresent as the result of biological

degradation of TCE.

Ordy a few, widely spaced observatiotr.s of berrzene, toulene, ethylberuene, andxylene(BTEX)

compounds were made in this area. The saturated hydrocarbons, C,S-~, were observed with a

@
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● slightly greater frequency than the aromatics. In particular, hexane, heptane, and octane are well

correlated with the observation of trans- 1,2-dichloroethylene discussed above. No observations

of decane were made. Pentane is widely distributed in low concentrations.

Levels of methane are large at selected sites. The maximum observed level exceeded 60 percent,

by volume of air, and levels exceeded 5 percent at 20 other sites. These levels of methane result

from the anaerobic biological degradation of buried wrote. Lower levels of methane and the other

light hydrocarbons may be due to the natural background in this area.

Of the 75 soil-gas locations around the periphery of the ORWBG, three were identified as

duplicate background locations. These duplicate background locations are the three locations

which were sampled as part of the 1992 shallow soil-gas survey. These three locations were

selected for data comparison between the 1992 shallow and 1994 deep so if gas surveys. The

three background ,soil-gas locations at the NPR site wer~ selected due to no known groundwater

or surface contamination. These locations were used for establishing soil-gas background levels.

Tbe NPR site is located approximately 3.2km (2 rni) south of the ORWBG. The additional 78

locations sampled were used to determine the VOC contamination limits away from the ORWBG.

Collection of the soil-gas samples was obtained near the water table surface.

●
2.4.2.2 Burial Ground Railroad Survey

The Burial Ground Railroad soil-gas survey consists of a set of 38 sites along the railroad spur

adjacent to the northemtem bound~ of the ORWBG area as shown on Figures 2-11 and 2-12.

The purpose of the survey was to look for evidence of spills or leaks from transport over these

tracks. The only observed VOC in this survey was a low level of tohrene at site 10. Levels of

fight hydrocarbons were low.

2.4.2.3 Burial Ground Perimeter Survey

The Burial Ground Perimeter soil-gas survey consists of a set of 298 samples collected around the

perimeter of the entire ORWBG as shown on Figures 2-11 and 2-12. The purpose of the survey

was to look for evidence of migration of buried contaminants outside of the ORWBG.

In general, observations of contaminants in the Burial Ground Perimeter survey are of low

concentration and are isolated in occurrence. No obvious plumes of contaminants can be traced

from observations inside the ORWBG across the fence to the Burial Ground perimeter.
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In two series of sites (48-52 and 85-87) along the southern perimeter of the ORWBG, the

occurrence of several of the measured species including BTEX, hexme, heptane, and trans- 1,2- ●
dichloroethylene are noted. At one site in each series, methane exceeded 5 percent of the soil gas.

No evidence of these compounds adjacent and immediately inside the BGC was observed.

I 2.4.3 Ambient Air Monitoring

A study of the concentration of volatile species in ambient air was conducted at the ORWBG and

the Burial Ground Effluent Area during Novemkr and December 1993 and January 1994. The

BGC portion of the project was further divided into two parts, the ORWBG and the LLRWDF.

This division resulted in a total of three areas investigated during this project. A total of 68

samples were acquired from a total of 16 locations in the combmed three areas, as shown on

Figures 2-13 and 2-14. Samples were collected over a time period of at least 12 hours. Each

sample was analyzed using the protocols of the EPA Contract Laboratory Program fo~owing

Method TO-14. Two sample sets were taken at each location, one each during periods of rising

and falfing barometric pressure. At each location during each pressure regime period, one sample

was taken when the wind direction was from a 90-degree sector toward the area of interest (the

“in-sector” sample) and one sample when the wind direction was from a 270-degree sector away

from the area of interest (the “out-sector” sample). ●
Pinenes are the analytes in largest concentration which are observed in many of the samples. The

pinenes are natural’ products related to the pine forest of the area. Several other compounds were

observed in very low concentrations in most samples. Examination of the data from the

laboratory method blanks reveals that levels of the target compounds acetone and propylene are

present in every blank as well m acetaldehyde and benzafdehyde. Other target compounds which

were occasionally observed at low levels in the blanks included 1,3-dlchlorobcnzene; 1,4-

dichloroberrzene; 1,2,4-trichlorobenzene; 2-butanone; and toluene.

Generally, the observed levels of the target compounds were low. Wkh the exception of acetone,

which is present in the laboratory method blanks (in the same range of concentrations as observed

in the field samples), only one target compound observation exceeds 0.002 ppmv (2 ppbv). That

compound is acrolein, which may not b well determined bcause of its stability in the standard.

Most observations were well below 0.001 ppmv (1 ppbv). No effect of falling versus rising

barometric pressure regime was observed.
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● 2.4.4 Ground Penetrating Radar

A ground penetrating radar (GPR) survey was executed at the ORWBG between December 1993

and February 1994. The survey was conducted to locate trenches, pits, and materials associated

with the burial of wastes. The survey also helped identify discrepancies with a base map of the

area. Results of the survey are summarized in Ground Penetrating Radar Interpretations at the

Burial Ground Complex, Savannah River Site (Microseeps, 1994). The survey was broken into

four interpretation areas (Area #1 to #4) which are shown on Figure 2-15.

In Area #1 trenches were verified to run in a north-south direction. The boundaries and

separation of some of the trenches were defined. Boundaries of other trenches could not he

ident~led, particularly in areas of disturbed soil.

In Area #2 the possibility of east-west running trenches in two blocks was identified. Previously,

trenches in these blocks were thought to run in a north-south direction. The boundaries of other

trenches were identified. An area previously thought to be undisturbed showed evidence of

buried debris or other material.

● In Area #3 buried material exhibiting high amplitudes of diffraction were identified, suggesting the

presence of metallic objects. One trench, shown on the bme map, could not be located. The

possible existence of a previously unidentified trench running along the south fenceline was

identtiled.

In Area #4 most trenches had distinct boundaries. One trench, thought to exist, could not k

located. The lateral extent of several trenches was found to extend under the paved parking lot of

the Administration Building.

The GPR survey confined the location of most trenches shown on the base map. However it

was noted for future work that a survey with smafler, tighter grids would b more effective and

that line positions should he accurately surveyed and marked.

2.4.5 Volatilized Tritiated Water Vapor

Volatilization of atmospheric tritium from a known source of tritiated water may result in a

radiation dose to personnel in the immediate vicinity of the tritiated water. In order to quantify

the radiation dose associated with the tritiated water, four (4) high-volume ti samplers were

● installed at the ORWBG.
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Two sample locations at the ORWBG perimeter, BG- 1 and BG-2, were marked near obvious

surface-water runoff points at the eastern ‘md western fence perimeter, Figure 2-16. Samples
●

were collected at these perimeter locations and at the background site beginning February 28 and

ending April 15, 1994. The background site was chosen in order to establish an atmospheric

tritium concentration not influenced by the ORWBG. All atmospheric samples collected for 8-

and 24-hour duration were 1,500 L samples. This sample size provides adequate water vapor for

ease of resorption and subsequent analysis.

Surface water samples were collected at “BG- 1” and “BG-2” when available. There were times

when surface-water was not evident. Surface-water samples were analyzed directly after liquid

scintillation preparation. The average concentration found at “BG- 1“ was 10.96f8.04 pc~fi and

the average concentration found at “BG-2” was 27.70t28. 12 PC~~.

Atmospheric, tritiated water-vapor concentrations were monitored during the sampling period for

8- and 24-hour periods at the “BG- 1” and “BG-2 perimeter locations. The “BG- 1“ 8-hour

average was 125.32 t 170.99 pCi per cubic meter (m~) and the 24-hour average was 96 f 104.47

pCi/m3. The “BG-2” 8-hour average WaS 380.52 * 395.70 pc~mq ~d the 24-hour average was

446.77 & 401.37 pCi/m3.

The average atmospheric, tritiated water-vapor concentrations for 24-hour samples collected at an ●
onsite background location (BKG #2) not influenced by the ORWBG was 854.85 1 979.67

pCi/m3. The 24-hour average atmospheric, tritiated water-vapor concentrations at an established

sampling site near Alfendale, South Carolina was 2.63 ~ 2.55 pCtim3.

These atmospheric tritium concentrations are consistent with annual concentrations reported for

1992 (WSRC, 1993 b). It was evident that concentration decremes for points further from H

Area. Historic data reported in a tritium assessment document (WSRC, 1993c) also indicates a

similar pattern of decreasing concentrations with distance from the center of the site. If there is

any volatilized tritium water-vapor contribution to the atmospheric tritium concentrations at the

ORWBG, it is obscured by nearby atmospheric tritium releases and is an extremely small

contributor to dose.

Tritium concentrations found in the standing surface water were in the same range as tritium

moisture concentrations in the air, suggesting the atmospheric tritium exchanged with water on

the ground or that standing water was the result of rainout of tritiated atmospheric water.

2-18



●

Workpla~ Report for the Old Radioactive wSRC-RP-97-O0127, Rev. 1.4
Waste Burial Ground 643E, S01-S22 August 2000

Radiation dose to workers at “BG-l” and “BG-2” was calculated using the higher of the 8- and

24-hour tritium concentrations at each location. The worker was assumed to work 8 hours per

day, 250 days per year, and breathe 9.6 m3 during each 8-hour work day (Huang and Master,

1983). The DOE dose factor (DOE/EH-0071 ), which is based on ICRP-26 methodology, Wm

multiplied by 1.5 to account for tritium absorption through the skin. The annual tritium dose to a

worker at “BG- 1”, the higher concentration of the two locations is 2.9 x 10-2 mrem, as compared

to an annual natural background dose of 320 mrem and the SRS annual radiation worker

administrative control level of 700 mrem.

2.4.6 ORWBG Field Investigation

Groundwater msociated with the entire ORWBG is being addressed under the RCRA permit for

the MWMF in accordance with Settlement Agreement 87-52-SW (WSRC, 1996a). Sampling and

analysis for the ORWBG has been completed in accordance with the BGC FIP.

Characterization was achieved through an aggressive program to colfect hydrogeologic,

groundwater, soil, and surface-water data to support all RCRA and CERCLA activities for the

BGC. A variety of technologies were used in characterization. These include water sampling and

geologic data collection using innovative direct-push technologies, installation of new monitoring

wells, coring, geophysical logging, and wetlands sampling.

Results of the field investigation in the area of the southwest plume which originates in the

ORWBG are compiled and presented in the RCRA Part B permit application for the MWMF

(Revision 3).

2.4.7 Summary of Water Table Monitoring

Groundwater data from water-table wells (1990 through 1995) in and around the ORWBG are

summarized as isoconcentration contours superimposed on burial-distribution maps for the COI

inventory. Maps of lead, mercury, TCE, PCE, gross alpha, non-volatife beta, and tritium

concentrations are provided as Figures 2-17 through 2-23, respectively. Burial distributions of

the respective COIS are posted on each map except for lead, for which burial locations are not

avaifable.

The more mobife COIS (tritium and the VOCS) show a fairly good correspondence between burial

locations and groundwater concentrations. Plumes of tritium TCE, and PCE are located in close

proximity to and down-gradient from the area within the ORWBG with the largest number of
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VOC burials. Maps of mercury, gross alpha, and non-volatife beta indicate fittle correspondence

between burial locations associated with these constituents, and concentrations observed in the
●

water table. The “Surnmq of Water Table Monitoring for the ORWBG, WSRC-TR-97-00330

Revision O“ is included as Appendix B.

2.4.8 Source Term Investigation Summary

The Source Term Investigation was designed to support the RFI/RI process by expanding and

refining the current understanding of the ORWBG disposd Klstov. The findings of a detailed

literature review and evaluation were integrated with available aerial photographs, constriction

drawings, health physics buriaf maps, the computerized burial record analysis (COBRA) databme,

and interviews with SRS staff. The “Source Term for the Old Radioactive Waste Burial Ground

Savannah River Site, WSRC-TR-97-01 19, Revision 1” is included as Appendix A.

Signticant tindings regarding burial history, trench type and waste characteristics

following:

include the

●

9

●

e

Approximately 7,125,000 cubic feet of waste was placed in the ORWBG from 1952 to 1974.

From 1961 to 1971, monthly waste volumes typically ranged from 25,000 to 50,000 cubic

feet. ●
Job control waste is the largest single waste type, representing approximately 90 percent of

total ORWBG waste volume. A very high percentage of the job control waste was buried in

low-level beta-gamma trenches. Irradiated scrap metal is the second largest waste type,

representing about 7 percent of the totaf waste volume. VirtU~y ~ of the irradiated scrap

metal is in high-level beta-gamma trenches. The remaining 3 percent includes a wide variety

of wastes such as natural and man-made rdloactive materiafs, equipment, and absorbed

solvents and oils.

The ORWBG is segregated into three areas: (1) the original 35-acre central portion of the

ORWBG that was opened in 1952 and ffled by the early 1960s; (2) a 15-acre eastern

expansion that was opened around 1961 and closed in 1972; and (3) a 26-acre western

expansion that was opened in 1961 and closed in 1974.

The ORWBG disposal trenches can be grouped into several general waste categories

including the following: low-level, high-level, jumpers and equipment, B-Line, scrap metal,

encapsulated plutonium, storage, and special/classfled burials. Solvent tanks and associated

c

2-20



WorkpIa~ Report for the Old Radioactive WSRC-RF’-97-OO127, Rev. 1.4
Waste Burial Ground 643E, S01 -S22 August 2000

●

●

●

●
●

●

solvent burning pans and ash trenches define an additional category. A miscellaneous

category is also established to cover those trenches and disposals that do not fit any of these

categories.

Individual trenches and/or active portions of trenches can be tracked through time, with

moderately good agreement between burial locations and trench boundaries. In the eastern

and western portions of the ORWBG, there are generally good correlations between the

trench locations and burial locations. However, it appears that it was a common practice to

list the same coordinates for all burials that took place in a specflc trench area on a given day

or during a given week. This often results in a high number of burials listed at one trench cell

and few or no buriafs in the adjacent trench celfs within the opened trench area. Therefore,

the accuracy of individual burial locations is* 40 to 60 feet.

The burial locations included in the COBRA database cover only part of the operational life of

the ORWBG; no coordinate information is available prior to 1961. The absence of burial

locations in the central portion of the ORWBG suggests that, although the volumes associated

with these earlier disposals are tisted in COBRA, their coordinates are not. In addition, this is

supported by aerial photographs, which indicated that pre-1961 burials exist in the central part

of the ORWBG.

In general, burial containers (retrievable transuranic waste) and concrete pours were well

organized within the ORWBG.

Classfted waste was most commonly buried in trenches and boreholes designated as “special

projects”. This term generally indicates that some of the components of a buriaf were

regarded as class~led information at the time of disposal. Some aspects of these “special”

burials remain classified.

2.4.8.1 Constituents of Interest

The detailed investigation was conducted to determine the inventory of COIS. COIS for the

ORWBG source term characterization were determined by integrating past characterization and

monitoring (soil gas, groundwater monitoring, and subsurface surveys) with the COBRA

database, process history evaluation, and historical documentation. Alf existing data were.

reviewed during this process. COIS include constituents that are mobife, h~udous, have a large

inventory, arrd/or have a long haff-life. AS a result, the following COIS were identified for this

● study: cadmium, lead, mercury, volatife org~ic compounds, tritium cesium- 137! P1utonioum-
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238, phrtonium-249, strontium-90, uranium-235, uranium-238, carbon-14, cobalt-60, technetium-

99, iodine- 129 and neptunium-237. Table 2-1 provides summary information regarding inventory
●

estimates, burial locations, waste form, and origin for each of the CoIs. Table 2-3 summarizes

the COIS for the ORWBG.

2.4.8.2 Fate and Transport

The fate and transport of the COI from the ORWBG depend on the leachability of COIS from

their respective waste forms and their mobility in groundwater. Leachabdity is a function of the

waste form, the chemical behavior of the COI, and the chemical composition of infiltrating water.

Mobfity of a constituent in groundwater is primarily a function of the chemistry of the

constituent, the mineralogic composition of the aquifer, and the composition of the groundwater.

Fate and transport of each COI is addressed here qualhatively. The contribution of leachability

and mobdity in groundwater to fate and transport is discussed for each COI in Appendix A. Here

an assessment is made whether each COI is dn immediate threat or potential future threat to

groundwater.

The assessment of the threat of a COI to groundwater is qualitative and is meant to provide

guidance for considering remedial options rather than quantitative input into remedial decisions.

This assessment does not consider the effects of any remedial action. In addition, it incorporates
●

no risk information, ordy the probabtity that concentrations of the COI may exceed current

drtilng water standards in the near-term and in the future. The reason for inchrding an evaluation

for the future is that fate and transport of some COIS will change with time because containers

wiff degrade and conditions in the ORWBG will change. Table 2-4 summarizes the fate and

transport of the COIS.

Leachability for each COI was estimated from expected geochemical behavior in the ORWBG

environment, concentrations of the constituent in groundwater, and, where applicable, data from

the Defense Waste Lysimeter Program. This program consisted of burying Defense Program

waste forms in lysimeters at the ORWBG to observe the leaching rate of constituents over a

several year span. The waste forms were breached to ensure infiltration of water and effluents

were captured and analyzed regularly. The Defense Waste Lysimeter Program provides the best

quantitative information on leachability of several COIS. Concentrations of COIS in groundwater

and expected geochemicrd behavior are used to constrain estimates of leachabilityy. Detailed

d~cussions of the leachability of each COI are presented in Appendti A.

2-22



Workpla~ Report for the Old Radioactive WSRC-RP-97-O0127, Rev. 1.4
Waste Burial Ground 643E, S01-S22 August 2000

● The expected geochemical behavior of a COI is particularly important bcause of the unique

condhions within the ORWBG. The abundance of organic matter in the form of cardboard and

paper and the presence of zero valent iron in the form of drums, boxes and scrap metal causes

conditions in the ORWBG to be relatively reducing. Under these conditions the plutonium

isotopes, Tc-99, and Np-237 are less mobile than under the relatively oxidizing conditions that are

normally common to the shallow subsurface. In contrast, the reducing environment may enhance

the leachability of I- 129 by reductive dissolution of the dominant I-129 waste form, silver iodide.

However, low concentrations of 1-129 in groundwater suggest that this process has not been

significant. It is assumed here that sometime in the future, when the source of reductants is

depleted, conditions will become more oxidizing. This could enhance the leachability of the

plutonium isotopes, Tc-99, and Np-237.

Mobility of COIS in groundwater was addressed qualitatively (Appendix A) by referring to several

site specific studies of contaminant migration in groundwater associated with the ORWBG. In

Table 2-4 the COIS are grouped into three categories based on their nobilities. Tritium and

VOCS are highly mobile and move at or near groundwater velocity. This is reflected in the

plumes of these COIS downgradient of the ORWBG. Tc-99 is also considered highly mobile, but

o

low Tc-99 concentrations in groundwater result from its low activity in the ORWBG and possibly

it’s decreased leachability under reducing conditions. Most of the COIS are of medium mobility in

groundwater. This category includes constituents that have estimated retardation factors of 10 to

1000. Some of these constituents, such as Sr-90, C-14, Hg, Pb, and Cd maybe near-term threats

to groundwater. Elevated concentrations of these constituents in groundwater from isolated grid

wells have been measured. However, no coherent plumes of these constituents have b=rr

identfled. The plutonium isotopes and Cs- 137 are categorized as 10w mobility constituents with

retardation factors that exceed 1000.

Potential future threats to groundwater include all COIS other than those that wiU decay prior to

reaching groundwater in substantial concentrations. This results because the scenario resumes all

containers will eventually breach and the conditions in the ORWBG will eventually become

oxid~ing. Those COIS whose threat to groundwater is mitigated by decay, CO-60, Cs- 137, and

Pu-238, have half-lives that are short relative to the time required for their leaching and migration

to groundwater.

In summary, the immediate threats to groundwater from the ORwBG are tritium and VOCS.

Evidence from groundwater beneath the ORWBG suggest that Sr-90, C-14, Hg, Cd, and Pb may

● berrear term threats to groundwater. Future threats to groundwater include I-129, Tc-99, Np-
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237, U-235, U-238, and Pu-239. The relatively short half-lives of CO-60, Cs- 137, and Pu-238

mitigate their threat to groundwater.
●

2.4.9 Hot Spot Criteria and Identification

An evaluation was performed to identify potential “hot spots” that may require a special feasiblfity

assessment in the development of a final remedy for the ORWBG. The process for identification

of the potential “hot spots” (hazardous and radioactive) is summarized below and documented in

detail in the supplemental report WSRC-TR-97-O0329 “Delineation of Potential ‘Hot Spots’ for

the ORWBG contained in Appendix C. The identification of potential “hot spots” is based on

the following criteria

. High concentrations and/or high levels of radioactivity

. Persistence of high radioactivity levels through time

● Burial type

● Waste form

● Mobility ●
Both radioactive and nonradioactive COIS have been considered. Table 2-3 summarizes the COIS

for the ORWBG, and the rationale used to select them. Radioactive COIS have been analyzed in

terms of radioactivity levels and their persistence through time. Ident~lcation of potential “hot

spots” for nonradioactive COIS has been based prirnarify on waste form and the density of burials

at a given location.

2.4.9.1 Inventory Analysis

In this study, avaifable inventory data (Appendix A) were compifed and analyzed for applicability

to determining quantity and location of the COIS. The recent source-term study conducted by

WSRC (Appendm A) estimates the inventory for each COI at the ORWBG and provides

explanations for the basis of each source-term estimate. The estimated inventory is compared

with available documentation in the COBRA database and other resources. Many records. in

COBRA refer to the same grid coordinates, and many individual burial records are associated

with more than one COI. For thm invento~ anafysis, the COBRA records for each COI were

sorted and combmed to create a data set containing the total quantity of each ‘COI for each burial

location. ●
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● An accurate inventory amdysis for the radioactive COIS must include a calculation of changes to

the invento~ due to decay. A forecast of temporal changes to the COI inventory is key to

determining which radioactive constituents remain at high concentrations over long periods of

time, In general, radioactive COIS with short half-lives have high activity. These COIS create the

majority of the total radioactivity during a “near-term” period, but their relative contributions to

the inventory will decrease over time. Analysis of temporal changes to the inventory of individual

constituents determines which radioactive COIS may be considered principal contributors. To

accomplish this, standard decay constants were used to calculate the percentage of each COI that

remains after certain periods of time. The ORWBG received approximately 300,000 to 500,000

cubic feet of radioactive waste per year from 1951 through 1974 (Appendix A). For the purposes

of this analysis, the time of burial for the entire COI inventory is set at the last year the ORWBG

received waste.

2.4.9.2 Spatil Analysis

Spatial analysis combines the inventory estimates for the COIS with location information from

COBRA to determine if any areas within the ORWBG exhibit pronounced levels of COI

concentration or activity. In this method, spatial data for the COI inventory arederivedtbrough

● queries of COBRA. Thedata decompiled into maps toillustrate thedistribution of COI burials

with locations recorded in COBRA. To create the maps, COBRA data are downloaded into

EXCEL spreadsheets and saved in comma-separated variable (CSV) format for loading into

spatial-analysis software. The study utilized EarthVision@ software to plot maps of the

distribution of burials related to the COIS.

Maps of COI distribution are examined to ascertain whether any specflc areas possess relatively

hlghconcentrations of COIburids. Ifsuchareas meidentfled, thedistribution of the constituent

COIS of the group are reviewed, individually if necessary, to identify which individual COIS

contribute signticantly to the potential “hot spot.”

Areas of potential “hot spots” for the inventory of radioactive COIS are then selected, and their

coordinates recorded. The coordinates of the boundaries of the potential “hot spots” are used to

query the COBRA database, generating a list of burial records included within each potential “hot

spot”. The lists are summartid to determine the physical attributes of the potential “hot spot”,

such as the quantity, types, and vohrme of buried waste.

Because this type of anafysis relies on location information, it can only be performed for those

● COIS that have COBRA records with grid coordinates. Because the original burial ground
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received the buk of its contents subsequent to the implementation of COBRA, its assessment is

restricted to inventory analysis only. ●
2.4.9.3 Results

Analyses of the potential “hot spots” fall into three categories based on the types and quantity of

available data: Solvent Tanks (S 1-S22), nonradioactive COIS, and radioactive COIS.

Potential “Hot Suots” for Solvent Tanks S 1-S22

The estimated inventory for the OSTS is presented in Table 2-1. Volatile organic compounds

contained in solvents, sludge, and their degradation products, are the primary COIS associated

with the OSTS.

An operational history and data for waste form and inventory are presented in Appendix A.

Solvent Tanks S 1-S22 are considered a potential “hot spot” because remediation of liquid and

sludge in the underground tanks could k substantially different from remediation of the waste in

“landfill style” burials in the remainder of the ORWBG. Potential “hot spots” for the Solvent

Tanks (S 1-S22) are represented by the un-shaded polygons shown in Figures 2-24 through 2-26.

Potential “Hot Spots” for Non-Radioactive COIS
I ●
~

------ . . .
The data for burial locations of mercury and VOCS were extracted trom UVBKA and sorted to

determine the number of individual burials recorded at each grid cell. Maps of these data were

used to delineate potential “hot spots” by examirriig the distribution and number of burials

recorded at each grid cell location.

Figures 2-24 through 2-26 indicates one area that contains a large concentration of burials

associated with’ mercury. The potential mercury “hot spot” (HS-Hg- 1) is located in the southern

half of the eastern expansion area of the ORWBG. The pattern of burials within this potential

“hot spot” is consistent with the reported configuration of trenches in this part of the ORWBG

Potential “Hot Suots” for Radioactive COIS

Potential radioactive “hot spots” have been identified in areas of the ORWBG where the COI

activity level exceeds 60 curies within a single grid cell. The 60 curies per cefl criterion represents

two standard deviations above the mean of the data (total COI radioactivity in the ORWBG) at

100 years. This method essentially identities the highest 5% of the COI activity in the ORWBG.
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● An analysis of the COI inventory recorded in COBRA indicates that tritium and cobalt-60

contribute the majority of the radioactivity y during the fust 100 years after burial. After that time,

the principal COIS (in terms of total activity) are carbon-14, phrtonium-238, and phrtonium-239.

At the time of burial, COI-bearing waste contributed approximately 5.1 million curies of activity

to the total COI inventory. Approximately 58% (3,014,457 curies) of the activity is attributed to

tritium and 37% (1,960,400 curies) is attributed to cobalt-60. Both of these COIS are relatively

short-lived isotopes. After 100 years, the total activity will decay to less than 1% (36,634 curies)

of the original level.

After 500 years, the total activity will drop to 0.17. (5,440 curies) of the original level and &

associated primarily with carbon- 14 (3,556 curies), phrtonium-238 (390 curies), and phrtonium-

239 (1,454 curies). Of the COI activity remaining after 500 years of decay, approximately 80%

(4,370 curies) will & contained within eight “hot spots” (Figure 2-26).

●

Spatial analysis of the burial locations and activity levels for the radioactive COIS indicates 21

potential “hot spots’ after 100 years of burial (Figure 2-24). Radioactive decay reduces these to

only eight potential “hot spots” 300 years after burial. These potential “hot spots” are shown in

Figure 2-26. The configuration of the “hot spots” at 300 years is identical to those delieated for

500 years after burial (Figure 2-26). The potential “hot spots “ identified at 300 and 500 years

should be considered the “principal” potential “hot spots” because of their persistent, high activity

levels. The configuration of these principal “hot spots “ is due to the persistence of carbon-14,

plutonium-238, and plutonium-239. The waste forms associated with these principal COIS are

deionizer units that contain carbon-14, and retrievable TRU waste and concrete-encapsulated

burials that contain phrtonium-238 and plutonium-239.

2.4.9.4 Summary of Potential “Hot Spota”

Figure 2-26 provides the location of potential “hot spots”. Descriptions of these “hot spots” are

provided below.

“Hot Spot” for the Solvent Tanks (S1-S22):

. 7,539 gallons of VOCS in 22 individual tanks

● Radioactive COIS include

Strontium-90

Cesium-137
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Uranium-235 and -238

phrtonium-238 and -239

Hot Spot HS-Hg-I (mercury):

● 122,500 square feet in area

● Contains an estimated 5,325 pounds” of mercury in 71 recorded burials

Hot Spot HS-500-1:

. 23,000 square feet in area

. 18,339 cubic feet of waste in 754 burials

. Primary waste forms (by volume):

Job control waste 56%

Capital equipment waste 29%

Irradiated scrap metal 15%

● Activity (curies):

11,316 at time of burial

5,550 after 100 years

1,754 after 300 years

968 after 500 years

. Persistent COIS:

Carbon- 14 in deionizer units

Plutonium-239 in retrievable TRU waste

Plutonium-238 in retrievable TRU waste

Hot Spot HS-500-2:

● 4,500 square feet in area

s 49,743 cubic feet of w aste in 645 burials

I . Primary waste forms (by volume):

Job control waste 98%
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Capital equipment waste 1%

Irradiated scrap metal 1‘%0

● Activity (curies):

16,010 at time of burial

165 after 100 years

107 after 300 years

106 after 500 years

● Persistent COIS:

Plutonium-239 in retrievable TRU waste

Hot Spot HS-500-3:

● 4,500 square feet in area

● 33.256 cubic feet of waste in 237 burials

● Primary waste forms (by volume):

● Job control waste 94~o

Naturally Radioactive Material 43%

Capital equipment waste 1%

Irridated Scrap Metal 170

Oil 1%

● Activity (curies):

571 at time of burial

77 after 100 years

74 after 300 years

72 after 500 years

● Persistent CO15:

Carbon 14 in deionizer units

Hot Spot HS-500-4:

. 13,700 square feet in area

. 33,702 cubic fat of waste in 685 burials
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. Primary waste forms (by volume):

Job control wrote 97%

Naturally Radioactive Material 370

● Activity (curies):

5,761 at time of burial

2,805 after 100 years

872 after 300 years

474 after 500 years

. Persistent COIS:

Plutonium-238 in retrievable TRU waste

Plutonium-239 in retrievable TRU waste

Hot Spot HS-500-5:

. 23,000 square feet in area

. 35,019 cubic feet of waste in 880 burials

. Primary waste forms (by volume):

Irradiated Scrap Metal 75%

Job control waste 22%

Capital equipment waste 3%

. Activity (curies):

140,862 at time of burial

1,102 after 100 years

649 after 300 years

630 after 500 years

● Persistent COIS:

Carbon- 14 in deionizer units

Hot Spot HS-500-6:

● 65,000 square feet in area

● 196,226 cubic feet of waste in 3,629 burials

WSRC-RP-97-00127, Rev. 1.4
August 2000
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● Primary waste forms (by volume):

Irradiated Scrap Metal 50%

Job control waste 40%

Capital equipment waste 9%

Naturally Radioactive Material 170

● Activity (curies):

511,437 at time of burial

4,148 after 100 years

1,868 after 300 years

1,707 after 500 years

● Persistent COIS:

Carbon- 14 in deionizer units

Hot Spot HS-500-7:

●

●
9

.

●

●

4,500 square feet in area

14,230 cubic feet of waste in516 burials

Primary waste forms (by volume):

Irradiated Scrap Metal 81%

Job control waste 19~o

Activity (curies):

99,660 at time of burial

664 after 100 years

428 after 300 years

417 after 500 years

Persistent COI:

Carbon- 14 in deionizer units

Hot Spot HS-500-8:

● 22,000 square feet in area

● 21,406 cubic feet of waste in 767 burials

. Primary waste forms (by volume):

● Irradiated Scrap Metal 9070
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Job Control waste 1070

● Activity (curies):

154,581 at time of burial

536 after 100 years

105 after 300 years

96 after 500 years

. Persistent COI

Carbon- 14 in deiontier units

Plutonium-238 in job control waste

2.5 Unit Evaluation Conclusions

Based on the history of ORWBG operations and previous investigations (Section 2.4), it is

concluded that hazardous and radioactive constituents are present in the ORWBG and

surrounding soil and groundwater media. These constituents include VOCS, metafs, and

radionuclides.

Characterization of the ORWBG groundwater contamination has been completed through

implementation of the BGC NP. The groundwater contamination associated with the ORWBG

as well as the entire BGC will be addressed under RCRA. Groundwater assessment and

remediation activities are discussed in detail in the RCRA Part B permit application for the

MwMF.

An Interim Record of Decision has ken submitted and approved by the regulators for the

installation of a low-penneabtih y soil cover “over the ORWBG. The goaf of the interim action is a

reduction of stormwater infiltration through the waste layer which wifl minirniz,e contamination

migration to the water table.

2.6 Potential ARARs and TBC Criteria

A preliminary list of potential applicable or relevant and appropriate requirements (ARARs) and

“tobeconsidered” (TBC)criteria forthe ORwBG ispresented in Table 2-5. Identification of

ARARs and TBCs is performed iteratively throughout the RCRA/CERCLA process. Thus, this

list ofpotentisd ARARs isexpected to bemodfled andrefmed m the assessment and corrective

action process at the ORWBG proceeds. ARARs may be location-specific, chemical-specflc, or

action-specflc.
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● Certain potential ARARs can be identified as inappropriate based on the unit characterization, the

prima~ source of contamination, and other existing information available for the ORWBG. No

critical habitats for endangered species have been identified at the ORWB G; therefore, the

Endangered Species Act will not be included as an ARAR. No national historic landmarks or

archaeological sites have been identified within the ORWBG. Thus, it is not anticipated that the

National Historic Preservation Act will be included as an ARAR.

Because groundwater monitoring data indicate impacts to groundwater from the unit, the EPA

aquifer classification and the South Carolina Water Classification Standards are potential ARARs.

Certain other requirements may b applicable depending on specific remedial actions implemented

at the ORWBG. RCRA and the SCHWMR may be considered ARARs if removal of waste

material from the unit is conducted. Since radioactive materials are confumed to he present at the

ORWBG, the Atomic Energy Act (AEA) is applicable. If groundwater extraction welfs are

required for remedial action at the ORWBG, then the South Carolina Well Standards would be

considered an action-specific ARAR.
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Figure 2-2. Topography and Drainage Patterns in the Vicinity of the BGC

o

2-37



r-
Workpla~~ Repor
Waste Burial Ground 64

for the Old Radioactive

—

o

—

o

—

o

—

o

—

o

—

o

—

s.=
g

—

—

o

0

0

—

o

—

o

—

o

—

g

~

—

WSRC-RP-97-O0127, Rev. 1.4
! August 2000

. . . . . . .

—

—

o

—

—

o

—

o

—

o

—

I
~—

Figure 2-3. ORWBG Conceptual Site Model

2-38



I

Workplfi~ Report for the Old Radioactive
WSRC-RP-97-O0127, Rev. 1.4

Waste Burial Ground 643E, S01-S22
I August 2000

a

m..

— FACILITY BOUNDARY

.s t — STREAM

“. ,.
.9

WELL LOCATION 1

.- ❑ AOUtFER TEST LOCATIONS

m*.

m ,&

m.
.
●

-. .> -. ...

Figure 2-4. “Upper” Aquifer Zone IIB, of the Three Runs Aquifer (lIB) Monitoring Well Locations
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Figure 2-7. Burial Ground Complex Generalized Plume Map
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Flgure 2-8. “Upper” Aquifer Zone (IIBZ) Tritium Activity from BGC FIP Groundwater Investigations
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Figure 2-10. Background Soil Sample Locations for the Burial Ground Complex
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Figure 2-14.
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The Burial Ground Complex Ambient Alr
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Average Lead Concentrations in the Water Table, 1990-1995
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Figure 2-17. Average Lead Concentrations in the Water Table, 1990-1995
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Average Mercury Concentrations in the Water Table, 1990–1995 ●
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Figure 2-18. Average Mercury Concentrations in the Water Table, 1990-1995
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Figure 2-19. Average TCE Concentrations in the Water Table, 1990-1995
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I Figure 2-20. Average PCE Concentrations in the Water Table, 1990-1995
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Average Gross Alpha Activity in the Water Table, 1990–1995
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Figure 2-21. Average Grass Alpha Activity in the Water Table, 1990-1995

,

2-67

I



WorkpIa~ Report for the Old Radioactive WSRC-RP-97-O0127, Rev. 1.4

Waste Burial Ground 643E, S01-S22 August 2000

Average Non-Volatile Beta Activity in the Water Table, 1990-1995
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Figure 2-22. Average Non-volatile Beta Activity in the Water Table, 1990-1995

●

t.””” ““- ““ ““



Workpla~ Report for the Old Radioactive WSRC-RP-97-O0127, Rev. 1.4
Wrote Burial Ground 643E, S01-S22 August 2000

Average Tritium Activity in the Water Table, 1990–1995

Figure 2-23. Average Tntium Activity in the Water Table, 1990-1995
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Figure 2-24. Potential “Hot Spots” at 100 Years After Burial
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Figure 2-25. Potential “Hot Spots” at 300 Years After Burial
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Figure 2-26. Potential “Hot Spok” at 500 Years After Burial
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Table 2-1. COI Source Term Summary (WSRC, 1997)

COI~ UNCERTAINTIES FORM ORIGIN NOTFS

;adnrium best estimate accuracy * 20%. control rods 2 kuge Scrap metal and mds were put into disassembly basins

buried in trenches: safety reds shipments of for decay of short-lived isotopes, then cut into pieces

3,500 lb Amount fsom L and Cd sheets control reds and placed in casks.

R Reactors is from R (1964)

2,000 lb fmm awurate within
Induced activity waste.

and L (1970)

cuntrol rtis lo%. Reactors (2,000 COBRA dues not keep track of Cd, and no records in

+ lb). COBRA could k identified as control ruds, safety reds,

75 lb/ymr of Cd Cd sbcet and neutson shielding sheets. All estimates fur the

sheet consumed consumption Cd sheet (1,000 cadmium source temr are based on prucess knowledge.

over 20ymrs accurate within to 2,000 lb),
The two large shipments of control reds were buried in

(1,500 lb) 30%. the arm of the burial ground that were active in 1964

OSTS:negligible
and 1970 (during the shutdowns of R and L reactors).

~ad Mt estimate accuracy * 3070. shielding Mainly Buried either &cause it was contaminated and required

buried in trenches: equipment (e.g. Separations. disposal or it was used to shield buried rad waste.

50 tons Amount from junior caves)
smaller amouuti COBRA has less than 12 references to Pb.

reacturs and to shot

Separations shield offsite waste bricks fcom reactors Because of the use of lead to shield certain high-level

disposed 1.5 is unknown. sheets and to shield waste burials, the primary Imation for buried lead

tonslyeaf over 20 in OSTS offsite waste. would be in the high-level waste trenches.

ymrs.

Also from r=ctors
and to shield
offsite waste.

OSTS: negligible

Hcrcusy kst estimate accuracy 2 or 3 one-liter Tritium Hg was stored after 1968 and not sent to ORWBG.

buried in trench= +25% to -10% polyethylene facilities:

24,195 lb bottles wapped in 232-H
Hg was tritiated.

Possible mechanical two PE bags and 234-H Used as a sealant in pumps, as a catalyst for dissolving

OSTS: negligible rupture of the placed in 5-gallOn 232-F Pu-AI in Separations operations, and as a component of

containers. Stml lard CarlS.
Sepuations:

laboratory operations
ova 100

Hg is also in ash of
221-H COBRA shows burial Iucations of mercury.

shipments of 2
burned solvent.

221-F
cans each
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COI
rritium

;e.sium-137

INVENTORY
best estimate
buried in trenches:
3,014,457 a

decayed to 1997
(in trenchm):
467,889 Ci

OSTS: negligible

best estimate
buried in trenches:
58,657 Ci

decayed to 1997
(in trenches):
26,838 Ci

OSTS: 1.30 Ci

Table 2-1. COI Source Term Summary (WSRC, 1997) (Continued)

UNCERTA3NT3RS
Tritium content
estimatm in waste
fnrms (Sssmncd
constant quantities
of tfitirrm in a given
waste form).

Migration (there is

no corrmtion for
such unknom loss),

Original estimates of
fission pmducta
amounts (baaed on
external dose rates),

Variations in
isotopic
distributions.

Use of fixed aga in
decay calculations.

FORM
Job control waste

Waste nils and Hg

Used equipment &
components

Spent melu

Reactive beds

This waste was buried in
cardboard huxes, plastic
bags, and metal containers.

The tission product-baring
waste was buried in low-
Ievel and high-level
trenches, depending on the
dose rate from the package.

0R3GIN
232-H

234-H

238-H

232-F

The bulk of tritium was
processed in the three H-
Arca buildings; 232-F
operated only briefly in
the late 1950s.

B~roduct of reactors

Fission prcducts area
component of job control
waste and other waste
streams from spent
reactor fuel and targets or
high-level liquid wastes.
These include rsactors,
Separations (F- and H-
Areas), and a.ssuciated
tank farms, and process
control and experimental
laboratories,

NOTES
ialf-life: 12.3 years

20BRA provides both quantity
~ndIwation estimates,

Ialf-life 30 years

:OBRA recorded “fission
)rnducts”, not Cs- 137 per se,

:50 mR/hr wastes were buried in
ow activity beta-gamma trenches,

,50 mRihr wastes were buried in
ntermediate level (aka high level)
rencbes.



I

I

I COI
Plutonium-238

Plutonium-239

~

StrOntium-90

~NTORY
hcst estimate
buried in
trenches
1192.7 grams
(20,514 Ci)

decayed to 1997
(in trenches):
16,825 Ci

OSTS:1.24
flares (21.4 Ci)
Mt estimate
buried in
trenches:
24,188 grams
(1,475 cl)

decayed to 1997
(in trenches):
1,474C1

0STS:1351 g
(82.4 Ci)
Mt estimate
buried in
trenches: 58,657
Ci

bst estimate
decayed to 1997
(in trenches)
26,216 Ci

OSTS: 1.28 Ci

Table 2-1. COI Source Term Summary (WSRC, 1997) (Continued)

JNCERTAIN~
falidity of COBRA
:stimates

falidity of COBRA
:stimates

Mginal estimates
)f fission prcducts
imounts (based on
;xternal dose rates
md assumed
Isotopic
distribution),

Useof fixed ag= in
Jecay calculations.

FORM
Uncontainerized in
plastic bags and
cardboard boxes

Concrete culverts
containing drummed or
boxed waste

Uncontainerized in
plastic bags and
cardhard boxes

Concrete culverts
containing drummed or
boxed waste

Encapsulated waste

This waste was buried in
cardboard boxes, plastic
bags, and metal
containers.

The fission product-
baring waste was buried
in low-level and high-
level trenches, depending
on the dose rate from the
package.

ORIGIN
Therminnic heat sources for

power generation

Separations, reactor areas, and
research facilities like SRTC

Special nuclem material

Separations, reactor areas, and
research facilities like SRTC

Byprnduct of reactors

Fission products are a
component ofjob control waste
and other waste streams from
spent reactor fuel and targets or
high-level liquid wastes. These
include reactors, Separations F.
and H-Areas), and associated
tank farms, and prccess control
and experimental laboratories.

NOT=
)alf-life 87.4 years

;nventory estimate based on

;OBRA, pre-COBRA burial
.ecords and burned solvent
.esidues.

COBRA shows burial
Imations of plutonium-238.

half-life 24,360 years

[nventory estimate based on
COBRA database total,
which includes plutonium-
239 in special burials, pre-
COBRA burial records, and
burned solvent residues.

Cobra shows burial Iccations
of plutOnium-239.

half-life 29.12 yws

COBRA recorded “fission
prcducts”, not Sr-90 per se.

<50 mRlhr wastes were
buried in low activity kta-
gamma trenches.

>50 rnRlhr wastes were
buried in interrrrediate level
(a.ka high level) trenchm.
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COI
technetium-99

[dine-129

INVENTORY
mt stimate
juried in trenches:
2 Ci

)STS: negligible

Table 2-1. COI Source Terns Sununary (WSRC, 1997) (Continued)

=t estimate
juried in trenches
:0.6 Ci

)STS negligible

Sve-year-old
n-tank waste
:ontains 5.53E-04
;uries of
:whnetium-99 per
~allon, which
3ssumes an isotopic
distribution of
fission products.
kssum~
o 39 Cl of idlne-

129 WSS

preduced at
SRS from
startup to 1974

w 30percentof
this amount was
buried in the
ORWBG.

FORM
Mostof the technetium-99
n the ORWBG is in
>urials of fission prtiuct
waste,
rbe most likely state of
:whnetium-99 in SRS
waste smeams and solid
waste is Tc04”.

;pent ceramic chips coated
with silver nitrate (Berl
;addles)

ORIGIN
;echnetium-99 is a fission
,rtiuct produced by the
ission of uranium-235 and
~lutOnium-239,

{adtoitiine is a fission

}rtiuct at the SRS that
)riginated predominantly in
he fuel and target materials.

lerl saddles were used to
orb radioidlne (principally
-129 and 1-131) during the
Dissolutionof fuel and targets
n F and H Areas.

NOTES
Ialf-life 213,000 years

Shipments of technetium-99
xe not documented in the
COBRA database.
technetium-99 is assumed to
have ken disposed with
other fission prtiuct waste.

half-life 1.57x107 years

[n the COBRA database
there are no references to
Berl saddles, nor is there any
specific itiine- 129
constituent information.

The num~r of spent charges
in the ORWBG, assuming a
constant disposal rate, is
estimated to k 34. Each
container held approximately
20 cu ft of Berl saddles.

Essentially all nf the idLne-
129 in the burial grounds
from Berl saddles used in the
prwess air filters, Other
sources contributed smaller
amounts to the inventory.
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Table 2-2

Monitoring Wells at the Burial Ground Complex

Background

Wells

BGO lD

33G02D

HSB 85A

HSB 85B

HSB 85C

●

Point of Compliance

Wells

3GG 3A

3G03C

3G03D(R)

3G04D

3G05C

3G05D

BGO 6A

BGD 6B

BGO 6C

BGO 6D

BGO 7D

BGO 8A(R)

BGO 8C

BGO 8D

3G09D

3G0 IOA(R)

IGo 10C

300 1OD(R)

3001 ID(RO

3G0 12A(X)

3GG 12C(X)

3G0 12D(R)

BGO 13(R)*

BGO 14A(R)

BGO 14C(R)

BGO 14D(R)

BGO 15D

BGO 16A(R)

BGO 16B

BGO 16D

BGG 17D(R)

BGO 18A

BGO 18D

BGO 19D(R)

BGO 20AA

BGO 20A

BOO 20B

BGO 20C

BGG 20D

BGO 21D

BGO 22D(R)

BGO 23D

BGO 24D

Assessment Wells

BGO !?AA

BGO 10AA

BGO 10B

BGO 25A

BGO 26A

BGO 26D

BGO 27C

BOO 27D

BGO 28D

BGO 29A

BGO 29C

BGO 29D

BGO 30C

BGO 30D

BGO 31C

BGO 31D

BGO 32D

BGO 33C

BGO 33D

BGO 35C

BGO 35D

BGO 34D

BOO 36D

BGO 37C

BGG 37D

BGO 38D

BGO 39A

BGO 39C

BOO 39D

BGO 43AA

BGO 43A

BGO 43C

BGO 43D*

BGO 44AA

BGO 44A

BGO 44B

BGO 44C

BGO 44D

BGO 45A

BGO 45B

33G045C

BOO 45D

BOO 46B

BGO 46C

BGO 46D

B@ 47A

BW 47C

BGO 47D

BGO 48C

BW 48D

BGO 49A

BW 49C

BGO 49D

BGO 50A

BGO 50C

BW 50D

BW 51AA

BGO 51A

BGO 52AA

BGO 52A

BGO 52B

BGO 52C

BGO 52D

BGO 53AA

BGO 53A

BGO 53B

BGO 53C

BGO 53D

BGX 1A

BGX 1C

BGX lD

BGX 2B

BGX 2D*

BGX 3D*

BGX 4A

BGX 4C

BGX 4D*

BGX 5D*

BGX 6D*

BGX 7D*

BGX 8D*

BGX 9D

BGX 10D

BGX llD

BGX 12C

BGX 12D

HMDO01D8
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Table 2-2

Monitoring Wells at the Burial Ground Complex (Continued)

.4
)0—

Background Point of Compliance

NOTE:

(R) indicates replacement well

Assessment Wells

BGO 40D BG051B tiD O02D*

BGO 41A BG051C HMD O03D*

BGO 42C BGO 51D HMD O04D*

(X) indicates a replacement well of a replacement well

* well scrwned in the upper swtion of the “lower” Upper Three Runs Aquifer Unit

(WSRC, 1996)

●
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● Table 2-3. Comtituents of Interest (COB) for the Old Radioactive Waste Burial

Ground (ORWBG)

●

Nonradioactive

1. Cadmium

2. Lead

3. Mercury

4. Volatile Organic Compunds

Radimctive

5. Tri tium

6. Cwhn- 14

7. Cobal-60

8. StrOntium-90

9. Technetium-99

10. Iodine- 129

11. Cesium-137

12. Neptunium-237

13. Urrudum-235

14. Urarrium-238

15. Plutouium-238

16. PlutOnium-239

(Cd)

(Pb)

(Hg)

(Vocs)

LOng-

Hazardous HI=h Lived Large

Materiat Mobility (> 25 yT) Inventory

a

(H-3) ● ●

(C-14) ● ● ●

(CO-60) ●

(sr-90) ● ●

(Tc-99) ● ●

(1-129) ● ●

(Cs- 137) ● ●

(Np237) ●

(U-235) ●

(U-238) ●

(Pu-238) ● ●

(Pu-239) ● ●
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●
Table 2-4

Qualitative Assessment of the Fate and Transport of COIS

Potential Future

Mobility in
Immedtate Threat Threat to
to Groundwater Groundwater

COI Leachability Groundwater

Tritium High High Yes Yes

Vocs High High Yes Yes

Sr-90 Medium Medium No Yes

I- 129 Low Medium No Yes
Tc-99 Medium High No Yes

Cs- 137 Low Low No No

C-14 High Medium No Yes

CO-60 Medium Medium No No
Np-237 Medium Medium No Yes

U-235 Medium Medium No Yes

U-238 Medium Medium No Yes
Pu-238 Low Low No No
Pu-239 Low Low No Yes

Hg Medium Medium No Yes

Pb Medium Medium No Yes
Cd Medium Medium No Yes
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Table 2-5, Potential ARARs and TBC Criteria for the ORWBG

Federal Type Applicability

Atomic Energy Act Action-/chemical-specific Radioactive waste

National Environmental Action-specific Hazardous waste

Policy Act

Resource Conservation and Action-/chemical-specific Treatment, storage and disposal of

Recovery Act haardous waste

Clean Au Act Action-/chemical-specific Potential releases to air from units

Safe Dritilng Water Act Chemical-specfic MCLS, MCLGS*

Clean Water Act Action-/chemical-specific Discharge limitations

Toxic Substances Control Act Action-/chemical-specific Potentially applicable if specific

constituents determined to be

present

EPA Water Classification Location-specflc Aquifer classification

DOE Orders Action-specific Treatment, storage and disposal of

hazardous and radioactive wastes

State Type Appficabifity

S.C. Pollution Control Act Action-specific Potential releases to surface water,

groundwater, air or soil

S.C. Wastewater Regulations Chemical-specific Discharge limitations

S.C. Drtilng Water Chemical-spec~lc MCLS, MCLGS*

Regulations

S.C. Hazardous Waste Action-specific Treatment, storage and disposal of

Management Regulations hazardous waste

S.C. Air Pollution Control Action-specific Potential releases to air

Regulations

S.C. Water Classification Chernical-/locatio n- Surface water and groundwater

Standards specific

S.C. Wefl Standards and Action-specific Well Construction requirements

Regulations

*MCL = Maximum Contaminant Level

*MCLG = Maximum Contaminant Level Goal
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● 3.0 DATA QUALITY OBJECTIVES

The Expedited Site Characterization (ESC) concept incorporates the DQO process developed by

the EPA as guidance for data collection activities (EPA, 1994). The DQOS are developed using

an interactive and iterative approach to decision making based on seven steps detailed in the EPA

guidance.

DQOS are useful in identi~lng data gaps and in developing sampling and analytical plans that

describe the procedures for collecting sufficient data of known and defensible quality. These data

are to be used to define the extent and magnitude of contamination and to define human and

ecological risks. In turn, these tindings will assist decision makers in arriving at appropriate and

sound decisions concerning remedial response act ivities. DQOS also assist in determining

appropriate detection limits, analytical methods, and sampling and handling

procedures/requirements.

3.1 Data Quality Objective Evaluation

3.1.1 State the Problem

● The initial step in the DQO process is to clearly define the problem so that the focus of the

investigation will be unambiguous. To do this, the existing information regarding the type and

extent of contamination present at the ORWBG is evaluated and probable exposure pathways are

identfled.

The existing data are summarized and evaluated in Sections 2.4 and 2.5. These data were utilized

to develop the CSM. The existing data are adequate for unit screening purposes and define the

COIS in the soils and groundwater. Characterization objectives have been completely addressed

in all areas of tbe ORWBG and no additional intrusive investigation is required. The ORWBG,

source characterization of subsurface soifs, data regarding unit-specific hydrostratigraphy and the

presence of contamination in the groundwater have been characterized and are adequate for the

evaluation of risk.

The SRS is now implementing an interim remedial action which involves placing a low

permeability soil cover over the ORWBG. This interim action will minimize future leaching of

contaminants from buried wrote and soil. By placing clean soil over the unit, the action wifl also

eliminate those pathways associated with surface soil within the ORWBG and reduce future risks

●
for other pathways for which surface soil was the primary source. Another planned action to

3-1



Workpla~ Report for the Old Radioactive WSRC-RP-97-O0127, Rev. 1.4

Waste Burial Ground 643E, S01-S22 August 2000

minimize future release from the ORWEfG source area is removal of liquid wastes from the OSTS.

Data are required to characterize the contents of the OSTS (S01 - S22) for waste disposal. This ●
characterization is discussed below.

3.1.2 Identify the Decisions

The purpose of this DQO step is to identify the decisions that must be supported with the

collected data. This heIps define the objectives of the field investigation.

The decisions to he made are those concerning removal, management, and disposal of the waste

material. These decisions relate principally to worker health and safety and to

managemerrt/disposaI of the waste such that there is compliance with applicable regulations and

permits. Data collected as part of this investigation will include both screening-level and

definitive-level analytical data.

3.1.3 Identify the Inputs to the Decisions

The purpose of this step is to identify the information needed to support the decisions presented in

Section 3.1.2. Existing unit characterizations have ident~led the nature and extent of

contamination at the ORWBG and will provide information for input into the qualitative risk ●
assessment and remedial design. Sampling and analysis of the solvent and radiological

~

contaminated liquids and sludge inside the solvent tanks (SO1-S22) is necessary to determine the

disposal path for the material in the tanks and the most viable closure technology for the tanks.

3.1.4 Define the Boundaries of the Study

The purpose of this step is to identify the spatial limits of the affected media and to determine the

discrete area affected by the decision(s). This step also identifies the human and ecological

populations at risk and investigates the impact of present and future land-use on these

populations. Another goal of this step is to determine if the time of sample collection will affect

the representativeness of the characterization data. For this particular investigation, the site

boundaries are the ORWBG and the OSTS within the disposal area.

3.1.5 Develop Decision Rules

The purpose of this step is to integrate output from the previous steps of the DQO process into a

statement that defines the condhions that would cause the decision makers to choose among

alternative actions. The decisions will utifize the ESC concept which requires frequent team

●
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● reviews and possible modification of field activities based on real-time data obtained during

sampling. Baseline decisions are presented below. The decision rules for the ORWBG OST

sampling and analysis relate primarily to management of the wastes and the Waste Acceptance

Criteria (WAC) of potential SRS waste disposal facilities. The WAC provide much of the basis

for sampling and analysis of the waste and defining the waste management decisions.

3.1.6 Specify Tolerable Llmitson Decision Errors

Due to inherent uncertainty introduced by heterogeneity and error in sampling, storing,

transporting, and analyzing environmental media, it is important to specify the acceptable decision

error rates. Potential errors resulting from field sampling modflcations implemented under the

ESCprogram will be finitied byutikation of thedecision mlesoutHned ~Section3.l.5. The

WACS provides the basis for the acceptable levels of uncertainty.

3.1.7 Optimize the Design for Obtaining Data

The final step in the DQO process is development of a sampfing plan that takes into account the

problems, key decisions, environmental variables, and how the spatial and temporal boundaries of

● thecontamination and populationsat risk will beidentfled. Anintegral part oftbe ESC process

is adynanric workplan that is viewed as a guide, subject to modflcation, rather than an absolute,

unchangeable document. As such, decisions will be made throughout the characterization

regarding how uncertainty and tolerance for uncertainty wiff be ident~led.

Section 4. Odiscusses thesamphg andanalysis plan forthe ORWGsolventt~s(SOl -S22).

The plan addresses sampling protocols, procedures (including chain-of-custody), sample

preservation techniques, ad~hipping, handbg, andholdtig requtiements mrequked. The types

and frequency ofsamples are discussed, andtheanalytical methods areclearlydefmed. Precision,

accuracy, and completeness of the data and documentation of the sampling and anafysis are

specfled inthe Quality Asurance/Quafity Control Plm (Section 10.0) andthe Data Management

Plan (Section 11.0). The safety, health and emergency response requirements of the proposed

field activities are included in Section 9.0.

3.2 Summary of DQO Evaluation

Thedata needs developed under the DQOprocess aresu~ked in Table 3-l. Relationships to

the CSM and evaluation of potential CMS/FS options are included in the table. Methods of

●
obtaining these data are summarized on the table and addressed in Section 4.0.
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The primary sources ofcontarnination in ORWBG are contaminants from the radiological and ●
chemical waste disposed at the unit. previous sampling activities have provided adequate data to

qualitatively evaluate, potential risk and leachability from the primary sources.

Liquid and sludge samples from the solvent tanks will be anafyzed for definitive level data.

Analytical parameters will be in accordance with the WAC established by the potential receiving

facilities.
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Data Needs and DQOS Sampling and Field

Expmre Including Activities Including
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4.0 UNIT ASSESSMENT

The unit assessment for the ORWBG is designed to supplement and expand the existing data base

developed from the historical data, soil gas surveys, groundwater monitoring data, and the BGC

FIP investigation. “These data have been used to streatilne characterization efforts, efirninate

unnecessary sampling, and provide sufficient data required to help make decisions at various

points in the environmental assessment process. The combmed data will be used to support fate

and transport analysis, evaluate remedial action objectives (RAOS), and support human health and

ecological evaluations to satisfy RCRA and CERCLA requirements for the ORWBG.

4.1 Objectives

This section provides a discussion of the unit characterization objectives as they address the CSM

and meet the DQO process needs. Based on the DQOS developed in Section 3, the following data

need is identified (Table 3-1):

●

4.2

● Sampling and analysis of aqueous and sludge solvent and radiological constituents of

solvent tanks (S01 - S22). The sampling is scheduled to be performed accor&lng to

the schedule provided in Section 8 and is addressed in a site-specific sampling plan

(see Appendix D). Analysis will be performed to meet the WAC of existing SRS

waste treatment facilhies. Results of these characterization efforts are provided as

Appendix E.

Primary Source Characterization

The primary source (radiological and chemical waste) was addressed directly through compilation

records of burials and through GPR and soil gas surveys. The results of these investigations are

detaifed in Section 2.4. In addition, extensive field characterization of soil and groundwater

contamination was completed.

Investigations and samplig of the ORWBG are complete with the exception of ongoing sampling

of the contents of the OSTS. Analytical data have been used to identify the nature of the primary

source material and to derive a list of constituents of interest. No additional intrusive

characterization will be required. Sampling and analysis of the solvent tank contents wifl be

performed to determine waste disposal and tank closure alternatives.
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4.2.1 Soil Sampfing

Soil sampling for chemical and radiological analysis of the primary source and sufficient data

co Ilection were performed to support fate and transport analysis.

4.2.2 Background Characterization

Unit-specific background borings were advanced and sampled during the field characterization.

Analytical results from these samples were used to establish unit-specific background values for

the ORWBG.

4.3 Secondary Source Characterization

Soil, groundwater monitoring data and the BGC FIP characterization results indicate that the

ORWBG is a source of contamination, and secondary sources exist. The COIS for the secondary

sources are considered the same as the primary sources listed in Table 2-3 of Section 2. As

depicted in the CSM the secondary sources are deep soils and disturbed soils from the future

excavation of source materials. Secondary source characterization has included soil sampfiig and

soil gas surveys under the BGC FIP (WSRC 1994b) and through compilation records of burials

(Appendix A). Characterization of the secondary sources has been completed as part of the BGC ●
FIP (WSRC 1994b) and the Source Term for the ORWBG (Appendix A).

Data indicates that there has been impact to the soils beneath the ORWBG. Concentrations in

subsurface soils are generally lower than those present within the primary source material (see

Section 2). No additional characterization of secondary sources will be required.

4.4 Exposure Media Characterization

The CSM identifies pathways potentially impacted by previous activities at the ORWBG. These

pathways include: air, surface soil, subsurface soil, biota, surface water and groundwater.

Historical groundwater monitoring indicate the groundwater pathway has been impacted by the

ORWBG. Groundwater is bing addressed under RCRA and details of the groundwater

assessment at the ORWBG are included in the RCRA Part B permit for the MWMF. Aii

sampling conducted as part of the characterization efforts is discussed in Section 2. Surface soil

sampling results can be used to estimate volatilization of organics, concentrations of contafiants

in fugitive dust, and potential uptake by biota, as necessary.

●
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● As part of the continued monitoring plan, regular rounds of groundwater sampling are planned for

the, existing monitoring wells. These samples will be analyzed for the Environmental Monitoring

Section (EMS) groundwater quality suite, which may include VOCS, senrivolatile (SVOCS),

pesticides/herbicides, metals, chloride, fluoride, nitrate-nitrite as nitrogen, pH, specific

conductance, sulfate, total dissolved solids, total organic carbon (TOC), total organic halogens

(TOH), and total phosphate. Data from these wells will continue to indicate to what extent

contaminants have migrated from the 0RWf3G through the vadose zone and into the

groundwater. Data from the wells will be used to support fate and transport analyses and to

select RAOS.
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5.0 POTENTIAL EARLY ANDIOR INTERIM REMEDIAL ACTIONS

Potential early or interim actions were recommended to achieve near-term environmental results

at the ORWBG. The overall goal of this process was to control or abate threats to human health

and/or the environment from releases and/or to prevent or minimize the forther spread of

contamination while long-term remedies are pursued. Although intended to be implemented more

quickly than traditional remedial measures, potential early or interim remedial actions may be

short-term or long-term.

5.1 Old Radioactive Waste Burial Grounds (ORWBG) Early and/or Interim Remedial

Actions

A low-permeability soil cover was selected and has been installed as an interim remedial action at

the ORWBG. The soil cover provides a reduction in stormwater infdtration through the waste

layer, which will minimize contaminant migration to the water table. Topsoil with a vegetative

cover is also a part of the interim action. The soil cover is sloped to promote surface runoff,

minimize surface erosion, and control the leachlng of hazardous substances from the source

materiaf. Construction of the soil cover is presently underway.

Existing institutional controls, environmental monitoring, and site maintenance are also

components of this interim action. Visual inspection of the soil cover will be performed by trained

individuals at regular intervals and after significant rainstorms. Any observed damage, erosion, or

subsidence will be repaired to conform with the original soil cover contours.

This interim action addresses source control at the ORWBG in advance of the final remedial

action. The soil cover is consistent with the overall site strategy because it provides for a

reduction in contaminant migration without hindering characterization efforts and without

precluding any final remedial action developed during the ~A process.

5.2 Solvent Tanks Early an~or Interim Remedial Actions

Characterization of the old solvent tanks’ contents will be performed to verify that the contents of

the tanks meet the WAC established by the potential receiving facilities. In an effort to support

the characterization of the solvent tanks, camera surveys are Ming conducted to determine the

contents and structural integrity of the tanks. A potential interim remedial action for the solvent

tanks wifl be considered. F’otentiaI early actions include waste removal and tank stabilization.
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Further details regarding the solvent tanks sampling and analysis activities are included in

Appendix D, “Sampling and Analysis Plan for Old Solvent Tanks S 1 - S22 to Address Waste
●

Acceptance Criteria,” WSRC-RP-97-O0770.

The final remedial measure for the solvent tanks will be determined by the final ORWBG action.

●
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● 6.0 POTENTIAL CORRECTIVE MEASURES STUDY/FEASIBILITY STUDY

OPTIONS

6.1 Preliminary Remedial Action Objectives

The overall prelimina~ RAOS for the ORWBG are as follows:

●

●

●

●

●

Minimize the risk to workers associated with contaminants in the soil due to external
exposure, indirect contact, inhalation, or ingestion

Prevent or mitigate migration (via leaching) of contaminants to groundwater and
thereby minimixe future contaminant discharges to the receptor point (nearby streams)

Minimize erosion and runoff of contaminants from the waste unit to the surrounding
areas

Prevent or mitigate intrusion into the ORWBG via intruder access controls

Stabilize the surface of the ORWBG to prevent collapse due to compromised
structural stability of waste components

6.2 Final Action Options

●
At this time, it is confined that hazardous and radiological substances have been released from

the ORWBG. All possible remedial alternatives will be evaluated to determine the proper course

of action to effect remediation at the unit.

6.2.1 Standard Remedial Technologies

Remedial alternatives are ident~led as part of the RFI/Rl process. Based on the data available for

the ORWBG, the areas that may. require remediation are the source area (trenches ~d solvent

tanks), leachate, and soil. From available unit information, the constituents of potential concern

(COPCS) include mercury, cadmium, lead, VOCS, and radionucfides. The groundwater, as agreed

upon by the regulators and WSRC, will be addressed under separate SCDHEC RCRA

closure/post-closure activities. Table 6-1 lists the potential remedial technologies that may be

applied to the ORWBG source area, Ieachate, and soil.

The final disposition of any TRU waste that may be identified for limited “hot spot” excavation

would be to place the removed TRU culverts on above ground storage pads in the Burial Ground

Complex until shipment to the Waste Isolation Pilot Plant (WIPP) is approved. The storage of

●
the TRU culverts on the pads would require approval from the Solid Wrote Division.
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Some areas in the ORWBG may also be identified for limited “hot spot” grouting/stabilization. ●
6.2.2 Innovative Remedial Technologies

At this time, no innovative remedial technologies have been identified. Several factors, including

radioactivity and the size of the ORWG, make it unlikely that an innovative technology will be

identified. However, literature searches will continue and any new technologies identified will be

considered

●
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Table 6-1.
Standard Remedial Technologies

[institutional and Source Controls . Excavation

● Soil Covers

● Capping
● Grout Curtain

. Fencing

. Posting Signs

. Limiting Access

● In-Situ Vitrtilcation

● In-Situ Soliditicatiorr/Stabilization
. Ex-Situ Stabilization

Leachate Controls ● Capping

. Subsurface Collection Drains

. In-Situ Biological Treatment

. In-Situ Vitrflcation

● In-Situ Solidification/Stabilization
. Ex-Situ Stabilization

Soil Controls s Excavation

● In-Situ Biological Treatment
. Capping

. In-Situ Vitrflcation

. In-Situ SolidflcatiotiStabilization

. Ex-Situ Stabtiation

Air Pollution and Gas Migration Controls ● Capping
. Dust Control

. Vapor Collection and Treatment (e.g.,
carbon adsorption)

● Thermal Oxidation
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● 7.0 QUALITATIVE RISK ASSESSMENT SUMMARY

7.1 Identification of Constituents of Interest

This Qualitative Risk Assessment (QRA) for the Old Radioactive Waste Burial Ground (643-E,

S01 -S22) presents information on contaminated media identified in the document: Source Term

for the Old Radioactive Waste Burial Ground, Samannah River Site (U) [WSRC-RP-97-01 19].

This report defined the nature of contaminants at the ORWBG which are referred to as

Constituents of Interest (COIS). A detailed investigation was conducted to deter~ne the origin,

inventory, location and waste form of COIS (WSRC, 1997a). COIS were defined based on

previous sampling (soif and groundwater), review of COBRA records, process history, and

previous regulatory and historical documentation. As a result, the foflowirrg COIS were identtiled

for this unit: cadmium, lead, mercury, volatile organic compounds (VOCS), tritium, cesium- 137,

plutonium-238, plutonium-239, strontium-90, uranium-235, uranium-238, carbon-14, cobalt-60,

technetium-99, iodine- 129, and neptunium-237. Table 2-1 provides summary information

regarding inventory estimates, burial locations, waste form, and origin for each of the COIS.

Table 2-3 presents the relative toxicity, mobifity, and volume of each of the COIS. TabIe 2-4

●
presents a qualitative assessment of the fate and transport of the COIS.

7.2 Qualitative Risk Summary

The ORWBG is covered over by a minimum of 0.6 m (2 ft) clean soil from an SRS background

borrow’ area, with the exception of the Old Solvent Tanks (OSTS), and therefore, surface soif (O

to 0.3 m [0 to 1 ft]) and subsurface soil (0.3 to 1,2 m [1 to 4 ft]) pathways of exposure have been

efiiated. Closure of the OSTS is pending and they wifl k covered with the same interim soil

cover upon completion of closure. Afthough the placement of the clean interim so if cover has

mitigated the exposures and risks associated with surface and subsurface soifs, given the known

chemical and radiological inventory, unit history, and waste-unit conditions at the ORWBG,

sign~lcant unacceptable human health and ecological risk may stifl k posed by relemes of waste

to groundwater in the ORWBG. In addition, the presence of the OSTS and a significant source

term at depth within the unit warrants special consideration. Therefore, the justification that

unacceptable risk exists is acknowledged without the development of a quantitative risk

assessment for the unit.

It is forther stated that:
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● No soil characterization activities have been performed at the OST area. However, surface ●
monitoring has been performed as a part of ongoing OST work activities using portable

radiation and contamination probs. Also, the OST area is surveyed monthly as a part of

routine surveillance and monmitoring activities. Surface contamination has not been detected

to date during these activities although Burial Ground records indicate that spills may have

occurred at the tanks during past solvent transfer operations.

● To mitigate the current risk to onsite workers from potential exposure to contaminants at the

OST area associated with the ventiriser pipes of the OSTS, the OST area is currently posted

as a Contamination Area (CA). These pipes are covered and sealed with 8-roil plastic

containment sleeves equipped with HEPA filter cartridges. The OST CA itself is completely

contained within a larger Radiological Buffer Area (RBA) that is designed to control

personnel and material entry into and exit from the OST CA. Further, the RBA is completely

contained within the Controlled Area of the Burial Ground Complex that has other personnel

and material access controls. The cumulative effect of limiting radioactive contamination to

the tanks and within the OST CA, implementing administrative controls and engineered

controls to keep occupational exposure low, and continuously monitoring for environmental

releases is the very low risk of exposure to the radioactivity associated with the OSTS.

o
. These controls mitigate the current risk to onsite workers from potential exposure to

contaminants at the OST area. To mitigate risk to future workers and to minimirrze migration

of contaminants from potential spills, all OST remedial alternatives identfled in the Correcive

Measures Study/Feasibility Study (CMS/FS) wifl include a low permeability soil cover and/or

an engineered cap consistent with the frnal action selected for the remaining area of the

ORWBG.

7.3 RemW1al Goal Options

Remedial goal options (RGOS) are risk-based chemical and radiological concentration ranges that

are used as target cleanup criteria for considerate ion in the CMS/FS process during development

and selection of remediaf action alternatives. RGOS address the spectilc constituents of interest,

media of concern, and potential exposure pathways associated with the unit (EPA, 1991).

Remedial action objectives (RAOS) are based on the nature and extent of contamination,

I threatened resources, and the potential for human ,and environmental exposure to constituents of

interest. RAOS are used to develop and assess potential remedial technologies that are protective

~

of human helath and the environment. For example, an RAO may inchrde the reduction of

●
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● contaminant concentrations in impacted soils to levels that are protective of human health and the

environment or they may simply eliminate the direct exposure pathways for human and ecological

receptors.

In developing risk-based human health RGOS, target risk levels are established for carcinogens

and target haxard quotients are established for noncarcinogens. These levels are then used in

conjunction with toxicity data and exposure equations to calculate RGOS. One of the goals of the

NCP is to manage total risks at the unit such that the sum of afl risks for each receptor does not

exceed a carcinogenic risk of 1x104 nor a noncarcinogenic hazard exceeding unity. The EPA

recommends the use of an individual target risk level of 1x 10“6for permanent remedial action to

provide confidence that cumulative risks do not exceed 1X104. RGOS developed from a

quantitative anrdysis of risk to human health and the environment are used to develop RAOS.

For the ORWBG, a streamlined approach to the risk assessment for the unit was selected, thereby

eliminating the need for a quantitative analysis and the development of RGOS. Instead, the unit

specific conditions and the type of source term data available rather than RGOS are used to

develop RAOS. The information used for characterizing the ORWBG source term, COIS, media,

●
and potential transport pathways will be used when developing RAOS.
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8.0 SCHEDULE

8.1 Introduction

This section provides the proposed schedule of field activities, document and report submittals for

the ORWBG source unit. This schedule is subject to regulatory review timetables. Groundwater

associated with the BGC is king addressed under the RCRA permit for the -F, therefore

groundwater characterization activities are not included as part of this schedule.

8.2 Projected Schedule for Field Activities

EPA, DHEC and DOE have determined that no further intrusive characterization is required at

the ORWBG. However, sampling of the residuals in the solvent tanks is ongoing. This

information wilf be used to determine waste disposition alternatives. These sampling activities are

projected to be completed in the second quarter of FY98.

8.3 Projected Schedule for Document and Report Submittals

The schedule for the submittal of documents and reports associated with the ORWBG is depicted

in Figure 8-1. The signed Record of Decision is scheduled for submittal in June 2000.
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● 9.0 SAFETY, HEALTH, AND EMERGENCY RESPONSE PLAN

A site-specific Health and Safety Plan (HASP) will be prepared in accordance with 29 Code of

Federal Regulations 1910.120 and approved prior to starting any field investigations. This plan

will meet Occupational Safety and Health Administration requirements. All personnel involved in

the performance of the work shall be familiar with the provisions of the HASP.
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● 10.0 QUALITY ASSURANCWQUALITY CONTROL PLAN

This section describes the Quality Assurance and Quality Control (QA/QC) procedures that were

used for the completed characterization activities for the Old Radioactive Waste Burial Ground.

The purpose of the QA/QC Plan is to ensure that all analytical data collected or generated are

scientifically vafid, defensible, of known and acceptable accuracy, and consistent with SRS and

DOE quality assurance programs.

QA sections outline the system to provide assurance, through proper record keeping and

management, that monitoring of quality related activities has occurred. QC sections contain

instructions and procedures to he followed in order to ensure consistency of data gathered.

QA/QC programs and procedures are based on those described in WSRC 1Q Quality Assurance

Manual (U) (WSRC, 1994c). Data Quafhy Objectives (DQOS) relate to the concept that different

data uses may require dfierent data quafity. DQOS are defused in Chapter 3 of this Workplan.

The Solvent Tank sampling and analysis activities wilf be performed in accordance with a Project

Specfic Quality Assurance Plan developed in accordance with WSRC 1Q Quafity Assurance

●
Procedure 2-1.

The Sarnpfing and Analysis Plan found in Appendix D has been developed in accordance with

WSRC lQ Qmdity Assurance Procedure 21-1 QA Requirements for rhe Collection and

Evaluation of Environmental Data.

Precision, accuracy, completeness, representativeness, comparabtity, and documentation of the

soIvent tanks sampIitrg and analysis are specified in the site-level quality assurance procedures

listed below.

. WSRC Manual lQ, QualiY Assurance Manual (U) (WSRC, 1994c)

. ESH-EMS-95-O076, Environmental Monitoring Section Environmental Geochemistry

Group Program Overview (WSRC, 1995c)

1o-1
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● 11.0 DATA MANAGEMENT

Data management will be performed in accordance with the WSRC Sampling and Analysis Plan

for Old Solvent Tanks S1-S22 to Address Waste Acceptance Criteria (Appendix D) and the

Environmental Monitoring Section Environmental Geochemist~ Group Program Overview

(WSRC, 1995c).
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EXECUT~ SUMMARY

Background

The Old Radioactive Waste Burial Ground (ORWBG) (643-E) occupies approximately 76

acres and is located within the General Separations Area in the centml portion of the

Savannah River Site (SRS). The ORWBG compfises a tlsposd area for sofid radioactive

waste produced at SRS, as well as shipments from other U.S. Department of Energy and

Department of Defense facilities such as Charleston Naval Shipyard, Mound Laboratory,

Miamisburg, Ohio, rmd General Electric Pinellas Plant in Pinellas Florida. Most of the wastes

in the ORWBG originated from SRS operations; wastes from off-SRS sources contribute osdy

about 0.5 percent of the totrd inventory by volume. Most wastes disposed in the ORWBG

were placed in earthen trenches.

Waste was disposed at the ORWBG from 1952 until 1972, when the majority of waste

disposal operations were moved to MI adjacent area. During 1973 and 1974, small quantities

of waste (primarily in retrievable form) were placed in the ORWBG. The ORWBG area was

also used for storage of contaminated equipment. The ORWBG contained several related

facilities and operations, including the following: 22 underground solvent storage tanks, two

areas for the incineration of organic solvents, and a sandblasting facility for decontaminating

equipment, The srrndblasting facility was located near the north-central perimeter of the

ORWBG and appears on ~ maps dated from 1966 through 1972. The maps indicate a “sand

blast pad” adjacent to a “sand blast basin”, which probably received run-off from the facility.

Photographs of the sandblasting facility in operation exist, but additiond details about the

procedures and practices or disposition of ,waste generated by this facility me not available.

Source Term Investigation

This study is designed to support the Resource Conservation and Recovery Act Facility

Investigation/Remedial Investigation process by expanding and refining the current

understanding of the ORWBG disposd histow. The finilngs of a detailed literature review

and evaluation were integrated with available aerial photographs, construction drawings,

health physics burial maps, the computerized buri~ record analysis (COBRA) database, and

interviews with SRS std.

wUM.~C ES-1
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Significant findings regarding burial histow, trench type and waste characteristics include the

following:

● Approximately 7,125,000 cubic feet of waste was placed in the ORWBG from 1952 to

1974. From 1961 to 1971, monthly waste volumes typically ranged from 25,000 to

50,000 cubic feet.

. Job control waste is the largest single waste type, representing approximately 90 percent

of total ORWBG waste volume. A ve~ high percentage of the job control waste was

buried in low-level beta-gamma trenches. Irradiated scrap metal is the second largest

waste type, representing about 7 percent of the total waste volume. Virtually all of the

irradiated scrap metal is in high-level beta-gamma trenches. The remaining 3 percent

includes a wide variety of wastes such as natural and mm-made ratloactive materials,

capital equipment, and absorbed solvents and oils.

● The ORWBG is segregated into three areas: (1) the original 3 5-acre central portion of the

ORWBG that was opened in 1952 and filled by the early 1960s; (2) a 15-acre eastern

expansion that was opened around 1961 and closed in 1972; and–(3)Y26-acre western

expansion that was opened in 1961 and closed in 1974. *’

The ORWBG disposd trenches can be grouped into several general waste categories

includlng the following: low-level, high-IeveI, jumpers and equipment, B-Line, scrap

metal, encapsulated plutonium, storage, and special/classified burials. Solvent tanks and

associated solvent burning pans and ash trenches define an addhional catego~. A

miscellaneous category is afso established to cover those trenches and disposals that do

not fit any of these categories.

Individual trenches and/or active portions of trenches can be tracked through time, with

moderately good agreement between burial locations and trench boundaries. In the

eastern and western portions of the ORWBG, there are generally good correlations

between the trench locations and burial locations. However, it appears that it was a

common practice to list the same coordinates for all burirds that took place in a specific

trench area on a given day or during a given week. This ofien results in a high number of

burials listed at one trench cell and few or no burials in the adjacent trench cells within the

opened trench area, Therefore, the accuracy of individual burial locations is ~ 40 to 60

feet.

e

—
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The burial locations included in the COBRA database cover only part of the operational

life of the ORWBG, no coordinate itiormation is available prior to 1961. The absence of

burial locations in the central portion of the ORWBG suggests that, although the volumes

associated with these earlier disposds are listed in COB% their coordinates are not. In

addition, this is suppofied by aerial photographs, which indicated that pre-1961 burials

exist in the central part of the ORWBG.

In general, burial containers (retrievable transuranic waste) and concrete pours were well

organized within the ORWBG.

Classified waste was most commonly buried in trenches and boreholes designated as

“special projects”. This term generally indicates that some of the components of a burial

were regarded as classified information at the time of disposal. Some aspects of these

“speciaY’ burials remain classified.

Constituents of Interest

Detailed studies were conducted to determine the inventory of Constituents of Interest

(COIS). COIS were defined on the basis of previous sampling (soil and groundwater), review

of COBRA, process history, and previous regulatory and Iristoricrd documentation. As a

result, the folloting COIS were identified for this study: cadmium, lead, mercury, volatile

organic compounds, tritium, cesium-137, plutonium-238, plutonium-239, strontium-90,

uranium-23 5, uranium-238, carbon-14, cobalt-60, technetium-99, iodine-129 and neptutium-

237, Table ES- 1 provides summmy information regarding inventory estimates, burial

locations, waste form, and origin for each of the COIS.

=UMSIOC ES-3
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1.0 INTRODUCTION

The Old Radioactive Waste Burial Ground (ORWBG) (643-E) occupies approximately 76

acres and is located within the General Separations Area in the central portion of the

Savannah River Site (SRS) (Figure 1-1). It is part of the Burial Ground Complex, which

includes the ORWBG and other operable units such as the Mixed Waste Management

Facility, the Low Level Radioactive Waste Disposal Facility, Solvent Tardcs S 1-S22, Solvent

T*s S23-S30, and Solvent Tank 32.

1.1 Description of Unit

The ORWBG is a disposal area approximately 3,700 feet long, 1,100 feet wide on the west

end and 700 feet wide on the east end. It is surrounded by an S-foot-high cyclone fence and

is situated between Road E and the F-Area railroad. A paved road leads to the entrance, and

unimproved dirt roads inside the fence provide access to old burial sites. Aa part of an

interim action, a soil cover is present] y being placed over much of the ORWBG to reduce

infiltration to the groundwater.

The ORWBG is designated as 643-E. The facility was formerly designated 643-G when G

was the suffix for outside facilities. The facility numbers are used interchangeably in the

literature.

Waste was disposed at the ORWBG from 1952 until 1972, when the site was essentially

filled and the majority of waste disposal operations shifted to the New Burial Ground (643-

7E). The New Burial Gfound (643-7E, formerly 643-7G) is an adjacent area to the north.

During 1973 and 1974, small quantities of waste (primarily in retrievable form) were placed

in the ORWBG. Twenty-two underground storage ths in the ORWBG facility were used

to store organic solvents.

The ORWBG area was also used for storage of contaminated equipment. In addhion, the

ORWBG contained several facilities and operations in the area that were not directly related

to the burial of solid waste. These included two areas for the incineration of organic

solvents, a sandblasting facility for decontaminating equipment, and some repair facilities.

The ORWBG comprised a disposal area for solid radioactive waste produced at SRS, as well

as shipments from other U.S. Department of Energy (DOE) and Department of Defense

(DOD) facilities. It was divided into sections to accommodate disposal of various levels and

types of radioactive waste materials. These materials included transuranic (TRU) waste,
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low-level waste, and intermediate-level waste generated at SRS and waste generated
●

elsewhere. Examples of the materials disposed of at the ORWBG include the following:

●

●

●

●

●

●

●

Incidental waste from laboratory and production operations, including small

equipment, spent air filters, clothes, analytical waste, decontamination residues,

plastic sheeting, gloves, soil, and construction debris

Contaminated waste including obsolete or failed tanks, pipes, jumpers, and other

process equipment from Separations; lead, as shielding, equipment, shot, bricks,

and lead sheets; reactor hardware fiel components and housinga not containing

irradiated fuel; and apent deionizer resins

Spent lithlum-aluminum targets (the t~get alloy waste remaining after tritium has

been extracted)

Contaminated process oil from pumps in the tfitium facilities and reactor areas

.@efor.e_b.uLk_stora~e was started, the oil was placed in drums containing an

absorbent material and buried)

Mercury from gas pumps in the tritium facilities (before 1968, radioactively
—

contaminated mercury was buried in 1-liter polyethylene bottles placed inside two

polyethylene bags that were placed in a 0.7-cubic foot steel can)

Cadmium (associated with control and safety rods and neutron shielding sheets)

Scintillation fluid (a mixture of organic solvents used to quantify beta and/or

alpha emitters in environmental and bioassay samples)

Shipments from offsite, such as radioactive waste from military hardware

Spent Plutonium-Uranium Extraction (PUREX) solvent, waste oils, and

associated degradation products in the 22 Old Solvent Tanks (OSTS)

Waste oils in absorbent materials

Residue from decontamination operations at the ORWBG prior to waste burial

.1-2 5EC110N1.~C
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Most wastes were placed directly in earthen trenches. The trenches within the ORWBG were

generally excavated 20 feet wide, 20 feet deep, and up to 700 feet long. The trenches were

tilled with the waste materials, which were then covered with 4 feet or more of soil to reduce

surface radiation to less than 6 IRR/hr.

1.2 Source Term Investigations

This study is designed to suppott the Resource Conservation and Recovery Act (RCRA)

Facility Investigatiofiemedial Investigation process by expanding and refining the current

understanding of the ORWBG. As a first step, a detailed evaluation of over 300 key

ORWBG documents was completed through an exhaustive literature search. These findings

were integrated with available aerial photographs, construction drawings, burial maps

prepared by Health Physics stafi the Computerized Burial Record analysis (COBRA)

database, and interviews with cument and previous SRS staff to refine information regarding

the following: (1) waste volumes and their sources, (2) the location and time of burials, (3)

waste type, form and Ieachabllity, (4) trench type and disposal characteristics, and (5) the

vmiety of contamination. The COBRA database is described in Section 2. In addition,

●
special emphasis was placed on reconstructing the ORWBG burial tilstory (Section 3),

identifying trench types (Section 4), and developing inventory estimates and leachability

information for the 16 Constituents of Interest (COIS) (Section 5 and AppendIces A-P).

COIS for the ORWBG source tem characterization were determined by integrating past

characterization and monitoring (soil gas, groundwater monitoring, and subsurface surveys)

with the COBRA database, process Klstory evaluation, and historical documentation. All

existing data were reviewed during this process. COIS inchrde constituents that are mobile,

hazardous, have a large inventory, arrd/or have a long hsdf-life. The COIS at the ORWBG are

cadmium, lead, mercury, volatile organic compounds (VOCS), tritium, cesium-137,

plutonium-238, plutonium-239, strontium-90, uranium-235, uranium-238, carbon-14, cobalt-

60, techsretium-99, iodine-129 and neptunium-237.

Appendixes A-P present detailed discussions regarding each of the COIS, including

background information, estimates and assumptions used to develop inventory, distribution,

waste form and leachability evaluation. The appendices present a detailed review of

background information about each COI, including previously cited inventow estimates. It

should be noted, however, that presentation of results of previous studies has resulted in

-a”- ‘–
some apparent discrepancies in historical details or the way inventories are calculated, For

example, different reports cite slightly different operational lifetimes of the ORWBG. This is

sE~ON1.DOC 1-3
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due to the fact that the disposal rate increased slowly in the early years of SRS operations, ●
and the rate decreased in the late 1960s to early 1970s as the adjacent 643-7G facility

opened. The inventory estimates in this report are based on a 20-year operational lifetime

(1953-1972, inclusive), unless stated otherwise. Although SRS opened in 1952, the first

production-related reactor did not reach criticality until 1953, and therefore, significant

amounts of radionuclides were not buried before this time.

●
1-4 SECTION1.DOC
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1 Figure 1-1. Location Map for Burial Ground Complex, Including
Old Radioactive Waste Burial Ground South of the Railroad Spur, and the Low
Level Radioactive Waste Disposal Facility on the Northern Side
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●
2.0 COMPUTERIZED BURIAL RECORD ANALYSIS (COBRA)

The most extensive source of information on the ORWBG is the COBRA database, which

contains records of waste disposed from 1952 through 1974. It was compiled beginning in

the first quarter of 1961, with historical data entered for the years from startup to 1960.

The COBRA database is based on information contained on “Radioactive Solid Waste Burial

Ground Record” forms, also referred to as burial slips, that were filled out for each waste

shipment. The database contains only information from these forms. It should be

emphasized that radiological waste was the primary focus of information entered on the

burial slips. Other materials that may now be of concern (e.g., nonradiological metals such

as mercury or cadmium, or volatile compounds) were not general] y listed on the burial slips

and occur in COBRA as incidental comments.

This study used COBRA to provide information regarding the following: (1) waste volumes

and their source of origi~ (2) the location and time of burials, (3) waste type and form, (4)

trench type and disposal characteristics, and (6) the variety of contamination. Using process

● knowledge as a guide, searches and sorts were performed on the COBRA database to

develop insights on the general characteristics of the ORWBG and on the 16 COIS that are

summarized in Section 5 and discussed in detail in Appendices A-P. A general overview of

COBRA and representative plots and tables are provided below. Figore 1-1 in the ~1/~

Work Plan for the Burial Ground Complex (WSRC, 1994) was developed primarily from

construction drawings of the ORWBG. With slight modifications, it serves as the underlying

base for the plots presented in Section 2 and Appendices A-P of this study.

1 2.1 Waate Volume and Origin

m ““
—. —

All waste shipments to the ORWBG contained a volume estimate given in COBRA as cubic

feet per burial/record (Table 2-1). COBRA records show that a total of 7,125,111 cubic feet

of waste was accepted at the ORWBG from 1952 to 1974. Approximately 80 percent of the

waste is reported to be combustible wastes. A plot showing waste volume by month, year,

and cumulative total is presented in Figure 2-1. Most of the COBRA records that predate

1961 have “histo~ correction” / “estimated data” given in the COBRA comment fields.

These records contain estimates of waste volume and waste type for many buildings/facilities

that were active during this early period at SRS. The volume estimates per building/facility

are t~icall y the same from year to year, with an arbitrary assigned bwial date of June 30 of

I SEC’I1ONZW 2-1
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each year. This accounts for the spikes in the monthly data curve for the years prior to 1961

@igure 2-l).

The COBRA burial slips contain a numeric code (up to 3 digits) that indicates which buildlng

was the source of each individual waste shipment. These were used extensively in the

detailed evaluation of COIS. There are a totrd of 270 unique building codes listed in

COBRA, Nearly all of the buildlng codes reflect the actual number of an SRS building (i.e.,

773, 22I, 105, etc.). During the evaluation of COIS, SRS building identification codes were

used in conjunction with SRS area codes to uniquely identifi a given location as the waste

source. These were then evaluated with respect to the process associated with the

building/area to verify COI content and volume.

In addition to SRS wastes, the ORWBG also includes some offsite wastes. The building

code “999” was assigned to these shipments. These offsite shipments comprise 141 burials

which include waste from Mound Laboratory; Pinellas, Florid& General Electric; Sylvania

Coming; Burlington, IOWK and Miamisburg, Ohio. Offsite wastes total 37,978 cubic feet,

about 0.5 percent of the total.

2.2 Location and Time of Burials

COBRA records are tied to a unique alpha-numeric grid system for locating each burial; the

grid layout is presented in Figure 2-2. The ORWBG coordinate system consists of a series of

100 by 100 foot alpha-numeric cells, with the origin point (O, O) in the upper IeWnorthwest

comer of the burial ground. Station numbers are used to identify locations within the grid.

The 100 foot cell designations increase from west to east by whole number increments, and

in a north to south direction with letter designations from “A” (at the origin) to row “IC’

(closest to E-Road). Each 100 foot cell has been subdivided into five 20 foot subceils using

the following convention: 0.10 = O feet, 0.20 = 20 feet, 0.30 = 40 feet, 0,40 = 60 feet, and

0,50 = 80 feet. In the east-west direction the maximum station value corresponds to 3,700

f--+ O+th- .=~.tefi f~nc- line (~tntions X.10). It shn~dd he noted that each ORWBG coordinate. . . . -. .... --” .-. -------- ....- ,------

pair corresponds with the upper lefr (northwest) comer of a 20 foot x 20 foot subcell, which

is the ultimate resolution of any burial location in the ORWBG (the actual resolution will be

significantly poorer in most cases). For the purposes of plotting data in this report, the center

of each 20 foot x 20 foot subcell is used rather than the comer.

— ‘-––Fi@re-2-3 presents the-locations of all COBRA records (total number = 40,494) for which

coordinates are available, In the eastern and western portions of the ORWBG there is

2-2 .< > .
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generally a good correlation between the trench locations and burial locations. Visually, it

appears that there are fewer than 40,000 data points, however, this is due to the fact that often

as many as 400 burials have the same given coordinate. Based on review of burial slips, it

appears that it was a common practice to list the same coordinates for all the burials that took

place in a specific trench area on a given day or during a given week. Th]s ofien results in a

high number of burials listed at one trench cell and little or none in the adjacent trench cells.

Therefore, the location accuracy of individual burials is often f 40 to 60 feet. This

uncertainty should be kept in mind when considering the location accuracy of individual

buriala.

Figure 2-4 presents burial locations by year for all COBRA records, and lists the number of

records with and without valid coordinates. It should be stressed that burial coordinates were

only available for waste placed after mid-to-late 1961. The absence of burial locations in the

central portion of the ORWBG suggests that this portion of the ORWBG had already been

tilled by the early 1960s and was not active in later years.

A total of 53 records have coordinates that plot outside of the ORWBG fence. Review of

burial slips found virtually all of these were associated with typographical errors (i.e.,

transposition of numbers resulting in coordinates plotting away from the ORWBG). Based

on this review, a revised set of coordinates was determined for each of the 53 records. Figure

2-5 presents the revised locations and provides a listing of the associated burial slip numbers.

During this investigation, no evidence was found to indicate that any radioactive burials took

place outside of the existing boundaries of the ORWBG.

2.3 Trench and Waste Type

The COBRA database dedicated two codes to tracking: (1) the type of trench in which each

waste shipment was buried, and (2) the broad waste type category for each shipment. These

two codes are called “burial code” for trench type, and “type code” for waste category. Table

2-2 presents summary statistics in matrix form for each burial code and type code

combination, including number of records, total waste volume, average burial volume and

associated standard deviation, and maximum/minimum shipment volume. Figure 2-6

presents burial locations for COBRA trench types (left column of plots) and waste types

(right column of plots). Figure 2-4 also presents burial locations at the ORWBG through

time, with x, y locations shown for all years for which there are data.

SECI’MN2,DOC 2-3
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AS shown on Table 2-2, type code 1 (job control waste) is the largest single contributor to

the ORWBG, representing approximately 90 percent of the total ORmG waste volume. A

large percentage of job control waste (86.5 percent) was buried in low-level beta-gamma

trenches, which translates into 77.5 percent of the entire ORWBG waste volume. Of the

remaining job control waste, 12.2 percent was placed in low-level alpha trenches, 0.72

percent in high-level beta-gamma trenches, 0.34 percent in potentially retrievable burial

containers, and 0.21 percent in concrete pour locations.

Type code 2 (oil) is a somewhat misleading waste type catego~. Most of the waste in this

category is not raw liquid oil, but is adsorbed oil in drums, oily rags, oil associated with

tritium produdion, etc. The 42,083 cubic feet of waste in this category is approximately 0.6

percent of the total volume listed in COBRA for the entire ORWBG. Nearly all (99.6

percent) of this material was buried in low level beta gamma trenches, with the remainder

(180 cubic feet) placed into low level alpha trenches.

Type code 3 (irradiated metal scrap) is the second largest contributor to the ORWBG,

representing 6.8 percent of its total waste volume. Virtually all of the irradiated metal scrap

is indicated in COBRA to have been sent to high-level beta-gamma trenches (99.2 percent).

The remaining metal scrap was separated by activity and buried in low-level beta-gamma ●
trenches (0.78 percent), low-level alpha trenches (0.05 percent), or in potentially retrievable

burial containers (0.003 percent).

Type code 4 (naturally radioactive materials) represents 2.2 percent volumetrically (153,765

cubic feet) of all waste buried at the ORWBG. COBRA records indicate that most (97.6

percent) type code 4 shipments were placed in low level beta gamma trenches. Subsidiary

amounts were buried in low level alpha trenches (2.4 percent) and high-level beta-gamma

trenches (0.006 percent).

COBRA records for type code 5 (capital equipment) indicate that 58,722 cubic feet of this
. ..-. -c..,. -+- ..,-. h. ..-;~A~++ha ~~.~~. Wh~Ch~SO.X percent of all ORWBG wastes. Most.YP= u. v“WS.Wr, . . u... .w~ s. ....

of the type code 5 waste was divided between low-level beta-gamma and high-level beta-

gamma trenches, receiving 53.3 percent and 39.9 percent, respectively. Much smaller

quantities of capital equipment were placed in low-level alpha trenches (6.6 percent) and

concrete pours (0.2 percent).

—.

2-4 SECIlONZDOC.



Source Terrafor the Old RadioactiveWasteBurial WSRC-TR-97-0119,Rev. 1.0
Ground (ORWRG),Savmnah RiverSite (U) May 2000

No COBRA records are listed for type code 6 (resin); nonetheless, a few records have the

word “resin” in the description field #l. For whatever reason, this category of waste was

established, but never used.

A minute amount of waste in COBRA was placed into type code 7 (other). Only 12 records

fall into this category, and all of them are listed as “history correction”. They are mostly

weapons grade plutonium wastes from F and A Areas; however, two of the rewrds are the

last given in COBRA (year = 1974) and are offsite shipments from unspecified facilities.

They total 12 cubic feet of waste.

COBRA records indicate that burials with different trench types (burial codes) were

frequently placed closely together, ofien at the same 20 foot x 20 foot grid coordinate.

Figure 2-7 presents a plot showing each 20 foot x 20 foot grid location given in COB% and

the number of tiench types (burial codes) listed for that cell. The color scheme in this figure

indicates the relative “purity” of trenches at the ORWBG, and the squares are drawrs

approximately to scrde (i.e., each represents a 400 square foot area), As shown, only about

42 percent of the grid cell locations contain burials that were all assigned to the same trench

type (i.e., only low-level beta-g~ma waste, only high-level beta-gamma waste, only 10W-

level alpha waste, etc.). Most (approximately 58 percent) of the 20 foot x 20 foot grid

locations in COBRA have burials that were assigned to more than one different trench type.

This suggests that idealized trenches, such as low-level beta-gamma trenches, are few in

number at the ORWBG.

2.4 Variety of Contamination

COBRA burial slips provide the opportunity to list the expected primary radiological

contaminant, which appears as a two-digit alphtinumeric code in the database. A secondary

contaminant type can also be given. Figures 2-8 to 2-22 show the burial locations at the

ORWBG for each variety of contamination.

2.5 Summary of COBRA Observations

The COBRA database is a valuable aid in determining the operational Klstory of the

ORWrBG and developing reasonably accurate source term calculations for the radiological

contaminants. It is also valuable in locating waste from specific buildings, especially after

1961. Several additional observations can be made:

SECI1ON2CQC 2-5
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(1) From 1961 to 1971, monthly waste volumes typically ranged born 25,000 to 50,000 cubic
feet. Yearly waste volumes were fairly uniform, averaging about 300,000 to 500,000

●
cubic feet.

I

(2) The burial locations included in the COBRA database cover only part of the operationrd
life of the ORWBG, since no detailed location information is available for burials prior to
1961, The absence of burial locations in the central portion of the ORWBG suggests that,
although the volumes associated with these earlier disposals are in COB~ their
coordinates are not.

(3) It appears that there is a significant component of overlap in trench type and waste type
both intra-trench and across trench groups. This means, according to COBRA, that an
individual trench oRen had burials assigned to multiple trench types (i. e., has several
different burisd codes) and likely contains a variety of different waste types. For example,
a single trench may, over short distarrces (or even within a single 20 foot x 20 foot
location cell), be a low-level beta-garruna trench, low-Ievel alpha Wench, high-level beta-
gamma trench, or a combination of the five burial codes that are actually used in COBRA
(note: COBRA actually has seven different burial codes, but “above ground storage” and
“other” are not used). In addition, idedlzed grouping of trenches into waste areas, such as
a low-level beta-gamma cluster of trenches, should be viewed with caution. *

(4) In general, burial containers (potentially retrievable TRU) and concrete pours appear to
have a relatively high degree of organization within the ORWBG, and their plotted
locations Figure 2-6) tend to be limited to certain trenches. However, COBRA locations
within the ORWBG are not “survey grade”, and in most cases are probably only good to
within 20-60 feet of actual burial locations. In fact, certain retrieval operations of large
pieces of buried equipment have shown that the actual burials carr be several feet away
horn the indicated site.

(5) Observing burial locations by year (Figure 2-4) heips to reduce the ciutter tirai plots uftiie
entire data set present (e.g., Figore 2-7). Individual trenches and/or active portions of
trenches carr be tracked through time, with moderately good agreement between burial
locations and trench boundaries. Operations personnel often approximated the rectilinear
ORWBG grid coordinates on trenches or sets of trenches that have long axes shghtly
skewed to the grid system (particularly in the western portions of the burial ground). In
east-west tilgned trenches, this results in sets of burials that stair-step from one y-axis cell—. .-—
row to the ie–fi, which cm be located in a different trench.

●
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Figure 2-2. ORWBG Coordinate System. The ORWBG coordinate system consists of a
“d with the origin (0, 0) in the upper lefi corner of the burial1nn fmfi+ .m... ro .Imh,.m,, rneric. wrI

AU” .“”. .Yuul. . -Ar ..- . . . . . . . . . . ~. .->

ground. The 100 fr cells increase in an east-west direction in whole number increments, and
in a north-south direction with letter designations from “A” (at the origin) to row “~
(closest to E-Road). Each 100 foot cell has been subdivided into five 20 ft subsections using
the following convention: ,10 = O ft, .20 =20 ft, .30=40 ft, .40 = 60 ft, and .50= SO ft. For
example, the two shaded cells above would have the following ORWBG coordinates: 1.10,
A. 10 and 1.30, A.30, corresponding to 0,0 and 40,40 feet, respectively, from the origin. In
the east-west d&c~ion_the maximum station should correspond to 3,700 feet at the eastern
fence line (station 38. 10), The grid origin corresponds to SRS coordinates: N76151 and ●E55081.
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Table 2-1. Example of COBRA Data. Shown are 38 representative burial slip records.

Asterisks and nmnbers along the top and bottom are to facilitate colzrrnn/field width

determination. Note that the last 7 spaces (150-157) have been tnmcated to fit on ti]s page.
Explanation of record fields is given in text. ‘

11111
;

12345678; 123456789; 123& 56789; 123456789; 12~&56~;12345b789:123b5678;123&5b78;123&5678;12345678W123456M9:123456789;l23&56~;1 23&56789:1 2345678;
. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... .....................

XOOOOX, YOOOOY,1952, 12, 1, , 46090 ,313,” ,1, 100,81, .27.000, 0.000,K, , 0.1200, ,I,”,CRK12.LES ,

xOOOOX, VOOOOY,1953, 1, 1, , 46091,313,M ,1, 100,81, 7.000, 0.000,K, , 0.000, ,1, N,llM DROSS

xOOOOX,YOOOOV,1953, 1, 1, , 46092,313,M ,1, 100,81, 6.000, 0.000,K, , 0.000, ,1, M, AL.S, SCRAP

xo000x,Yoooo7, 1953, 1, 1, , 46W3,313,M ,1, 100,81, 137.000, O. WO,K, , 0.00,), ,I,”, CRUCIBLES

xOOOOX,YOOOOY, 1953, 2, 1, , 46W4,313,M ,1, 100,.31, 16.000, 0.000, K, , 0.000, ,I,”, TIM DROSS

XOOOOX, YOOOOY, 1%3, 2, 7, , 460V5,313,” ,?, t00,81, 3.000, 0.000, K, , 0.000, ,I,”,AL.s, SCRAP

XOOOOX, YOOOOY, 1953, 2, 1, , 4m,3?3,M ,1, 700,81, 4.000. 0.000, z, , 0.000, ,l,”, FLW

xOOOOX, YOOOOY, 1953, 3, 1, , 66097,313,M ,1, 700,81, 46.000, 0.000,K, , 0.000, ,1,”,1,” DR03S
022.20,000.30,1962, 3, 1, , 1W2,221, F ,3, 70,50, 0.000, 0.000,G, , 0.000, ,l,C,~RIW
002.10, OOC.2O,1962, 3, 1, , 1U3,221, F ,1, 216, FP, 0.000, 0.000,C, , 0.000, ,l,C, CARTON
002.10, OOC.2O,1962, 3, 1, , 1M4,772, f ,3, 50,81, 0.000, 0.000,K, . 0.000, ,1, C,CAR1ON
033.20,00 f.20,1962, 3, 1, , 1U5,772, F ,1, 324, fP. 0.000, 0.000,C, . 0.000, ,1, C,CAR1ON
OO2.1O,OOC.2O,1962, 3, 1, , 1846,281, F ,3, 24, FP, 0.000, 0.000,c, , 0.Om, ,1, C,PLASTICwc
002.10,00C .2O,1962, 3, !, , 9847,285, F ,1, .20,FP, 0.000, 0.000,C, 0.000, ,1, N,1M2E

037.20,00 F.20,1962, 3, 1, , 1U8,232, H ,2, Il,lk, 10.000, 2.500, c,87: 0.0L1,0,3,M,cAsK

002.10, OOC.2O,1962, 3, 1, , 1849,717,G ,1, 61, fP, 0.000, 0.000,C, 0.000, ,l,C,~RT~

037.20,00 F.20,1962, 3, 1, , 1850,23,2, H 2 3,1A, 20.000, 5.000, C,87: O.O1O,O,3,II,=3K
001.50,00 C.40,19&, t, 6, , 2091,420,0 :1: 70, FP, 0.000, 0.000, c, , 0.000, ,l,C,

001.30,00 C.40,19&, 1, 7, , 6092,1O3,L ,1, 9U,FP, 0.000, 0.00@, c, , 0.000, ,l,C,
001.50,00 C.40,19G, t, 7, , W3,105,P ,1, S3, FP, 0.000, 0.000,C, , 0.000, ,l,C,
001.50,00C.40 ,19&, 1, 7, , 6W7,221, F ,t, 60, FP, 0.000, 0.000, C, , 0.000, ,l,C,
001.50,00C .40,19ti, 1, 7, , 6W8,221, F ,1, 60, FP, 0.000, 0.000, c, , 0.000, ,l,C,
020.&0,00F .20,1969, 8,29,33 , 38976 ,221,1 ,4, 6,50, 8.*9, 8.152,0, , 0.000, ,I,C,C.33 9.WR

020.40,00 F.20,19m, 8,29,33 , 38977 ,233,; ,6, 14,82, 3.9.230, 0.000,G, , 0.000, ,l,C,C.33 58.23 G NP

003.10, OOE.1O,1969, 8,29, , 38W1,294, F 1 51, FP, 0.100, 0.000,C, , 0;500, ,l,N,

003.10, OOE.1O,1969, 8,29, , 38Wb,320,H :1: 36,81, 0.000, 0.000,K, , 0.000, ,l,N,
006.50,00G.20 ,1972,12,1?, , 612d3,103,K ,L, 30,66, 0.987, 0.027, G,FP,. 37.000,c, 1,C,CCUCRE12VESSEL

N26.20 ,26.200,1972,12,11, , ~139,221, FJ0,5, 14,50, 3.lW, 2.911,G, , 0.000, ,1, C,
0.5000,26.300,1972,12,11, , M130, Z21, fJB,5, 14,50, S..% 2.911,G, ,
N26.30.26.500,197Z,12 ,11,

o.ye), ;!,:
, 2.3131,221, FJs,5, 6,50, 2.911,G,

006.50,000.20,1972,12,12, , 61408,105, K ,4. 60.46, 0.543: 0. O1&,O,FP: 70.300, C, l: C:~CREIE V3SSEL

0.2000 ,3.1000,1972,72,18,101 , &291,221, FJB,6, 2;,;$ 2~:~$ 1~9.,~, , 0.000, ,1, C,C.101 21.83 G

G.2OOO,3.1OOO,1972,12,19,1O1 , 64292,221, fJ8,4, 0.000, ,l,C,C-lO1 b.~ G

006.30,0G.2W,1972 ,12,19, , &622,773,A ,6. 6:48:1015.270: 764.%O:M:FP: 0.300, c,1,c,wNcRETE CASK

006.50,%.200,1972,12,19, , u624, m,A ,4, 36,48,1269 .05Q, 956,2W,H, fP. 0.200, c,1,C,CONCRE1E CASK

006.50,0G.200 ,1973,92,20, , &618,m,A ,4, 36,68, 761.430, 373.720, M,fP, O.O1O,C,1,C,COllCRETECASK

06.5 CUJ,0G.20D,>972 ,12,20, , U6M,7T3,A ,4, 36,48, 25.3a0, ‘19.12b,R, iP, 0.200, c,1,C,WCRETE USK

6.2000 ,3.1000,1972,12,29,101 , 66179,221, FJB,b, 38,50, 3.lW, 2.911,0,

II JIIII ““m”’ “’r’”’ Ym’ J d ,
. . . . ...*. . . . ...”. . . . . . . . ●. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I. . . . . . . . . . . ...*... “...* *...: I. . . . . . . . . ●.*...... . . . . . . . . . .

,234567890 !234567290123k36789~ 2345672 ,123456~23456?8: f23436~T723436789: }2345678:J23456n ~12545678 , 12U5678~234561S ,12343672,1 2345678W
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Table 2-2. Summary Statistics for ORWBG Burial and Type Codes
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3.0 BURIAL HISTORY

There is little detailed information available to reconstruct a history of burials at the OR~G

prior to 1956. Mer that time, several historical aerial photographs are available. These

include photographs from 1956, 1966, 1972, and 1974. In addition, some of the burial maps

prepared by the Health Physics (HP) staff during burial operations are available. These

include burial maps from 1956, 1966, 1967, 1968, 1969, and 1972, presented here as Figures

3-1, 3-2, 3-3, 3-4, 3-5 and 3-6, respectively.

The HP maps are especially usefil because they present information horn the opening of the

burial ground through their date of preparation. The maps are also usefil because notations

on these maps identi& what general type of waste went into each trench. They also include

notations that indicate which trenches were only used for temporary storage. A series of

memos and notes present in the SRS archives is also available.

usefil information on burial histories.

The integration of these data sources, the COBRA data tiles

These provide additional

discussed in Section 2,

construction drawings, and discussions with site personnel all help to clarify the burial

history of the ORWG. Collectively, these sources indicate that the ORWBG can be viewed

as three burial grounds: (1) the original 35-acre central portion of the ORWBG that was

opened in 1952 and tilled by the early 1960s; (2) a 15-acre eastern expansion that was

opened around 1961 and closed in 1972; and (3) a 26-acre western expansion that was

opened in 1961 and closed in 1974. Figure 3-6 presents the approximate boundaries of the

three portions of the OR~G. It should be noted that the lines delineating the three sections

of the ORWBG are drawn somewhat arbitrarily, with burials taking place in both the old

section and east/west expansion areas as the central burial ground was filled up and phased

out.

3.1 Original Burial Ground

The central portion of the present ORWBG covers approximately 35 acres. In subsequent

discussions this portion of the ORWBG is simply referred to as the original burial ground.

Most of the waste disposal in the original burial ground predates the detailed records of the

COBRA database, and only general volume estimates are available. HP maps provide the

best information on the locations and types of disposals. Approximately 85 trenches are

present in the original burial ground.

SECIION3.WC 3-1



Source Term for the Old Radioactive Waste Burial WSRC-TR-97W119,Rev. 1.0
Ground (ORWBG), Savannah River Site (U) May 2000

According to HP survey maps and construction drawings, the 24 north-south trending

trenches located in the eastern portion of the original burial ground are predominately low-

Ievel disposal sites. Ten of these were filled between 1952 and 1956. Most of the rest were

filled between 1956 and 1961, with COBRA data indicating limited burial activity in the

northernmost of these trenches until 1972. A single zirconium trench is located adjacent to

the northern group of low-level trenches, and was active sometime between 1956 and 1961.

~ survey maps indicate that east-west trending trenches are located in the central and

southwestern portions of the original burial ground. These include 19 high-level trenches, 22

B-Line trenches, a scrap metal trench, a graphite trench, two “MSi” trenches, and two “old

ingot” trenches.

Seven of the high level trenches were filled between 1952 and 1956. The rest were active

between 1956 and 1961. Many of these may also include scrap metal. Ody a few of the

B-Line trenches in the original burial ground were in place by 1956. The rest were filled

between 1956 and 1961. The graphite trench was active sometime between 1956 and 1962.

Graphite was used as the moderator in the 305-M Test Reactor as well as crucibles for special

pours in target and fiel fabrication processes.

●
The two “AISi” trenches located in the southern portion of the original burial ground were

excavated in the mid to late 1950s and used for temporary storage of aluminum-silicon casting

alloy (AISi). Notations on later HP maps indicate that the barrels contairring AISi were

reclaimed and removed from these trenches prior to 1966. AISi was used in tests of this sdloy

as a candidate for cladding reactor elements. Most of the AISi waste would have come from

M-Area.

To the east of the AISi trenches are two smaller “old ingot” trenches. These may have

contained lead bricks. They were placed between 1956 and 1961. HP maps indicate that the

ingots were reclaimed prior to 1966.

The large north-south trending trench located along the western boundary of the original

burial ground is a disposal trench for equipment and jumpers (contaminated laboratory rmd

process equipment and piping). It was used in the late 1950s and early 1960s (COBRA

indicates that numerous burials took place in this trench in 1963 and 1964, see Figure 2-4).

Site records noted that equipment and jumpers were placed in this trench and provide the

‘coordinates of some pre=l 961- disposals, independently confirming its designation on HP

●
3-2 sEc110N3.aOc
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● maps. Several smaller equipment and jumper trenches are also present in the northwestern

portion of the original burial ground.

A series of north-south trending storage trenches are present in the northwestern portion of

the original burial ground. They were opened after 1956 and may have been used as

temporary storage areas for equipment. Their use may have continued afier disposal stopped

in the original burial ground in 1961. No COBRA records mmespond to burials in this group

of trenches (Figure 2-4).

Just to the east of the storage trenches, HP maps indicate the presence of a sandblast pad. It

was not noted on 1956 maps but is present on 1966 drawings. This m’ea was used as a

decontamination area and may be related to the decontamination of the equipment that was

placed in the adjacent storage trenches. Runoff from the sandblast pad flowed to the east into

a small sandblast drainage basin.

One special project trench (SP-235) is in the northeastern portion of the original burial

ground, Waste in this trench originated in Building 235-F. The designation “special

●
projects” generally indicates that some of the components buried in the trench were classified

at the time of disposal. This trench was active for a period between 1956 and 1963 (COBRA

records suggest several additional burials took place in this trench during 1964, Figure 2-4).

Approximately 35 COBRA records exist for burials in the vicinity of this trench, with fission

product, plutonium-238, and neptunium-237 listed as the radiological contaminants. No

contaminant quantity or descriptive information is provided for these burials.

A single small plutonium disposal area is located in the southeastern comer, and another

small plutorrium disposal location is in the northeastern portion of the original burial ground.

The northern location was active in a period between 1952 and 1956. The southern location

is not present on 1956 maps and is not detailed in the COBRA database, which began in the

first quarter of 1961. It is, therefore, most likely associated with the time period 1956 to

1961.

Twenty-two buried OSTS were installed between 1955 and 1968 near the center of the

original burial ground (WSRC, 1994). Some of these tanks were utilized as fuel storage

tarrks at SRS and other federal facilities prior to their emplacement in the ORWBG (WSRC,

1994). Ml 22 tanks were constructed of thin-walled (0.75 inch) milled steel (WSRC, 1994).

““m”-”-

Hundreds of thousands-of-gallons of spent PWX solvent from Separations facilities and

smaller amounts of tritiated pump oil were stored in tanks prior to the 1980s. The P~X
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solvent, consisting primarily of 30 percent tri-n-butyl phosphate (TBP) dissolved in kerosene, ●
was used to extract plutonium and uranium from a nitric acid dissolver solution. The solvents

were aged for about six months, during which most of the short-lived gama-efitting fission

products decayed and the heavy alpha emitters settled out of the solvent. The volume in the

tanks was periodically reduced by drawing off the organic phase and then burning it in shallow

open pans in trenches near the center of the ORWBG. The volatile combustion products

dispersed to the atmosphere (Tharin, 1965). Hoeffner (1984) suggested that about 370,000

gallons of contaminated solvent were burned from 1956 to 1972. Wllhite (1976) estimated

the volume of solvent burned was 418,000 gallons. The residue was emptied from the pms

into earthen trenches. After their usefil lifetime, the pans were also buried unencapsulated in

an earthen trench Wllbite, 1976; Tharin, 1965). The residudpm burials took place in a

trench located just to the east of the solvent tanks. A second area where solvents were burned

is located just south of the SP-235 trench. Open pan burning was suspended in February 1972

(Mason, 1996) and is no longer perfitted (Hoeffner, 1984).

The contents of the OSTS, except for “unpumpabie heel”, were transfemed to new tanks in the

New Burial Ground (643-7E) in the late 1970s and early 1980s. The residual “unpumpable

heel” in the OSTS separated into vapor, organic, aqueous, and sludge solid phases. VOCS

from the spent solvent and associated degradation products are primafily concentrated in the ●
vapor and organic phases. The concentrations of VOCS in the vapor phase are known from a

recent vapor phase survey, and the amount of the organic phase is approximately 4,056

gallons.

Reviews of HP maps also indicate that the contaminated equipment and vessels were

temporarily stored on the surface at several locations within the original burial ground.

3.2 Eastern Expansion of the ORWBG

The eastern portion of the present ORWBG covers approximately 16 acres. In subsequent

discussions, this portion of the ORWBG is referred to the eastern expansion. It was opened

as the original burial ground was filled and received wastes from 1961 until 1972. Most of

the burials in the eastern expansion are contained in the COBRA database. HP maps,

construction drawings, and SRS correspondence provide additional information.

Approximately 53 north-south trending trenches are present in the eastern expansion.

‘According to HP survey maps, these include eight high-level trenches, seven B-Line trenches,

●
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e trenches, a waste oil drum trench, and five plutonium disposal areas. Portions of two

trenches contain contaminated dirt removed during a cleanup at 241-H. An old bulk solvent

burning area is also present. Although HP survey maps show no low-level trenches in the

eastern expansion, COBRA data clearly indicate that thousands of burials with burial codes 1

(low-level beta-gamma) and 3 (low level alpha) exist in the eastern expansion (Figure 2-5).

The five plutonium disposal areas are located in the western portion of the eastern expansion.

Two small trenches are located south of the east-west access road. Both HP maps and the

COBRA database indicate that these include encapsulated plutonium placed between 1966

and 1972. Information on the three plutonium trenches located north of the access road also

indicates encapsulated plutonium was emplaced between 1966 md 1972.

A single oil drum trench is present in the northwestern portion of the eastern expansion. HP

records suggest that this trench was open during most of the period between 1961 and 1972

(see oil drum trench on several of the HP survey maps, Figures 3-1 to 3-6). Burials in and

around the oil drum trench can be seen on a yearly basis on Figure 2-4. The COBRA type

code #2 is a general category for “oil” wastes. Type code #2 burial locations across all of the

a

ORWBG, including the vicinity of the oil drum trench, are presented on Figure 2-5.

Five B-Line trenches are located in the southwestern portion of the eastern expansion. Three

were tilled between 1961 rmd 1966. The others were filled between 1966 and 1972. Two

additional B-Line trenches are located in the south-central portion of the eastern expansion.

One was tilled between 1966 and 1969. The second was filled between 1969 and 1972.

Eight high-level trenches are located in the south central pofiion of the eastern expansion.

Most wastes in these trenches were placed between 1961 and 1966, and the rest were

completed between 1966 and 1969.

Two special project trenches are located in the south-central eastern expansion. A collision

in 1966 between a bomber carrying nuclear weapons and a refieling aircrafi contaminated

the ground in Palomares, Spain (southern coast of Spain) with plutonium. Cleanup of the site

produced 4,827 55-gallon sealed steel drums of topsoil and vegetation (tomato vines)

(Horton and Corey, 1976 in Cook and Helton, 1989). The drums were placed in these two

special project trenches having a cumulative length of 600 linear feet. The drums were

buried 10 feet below the ground surface as a precaution against local infestation with plant

*

--- and soil diseases from Spain (Corey, et rd., 1970).
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below the ground surface as a precaution against local infestation with plant and soil diseases ●
from Spain (Corey, et al., 1970).

Ml recoverable plutonium was removed from the soil in Spain before the soil was placed in

drums. Mer the drums were filled, the lids were welded on. The drums were placed in a

standard burial ground trench, 213feet deep and 20 feet wide at the bottom. The drums were

placed in the trench in rows of 10 drums each, across the width of the trench. Drums were

double-tiered and then covered with a minimum of 10 feet of soil. Some of the details of this

disposal remain classified.

A single special project trench is in the north-central eastern expansion. This trench is thought

to contain some of the debris brought to SRS from Greenland following an in-flight accident.

In 1968, a bomber carrying nuclew weapons crashed in Greenland, producing large quantities

of contaminated ice and aircmft parts (Horton and Corey, 1976 in Cook and Helton, 1989).

Recovery activities required 535 containers with a totrd volume of approximately 120,000

cubic feet for aircraft parts, and tanks for 630,000 gallons of water potentially contaminated

with plutorrium-239 (Cook and Helton, 1989). Once it arrived at SRS, the water was filtered,

monitored, and sent to a seepage basin, except for a small fraction that evaporated and its

concentrates, which were stored in the high-level waste tanks (Horton and Corey, 1976). The ●
water was processed, and the empty tanks and aircrafi parts were buried. Very low levels of

TRU contamination were detected on this material. Some details of this disposal remain

classified.

Scrap metal trenches are in the eastern portion of the eastern expansion. They fall into two

groups, nine south of the east-west trending access road and six north. Review of ~ maps

and the COBRA database show that burials occurred concurrently in both the northern and

southern groups throughout most of the operation of the eastern expansion. Whhin each

group, the easternmost trenches were generally filled first and the western trenches filled last.

Review of ~ maps also indicates that contaminated equipment and vessels were temporarily

stored on the surface at several locations within the eastern expansion.

3.3 Western Expansion of the ORWBG

The western portion of the present ORWBG covers approximately 26 acres. In subsequent

-discussions, this-potiim-.of .the ORWBG is referred to as the western expansion. It was

opened as the original burial ground reached capacity and received wastes horn 1961 until ●
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HP maps, construction drawings, and SRS correspondence and documents provide additional

information.

Approximately 32 trenches are present in the western expansion. These include 23 low-level

trenches, five 234-H special project disposal areas, Charleston Navy Shipyard disposals, a

bunker with failed equipment from F-Area, and encapsulated plutonium and uranium

disposal areas.

The low-level trenches in the western expansion fall into two groups, 12 east-west trending

trenches north of the access road and 11 east-west trending trenches on the south. Review of

HP survey maps (Figures 3-1 to 3-6) and the COBRA database show that burials occurred

concurrently in both the northern and southern groups throughout most of the operation of

the western expansion. Within each group, the northernmost trenches were filled first and

the southern trenches tilled last.

Several special project trenches (SP-234) are in the north md northeastern portion of the

western expansion. These include a narrow slit trench in the extreme northern portion of the

western expansion, an adj scent east-west trending trench and a series of smaller disposals

that include boreholes where wastes were grouted into place. The two trenches and one of

the other SP-234 disposal areas were filled between 1961 and 1966. The two other 234-H

special project burials were filled between 1966 and 1972. Waste in the special project

trenches and borehole originated in 234-H, a tfhium production facility. While most of these

burials we in the COBRA database, the designation “special projects” generally indicates

that some of the components disposed of in the trench were classified at the time of disposal.

The observation that some of the wastes were placed into boreholes and grouted in place is

also consistent with how some classified waste fores were buried.

Several disposals horn the Charleston Naval Shipyard are near the SP-234 boreholes. Four

items from the Charleston Naval Shipyard were buried in ttils pofiion of the ORWBG

(Report of Conference, 1966). A burial pipe aasembly was installed vertically and grouted

prior to shipment of the thermocouples and sources. The first shipment was received in

Febnrary 1966; the second, in March 1966. These disposals are in the COBRA database;

however, some aspects are classified. This waste waa placed in auger holes and grouted into

place.

Some of the special burials born 234-H may also include neutron generators that were

reported to have been buried in auger holes. The burial technique consisted of(1) having a
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Some of the special bufials from 234-H may also include neutron generators that were e
reported to have been buried in auger holes. The bufid technique consisted of(1) having a

power line crew drill a hole 20 feet deep and 5 feet in diameter; (2) dropping boxes of neutron

generators into the hole, (3) backfilling with several feet of dirt; and (4) pouring a 2-3 foot

thick cement plug to seal the hole (Johnson, 1972). However, no specific burial technique

was required, even though the generators were handled as classified shipments. Johnson

(1972) suggested that neutron generators should be buried in a scrap metal trench similar to

other classified shipments, resulting in m amrual cost savings. He noted that written approval

from the Atomic Energy Commission, a predecessor to the DOE, and Securi~ should be

obtained prior to chmging the burial procedure. Only two COBRA records could positively

be identified as neutron generators from Building 234-H.

Most ~ maps of the western expansion show a “bunker” in the west-central western

expansion. Verbal accounts report it to contain a piece of failed equipment removed from F

Area. No detailed records have been found regarding this disposal.

East of the bunker and between the northern arrd southern groups of low-level trenches are

two other trenches. These contain encapsulated burials that are included in the COBRA

database. Burials took place between 1966 and 1974. Although showo as a long trench, the e

southern disposrds include discrete burials that contain drummed plutonkrm-238, plutonium-

239, uranium-235, ursmium-238 and neptunium-237. The drums are either stacked in

concrete culverts or encapsulated in concrete. In addition, a concentrated cluster of buried

concrete culverts is also present at the western end of the second trench. Most of these were

placed in 1973 and represent the last of the western expansion dlsposrds. The rest of the

second trench includes filter sands removed from the sand filters in the air exhaust systems in

the Separations areas.

The northwestern portion of the western expansion was used as a decontamination area

during the operation of the original burial

contaminated equipment and vessels were

locations within the western expansion.

...

ground. Review of HP maps indicates that

temporarily stored on the surface at several
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Figure 3-1. HP Survey Map Dated April 4,1956
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Figure 3-5. HP Survey Map Dated January 1,1969
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4.0 TRENCH TYPES

Based on review of the ~ maps in Section 3.0 and construction drawings, the ORWBG disposal

trenches can be grouped into several basic categories. These include low-level, high-level, jumpers

and equipment, B-Line, scrap metal, encapsulated plutonium, storage, and special/classified projects.

Solvent tanks and associated solvent burning pans and ash trench define an additional category. A

miscellaneous category is also established to cover those trenches and disposals that do not

conveniently fit any of these categories. As discussed in Section 2.3, COBRA records indicate that

these generalized trench types may be oversimplifications. Further, it should be noted that even these

general classifications can and ofien do overlap. For example, irradiated metal maybe characterized as

high-level waste or scrap metal depending on the readings that the HP stti observed prior to burial. It

is important to view the subsequent discussion and associated maps of the ORWBG with these

limitations in mind. Each of these ten trench categories is discussed below.

4.1 Low-Level Trenches

According to HP survey maps, about 30 percent of the trenches located in the ORWBG are low-level.

According to COBRA about 5,752,807 cubic feet of low-level waste was disposed of in the OR~G,

which represents about 81 percent of its total waste volume (Table 2-2). Job control waste represents

the bulk of these materials (96 percent), and other materials (irradiated metal scrap, naturally

radioactive materials, oil, etc.) the remainder. According to COBRA descriptions, typical low-level

waste includes a wide variety of job control waste (including housekeeping waste and protective

clothing) such as paper, coveralls, a television set, dumpsters, cardboard boxes, casks, crucibles, glove

boxes, grinder sludge, concrete, deionizes, drums, and complete vehicles (such as 27 dump trucks and

81 trucks). Most low-level waste consisted of relatively small items that were placed in cardboard

boxes (cartons) and end-dumped into trenches. Other low-level waste includes offsite shipments from

other DOE/DOD facilities.

Figure 4-1 presents examples of low-level trenches at the OR~G. As shown on all three

photographs, cardboard cartons filled with job control waste were an extremely common component of

material placed into these trenches. The waste materials were end-dumped horn hauling trucks into

the active trench. Typically the wastes were covered with 1 to 2 feet of soil on a daily basis to help

reduce the potential for trench fires. Note how the haul-tmck pictured in Figure 4-1 is parked on top of

a very recently placed soil cover on earlier burials.

Fi&res 3-1 to 3-6 show the distribution of low-level trenches in the ORWBG according to HP survey

maps. They are concentrated in two areas, 24 in the eastern portion of the original burial ground and
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2,3 in western exprMSiOn. Although the HP survey maps show no low-level trenches in the eastern ●
expansion, COBRA (Figure 2-5, upper right and lefi hand plots) clearly shows significant numbers of

low-level trenches and job control waste burials in the eastern expansion.

4.2 High-Level Trenches

According to HP survey maps, about 15 percent of the trenches located in the ORWBG are high-level.

COBRA indicates that high-level beta-gamma waste by volume accounted for 7.7 percent (546,703

cubic feet) of all ORWBG materials. The tem “hlgh-leve~ was used by the HP stti to denote waste

that could not be directly handled due to the dose rate. Tfils type of waste was usually off-loaded into

the trench by crane or remotely dumped from a transport mntainer. Typical “high-lever waste

inchrdes items such as varied process equipment, cartons, scrap metal, casks, fuel hangers, flow tubes,

deionizes, filter cake, sand filter screem spent melts, pumps, etc. Thotium and zirconium chips were

also commonly placed in these trenches.

A example of a piece of contaminated equipment being buried in a high-level trench is given in

Figure 4-2. The shielded crane cab suggests that the item being buried is probably producing a

relatively high dose rate. Figures 3-1 to 3-6 show the distribution of “hlgh-leve~ trenches in the

ORWBG on the basis of ~ survey maps. They are concentrated in two areas of the ORWBG, 16 in ●
the central portion of the ofiginal burial ground and 8 in the eastern expansion. On the HP maps no

high-level trenches are located in the western expansion. However, COBRA indicates that many

shipments with burial code = 2 (high level beta-gamma trench) were placed in western expansion

trenches (see Figure 2-5, left column of plots, second from top).

4.3 Jumpers and Equipment Trenches

~ survey maps indicate that there are four jumper trenches, nine equipment trenches, and ten jumper

and equipment trenches at the ORWBG. The term “jumper” refers to piping connecting various pieces

of process equipment that operated in the separations facilities, generally in the canyons. The broad

category of jumpers includes various types of piping arranged in a wide variety of configurations from

straight sections of tubing to complicated custom welded headers and valve assemblies. There is no

obvious category equivalent to jumper in COBRA. The database has only six records, all from F and

H areas, that can be positively identified as jumpers (phrase is given in the description field #l). These

records cut across COBRA trench and waste type categories, and include burial in low-level beta-

gamma, high-level beta-gamm~ and low-level alpha trenches, and identification as job control waste,

__irradiated_metal sqrap,~apital equipment waste categories. Because there is no characteristic code

or means of identification for jumpers in COBRA, the database offers very limited help in ●
I

4-2
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● understantlng this waste form. COBRA has a type code category called capital equipment, in which

304 burials are identified (see Figure 2-5, right column of plots, fifth from top). However, this waste

category may include only equipment that required accountability from an inventory tracking

standpoint. Other equipment may have been identified using other type codes. In general, there is not

a good correlation between !ocations of equipment trenches on the HP survey maps and burials

identified as capital equipment in COBRA.

Figure 4-3 presents a photograph of a large transpoti box for jumpers. The transpon box would be

hoisted into position over an open section of trench, and then the contents would be dumped and the

transport box reused. Figure 4-4 presents a large H-Canyon “Frame” being packaged in a burial box

for shipment and disposal in an equipment trench at the ORWBG. Figure 4-5 pictures a variety of

equipment and piping, likely contaminated, that awaits disposal in ORWBG equipment trenches. Note
I . . i ., .,. —m, .. . –,, – –CAL- —,-.. ._-. ,. ,:,. -,.. ...-. -,- ...4 . . ...L .L _ -,--.:— -L --.,--
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intact into an equipment trench.

Figures 3-1 to 3-6 show the distribution of the equipment and jumper trenches in the ORWBG. The

largest is the north-south trending trench located along the western boundary of the original burial

● ground. Thirteen addhional jumper and equipment trenches are located in the eastern expansion. HP

survey maps indicate that no jumper or equipment trenches are located in the western expansion.

4.4 B-Line Trenches

Twenty-five B Line trenches are in the ORWBG. This term is used to describe waste originating in B

Lines operated in the canyons. The FB-Line in Building 221-F (located in F Area near the center of

the SRS is adjacent to the canyon portion of the monolithic strocture. Historically it converted

plutonium nitrate (in solution), purified in F Canyon PUREX processing, to plutonium metal for use in

defense pro~ams. Most of ttils metal was “weapons-grade” plutonium, w~lch isotonically consisted

of 93 percent, or better, phrtonium-239. The facility also recycled plutonium scrap generated during

facility operations and from offsite sources to purib and concentrate this material to a product form.

In subsequent operations in FB-Line, the plutonium is precipitated from solutiom filtered, dried and

finally reduced to metal form. Processing equipment is enclosed in gloveboxes so that employees and

operating areas are not exposed to the radioactive and highly toxic material. Some operations are

automated. FB Line wastes would include job control waste and process equipment contaminated with

plutonium,

● Figures 3-1 to 3-6 show the distribution of B-Line trenches in the ORmG. According to HP survey

maps (Figures 3-1 to 3-6) they are concentrated in two areas of the OR~G, 18 in the original burial
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ground and 7 in the eastern expansion. No B-Line trenches are located in the western expansion.

COBRA has a large number of records for F Area, inchrding Buildlng 221-F (6,164 records with a
●

waste volume totsding 1,0G5,040 CUbIC feet), 221-FJB (294 records with a waste volume totaling 8,949

cubic feet), 221 -FAL (33 records with a waste vohrme totaling Ocubic feet), ~d 221 -FBL (1 record

with a waste volume of 50 cubic feet). However, COBRA does not appear to distinguish FB Line

waste from other processes in F-Canyon Building 221-F, and no volume specific estimate of FB Line

waste can be determined horn the database. In general, there is a reasonable correlation between B

Line wastes shown on HP survey maps and the location of Building 221-F wastes given in COBRA.

4.5 Scrap Metal Trenches

HP survey maps indicate about twenty scrap metal trenches are in the ORWBG. This includes

irradiated metal and spent melts from the ts’hium process. COBRA has a good match for this trench

type called irradiated metal scrap (COBRA type code = f3). COBRA indicates that 481,007 cubic feet

of irradiated metal scrap was buried at the ORWBG, which is about 6.8 percent of the total burial

volume at the ORWBG (Table 2-2). COBRA descriptions for irradiated metal scrap include packaged

items such as cans, cartons, drums and many casks. Other miscellaneous hems given in COBRA

description field #l for irradiated scrap metal include crucibles, deionizes, fiel hangers, cans,

jumpers, low concentration slugs, metal doors, rod extensions, steel tanks, tin cans, tubes, thorium,

spent melts, whlrley pumps, zirconium chips, etc.

Figures 3-1 to 3-6 show the distribution of scrap metal trenches in the ORWBG. These trenches are

concentrated in the eaatem expansion. However, many of the h]gh-level trenches located in the original

burial ground also include “high level scrap metal”. HP survey maps indicate that no scrap, metal

trenches are located in the western expansion. COBRA data (Figure 2-5, right column of plots, third

from top) shows scrap metal burials occurred in many portions of both the eastern and western

expansion.

4.6 Encapsulated Plutonium

Until 1965, TRU waste packaged within plastic bags and cardboard boxes was buried in unlined

trenches designated specitically for this waste. Between 1965 and 1972, TRU waste was segregated

according to TRU content. Waste containing less than 0.1 Cl per package was buried unencapaulated

in trenches. Waste containing greater than 0.1 Ci per package was buried in potentially retrievable

concrete containers 6 feet in diameter and 6.6 feet high. Waste that dld not fit into the prefabricated

——concrete eorrtainers was encapsulated in-place.in concrete.

4-4 . . . . . sXCllON~.mC

I

I

I

——



Source Term for the Old RadioactiveWasteBurial WSRC-TR-97-0119,Rev. 1.0
Ground (ORWBG), SavannahRiverSite (U)

m

May 2000

w -- . . . .. . . . . <.. .
Figure 4-6 presents a photograph ?.hC)wlngpotentlatly retrlevatrle concrete culverts Oemg placea m

trenches. The numbers listed on the sides of the containers (99, 111 arrd 112) may correspond to the

container number field given in COBRA. This type of trench is appreciably shallower (approximately

12 feet deep) than the commonly cited figure of ORWBG trenches being 20 feet wide by 20 feet deep.

Figure 4-7 presents a photograph showing six 55-gallon drums and one smaller drum containing 10-20

gram quarrtities of plutonium-239 inside a concrete culvert. As can be seen on the tops of the drums,

these wastes were derived from the FB Line.

Figure 4-8 shows concrete being poured around 55-gallon drums containing plutonium TRU waste.

Note the plywood shoring used on both ends of the active pour, and the exposed concrete face of a

previous pour in the background. Note again that these trenches are significantly smaller in dimension

than the idealized 20 feet wide by 20 feet deep ORWBG burial trench.

The HP survey maps (Figures 3-1 to 3-6) show plutonium disposal areas in the ORWBG as follows:

● Ori@nal burial gYOUnd: Two small plutonium disposal areas are shown Iocated in the
southeastern and nofiheastem portion of the original burial ground. The northern location
was active in a period between 1952 and 1956. The southern location is not present on
1956 maps and is not detailed in the COBRA database, which began in 1961. It is,
therefore, most likely associated with the time period 1956 to 1961.

. Eastern expansion: Five plutonium disposal areas are located in the western portion of the
eastern expansion. Two small encapsulated plutonium trenches are located south of the
east-west access road, and were active between 1966 and 1972. Information on the three
plutonium trenches located north of the access road also indicates encapsulated plutonium
was placed between 1966 and 1972.

. Western expansion: In the central-southern portion of the western expansion there are two
trenches where encapsulated plutonium burials took place between 1966 and 1974. These
burials are included in the COBRA database. Nthough shown as a long trench, the
southern disposals include discrete burials that contain drummed plutonium-23 8,
plutonium-23 9, uranium-235, and uranium-238. The drums are either stacked in mncrete
culverts or encapsulated in concrete. In addition, a concentrated cluster of buried concrete
culverts is also present at the western end of the second trench. Most of these were placed
in 1973 and represent the last of the western expansion disposals. The rest of the second
trench includes filter sands.

COBRA has two burial code mtegofies which fall into the potentially retrievable TRU category: (1)

burial containers (potentially retrievable TRu), which is burial code M, and (2) mncrete Pours, which

is burial code #5. COBRA contains 1,809 records for potential y retrievable TRU burial containers,— _..
which have a total waste volume of 21,841 cubic feet. COBRA contains 106 concrete pour records,

which have a total waste volume of 13,449 cubic feet. Only two types of waste are indicated to have

—
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been placed into the potentially retrievable TRU burial containers, includlng job control waste and ●
irradiated metal scrap. Concrete pours entombed job control waste and capital equipment. COBRA

locations for potentially retrievable TRU burial containers and concrete pours are given on Figure 2-5

(left column of plots, foufih and tifih plots from the top).

Although there is general agreement for some of the potentially retrievable plutonium locations

between the HP sumey maps and COB~ COB~ shows large numbers of potentially retrievable

TRU burial containers in the southeastern portion of the eastern expansion as well as scattered isolated

burials. The commonality for burials in the southeastern potentially retrievable TRU cluster is that

COBRA does not have my container numbers for these records. It should be noted that of the 1,809

burial container (potentially retrievable TRO records in COBM 495 have X,Ycoordinates that have

been corrected. with 7 locations that are incorrect.

4.7 Storage

Notations on the ~ survey maps (Figures 3-1 to 3-6) indicate that certain areas and trenches at the

ORWBG were used for temporary storage. The two “AISi” trenches located in the southern portion of

the original burial ground were excavated in the mid to late 1950s and used for temporary storage.

Notations on later ~ maps indicate that the barrels containing AISi were reclaimed and removed from
*

these trenches prior to 1966.

A series of north-south trending storage trenches are present in the northwestern portion of the original

burial ground. They were opened after 1956 and may have been used as temporary storage areas for

equipment contaminated with short-lived isotopes. Their use may have continued tier disposal

stopped in the original burial ground in 1961. No COBRA records correspond to burials in this group

of trenches (Figure 2-4).

Just to the east of the storage trenches, HP maps indicate the presence of a sandblast pad. It was not

noted on 1956 maps but is present on 1966 drawings. This area was used as a decontamination area

and may be related to the decontamination of the equipment that was placed in the adjacent storage

trenches. Runoff from the sandblast pad flowed to the east into a small sandblast drainage basin,

Numerous areas, both large and small (shown on the January 1969 HP survey map) were used for

temporary vessel storage, temporary equipment storage, and temporary above ground storage for

containers of the waste associated with the Greenland Accident (discussed in the following section).

Similar demarcations are indicated on the other HP survey maps.
. . .—

*
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The COBRA database does not track any temporary waste storage, only final burial locations, and

therefore provides no information on areas used for temporary storage.

4.8 SpeciaVClassitied Projects

The designation “special projects” generally indicates that some of the aspects of a burial were

classified at the time of disposal. Typically the form of the waste requires the burial to be classified,

and not the quantity or type of radiological contamination. There were two methods of disposing of

classified waste in trenches at the ORWBG, depending on whether the waste was buried separately or

along with other waste. In either case, the waste was buried at least 6 feet below final grade in pits

excavated for the specific purpose of receiving classified waste. Waste that was buried separately was

covered with soil on the day of burial and a 4-inch thick concrete slab was poured. The slab extended

at least 2 feet beyond the edges of the trench. If a pit was used, it was acceptable to use a concrete

plug at least two feet thick that did not extend beyond the pit edge. Upon hardening, the concrete slab

or plug was covered by approximately 1 foot of soil. Waste that was buried along with other waste

was placed in the very bottom of a high-level waste trench and covered with at least 2 feet of either dirt

or high-level waste on the day of burial. The trench was then backfilled in the normal manner PU

Pent, 1964). Some classified burials took place in 30 inch diameter auger holes.

Two special burials at the ORWBG include plutonium-contaminated waste horn two accidents

involving aircrafi carrying nuclear weapons. Large quantities of plane debris and contaminated surface

materials were drummed and shipped to the ORWBG for disposal. Figure 4-9 presents a photograph

of soil tilled drums from the Spanish Accident being lowered and stacked in a trench at the ORWBG.

Figure 4-10 presents a photograph of large tanks containing waste water from the Greenland Accident

arriving at the ORWBG via rail car. The Greenland Accident is in reference to a bomber carrying

nuclear weapons that crashed onto the ice in Greenland on January 21, 1968. The crash site was

surveyed and cleared of aircrafi debris and ice potential y contaminated with plutonium. The

recovered debris was put in drums and the ice was placed into storage tanks. Approximately 680,000

gailons of melt water from the ice arrived at the ORmG in 535 containers with a total storage volume

of 120,000 eubIc feet. The water was filtered, monitored, and sent to a seepage basin, except for a

small fraction that was evaporated and its concentrates stored in the high-level waate tanks. The

drummed aircrafi debris and empty storage tanks (shown on Figure 4- 10) were buried in thee separate

trenches within the ORWBG (Corey and Horton, 1971). Some specifics of these WO incidents remain

classified.

—
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4.9 Solvent Tanks/Solvent Burning Pans ●
Twenty-two buried solvent ttis were installed between 1955 and 1968 near the center of the original

burial ground (WSRC, 1994). Al 22 treks were constructed of thin-walled (0.75 inch) milled steel

(WSRC, 1994). Some of these tanks served as fiel storage tanks at SRS and other federal facilities

prior to their emplacement in the ORWBG between 1955 and 1968 (WSRC, 1994 and 1996).

Hundreds of thousands of gallons of spent pUREX solvent from Separations facilities and smaller

amounts of tritiated pump oil were stored in tanks prior to the 1980s. The solvents were aged for about

six months, during which most of the short-lived gamma-emitting fission products decayed and the

heavy alpha emitters setiled out of the solvent. The volume in the tanks was periodically reduced by

drawing off the organic phase and burning it in shallow open pans in trenches. Solvent was pumped

from the storage tsmks to a 1,400-gallon above-ground feed tank. The solvent moved via gravity feed

through a device to prevent flash-back and into the burning pans. A line valve was used to regulate the

solvent flow to yield a slow, continuous flow to the burning pan (Tharin, 1965).

Burning pans varied in design and composition. The earliest configurations were 6 to 12 inches in

depth and made from mild steel and stainless steel, the former material being the most common. The

pan design eventually took the form of the longitudinal half of 400-gallon, mild steel cylindrical tanks.

The pans rested at the bottom of trenches excavated to widths and depths of 20 feet (Figure 2 in e
Tharin, 1965). The solvent-burning process lefi a thick, tar-like residue in the pan. when the pan

became approximately half-tilled with residue (approximately 100 gallons in the later pan designs), it

was emptied by crane into the ditch bottom and covered with a layer of soil. The practice of covering

the dumped residue with an “umbrella” layer of bentonite was developed in 1961-62, When the parr

reached the end of its serviceable life, it was buried in the ditch with the residue (Tharin, 1965).

More tharr 380,000 gallons of solvent were burned on a virtually continual basis from February 1956

up until the practice was suspended by Executive Order 11507 in February 1972 (WSRC, 1996). The

contents of the O STS, except for “unpumpable heel”, were transferred to new storage tanks in the New

Burial Gound (643-7E) in the late 1970s and early 1980s (WSRC, 1996).

Ml but the earliest HP survey maps show the location of the solvent tauks in the eastern-central portion

of the original burial ground, The residue/pan burials took place in a trench located just to the east of

the solvent tanks (also shown on Figures 3-2 to 3-6), Other solvent burning areas include the original

burial ground just south of the SP-235 trench (two solvent burning pan areas), rmd in the northwest

comer of the eastern expansion. The procedure of burying solvent residue and spent pans resulted in

‘-r~dioa~ive contamination of the-soil (Hoeffner, 1984), ●
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4.1s3 Miscellaneous Category

One trench, approximately 100 feet long and located in the east-central part of the ORWBG, was used

for disposal of an unknown quantity of empty oil drums. The location of this trench is in the northwest

quadrant of the eastern expansion, which is shown on all but the earliest of the HP survey maps

(Figures 3-2 to 3-6).

The facilities at the ORWBG included a sandblasting facility for the decontamination of equipment

(Corey and Horton, 1971). One sandblasting pad operated in the nofihem central portion of the

original burial ground. Surface drainage from this pad was towards the swampy area located

immediately to the east of this area. The location of this pad is shown on all but the earliest of the ~

survey maps (Figures 3-2 to 3-6). A second sandblast area is identified on the January 1967 survey

map (Figure 3-3). It is located in the extreme northwest corner of the eastern expansion, just north of

the bulk solvent burning area. W maps dated from 1966 through 1972 @igures 3-2 through 3-6)

indicate a “sand blast pad” adjacent to a “sand blast basin”, which probably received run-off from the

facility. Two photographs of the sandblasting facifity in operation appear as Figures 4a and 4b in

Corey and Horton (197 1), but additional details about the procedures and practices or disposition of

waste generated by tils facility are not available.

COBRA indicates that 14 ~ offsite shipments to the OR~G took place during 1961 to 1974. The

total volume of waste for these burials is 37,978 cubic feet, and includes material from known

DOE/DOD facilities imd from unknow offsite sourws. Moat of these burials (126) went into low-

Ievel beta-gamma trenches, with five placed in high level beta-gamma trenches, six in low-level alpha

trenches, three in burial containers (potentially retrievable ‘fRW, md one in a concrete pour. Other

offsite shipments (those that are classified) do not appear in COBRA. Offsite shipments are scattered

across the ORWBG and were not placed in specially excavated trenches. A plot showing the location

of offsite shipments is protided in Figure 4-1 I. Figure 4-12 presents a photo~aph of Mound Waste

(probably containing tritium) being placed in a concrete culvert. Figure 4-13 shows waste materials

packaged in a variety of containers, some of wh~ch may be from offsite locationa.

I

I
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Figure 4-2. Buriill of Cont:]minated Equipment
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Figure J-J. 1l-(::lnyon “Fr:inle” Being I’:lck:Igctl in lluri~il Ilox for Shipment
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Figure 4-7. Worker Placing Mastic Onto Concrete Cul\’crt that Contains FB-Line
Pu Metal Production Waste, \vith Drums Containing 10-20 gr,lm

Qu;~ntitics of Pu-239
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Figure 4-9. Stacked Drums of Soil from the Spanish Accident Being
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Figure 4-10. Arri},al of Contaminated V’astc \l’atcr from Greenland Accident
at 01<1V13G
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Figure ~-l 2. placing BoscrI (\J’oodcn) Mound Waste (probably Cont:lining Tritium)
into Concrctc Cul\’crt
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●

4-22
SEC4F1=.DOC



SourceTerm for the Old RadioactiveWaste Burial WSRC-TR-97-0119,Rev. 1.0

●
Ground (ORWBG), SrrvnnnahRiver Site ~ May 2000

5.0 SUMMARY OF CONSTITUENTS OF INTEREST INVENTORY

COIS for the ORWBG source term characterization were determined by integrating past

chmacterization and monitoring (soil gas, groundwater monitoring, and subsurface surveys)

with the COBRA database, process history evalutiou and historical documentation. All

existing data were reviewed during this process. COIS include constituents that are mobile,

hazardous, have a large inventory, and/or have a long half-life. The COIS at the ORWBG are

cadmiuq lead, mercury, VOCS, tritium, cesium- 137, plutonium-238, plutonium-239,

strontium-90, uranium-235, uranium-238, carbon-14, cobalt-60, technetium-99, iodine-129

andneptrmium-237.

The process used to determine the range of inventory estimates, the burird method, the burial

locations, the waste form md the leachability for each of the COIS is described in detail in

appendices A through P. In genersd, all available SRS documents related to the COIS were

reviewed, additional information was obtained from personal interviews, and a process

knowledge was developed from these information sources. Then, the COBRA database was

●
used to determine the inventory and exact burial locations of each constituent. The inventory

was also estimated independently of the COBRA database, and tbe present form of the waste

was ascertained. The basic approach to determining leachability is discussed below.

The resources used to estimate leachability of the 16 COIS include results from the defense

waste Iysimeter program, the ORWBG groundwater database, and knowledge of the

geochemical behavior of constituents. As part of the defense waste lysimeter program, 45

defense waste lysimeters were installed between 1978 and 1980 to estimate the leaching rate

of radionucfides from a variety of waste forms. The waste forms were placed in the Iysimeters

and then cut open to ensure leachate had access to the contaminants. Leachate was collected

from the bottom of the lysimeters monthly and annual fractional release rates were calculated.

These release rates provide the best estimates of plutonium, strontium, and cesium

leachability.

The groundwater database for the ORmG is an invaluable resource for understanding the

leachability of contaminants. Information from three sets of wells was used in the leachability

estimates presented here: (1) perimeter wells which surround the ORWBG and allow

assessment of the constituents migrating beyond the OR~G boundav, (2) data tiom a

e “--
network of 67 grid wells placed within the ORWBG that screen the water table, and (3) data

from a network of 24 wells screened at the bottom of burial trenches. The latter set of wells
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sampled water that collected or “perched at the bottom of trenches and probably provides the ●
most representative picture of the chemistry of water infiltrating through ORWBG trenches.

Estimates of the geochesnical constraints on a constituent’s leachability were used to veri~

that the leachability was consistent with groundwater data and results from the defense waste

lysimeter program. A leaching rate was then estimated using groundwater data (mercury,

cadmium, and lead) or data from the defense waste lysimeter program (plutonium, strontium,

cesium). Uranium leachability was calculated from a conservative estimate of the solubilhy of

the uranium in the ORWBG. A leachability rate was not calculated for tfitium or VOCS. All

estimated Ieachlng rates are based on conse~ative assumptions, includlng using the highest

concentrations of constituents in groundwater and the highest release rates from lysimeters.

Waste conttiner integrity was assumed to be zero.

Results for each COI are presented below. Sections 5.1 to 5.16 summarize the results of the

literature review, intewiews, process knowledge, and analysis of COBRA records.

Appendices A through P present detailed information about the use, inventory estimates,

burial locations, waste form, and leachability for each COI. Table 5-l provides summary

information regarding inventory estimates, burial locations, waste form, and origin for each of

the COIS. Table 5-2 lists the best estimate of the current inventory of each COI. ●
5.1 Cadmium

Cadmium was used at SRS as neutron absorbing material. Its primary use was in reactors as

control rods, safety rods, and neutron sbieldlng sheets (WSRC, 1994). When reactors were

shut down, the rods and shielding sheets were disposed of in the ORWBG. Cadmium is also

present in low concentrations in the sludge in the 22 OSTS located at the ORWBG.

There are no detailed records on cadmium burials in the ORWBG. The source term can be

estimated from process knowledge and records of annual cadmium purchases and subsequent

disposal.

The total inventory of cadmium placed in the ORWBG is estimated at 3,500 pounds. Most of

the inventory (approximately 2,OOO pounds) originated horn two burials of control rods that

were removed from the R and L Reactors when they were shut down in 1964 and 1970,I
respectively (Oblath, 1985). These were the only reactors shut down during the operational

I history of the ORWBG. A. additional 1,000 to 2,000 pounds of cadmium sheet that was used—-

1 at SRS may have been disposed of in the ORWBG (Oblath, 1985). o

I
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No specific COBRA record (or records) from Buildings 105-R or 105-L (the R and L Reactor

buildings) could be associated with control rods. The only basis for determining the burial

locations of control rods is that they are in the areas of ORWBG that were active in 1964 and

1970 (during the shutdowns of the reactors).

Based on process knowledge, cadmium would have been buried as scrap metal and induced

activity waste. Control roda were put into disassembly basins for decay of short-lived

isotopes and then cut with an underwater saw. The resulting cadmium pieces were placed in a

cask, shipped to the ORWBG, and buried as scrap metal.

5.2 Lead

Lead was used at the SRS for its radiation-shielding properties. It was used primarily in

separations operations; smaller amounts originated from reactors and shieldlng of offsite

waste. Its principal use was to shield personnel from high levels of beta-gamma radiation

associated with fission products.

e

Lead was placed in the ORWBG for two reasons: either it was contaminated and required

disposrd, or it was used to shield buried radioactive waste (WSRC, 1994). It is present in the

bufird ground as lead shielding, equipment, shot, bricks, lead sheets (WSRC, 1994) and in the

OSTS (Mason, 1996).

Dettiled records on lead disposals were not kept because lead was not considered hazardous

dufing the operatiomd hiatow of the ORWBG. COBRA conttina no detailed records on

burials of lead. All estimates for the lead source term are based on process knowledge.

The total inventory of lead placed in the ORWBG is estimated at 50 tons. This estimate is

thought to be accurate to within *3II percent. Previous estimates of total lead in the ORWBG

me 242 tons (Oblath, 1985) and 60.6 tons (Cook, 1987). Trace amounts of lead and other

toxic metals may have been concentrated to levels above regulatory limits in the sludge phase

of the OSTa, although the amount of lead in the tanks is minimal relative to the other sources

(Mason, 1996).

5.3 Mercury

Mercury waa used as a sealant in pumps that handled tritium gas, as a catalyst in separations

a
-— operations,- and as-a component- of laboratory operations. In the pumps, the mercury sealant
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became contaminated with tfitium and deteriorated due to oxidation. It was changed

routinely, and the waste was ~lsposed of in the ORWBG as low-level ra~loactive waste.

The estimated total inventory of mercury, pr’inciprdly the elemental liquid, placed in the

ORWBG is 24,195 pounds. Tfis estimate is thought to be accurate to within +25 percent and

-10 percent. Previous SRS estimates for mercury vw from 20,000 to 22,000 pounds.

Approximately 20,520 pounds of the mercury inventory originated born Tritium Facilities and

was bufied between 1956 and 1968. ~er 1968, mercury was stored in the Tritium Facilities

and not sent to the ORWBG. Other discarded equipment from Tritium Facilities and wastes

from separations and other SRS laboratories contributed an additional 3,600 pounds to the

mercury inventory.

I
The mercury sent from Tritium Facilities was in the elemental form. The spent mercury was

placed into l-liter polyethylene bottles. The bottles were wrapped in plastic bags, and two or

three bottles were placed into 5-gallon metal cans for shipment to the ORWBG. It is

estimated that slightly over 100 of these shipments of mercury were sent from Tritium

Facilities.

●
The evaluation of tbe COBRA database performed during this study identified 62 locations as

probable mercury burials. This represents a high percentage of the 1961-1968 mercury

burials. Detailed records are not available for disposals before 1960. However, it is known

that these earlier mercury tisposals were in low-level beta-gamma trenches that were open at

the time.

5.4 Volatile Organic Compounds

Atthe SRS, VOCswere present in PUREX solvent, Iiquidscintillation solutions, pump oils,

cutting oils, dle oils, and material used in decontamination operations. Sources of VOCs in

the ORWBG include the following:

Residual vapor and organic phases of spent PUREX solvent, waste oils, and
associated degradation products in the OSTS

Drummed scintillation solutions

Waste oils in absorbent materials

Residue from decontamination operations at the ORWBG prior to waste burial

5<4 .
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There are no detailed records on burials of organics in the ORWBG. All estimates for the

source term of VOCS are based on process knowledge. Burials of orgarrics are not

documented in the COBRA database.

VOCS are present in residue in the 22 OSTS. Large amounts of spent solvent and smaller

amounts of trhiated pump oil were stored in the tanks prior to the 1980s. Most of the solvent

was relocated to Building 643-7G in the late 1970s and early 1980s. The material that

remains is vapor, organic, aqueous, and sludge residue that was unpumpable during the

solvent relocation program. VOCS from the spent solvent and associated degradation

products are primarily concentrated in the vapor and organic phases. The concentrations of

VOCS in the vapor phase are known from a recent vapor phase survey, and the amount of the

organic phase is approximately 4,056 gallons.

The best estimate for the total residue in the OSTS is 7,539 gallons (4,056 gallons organic

phase and 3,483 gallons aqueous phase). The best estimate for organics that were buried in

trenches is based on Cook (1987). Approximately 7,100 kilograms of toluerre,

7,100 kilograms of tnmethylbenzene, and 12,000 kilograms of xylene from liquid scintillation

solutions are buried in trenches. The amount of residual VOCS from decontamination

operations is not known.

VOCS associated with scintillation solutions and waste oils are present in the trenches of the

ORWBG. Estimates of the amount of liquid scintillation wastes range from 10,000 to 11,000

gallons. These wastes are in small polyethylene vkds which, begiting in 1965, were packed

with “oil-dry” in 55-gallon drums and buried. Waste oils were either stored in the OSTS, or

absorbed on rm “oil-dry” compound, placed in drums, and buried as solidified waste.

An additional source of VOCS is residue ~om decontamination operations conducted in the

ORWBG. Decontamination included the use of ethylene diaminetetraacetic acid (EDT~ a

chelating compound) arrd phosphate detergents that can enhance the mobility of radionuclides

like plutonium and strontium (WSRC, 1992). There are no records indicating the amounts of

decontamination sohrtions that may have been disposed of in this area of the ORWBG, nor is

it clear how or whether these chemical sohrtions came into contact with buried wastes.

However, because VOCS are highly mobile and volatile, and because more than 40 years have

elapsed since deconttination activities ceased, the amount of VOCS remaining from this

source may be limited.
—
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5.5 Tritium a

The production of tritium, a key comPonent of nuclear weapons, has been a primary mission

at the SRS since the mid- 1950s. SRS also produced tritiurn for research and commercial

applications. The majority of the tritium disposed in the ORWBG originated from Trhium

Facilities in H-Area at SRS (Buildings 232-H, 234-H, and 238-H). Additional quantities were

shipped to SRS for disposal in the ORWBG from other DOE weapons-complex facilities.

The tritium was sent to the ORWBG as bulk waste (iob control waste, waste oils and

mercury, and used equipment ~d components), spent melts> and reactive beds (the latter two

are byproducts of the tritium production process).

Baaed on Health Protection and COBRA data, it is estimated that the quantity of tntium

disposed in the ORWBG was 3,014,457 curies. Accounting for radioactive decay to 1997,

the cument inventory would be 467,889 cuties. The OSTS are assumed to contain no tritium.

The COBRA database provides both quantity and location estimates for tritium burials in the

ORWBG. Prior to 1961, tritium was likely disposed of in low-activity beta-gamma trenches.

Bulk tritium buried as such is assumed to be readily available for trmsport downward and/or

outward by intrusive water. The majority of the tritium in spent melts is inaccessible to water. o

5.6 Cesium-137

Fission products, such as cesium-137, were a byproduct of the processes used in the five

onsite production reactors at SRS. They are a component of job control waste and other

waste streams that were disposed at the ORWBG.

Burial records indicate activities of fission products as a group sent to the ORWBG but do not

record the amount of cesium-137per se. The amount of cesium-137 in fission products can

be estimated using process knowledge and reported isotopic ratios. The isotopic ratios

depend somewhat on the age of the waste, since longer-lived radionuclides such as cesium-

]37 become an increasingly larger fraction as the waste ages.

The cesium-137 inventory in the OR~G is estimated at 58,657 curies (26,838 curies,

corrected fordecayto 1997). Forthe OSTs, thecesium-137 inventory estimate is 1.30 curie.

This conservative estimate is based on the most recent total activity measurements available

andtbefiaction ofcesium-137 ineachtank (Mason, 1996).
— -
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Uncertainty in the cesium-137 inventory lies in the original estimates of fission products.

These estimates were based on the external dose rate from a waste package and an assumed

isotopic distribution in the waste. Vtiations in the isotopic distribution of the waste and

unique shielding aspects of a waste package could result in errors in the fission product

estimate.

COBRA provides information on the spatial distribution of fission products in the ORWBG.

Waste with a dose rate less than 50 mR per hour was buried in low-activity beta-gamma

trenches. Waste with dose rates of 50 mR per hour or greater was buried in intermediate level

(alao known as high-level) trenches (Cook 1987).

No specird containerization requirements existed. The waste was buried in cardboard boxes,

plastic bags, and metal containers in low-level and high-level trenches, depending on the dose

rate from the package.

5.7 Plutonium-238

A primary operation at the SRS was the production of plutonium-238, a special nuclear

material, which was used in therrnionic heat sources for power generation.

Plutonium-23 8 oxide produced at SRS was shipped offsite to other facilities in the DOE

weapons complex. Waste containing plutonium-238 buried at the ORWBG originated

primarily in separations areas, reactor areas, and research facilities like the Savannah River

Technology Center (SRTC). Spent solvent contaminated with plutonium-238 was also sent to

the OSTS from Separations for storage prior to burning. Inventory estimates for plutonium-

238 are based on data contained in COBRA and burial records predating COBRA.

The plutonium-23 8 inventory originally buried in the ORWBG is estimated at 1192.7 grams

(20,514 curies). This estimate ia the sum of two sources: the COBRA database total and a

very small quantity associated with spent solvent residues. Based on alpha activity in the

OSTS, the best estimate of the plutonium-238 inventow in the OSTS is 1.24 grams

(21.4 curies). The major uncertainty with the inventory of buried plutonium-238 lies in

classified burials that are not filly described in COBRA. However, COBRA does contain the

quantities in curies of most of these special burials.

Plutonium-238 and other alpha-bearing solid waste were managed in one of three ways:

disposed o~in plastic bags and cwdboard boxes in trenches designated for alpha-bearing-—

waste, disposed of in drums placed in concrete culverts in trenches, or encapsulated in
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concrete in trenches. Generally, encapsulated waste was drummed and placed in slit trenches ●
that were then back-filled with concrete. Canyon equipment and other bulky wastes were

placed directly into trenches, which were then filled with concrete (Cook, 1987). Starting in

1965, packages with greater than 0.1 curies of TRU radionuclides were placed in concrete

culverts. when fill, these culverts were placed in shallow subgrade trenches for potential

retrieval and processing at a future date. Such TRU waste originating during the transition

period from below-ground disposal to above-ground storage is currently housed in two

separate trenches in the ORWBG. The practice of subgrade storage was discontinued in

1974, when storage at-grade on concrete pads was adopted for SRS-generated waste (Cook

and Helton, 1989).

5.8 P1utonium-239

The production of plutonium-239 for use in nuclear weapons was a primary operation at the

SRS. Plutonium-239 produced at SRS was shipped offsite to other facilities in the DOE

weapons complex. Wastes containing plutonium-23 9 in the ORWBG originated primarily in

Separations areas, reactor areas, and research facilities such as SRTC. Spent solvent

contaminated with plutonium-239 was also sent to the OSTS from Separations for storage

prior to burning. Inventory estimates for phrtonium-239 are based on data contained in
*

COBRA and records predating COBRA.

The best estimate for the plutouium-239 inventory originally buried in the ORWBG is 24,188

grams (1,475 curies). This estimate is the sum of the COBRA database total for plutouium-

239 (22,303 grams), and the estimate in burned solvent residues (1,885 grams). The amount

in the OSTS is estimated to be 82.4 curies (1351 grams). The major uncertainty related to the

quarrtity of buried plutonium-239 is the classified special burials. However, COBRA does

contain the quantities in curies of most of these special burials.

The COBRA database provides information on the spatial distribution of plutonium in the

ORWBG. The disposal date and totrd activity of the waste package affected how the waste

was handled at the ORWBG. Plutonium-239 and other alpha-bearing solid wastes were

managed in one of three ways: disposed of in plastic bags and cardboard boxes in trenches

designated for alpha-bearing waste, disposed of in drums placed in concrete culverts in

trenches, or encapsulated in concrete in trenches. Generally, encapsulated waste was

drummed and placed in slit trenches that were then filled with concrete. Canyon equipment
—.

and other bulky wastes were placed-directly into the trenches, which were then filled with
e
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concrete (Cook, 1987). Starting irr 1965, packages with greater than 0.1 curies of TRU were

placed in concrete culverts. When fill, these culverts were placed in shallow sub-grade

trenches for retrieval mrd processing at a fiture date. Approximately 165 of these culverts

have been filled; they are currently being stored in two separate trenches in the ORWBG. The

practice of sub-grade storage was discontinued in 1974, when storage at-grade on concrete

pads was adopted for SRS-generated waste (Cook and Helton, 1989).

5.9 Strontium-90

Fission products, such as strontium-90, were a byl.rroduct of the processes used in the five

onsite production reactors at SRS. They are a component of job control waste and other

waste streams that were disposed of at the ORWBG. Burial records indicate activities of

fission products as a group sent to the ORWBG but do not record the amount of strontium-90

per se. The fraction of the fission products that is strontium-90 is determined using reported

isotopic ratios and process knowledge.

The best estimate for the strontium-90 inventory at the ORWBG is 5S,657 curies

(26,216 curies decayed to 1997). A relatively small amount of strontium-90 is also present in

the OSTS. For tbe OSTS, the strontium-90 inventory estimate is 1.28 curie.

Waste containing the fission products from which strontium-90 activities are estimated was

buried in low-level and high-level trenches, depending on the dose rate from the package.

Waste with a dose rate less than 50 mR per hour was buried in low-activity beta-gamma

trenches. Waste with dose rates of 50 fi per hour or greater was buried in intermediate level

(also knowrr as high-level) trenches (Cook, 1987). No special containerization requirements

existed. The waste was buried in cardboard boxes, plastic bags, and metal containers.

5.10 Uranium-235

The SRS operated five production reactors, which used tie] rods containing enriched

uranium-235. Other facilities at SRS mamrfactured fiel elements for the reactors and

extracted urarrirsm-235 from spent fiel elements.

The best estimate for the uranium-235 inventory in the trenches at the ORWBG is 273,185

grams (0.6 curie). For the OSTS, the best estimate of the uranium-235 inventory is 0,11 curie

based on assigning the urarrium-235 as 0.25 percent of the total urtium activity in tanks

containing it.
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Variations in the actual uranium-235 emichment of individualburials could result in errors in *

the ur~um-235 inventory. The value used to convert enriched uranium inventory to

uranium-235 inventory was 93 percent, which represents an upper-bound estimate for the

errrichment.

The COBRA database provides information on the spatial distribution of uranium burials.

Waste containing uranium was buned in alpha activity trenches without special containers.

The waste was buried in cardboard boxes, plastic bags, and possibly, metal containers.
I

I 5,11 Uranium-238

I
The SRS reactors were fieled by highly-enriched uranium fiel rods. Urtium-238 slugs

I (depleted or natural uranium) were used as targets to produce plutonium-239. The depleted

uranium used in SRS reactors as target materird to produce plutonium-239 was 99.5 percent,I
or more, urmrium-238.

I

I Inventory estimates for uranium-23 8 are based on data contained in the COBRA database and

records indicating burials prior to COBRA records. COBRA includes the burials of emiched

urarrium, normal uranium, and depleted uranium. Therefore, estimates can be extrapolated to ●
a uranium-238 inventory assuming that uranium-238 is 100 percent of the depleted uraoium,

99.274 percent of the normal uranium, and 7 percent of enriched uranium.

The COBRA estimate for the uranium-238 inventory in the trenches in the ORWBG is 44,233

kilograms (14.8 curies). It has been assumed that the COBRA database captures all of the

Health Protection data related to uranium.

In the OSTS, the best estimate of the uraoium-238 inventory is 1.1 curies based on assigning

tbe uranium-238 as 2.5 percent of the total uranium activity in tanks containing it.

The COBRA database provides information on the spatial distribution of uranium in the

ORWBG. The uranium-bearing waste was buried in alpha activity trenches without special

containers. The waste was buned in cardboard boxes, plastic bags, and possibly, metal

containers.

5.12 Carbon-14

_Carbon, 14 at sRS was produced .pQm_~ly in the moderator in the five production reactors.

To maintain moderator purity, carbon-14 was removed in ion exchange resins in dendnertilzer *
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units. When a demineralize urritwas exhausted, the ion exchange resin was buried (Carlton

et al., 1993). Most of the source term in the ORWBG is likely due to the bicarbonate rmion

(HC140J) that is sorbed on mixed-bed ion exchange resin used to pufifi the reactor

moderator. Negligible quantities of carbon-14 were produced at SRS by the test reactors and

neutron activation analyses. The activity levels of radiocarbon from these sources are

insignificant when compared to the activity levels in irradiated nuclear tirel, targets, and

moderators (Carlton et al., 1993).

Based on process knowledge, the best estimate for the carbon-14 inventory at the ORWBG is

~ 3,778 curies. During the first ten years of SRS operations, deionizer resina were dumped in

slurry form directly into ORWBG trenches (Towler, Jr., 1989 in WSRC, 1992). Later, the
~ resins were disposed of in stairdess steel vessels. The normal practice was to displace the

I heavy water with light water, seal the staisdess steel columns with blaak flanges, arrd bury the

whole unit in trenches.(

~
Severrd uncertainties are associated with the carbon-14 inventory estimate. The buried amount

‘o

is based on process knowledge, which makes seveml assumptions, includlng the following:

. percent of the amount of carbon-14 produced in the reactor moderator was lost to the
atmosphere.

. All other carbon-14 remained in the deionizer resin and no other releases occurred.
I

. The average produetiotidisposal rate of carbon- 14 from start-up to 1972 and from
! 1972 to 1988 was the same.

I COBRA burial records provide the date, location, and volumes of disposals of deionizer resin

waste packages. From COBRA records, approximately 4,377 cubic feet of spent resin is

I present in the ORWBG. The best guess for the activity of individual burials is the volume of

I the resin, in cubic feet, multiplied by 0.86 Ci/ft3.

I 5.13 Cobalt-60

I Cobalt-60 at the SRS was produced primarily as a byproduct of irradiating cobrdt-bearing

I stainless steel mmponents in SRS reactors. Irradiation of the cobalt in the stairdess steel

components formed cobrdt-60. Operations at the disassembly basins generated excess

I stairdess steel components, which were disposed of as scrap metal. The scrap metal was

I placed into casks and buried in the ORWBG (Holcomb, 1997).

●(-— -.
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The amount of cobalt-60 produced by other sources (cobalt-59 wafers, Savanssh River ●
Ecology Laboratory, and SRTC) and disposed in the OR~G is relatively small compared to

that from induced activity.

The best estimate of the origimd amount (undecayed) of cobalt-60 buried in the ORWBG is

1,960,400 curies. This is based on m average disposal rate of 98,020 curies annually from

startup to 1972. The best estimate for the amount of cobalt-60 in the ORWBG in 1997,

considering radioactive decay, is 27,568 curies.

Uncertainty associated with this estimate lies primarily with cited annual disposal rates.

Another uncertainty is the percentage of induced activity associated with cobalt-60 in reactor

scrap metal.

The COBRA database was used to identifi burials of cobalt-60 by keyword searching for

terms associated with induced activity. The best estimate of the cobalt-60 activity associated

with any particular burial of “induced activity” can be determined by multiplying activity of the

specific burial of induced activity (from COBRA database) by 0.85.

Most of the cobalt-60 in the ORWBG is buried as stairdess steel scrap metal in casks. A small o
amount of cobalt-60 debris resulting from capsule development may have been disposed of by

SRTC Laboratov Operations using normal high activity solid waste disposal procedures, such

as earth burial inside concrete.

5.14 Technetium-99

Technetium-99 is a fission product produced by the fission of urasrium-235 and plutonium-239

(Cook 1989). Most of the technetium-99 in the ORWBG is in bunrds of fission product

I waste.

The best estimate of the amount of technetium-99 in the ORWBG is 12 curies. This value is

derived using an armual disposal rate of 0.6 curies multiplied by the number of operationrd

years of the ORWBG (20 years). Uncertainty associated with the best estimate lies primarily

with arr estimate that five-year-old in-tmrk waste contains 5. 53E-04 curies of technetium-99

per gallon, which assumes an isotopic distribution of fission products. The accuracy of this

value is r.mknown. Underlying uncertainties with the best estimate stem from the generally

poor documentation of the radionuclide, No teclrnical reports exist that provide production—.
details, waste sire–a chara~fiific~ or disposal information.

o
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Shipments of technetium-99 me not documented in the COBRA database. Technetium-99 is

assumed to have been disposed with other fission product waste, and to have been identified

in the COBRA database as “fission products”.

The most likely state of technetium-99 in SRS waste streams and solid waste is TcO(

resulting horn dissolution of fission-product-containing target and fuel elements in nitric acid

~0,), Technetium can also etist as the oxide, TcOZ. Even it were buried in that form,

there is evidence that the conversion to TcOi would have been rapid (Bondletti and Francis,

1979, in Oblath, 1982).

5.15 Iodine-129

Radioiodine is a fission product that originated at SRS predominantly in the fuel and targets

that were irradiated in the nuclear materials production reactors. The predominant

radloiodine-containing material buried at the Solid Waste Disposal Facility (SWDF) is spent

ceramic chips coated with silver nitrate (Berl saddles) that were used to adsorb radioiodine

(principally iodine-129 and iodine-13 1) dufing the dissolution of fiel and targets in F and H

Areas. Essentially all of the iodine-129 in the burial ground is from Berl saddles used in the

process air filters, Other sources such as SRS test reactors, spontaneous fission sources,

neutron activation analysis, comrnerciaJly purchased radioiodine, and global fallout

contributed smaller amounts to the inventory of radloiodlne at SRS.

The best estimate of the amount of iodine-l 29 in the ORWBG is determined by multiplying a

scaled amount of35 .45 curies produced during the operational history of the ORWBG by the

fraction of the total that was sent to the burial ground (30 percent). This yields 10.6 curies

(6o kilograms). Uncertainty in the iodine-129 inventory lies in the assumptions that 39 curies

of iodine-129 were produced at SRS from startup to 1974 and that 30 percent of this amount

was buried in the ORWBG. The number of spent charges in the ORMG, assuming a

constant disposal rate, is estimated to be 34. Each container held approximately 20 cubic feet

of Berl saddles.

In the COBRA database, there are no references to Berl saddles, nor is there any specific

iodine- 129 constituent information. Because Berl saddles are not identified in the COBRA

database, the precise locations of the iodine-129 burials cannot be determined. Their locations

are randomly distributed among the intermediate-level beta-gamma waste trenches (Stone et

—
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al., 1983). The Berl saddles were buried without contai~ent or encapsulation in earthen e

trenches.

5.16 Neptursissm-237

Neptunium-237 is produced as a byproduct during the nuclear fiel cycle. It is produced by

two primary sources at SRS. One is &om alpha decay of americium-241 that is produced by

the beta decay of plutonium-241 in weapons-grade plutonium. The other mode of

neptunium-23 7 production ia via a side reaction during the irradiation of uranium-238 targets

to eventually produce plutonium-239. Nepttium-23 7 is also the target material used to

produce plutonium-238 in SRS reactors.

Waste potentially contaminated with neptunium-237 included cabinet waste originating from

221-HBL, laboratory glove boxes and radlobenches from the 772-F laboratory, wastes

originating from 235-F, waste effluents from processing in the Separations areas, and PUREX

waste in storage t~s in the 241-F and H-Aea TankFarms and in the OSTS in the ORWBG.

The best estimate of the amount of neptunium-237 origisudly buried in the ORWBG is 1.99

curies. The amount of ingrown neptutium-237 is consewatively calculated as 0.004 curies. ●
The amount lost to ratloactive decay is negligible due to the long half-life of the radionuclide.

The major contributor to the uncertainty related to the quantity of neptunium-237 buried is

any classified burials that are not described in the open literature and in unclassified databases

such as COBRA.

The COBRA database provides both quantity and location estimates

burifla in the ORWBG.

The pnma~ waste form of neptunium-237 in the ORWBG is very

for neptutium-237

similar to that for

plutonium-238. Neptunium-237 contaminated waste was buried uncontainerized in plastic

bags and cardboard boxes, in concrete culverts containing drummed or boxed

neptuuium-23 7-bearing waste, and in drums and other waste forms (equipment, waste in

wooden boxes, etc.) encapsulated by concrete on all sides.

— ——-
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FORM
Unc0ntaine2i2ed in plastic
bagsandmrdhd Mxes

Concrete cdve~
containingdrummedor
hxd waste

Encapsulatedwaste

Unccmhintid inplastic
bagsandcardhd kxes

Concreteculverts
containingdrummed01
hxed waste

Enwpsulatedwaste

~s waste was buriedin
cardkard hxes, plastio
hags,andmetalcontainers.

Thefissionprcduct-tig
wastewasburiedin low-
levelxndhigh-level
trenches,dependingonthe
doseratefromthepackage.

03UG3N
Tbermionic heatsourcesfor
pwer generation

Separations,rector areas,and
researchfacilitieslie SRTC

Specialnuclearmaterial

Separations, ~ctor areas, and

resarch facilitieslie SRTC

Byprcduct of reactors

Fissionproductsarea component
ofjob controlwasteandother
wastestims horns~t r=ctor
&l andtxrgetsorbigb-lewl
liquidwastes. TheseinchIde
reactors,Separations(F-andH-
Areas),andassociatd tank
farms,andprocesscontroland
experimentallaboratories.

NOTES
%lf-life 87.4ymrs

hventoryesimte based on

:OBM pre-COBRAburial
recnrdsxndburnedsolvent
residues.

COBRAshowsburialIwatiom
ofplutonium-238.

Wlf-life 24,360y=S

Jnventoryestimatebasedon
COBRAdxtibasetotxl,which
includesplutonium-239in
s~ial burials,pre-COBW
burialwords, andburned
solventresidues.

cob~ashowsburiallwationsof
plutOnium-239.

Half-lift 29.12years
COBRArecord;d“fission
pr0duct5”,not SI-90 pm se

<50mRIJUwastesweteburied
in lowactivitykta-garnma
trenches.

>50W wasteswmeburied
in intermediatelevel(akahigh
level)trenches.
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Table 5-2. Summary of Best Estimates of COI Inventories

COI AMOUNT BU~D 3N CURRENT CURRENT

TRENCHES(through1972) INVENTORY3N lNVRNTORY 3N

TRENCHES(1997) OSTS(1997)

Cd 3,5oOlb 3,500 lb negligible

Pb 50 tons 50 tons negligible

Hg 24,195 lb 24,195 lb negligible

Vocs 7,100 kg toluene 7,100 kg toluene 7,539 gal
7,100 kg trimethylbenzene 7,100 kg trimethylbemene

12,000kg xylene 12,000kg xylene

H-3 3,014,457 Ci 467,889 negligible

CS-137 58,657 Ci 26,838 Ci 1.30 Ci

h-238 20,514 Ci 16,825Ci 21.4 Ci

Pu-239 1,475Ci 1,474 Ci 82.4 Ci

58,657 Ci 26,216 Ci 1.28 CI

0.6 Ci 0.6 Ci 0.11 Ci

14,8 CI 14.8 Ci 1.1 Ci

3,767 Ci negligible

1,960,400Ci 27,568 Ci negligible

12 Ci 12 Ci negligible

10,6 Ci 10.6 CL negligible

1.99 Ci 1.994 Ci ne~]gible

Due to tieir lon8 half-lives,the cm’rentinventoriesforU-235, U-238, Tc-99, I-129 ~d NP-237 ~e assumedto
be the sameas the originalamountsburied. Becausefie wual disps~ ~Ormts OfH-3, CS-137,Sr-90md
C040 areknown,tie cnmentinventoriesfor fiese COISaccout for radioactived~ay dting the operational
historyof the ORWBG. The sent inventoriesfor the otier COISas~e nOradioafive deeay prior to

e-–

— December31, 1972. The @ouwt.buri@in trenchesfOrU-235, U-238, Pu-238, W-239, ad NP-237 include
somebmisls in 1973mid/or1974.
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CONSTITUENT OF INTEREST - CADMIUM

1. SUMMARY

Cadmium was used at the Savannah River Site (SRS) for its neutron-absorbing properties.

Its primary use was in control rods, safety rods, and neutron shielding sheets (WSRC, 1994).

Based on this study, the total inventory of cadmium placed in the Old Radioactive Waste

Burial Ground (ORWBG) is estimated at 3,500 pounds:

Much of the inventory originated from control rods that were in reactors when they were shut

down (Oblath, 1985). During the operational history of the ORWBG, two reactors were shut

down. R Reactor was shut down in 1964, and L Reactor was shut down for the first time in

1970. Approximately 1 ton (2,000 pounds) of the cadmium in the ORWBG originated from

shutdown operations at L and R Reactors.

An additional 1,000 to 2,000 pounds of cadmium sheet was disposed in trenches in the burial

ground (Oblath, 1985). This term is based on records of annual cadmium purchases and

subsequent disposal.

e
Figure 1-1 presents the process used to develop inventory and burial locations. The

Computerized Burial Record Analysis (COBRA) database does not keep track of cadmium.

The inventory estimate was made based on process knowledge and interviews.

2. BACKGROUND INFORMATION

2.1 Cadmium from L and R Reactor Shutdowns

Cadmium is an effective neutron absorbing material. It was used at the SRS in reactors as

conlrol rods and safety rods to control the reaction rate. It was also used in neutron Shielding

sheets to control reactivity (WSRC, 1994).

2.2 Cadmium in the Old Solvent Tanks

Cadmium is present in the sludge in the 22 Old Solvent Tanks located at the ORWBG.

Cadmium and other toxic metals in the sludge phase may have been concentrated to levels

above regulatory limits. Minor quantities of cadmium may be present in any residual

aqueous phase. Little is expected in any residual organic phase (WSRC, 1996).

CADMIUM.DOC A-1



3. INVENTORY ESTIMATE

There arenodetailed quantitative records onshipments ofcadmium tothe ORWBG. All

estimates for the cadmium source term are based on process knowledge.

3.1 Range of Inventory Estimates

During theoperational history of the ORWBG, two reactors were shutdown (R Reactor in

1964 and LReactorin 1970). These shutdowns resulted intwolarge shipments of cadmium

control rods to the burial ground (Oblath, 1985). These two shipments amount to about 1.ton

(2,000 pounds) of cadmium (B.B. Looney, pers. comm. in Oblath, 1985).

Cadmium sheet isastock item in stores. Itislikely that mostofthe cadmium sheet used was

disposed of in the burial ground. Purchasesin the early 1980s were between 50 and 100

pounds peryear(Oblath, 1985). Assuming asimilar rate ofpurchase and burial during the

20-year operational history of the ORWBG, this could add 1,000 to 2,000 pounds to the

source term.

The sum of the two shipments of control rods (2,000 pounds) and the amount of cadmium

sheet (1,000 to 2,000 pounds) yields a the range of source term estimates from Oblath (1985) ●
of 3,000 to 4,000 pounds.

Cook (1987) reported a source term of 1,200 kg (2,646 pounds). This estimate is

aPPrOxirnatelY one-half of the above estimate (Table 3-1), and probably represents a

minimum. Table 3-1 summarizes the sources of inventory estimates for cadmium in the

ORWBG.

3.2 Best Estimate for Old Radioactive Waste Burial Ground

The “best estimate” for total cadmium in trenches in the ORWBG is 3,500 pounds. The basis

for this estimate is the sum of the following:

● The ORWBG received two shipments of control rods from L and R Reactors that
totalled 2,000 pounds

● An average annual rate of 75 pounds of cadmium sheet was consumed over the
20-year lifetime of the ORWBG, for a total of 1,500 pounds.

Compared to the 3,500 pounds of cadmium estimated to be in the ORWBG, the small

quantity in the Old Solvent Tanks is considered negligible. a
.
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3.3 Uncertainties Associated with Best Estimate

The best estimate for cadmium inventory is thought to be accurate to within MO%. The

estimate of 2,000 pounds of cadmium from L and R Reactors is thought to be accurate to

within ~ 10%. The amount of cadmium sheet consumed over the 20-year operational history

is thought to be accurate to within *30%.

4. BURIAL LOCATIONS

COBRA does not record shipments of cadmium per se, and it would be nearly impossible to

locate the metal in the burial ground (Oblath, 1985). Figure 4-1 outlines the steps taken to

manipulate the databme to locate cadmium burials. Sorts on COBRA primarily consisted of

keyword searches in description field #1 for items such as “cadmium”, “control rods”, “safety

rods”, “rods”, “sheets”, and “neutron shielding”. All records from L and R Reactors

(Buildings 105-L and 105-R) were reviewed for any likely reference or relationship to the

disposed control rods. hr particular, records in the two years following each reactor

shutdown were scrutinized.

No individual record (or records) from Buildings 105-L or 105-R could be associated as

relating to control rods. The only basis for determination of burial location for the two large

shipments of control rods is that they were buried in the areas of the ORWBG that were

active in 1964 and 1970 (during the shutdowns of R and L Reactors).

5. WASTE FORM

Cadmium metal is present in the ORWBG as control rods, safety rods, and cadmium sheet

buried as scrap metal and induced activity waste. There is no specific information available

on the method of disposal. Control rods were put into disassembly basins for decay of short-

lived isotopes and then cut with an underwater saw. The cadmium pieces were placed in a

cask, shipped to the ORWBG, and buried as scrap metal.

6. LEACHABILITY

Cadmium leachability is controlled mainly by adsorption to the soil matrix. At pH<7 the

volubility of most common cadmium phases will not constrain cadmium concentrations to

below ppm levels. In the reducing environment of the ORWBG, conditions may develop that

favor the reduction of sulfate to sulfide by bacteria. If this occurs cadmium concentrations

would be constrained to very low values by the precipitation of cadmium sulfide.

CADM, UM.MC A-3



Adsorption of cadmium to the soil matrix is moderate because the pH of the adsorption edge

is higher than the pH of water from the trench wells and grid wells. The adsorption edge for

cadmium adsorption to iron oxyhydroxides and clays is generally greater than a pH of 6.5

(Kinniburgh et al., 1976; Benjamin and Lcckie, 198 1; Elliot et al., 1986; and Schulthess and

Huang, 1990). Thus, it is expected that cadmium will be more mobile than lead. Looney et

al. (1987) recommend a Kd value of 6 ml/g for cadmium in SRS soils. Though cadmium is

mobile relative to some other metals, its transport is significantly retarded by adsorption. A

Kd value of 6 ml/g equates to a retardation factor of about 50 (Looney et al., 1987).

The presence of dissolved organic matter in the leachate may increase the mobility of

cadmium. Oblath (1985) suggested that organic completing may explain the presence of

cadmium in groundwater sampled by the grid wells. Dissolved cadmium does not exist as a

single species, but rather as a dominant species with a fraction of tie total dissolved cadmium

being distributed among other species. If these minor species are more mobile than the

dominant species, then they will travel to the groundwater faster than the dominant species.

Thus, the bulk of the cadmium maybe retarded in its transport while a small fraction, perhaps

organically complexed, has abeady reached the water table.

Cadmium concentrations in groundwater beneath the ORWBG are low, but have regularly e
exceeded the primary drinking water standard of 5 ug/1. Oblath (1985) reported cadmium

concentrations in the grid wells that ranged from 2 to 365 ug/t with an average concentration

of 45 ugil and a median of 32 ug/1. The cadmium concentrations were less in samples

obtained from the grid wells in 1993 and 1994. The range of cadmium concentrations in

these samples was 2 to 166 ug/1 and tbe average and median concentrations were 25 and 14

ugfl, respectively. It is unclear whether this decrease in cadmium concentration is resd or a

sampling artifact. Oblath (1985) reported samples from all 67 of the grid wells, but in the

more recent sampling events only 13 wells had sufficient water to sample.

Because the analyses are more complete, the recent samples provide the opportunity to assess

the elevated cadmium concentrations, Closer inspection of these analyses indicates that

much of the cadmium may be associated with suspended sediments dispersed during bailing

of the wells. The turbidities of most of the samples are high and the iron and aluminum

concentrations are elevated in many of the samples. Samples with suspended sediments

contain elevated iron and aluminum concentrations because the fine grained fraction of

typical SRS sediments is composed of iron oxyhydroxides and clay minerals. The elevated

“i~c-o’nc~trations-can–only-sewe-m-a-qual itative-indicator-of-suspended-sediments-bccauw
o

—

the redox information required to determine expected dissolved iron concentrations is not
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available. However, the elevated concentrations of aluminum can be addressed

quantitatively. Figure 6-1 shows the log of the total aluminum concentrations plotted versus

pH. The solid line is the saturation curve for amorphous aluminum hydroxide. In sediment

free samples the aluminum concentrations should plot near or below the aluminum hydroxide

saturation curve. Most of the grid well samples plot ahove the saturation curve indicating

that their aluminum concentrations are predominantly the result of suspended sediments

rather than dissolved aluminum.

The suspended sediment in the samples results in cadmium concentrations that are

misleading. Much of the cadmium in these samples is background cadmium and cadmium

sequestered by the sediments from groundwater over a long period of time. This cadmium is

not readily mobile and is not representative of leachate from the ORWBG. When only those

analyses are used that have aluminum concentrations falling on or below the amorphous

aluminum hydroxide saturation curve, the range of cadmium concentrations becomes more

reasonable. They range from 2 to 46 ug/1 with an average of 14 ug/1 and a median of 10 ugfl.

The effect of suspended sediments on cadmium concentrations in groundwater from the grid

●
wells was addressed by Cantrell (1990). The results show that samples bailed from these

wells that are filtered prior to being acidified for analysis have significantly lower cadmium

concentrations than unfiltered samples. This indicates that much of the cadmium is

associated with the suspended sediments.

Based on the work of Looney and Cook (1987), cadmium leachability can be estimated from

the cadmium concentrations in groundwater beneath the ORWBG. honey and Cook (1987)

estimated the “worst case”’ lead and cadmium fluxes from the Mixed Waste Management

Facility (MWMF). They point out that their estimates are worst case because well

construction and sampling protocols were not consistent with site or regulatory protocols. As

with the grid wells in the ORWBG, the wells within the MWMF were sampled by bailing

and were constructed with components that contain lead and cadmium. These factors

contribute to elevated lead and cadmium concentrations. However, for the purposes of their

estimates honey and Cook (1987) assumed that the concentrations of lead and cadmium in

groundwater from these wells were representative of pure Ieachate from the MWMF. From

the concentrations in groundwater, the flux of infiltrating water, and the background

concentrations in groundwater, they estimated fluxes of lead and cadmium.

a
Applying this technique to the ORWBG coupled with a conservative estimate of the area of

cadmium exposed to infiltrating water results in an estimate of 7.8 ~yr of cadmium leached.

cADMlut.1.mc A-5



——

This assumes the cadmium concentration of 46 ugfl is representative of pure Ieachate and that ●
the background cadmium concentration is negligible. The water infiltration rate calculated

by Orebaugh and Hale (1976), 2.36 dyr, WaS used in this estimate. In the absence of

information on the dimensions of disposed cadmium waste forms, it was assumed that all

cadmium was in the form of 0.25 cm thick sheets. This is an overestimation of the area of

cadmium exposed to infiltrating water. Of the 3500 pounds of cadmium disposed, 2000

pounds were in the form of control rods. These rods were cut to facilitate their disposal, but

it is not known what the dimensions of the pieces were. Thus, to be conservative it was

assumed that all cadmium was in the form of thin sheets. This and the fact that most

cadmium concentrations in groundwater are less than 46 ug/1 suggest that a leachability I

estimate of 7.8 g/yr is conservative.
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Table 3-1. The Sources of Inventory Estimates for Cadmium inthe ORWBG ●
Reference

WSRC, 1994

Dook,J.R., 1987

3blath, S.B., 1985

Amountof Cd

NA

1,200kg
(2,646 pounds)=

(does not referencea
previousarticle)

. -1 ton (2,000
pounds)cme from
two largeshipments
of cadmiumcontrol
rods b“

. 1,000102,000
poundscame from
cadmiumsheetsb“’

=
Lifetime

1952-1972

1952-1974

1954-1972

Cd form

● control rods
● neutron

shielding
sheets

● safetyrods

. control rods
● neutron

shielding
sheets

. cadmium
control rods

● cadmium
sheets

Notes

NA

NA

Therewere two kuge
shipmentsof cadmium
control rods to the burial
ground when L and R
reactors were shutdown,

Cadmium sheet is also a
stock item in stores; mostof
what is used islikeiy to have

ended up in the burial
ground.

Notes
a Nodts..ssionof bmis for invento~
b Inventory discussed in demil
NA notaddresscd intiicle
* Oblati, 1985 Efe=.ces B. B.honey. Pcmo.al Comm.nicati.n, 11113185
. . Oblalh. t985mfe~nc~ B. Goodwin, Pemomt Commu.imlio., 11/21/8S
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CONSTITUENT OF INTEREST - LEAD

1. SUMMARY

Lead was used at the Savannah River Site (SRS) primarily for its radiation-shielding

properties. Based on this study, the total inventory of lead placed in the Old Radioactive

Waste Burial Ground (ORWBG) is estimated at 50 tons.

At SRS, lead was used in Separations, reactors, and to shield offsite waste. Trace amounts of

lead and other toxic metals may have been concentrated to levels above regulatory limits in

the Old Solvent Tanks (WSRC, 1996).

Lead was placed in the burial ground for two reasons: either it was contaminated with

radioactivity and required disposal or it was used to shield other buried radioactive waste

(WSRC, 1994). It is present in the burial ground as lead shielding, equipment, shot, bricks,

lead sheets (WSRC, 1994) and in the Old Solvent Tanks (WSRC, 1996).

●
Figure 1-1 presents the process used to develop inventory and burial Iocations. The

Computerized Burial Record Analysis (COBRA) database does not keep track of lead. The

inventory estimate was made based on SRS documents, process knowledge and interviews.

2. BACKGROUND INFORMATION

Lead was used primarily in Separations. Smaller amounts of lead originated from reactors

andshielding ofoffsitewa.ste. Minor amounts ofleadare present inthe Old Solvent Tanks.

Detailed records on lead tilsposed in the ORWBG were not kept because at that time lead was

not considered hazardous. As recently as the spring of 1984, several meetings wer= held to

discuss whether lead qualified asamixed (orhmardous) waste (Tom and Tdlman, 1984in

Oblath, 1985).

2.1 Lead Associated with Separations, Reactors and Offsite Waste

Lead was used in Separations and reactors principally to shield personnel from high levels of

beta-gamma radiation associated with fission products. Shielding materials used during

construction activities have also added to the lead inventory in the burial ground, but the

o
quantities are not known. Lead shot was used as shielding in the annulm space of double

walled vessels in the burial ground. Lead was also used to shield offsite waste (Oblath,

1985).

LfAD.00C B-1
I
L



2.2 Lead in the Old Solvent Tanks

Lead is present in the sludge in the 22 Old Solvent Tanks. Lead and other toxic metals in the

sludge phase may have been concentrated to levels above regulatory limits. Minor quantities

of lead may be present in any residual aqueous phase; little is expected in any residual

organic phase (WSRC, 1996).

3. INVENTORY ESTIMATE

There are no detailed quantitative records on shipments of lead to the ORWBG nor are they

widely documented in COBRA. All estimates for the lead source term are based on process

knowledge. COBRA contains less than a dozen direct references to lead shipments.

3.1 Range of Inventory Estimates

There are two literature estimates of the total lead in the ORWB~- ~2 tons and 60.6 tons.

Oblath (1985) estimated the source term in the ORWBG as a minimum of 42 tons, although

the origin of the estimate is unclear. Oblath (1985) states the source term was calculated as

follows: “Separation Technology Department has estimated that in an average year the

separations facilities dispose 1.5 tons. If this amount was representative over the 1954-1972 0

lifetime of the burial ground, this would represent 42 tons of lead.” However, assuming a 19-

year operational history: 19 years x 1.5 tons/year = 28.5 tons. Additional problems with

Oblath’s (1985) estimate are that the lead used in reactors and shielding of offsite waste was

not factored into the source term estimate.

Cook (1987) reported a source term estimate of 55,000 kg (60.6 tons). This estimate is

considerably higher than that cited in Oblath (1985). Table 3-1 summarizes the sources of

inventory estimates for lead in the ORWBG.

3.2 Best Estimate for Old Radioactive Waste Burial Ground

The “best estimate” for total lead in the ORWBG is 50 tons. The basis for this estimate is:

. Separations disposed an average 1.5 tons/year for the 20-year history of the
ORWBG (30 tons).

. Additional lead from reactors and shielding offsite waste was placed in the
ORWBG.

●-
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e Compared to the 50 tons of lead estimated in the ORWBG from onsite and offsite sources,

the small quantity in the Old Solvent Tanks is considered negligible.

3.3 Uncertainties Associated with Best Estimate

The best estimate for lead inventory is thought to be accurate to within HO%. The estimate

of 30 tons of lead from Separations is thought to be accurate to within ~OYO. The amount of

lead from reactors and that used for shielding of offsite waste is unknown, but the total lead

in the ORWBG is not believed to exceed 65 tons.

4. BURIAL LOCATIONS

COBRA records do not specifically track shipments of lead, and it would be nearly

impossible to locate the metal in tbe burial ground (Oblath, 1985). Flgnre 4-1 outlines the

steps taken to manipulate the database to locate lead burials. As noted in Section 3, less than

a dozen references to lead were found. However, it is unnecessary to use lead to shield low-

Ievel waste because of the low dose rates emanating from it. Therefore, lead is not expected

m

to be a major contaminant in the low-level waste trenches. Because lead was used to shield

certain high-level waste burials, the primary location for buried lead would be in the high-

level waste trenches.

5. WASTE FORM

Lead is present in the ORWBG as lead metal shielding, in the form of shot, bricks, and lead

sheets (WSRC, 1994). It was also part of the structure of certain pieces of equipment, such

as “junior caves”, that were buried without disassembly.

6. LEACHABILITY

The leachability of lead is controlled predominantly by the volubility of lead phases,

adsorption of lead by the soil matrix, and redox conditons in the ORWBG. For lead to be

mobile, the metallic lead that was buried must be oxidized to Pb(JI) forms. Once oxidized,

the sohsbility of Pb(u is constrained by reaction with constituents in the leachate and with

minerals in the soil matrix. The mobility of dissolved Pb(lI) is controlled by adsorption to

the soil matrix.

●
The prevailing reducing conditions of the ORWBG may influence the oxidation of metallic

lead. The degradation of zero valent iron (scrap metal, dmms, etc.) and organic material

(paper and cardboard) will perpetuate reducing conditions that may hinder the oxidation of

Lf..D. WC B-3



metallic lead. For example, the concentration of dissolved lead may be limited in some areas ●
by the equilibrium:

Fe+2 + pb” = Pb+2 + Fe”

For condhions in the 7 trench wells reported by Hoeffner (1985), the equilibrium lead

concentration would range from less than 0.1 ug/1 to 330 ud. Though this equilibrium is not

expected to control dissolved lead concentrations throughout the ORWBG, it will

significant in areas where lead is buried with metallic iron or steel.

The sohrbility of lead is also controlled by precipitation of relatively insolubIe phases.

particular, lead may precipitate as insoluble phosphate phases. Small concentrations

be

In

of

phosphate in the Ieachate may limit the volubility of lead by precipitation of phases such as

hydroxypyromorphite (Pb5(P04)30H). and plumbogummite (PbA13(P04)2(OH)5 .H20)

(Nriagu, 1974). In addition, as leachate migrates through the soil lead may react with

naturally occurring phosphate minerals that are common in SRS soils such as apatite,

crandallite, and monazite. These reactions may be exchange reactions of lead for the

dominant cation in these minerals or may result in precipitation of less soluble lead phosphate

phases. In the reducing environment of the ORWBG, conditions may develop that favor the ●
reduction of sulfate to sulfide by bacteria. If this occurs lead concentrations would be

constrained to very low vahres by the precipitation of lead sulfide.

Kinetic factors may control the precipitation of lead phases, and thus, it is difficult to predict

which phases control volubility. A conservative assumption would be that

hydroxypyromorphite controls lead volubility. Additional conservative assumptions that

trench waters have a pH of 5.8 (the minimum reported by Hoeffner, 1985) and a phosphate

concentration of I ug/1 (background concentration in SRS groundwate~ Looney et al., 1987a)

yield a volubility of 3600 u~ for hydroxypyromorphite. In reality, volubility controls

I probably constrain lead concentrations to lower values. For example, under the same

conservative assumptions about trench water chemistry and a chloride concentration of 1

mgfl, the volubility of chloropyromorphite is 78 ugfl.

I
As dissolved lead migrates away from the lead source, adsorption will decrease the dissolved

concentration. The adsorption edge for lead adsorption onto iron oxyhydroxides and clays is

generally at a pH less than 6 (Kinniburgh et al., 1976;Benjamin and Leckie, 1981; Elliot et

al~1986,-and-Schu lthess-and–Huang71-990)~Thus7w.ithl n.the-OR~G_the-adsorpli.on_of
●.
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●

lead by soil matrix will be strong. honey et al. ( 1987b) recommend a h value of 100 ml/g

for lead adsorption to SRS soils.

The presence of dissolved organic matter in the Ieachate may increase the sohrbility and

enhance the mobility of lead. Oblath (1985) suggested that organic completing may explain

the presence of lead in groundwater sampled by the grid wells. Dissolved lead does not exist

as a single species, but rather as a dominant species with a fraction of the total dissolved lead

being distributed among other species. If these minor species are more mobile than the

dominarit species, then they will travel to the groundwater faster than the dominant species.

Thus, the bulk of the lead may be relatively immobile while a small fraction, perhaps

organically complexed, has reached the water table.

The concentration of lead in groundwater beneath the ORWBG is generally low, but does

exceed the drinking water standard of 50 u@ in some wells. Oblath (1985) reports lead

concentrations in groundwater obtained in 19g4 from the 67 grid wells within the ORWBG.

The lead concentrations ranged from 5 to 398 rsg/1 with an average of 46 ug/1. Lead

concentrations in 19 of the wells exceeded the drinking water standard. In 1993 and 1994

several of the grid wells were sampled and lead concentrations were generally higher than

those in 1984. The lead concentrations ranged from 4 to 1420 ug/1 with an average of 264

Ugfl.

Because the analyses are more complete, the recent samples provide the opportunity to assess

the elevated lead concentrations. Closer inspection of these analyses indicates that much of

the lead may be associated with suspended sediments dispersed during bailing of the wells.

The turbldhies of most of the samples are high and the iron and aluminum concentrations are

elevated in many of the samples. Samples with suspended sediments contain elevgted iron

and aluminum concentrations because the fine grained fraction of typical SRS sediments is

composed of iron oxyhydroxides and clay minerals. The elevated iron concentrations can

only serve as a qualitative indicator of suspended sediments because the redox information

required to determine expected dissolved iron concentrations is not available. However, the

elevated concentrations of aluminum can be addressed quantitatively. Figure 6-1 shows the

log of the total ahrminum concentrations plotted versus PH. The solid line is the saturation

curve for amorphous aluminum hydroxide. In sediment free samples the aluminum

concentrations should plot near or below the aluminum hydroxide saturation curve. Most of

the grid well samples plot above the saturation curve indicating that their aluminum

concentrations are predominantly the result of suspended sediments rather than dissolved

aluminum.

L= D. IKIL’ B-5



The suspended sediment in the samples results in lead concentrations that are misleading. ●
Much of the lead in these samples is ambient background lead and lead sequestered by the

sediments from groundwater over a long period of time. This lead is not readily mobile and

is not representative of Ieachate from the ORWBG. When only those analyses are used that

have aluminum concentrations falling on or below the amorphous aluminum hydroxide

saturation curve, the range of lead concentrations becomes more reasonable. They range

from 4 to 392 ug/1 with an average of 96 ug/1 and a median of 38 ug/f.

The effect of suspended sediments on lead concentrations in groundwater from the grid wells

was addressed by Cantrell (1990). The results show that samples bailed from these wells that

are filtered prior to being acidified for analysis have significantly lower lead concentrations

than unfiltered samples. This indicates that much of the lead is associated with the

suspended sediments.

Based on the work of Looney and Cook (1987), lead leachability can be estimated from the

lead concentrations in groundwater beneath the ORWBG. honey and Cook (1987)

estimated the ‘worst case” lead and cadmium fluxes from the Mixed Waste Management

Facility (MWMF). They point out that their estimates are worst case because well

construction and sampling protocols were not consistent with site or regulatory protocols. As ●
with the grid wells in the ORWBG, the wells within the MWMF were sampled by btiling

and were constructed with components that contain lead and cadmium. These factors

contribute to elevated lead and cadmium concentrations. However, for the purposes of their

estimates Looney and Cook (1987) assumed that the concentrations of lead and cadmium in

groundwater from these wells were representative of pure Ieachate from the MWMF. From

the concentrations in groundwater, the flux of infiltrating water, and the background

concentrations in groundwater, they estimated fluxes of lead and cadmium.

Applying this technique to the ORWBG coupled with conservative estimates of the area of

lead exposed to infiitraring water results in an estimate of 722 g/yr of lead leached. This

assumes the lead concentration of 392 ugll is representative of pure Ieachate and that the

background lead concentration is 10 ug/i (Looney et al., 1987a). The water infiltration rate

calculated by Orebaugh and Hale (1976), 2.36 m/yr, was used in this estimate. In the absence

of information on the dimensions of disposed lead waste forms, it was assumed rhat- all lead

was in the form of 0.5 cm thick sheets, This is an overestimation of the area of lead exposed

to infiltrating water. Some of the disposed lead was in the form of bricks and pieces of

equipment that would have considerab] y smaller surface areas. In addition, a portion of the ●-

lead disposed was as lead shot added to containers for shielding. Much of this would not be

B-6 L~D.~C



● directly exposed to infiltrating water until the containers are breached. This and the fact that

most lead concentrations in groundwater are less than 392 rrg/1 suggest that a leachability

estimate of 722 g/yr is conservative.
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Table 3-1. The Sources of Inventory Estimates for Leadinthe ORWBG

Reference Amountof Pb ORWBG Pb form Notes
Lifetime

WSRC, 1994 . Ieadshielding ● Lead was used to shield
NA 1952-1972 equipment a varietyof waste forms

. shot or discardeddue to high
● bricks contaminationlevels.
. Ieadsheets

Cook, JR., 1987

5.5 X104kg’ 5.5 x 104kg = 60.6 tons
1952-1974 NA

(does not referencea
previousarticle)

Oblath, S,B., 1985 . 42 ton estimate dces not
Pb source term from ● bricks includePb from sources

Separations-42 tonsb ● sheet other than Separations
. shot . Separationsfacilities

(dws not referencea 1954-1972 disposed 1.5tons inan
previousarticle) averageyear.

● A source term of 40 tons
is probablybest
considereda low
estimate.

Notes:

a No discussionof basis for inventory
b Inventorydiscussedin detail
NA not addressedin article

LFAD.DOC B-13



(This page intentionally left blank)

B-14 LUrl.mc



APPENDIX C

CONSTITUENT OF INTEREST:

MERCURY

“GrOc.lnx C-i



I

(This page intentionally left blank)

C.ii HGTOCW



1.

2.

I

3.

4.

5.

6.

7.

TABLE OF CONTENTS

SUMMARY .....................................................................................................................C.l

BACKGROUND INFORMATION................................................................................C.2
2.1 TritiumFacility OperationsInvolving Mercury ..................................................C.2
2.2 SeparationFacilities OperationsInvolving Mercu~ ...........................................C.3
2.3 OtherOperationsInvolving Merc~ ...................................................................C.3

INVENTORY ESTIMATE.............................................................................................C.4
3.1 Range of InventoryEstimates .............................................................................C.4
3.2 Best Estimate for Old Radioactive Waste BurirdGroundInventory...................C-4
3.3 UncertaintiesAssociated with tie Best Estimate........................................i........C.5

BuwMLocATIoNs ...................................................................................................c.5

WASTE FORM ...............................................................................................................C.7

LEACHABILITY ............................................................................................................C.7

REFERENCES ..............................................................................................................C.12

e

HGTOC.WC C-iii



‘-”
Figure 1-1.

Figure 4-1.

Figure 4-2.

Figure 4-3.

Figure 6-1.

Table 2-1.

Table 3-1.

Table 4-1.

Table 4-2.

Table 4-3.

LIST OF FIGURES

InventoV Estimate Process Flow Diagrm .................. ......................................C.l4

Mercury Burial Location Estimate Process Flow Diagram ...............................c-15

X, Y Locations for Mercury and Potential Mercury Burials in ORWBG

Databme .............................................................................................................C.l6

X, Y Locations for Mercury and Potential Mercury Burials in ORWBG
Databme .............................................................................................................C.l7

Mercury Leachability Curve from ORWBG Assuming a Leach Rate
of 59 g/yr and Assuming the Leachable Area is Maintained at 940 mz
Throughout Leaching ............... ..........................................................................C.l8

LIST OF TABLES

Mercury Generated by Tritimn Facilities ...........................................................C.l9

The Sources of Inventory Estimates for Mercury in the ORWBG ....................C-20

All Description Field - 1‘s in COBRA with “Mercury” in Text ........................C-22

All COBRA Records for Buildings 232-F, 232-H and 234-H that have: Type-
Code = “2”, Variety-Code-1 = “87” (tritiurn),and fall between 1961-1968 .....C-23

All COBRA Records for Buildlngs 232-F, 232-H and 234-H that have Type
Code = “l”, Variety Code-1 = “87” (tritiurn), Description Field-1 is “Crms” or
“Bottles”, and Fall Between 1961-1968 ....................................................~~.....C.26

@-

C-iv . MGTM,w.



● CONSTITUENT OF INTEREST - MERCURY

1. SUMMARY

At the SavannahRiver Site (SRS), mercury in various forms was used as a sealant in pumps

that handled tritium gas, as a catalyst in Separations operations, and as a component of

laboratory operations. Based on this study, the total inventory of mercury, principally the

elemental liquid, placed in the Old Radioactive Waste Burial Ground (ORWBG) is estimated

at 24,195 pounds.

The majority of the inventory, approximately 20,520 pounds, was disposed from Tritium

Facilities between 1956 and 1968. After 1968, mercury was stored in the Tritium Facilities

and not sent to the ORWBG. Discarded equipment from Tritium Facilities, and w~tes from

Separations and other SRS laboratories, contributed an additional 3,600 pounds of the

mercury inventory.

The mercury sent from Tntium Facilities was in the elemental form. The spent mercury was

placed into l-liter polyethylene bottles. The bottles were wrapped in plastic bags, and two or

three bottles were placed into 5-gallon metal lard cans for shipment to the ORWBG. It is

estimated that slightly over 100 of these shipments of mercury were sent from Tritium

Facilities. The evaluation of the Computerized Burial Record Anafysis (COBRA) database

performed during this study identified 62 locations as probable mercury burials. This

represents a high percentage of the 1961-1968 burials. Detailed records are not available for

pre-1 960 disposals. However, based on process knowledge, mercury was produced at about

the same rate during these years. These earlier mercury dlsposrds were in low-level beta-

gamma trenches that were open at the time.

Figure 1-1 presents the process used to develop inventory and burial locations. First, SRS

documents were reviewed. Additional information from personal interviews was received.

From these information sources, a process knowledge for generating mercury at the SRS was

developed. The COBRA databme was used to the extent practical to determine the exact

location of burials of mercury.
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2. BACKGROUND INFORMATION

Mercury was used in three principal areas at the SRS: (1) as sealantiubncant in pumps used

in the Tritium Facilities’ gas handling system, (2) as a processing aid in aluminum

dissolution and chloride precipitation in the Separations facilities; and (3) as a part of

miscellaneous laboratoV operations and process support efforts (Kvartek et al., 1994).

2.1 Tritium Facility Operations Involving Mercury

h the Tritium Facilities at SRS (232-H, 234-H, and 232-F), mercury was used in mechanical

and diffusion pumps (e.g., Sprenged pumps, Edwards mercury diffusion pumps, and CEC

mercury booster ejector pumps) involved in handling tritium gas (Horton, 1973). Mercury

wm used, rather than water or an organic oil, to prevent the tritium from exchanging with the

hydrogen atoms in the water or oil. Mason (1996) reports that the mercury invento’y per

pump varied from 6 to 230 pounds (1 liter of mercury weighs 30 pounds).

The mercury in the pumps deteriorated from oxidation and was changed routinely. If

possible, the mercury was reconditioned. The mercury also became contaminated with

tntium during gas handling (O.1 Ci/liter). When the mercury could no longer be

reconditioned and reintroduced to the pumps, it was disposed of at the ORWBG as low-level

radioactive waste. After 1968, mercury was stored, and the practice of disposing of the

mercury used in the pumps at Tritium Facilities was stopped.

Kvartek et al. (1994) state that all mercury drained from pump maintenance and replacement

in the Tritium Facilities gas handling system between the years of 1958 and 1968 was buried

as waste. Horton (1973) states that the mercury was produced at the average rates presented

in Table 2-1 and buried at the ORWBG starting in 1956. Conservatively, a disposal start date

of 1956 was assumed. These authors also suggest that as much as 2,200 pounds of m~rcury

may have been disposed of between 1968 and 1972 as mercuric solids (from oxidized

elemental mercury) in discarded equipment.

From 1956 to 1968, the spent mercury was packaged in 1 liter polyethylene bottles. The

bottles were then put in plastic bags, and two or three bottles were placed in 5-gallon cans.

The cans were then shipped to the ORWBG. A shipment usually included two cans and there

were probably more than 100 shipments (Horton and Rusche, 1973). Table 2-1 presents the

quantities of mercury, in pounds, generated by the Tritium Facilities from 1956 through 1972.

-The.values.from-l.96O.through_l.968-me-fromMotion_mdRusche_[lQ73.).;_whe.re_~ the values ●.
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●
for 1966 and 1967 were estimated from use in 1965 and 1968. The yearly values for 1956

through 1959 were assigned the average yearly use for the years 1960 through 1968.

2.2 Separation Facilities Operations Involving Mercury ~

Mercury was used as a processing aid in the Separations facilities as a catalyst for dissolving

aluminum cladding and as a precipitating agent for removing chlorides. Mercury was used in

Building 221-H beginning in 1959 as part of the process to recover enriched uranium from

aluminum clad reactor fuel. Mercury was introduced in Building 221-F in 1965 to dissolve

plutonium-aluminum targets and scrap. Mercury was used to remove chlorides to prevent

corrosion of the stainless steel processing equipment (Kvartek et al., 1994).

As a component of the high-level liquid waste stream generated in the Separations facilities,

mercury waste would be stored in the high-level waste tanks in the tank farms. Only very

small quantities of mercury associated with the off-gas cleanup systems for the Separations

facilities would have been sent to tbe ORWBG. These quantities would be negligible.

Spent PUREX solvent from Separation facility operations was sent to the Old Solvent Tanks

(OSTS), adjacent to the ORWBG. The spent PUREX solvent was put in long-term storage in

the OSTS from 1955 through 1982 (Hoeffner and Oblath, 1984). During the aging period,

generally about six months, most of the short-lived, high-gamma fission products decayed,

and the heavy alpha emitters settled out of the solvent. During storage, the solvent separated

into four phases (Mason, 1996; WSRC, 1994): vapor, organic, aqueous and sludge. After the

solvent separated into phases, the volume was reduced by periodically burning the organic

and aqueous phases. It was drawn out of the tanks and burned in shallow open pans in

trenches (Mason, 1996; WSRC, 1992). The residue was emptied from the pans into earthen

trenches. Tests show that the spent solvent sent to the OSTS contained very smafl amounts of

mercury. These quantities are also negligible.

2.3 Other Operations Involving Mercury

Mercury was used as a chemical reagent or equipment component (mercury diffusion pumps,

thermometers, etc.) in virtually every laboratory at SRS. Other than purchasing records for

essential materials, there wm no tracking system for mercury prior to 1986. Lhtle is known

about the use of mercury at SRS in facilities other than Tritium and Separations.

For calendar year 1993, 1,100 pounds of mercury were stored at facilities other than 232-H

(Tritium) and 221-H (Separations). Of these 1,100 pounds, 126 pounds were for process
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control at 772-D, 772-F, and 322-M; 12 pounds were used for calibration in Builtlng 736-A,

and 961 pounds were used in research in Buildings 305-A and 773-A (Mason, 1996).

Kvartek et al. (1994) report that mercury has been used recently for researching its

compatibility with the Defense Waste Processing Facility waste form. This research could

account for the bulk of the inventory at 773-A and 305-A.

3. INVENTORY ESTIMATE

There are no detailed nor quantitative records on shipments of mercury to the ORWBG for

the years 1956 to 1961. All estimates for the mercury in the trenches were based on process

knowledge and notations in the COBRA records. After 1961, estimates are based on the

information contained in the COBRA records.

3.1 Range of Inventory Estimates

Literature estimates for mercury vary from 20,000 to 22,000 pounds (Kvartek et al., 1994;

Horton, 1973). Over 1004- to 6-liter shipments (2 cans with 2 or 3 bottles each) were

expected from Tritium Facilities (20,000 pounds are the equivalent of 667 liters). Table 3-1

summarizes the sources of inventory estimates for mercury in the ORWBG. As discussed in

Section 2, the bulk of the mercury was from the Tritium Facilities.

The COBRA database contains information from burirds at the ORWBG; detailed data begins

in 1961. Of the records with descriptor fields from 232-H or 234-H (Tritium), 31 contain

“Mercury” and an additional 17 contain either “Plastlc“ “, “Bottles”, or “Plastic Bottles”. The

waste volumes for these 48 records greatly exceed the volume of 22,000 pounds of mercury,

indicating that the volume of mercury was only a fraction of the total waste volume for many

of these shipments.

The spent solvent sent to the OSTS contained minor amounts of mercury. After aging, the

solvent was burned at the ORWBG, and the ash was buried in trenches. Using conservative

estimates for concentration and assuming no volatilization occurred during burning, there is

less than 75 pounds of mercury in the ash buried in the ORWBG.

3.2 Best Estimate for Old Radioactive Waste Burial Ground Inventory

The best estimate for the total mercury inventory at the ORWBG is 24,195 pounds. The

basis for this inventorv estimate is:
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●
● Table 2-1 estimates that Tritium Facilities could have used 20,520 pounds from 1956,

when 232-F operated, to 1968, when mercury recycling began.

● Table 2-1 estimates that as much as 2,200 pounds of additional mercury may have
been disposed of between 1968 and 1972 as mercuric solids in discarded equipment.

. Based on 1993 data, approximately 140 pounds of mercury was used for non-research
purposes outside of Tntium and Separations facilities. If it is assumed that similar
quantities were used annually from 1952 (exclusive) through 1972, and one-half of
this mercury entered the low-level waste stream, then another 1,400 pounds could be
buried in the ORWBG.

● The conservative estimate for mercury in ash resulting from burning of solvents taken
from the OSTS is 75 pounds.

3.3 Uncertainties Associated with the Best Estimate

The best estimate for mercury inventory developed in this study is thought to be accurate to

within plus 25 percent and minus 10 percent. There were records of mercury generated at the

Tritium Facilities, and these facilities contributed most of the mercury to the burial grounds.

Other SRS facilities, in comparison, contributed only a small portion of the ORWBG

● inventory. In addition, based on review of records and process knowledge, classified burials

that are not included in COBRA would not contain significant amounts of additional

mercury. Finally, the OSTS mercury inventory represents an upper-bound estimate for

mercury that might be in the ash recovered following the burning of solvents. The ash was

subsequently buried in the ORWBG trenches. These factors have all been considered in

developing the uncertainty estimate presented.

4. BURIAL LOCATIONS

As discussed in Section 3, the COBRA database contains information from burials at the

ORWBG. Input of detailed burial information into the COBRA database began in 1961.

Figure 4-1 outlines the steps taken to manipulate the database to locate mercury burials from

Tritium Facilities.

Of the 16,162 records with descriptors,31 contained “Mercury” in the descriptor field. Note

that all but one record are for burials prior to 1969 (the single 1969 burial was associated

with contaminated hardware). These records are listed in Table 4-1.

0 Another search was performed using a set of search criteria developed from the 31 records

found in the first search. This set included:
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● Building: 232-H and 234-H

. Variety Contamination #1: 87 (tritium)

. Type Code: 2

. Yew before 1/1/69.

These search criteria and terminology are described in the keys on Tables 4-1 and 4-2. This

sort yielded 111 records and is presented as Table 4-2. All COBRA records for Buildings

232-F, 232-H and 234-H that have a Type Code of 2 (oil), ”Variety Code 1 of 87 (tritium) and

fall between 1961 and 1968. Of the 111 records, 20 contain either “Plastic”, “Bottles”, or

“Plastic Bottles”. Three other rwords contain the term “Can”. Additional] y, three other

burials (burial slips 14878,4720, and 26282) are small volume, low activity burials made at

the same times as a mercury burial and are thought to be mercury. Finally, an additional sort

on Type Code= 1 was done for descriptors similar to plastic bottles and metal cans. Table 4-

3 shows the results of that sort. These additional eight records are likely to be mercury

burials.

Figure 4-2 is a plot of these data. The black dots represent records with “Mercury” in the

COBRA descriptor. The gray dots represent other records that are very likely to be mercury,

that is, the descriptor contained “Plastic Bottle”, or “Can”. The open dots represent other
e

possible mercury locations from 232-H and 234-H, that is, the other records from the sort.

Figure 4-3 presents the same records. In this plot, the relative size of the black and gray dots

shows the volume associated with the disposal. It can be seen that the mercury disposals

(typically 1 to 2 cubic feet) were included with other Tritium Facility disposals.

For comparison, Figure 4-2 presents a plot from Hyder (1994) of mercury burial locations in

the ORWBG. These locations are identified with a square on the figure. This plot agrees

with the black dots (records with “mercuV” in the descriptor) in the figure.

Mercury-containing waste was disposed of in low-level beta-gamma trenches. The locations

indicated in the figure are for 1961 through 1968. It can be assumed that prior to 1961, the

mercury was disposed of in the low-level beta-gamma trenches open during that time period.

It can also be inferred from these figures that the mercury is not in trenches used for high-

level (activity) waste, transuranic waste, or special burials.

Although each individual burial cannot be pinpointed, the mercury location estimates can be

classified as good for the period 1961 through 1968 and poor to fair for the earlier and later

-~riods=Bmed-on-this-study7the-approximate-bufial-lwations-of-abut-5O-~r~t-of-tk ●.
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mercury are known.

5. WASTE FORM

The majority of the mercury in the ORWBG originated in the Tritium Facilities. As such, it

is expected that most of this mercury source was packaged for shipment and burial as

previously described in Section 2.1. These waste containers are expected to retain their

integrity for several decades. This estimate of life-expectancy for the packages does not

include the possibility of mechanical rupture of the containers.

Based on the results of environmental sampling sumounding the ORWBG, it appears that

some containers have failed. Hale and Porter (1973) indicated that the mercury would remain

in the elemental form. Mercury is not expected to flow through the soil. It would be

available for other physical and chemicaI changes. Horton (1973) states that the mercury

could exist as mercuric (oxidation state +2), mercurous (oxidation state +1), and as organic

compounds. The volubility of mercury in water depends on a variety of condhions includlng

the chemical form of the mercury and the pH (and other parameters) of the solvent water.

6. LEACHABILITY

Estimation of the leaching rate of mercury is complicated by the multiple valence states and

multiple physical states in which mercury can occur naturally. Elemental mercury is subject

to oxidation to Hg(I) or Hg(If), each of which behave differently in the subsurface. Elemental

mercury itself can occur in three co-existing physical phases: as a dissolved species, as a non-

aqueous liquid metal, and as mercury vapor. Further complicating mercury behavior are

bacterially mediated reactions that produce organo-mercury compounds that are toxic and

mobile in the environment. Thus, where possible, models of mercury leaching must be

constrained by observed groundwater concentrations.

A large network of groundwater monitoring wells within and surrounding the ORWBG has

existed since operations ceased at this facility. The 67 “grid” wells were installed between

1972 and 1976 within the ORWBG to monitor contaminants leaching into groundwater.

These wells were sampled regularly until 1995 when they were abandoned. Beginning in

1976 several generations of monitoring wells were installed around the perimeter of the

ORWBG to detect migration of contaminants outside the boundary of the facility. This

network of wells provides excellent coverage of the groundwater that passes through and

beneath the ORWBG and hence, provides a means for constraining the leachlng rate of

mercury.
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The Geochemical Information Management System (GIMS) groundwater chemistry database

was searched for all pertinent wells over the past 5 years that had mercury concentrations that

exceeded 0.33 UN the upper detection limit for quarterly monitoring), In addition, several

documents that reported mercury concentrations in the grid wells were reviewed. In most of

the wells along the perimeter of the ORWBG the mercury concentrations have been

consistently below the detection limit. The highest concentration reported from airy of these

wells was 12.7 ug/1 (well BG-59), but this is an anomalous measurement. The average of the

previous 9 quarters was 0.96 rr~ and in the quarter preceding the high measurement the

mercury concentration was 0.26 ug/1. The grid wells within the ORWBG have been sampled

regularly since their installation and mercury concentrations have generally been low. For

example, in 1986, of the 53 wells sampled only 12 had mercury concentrations that exceeded

the reported detection limit of 0.1 u@ and only one well exceeded the drinking water

standard of 2 u~ (McIntyre and Wilhite, 1987). ~Is one well accounts for the h’ighest

mercury concentration, 26.5 ugfl, recorded in groundwater associrrted with the ORWBG.

Elevated mercury measurements in the grid wells and in some of the perimeter wells

(including BG-59) must be viewed cautiously because these wells are sampled by bailing

rather than by dedicated pumps. Evidence suggests that bailing of wells is more likely to

disperse sediment from the bottom of the well that may contaminate the sample (Cantrell,

1990). These samples are not filtered and thus, the mercury concentrations represent both

mercury in the groundwater and mercury that is associated with the sediments at the bottom

of a well. Mercury associated with the sediment is natural mercury plus mercury

accumulated by sorption or precipitation from groundwater that has passed through the well

since installation.

Orebaugb and Hale (1976) modeled the leaching rate of mercury from the ORWBG by

considering the geochemistry of the soils and groundwater associated with this faciliiy, as

well as experiments on mercury mobility conducted in their laboratory. Their model assumed

that all mercury containers were breached and all mercury was released to the soil. A more

recent study shows that some containers are breached. Price and Cook (1988) found elevated

mercury concentrations in shallow (to a depth of 30 cm) soil within the ORWBG that

correlate reasonably well with suspected mercury burial locations. This suggests that some

containers are breached allowing mercury vapor to migrate to the surface.

From the chemistry of the groundwater and the soils Orebaugh and Hale (1976) concluded

—that-mercu~_w.ould_remain predominantly in the elemental form. This is consistent with the

reducing environment expected in the trenches caused by the presence of zero valent iron ●� .!
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●
(scrap metal, carbon steel drums, etc.) and organic material (paper, cardboard, etc.). Based

on surface tension of mercury and typical SRS soil pore sizes it was conchrded that liquid

mercury would not migrate appreciable distances. They estimated the maximum area over

which liquid mercury from one crushed can could disperse to be 3.14 m2. Other researchers

have found that in the absence of fractures, liquid mercury does not migrate vertically more

thau about 50 cm through soil (Henke et al., 1993). Eichholz et al. (1988) found that liquid

mercury migrated only 3-4 cm into dry South Carolina Coastal Plain soil columns under a 1

mm mercury head. Therefore, significant migration of liquid mercury from the trenches is

improbable.

Orebaugh and Hrde (1976) concluded that mercury would be removed from the trenches by

three mechanisms: vapor diffusion, dissohrtion of elemental mercury, and transport of

elemental mercury by colloidal particles of silica and iron hydroxides. From: monthly

measurements of water saturation zone depths in a test well within a trench, Orebaugh and

Hale (1976) calculated the average flux of water through the trenches to be 2.36 m/yr. To

calculate the vapor flux and the dissolved mercury leaching rate they assumed that mercury

dispersed from each buried can to a leachable area of 3.14 m2. Thus the total leachable area

for 300 cans would be 942 m2. They measured the diffusivity of mercury vapor through

e
ORWBG soil and calculated a total diffusive flux of about 44 g/yr of mercury vapor that

reaches the surface of the ORWBG. From their measured volubility of elemental mercury (56

ug/1) they calculated the total flux as dissolved mercury into the soils beneath the trenches to

be 114 g/yr.

During sohsbllity measurements Orebaugh and Hale (1976) found that substantial amounts of

mercury could be mobilized by colloidal particles. Their experiments investigating this

indicated that mercury associated with silica and iron hydroxide colloids could pass through

soil columns unimpeded. To estimate the flux of mercury associated with these coll~ids they

assumed that mercury dispersed into spheres and that colloidal particles that contacted these

spheres would sequester mercury. They assumed the minimal dispersion (minimal contact

area) would be into spheres with a 1 cm radius and the maximal dispersion (maximal contact

area) would be into spheres with a radius of 1 mm. Orebaugh and Hale (1976) then assumed

that 95% of the mercury would be minimally dispersed and 5% would be maximally

dispersed. From this they estimated that 1805 g/yr of mercury would be leached from the

trenches by colloidal particles to migrate to the water table.

●
With 20 years of additional groundwater and soil data the estimates of Orebaugh and Hale

(1976) can be evaluated. The work of Price and Cook (1988) showed that there is a flux of



mercury vapor reaching the surface of the ORWBG. However, the estimate of Orebaugh and

Hale (1976) should be considered the maximum mercury vapor flux to the surface. They ●
used the maximum diffusivity coefficient measured in their experiments and did not consider

mercury vapor adsorption to the soils. The Orebaugh and Hale (1976) estimate of the flux of

dissolved mercury out of the trenches is reasonable given the assumptions used. However,

the groundwater data indicate that a considerably smaller flux is actually reaching the water

table. Groundwater mercury concentrations are far below the 56 ug/1 volubility of elemental

mercury. This suggests that there are additional controls on the leaching of mercury from the

ORWBG or that there is significant attenuation of mercury in the vadose zone.

The groundwater data do not support the prediction by Orebaugh and Hale (1976) that

significant amounts of mercury are mobilized by colloidal particles. Using their model of

colloidal mobilization of mercury it can be calculated that groundwater concentrations on the

order of 117 ug/I would leave the trenches and migrate relative] y unimpeded to the water

table. The low concentrations of mercury in the groundwater suggest that either colloidal

particles are not transporting significant amounts of mercury or they are immobilized by

filtration within or beneath the trenches. This is consistent with the results of Eichholz et al.

(1988). They attempted to mobilize elemental mercury on kaolinite particles, but found that

no transport occurred through their sediment filled cohrmns. ●
Looney and Cook (1987) estimated “worst case” lead and cadmium fluxes for the Mixed

Waste Management Facility by back calculating the leach rates required to produce observed

groundwater concentrations. Their approach assumed that elevated groundwater

concentrations of a constituent reflect real groundwater conditions rather than analytical or

sampling problems and that concentrations in the groundwater represent pure infiltrating

Ieachate. To calculate a similar estimate of mercury leaching at the ORWBG the first

assumption is conservative because the highest concentrations occur in bailed wells th~t are

subject to sampling errors. The second assumption may be less conservative for mercury

because the discrete nature of the mercury burials can be considered using the assumptions of

Orebaugh and Hale (1976). It is possible that discrete plumes produced by these burials may

not intersect a monitoring well. However, given the large number of cans of mercury buried

and the number of monitoring wells in the phrmes path, this seems unlikely. ff the

assumptions of Orebaugh and Hale (1976) on the total area of leachable mercury (940 m2)

and the average water flux through the trenches (2.36 m/yr) are used, and it is assumed that

the highest mercury concentration observed (26.5 ugfl) reflects the Ieachate concentration,

~=fi=~hi~t~1~pT&xi-mately-59-@yr.-This-is-consistent-with-the-initial-leach-rate ●-
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for mercury (47 g/yr) recommended by Looney et al. (1987) using the model of Baes and

Sharp (1983). Because 59 g/yr is consistent with the highest observed groundwater

concentration and with an independently calculated leach rate based on the model of Baes

and Sharp (1983), this leach rate is used to calculate the leachability curve in Figure 6-1.

Regardless of the details of the model used, mercury in the ORWBG is relatively immobile.

Evidence indicates that some of the buried cans have ruptured, but groundwater

concentrations are less than would be prdlcted by the colloidal transport model of Orebaugh

and Hale (1976). However, even at the leach rate estimated by Orebaugh and Hale (1976)

less than 2% of the mercury inventory will be leached from the ORWBG in the next 100

years. If container integrity is considered, the amount of mercury leached will be

significantly less than 270.
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Figure 4-3. X, Y Locations for Mercury and Potential Mercury Burials in ORWBG
Database
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Table 2-1. Mercury Generated by Tritium Facilities

Year Mercury (lbs) Year Mercury (Ibs)
1956 1580 1964 1600
1957 1580 1965 1155
1958 1580 1966 1105
1959 1580 1967 1105
1960 1330 1968 1055
1961 1970 1969-1972 2200
1962 2110
1963 2770 Total 22,720
Source Horton (1973) (Years 1960- 1968). Estimates for 1969-1972 are associated with mercuric solids

present in discarded equipment.
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Table 3-1. The Sources of Inventory Estimates for Mercury in the ORWBG

Reference

vartck and others, 1994

[yderL., 1994

[olcomh, H. Perry, 1992

VSRC. 11)92

;d{~esno~rc~crcncc a

previous arliclc. )

NA

IOtons’

(does not reference a

previous article.)

10,000kg ( I I tons)

(ORWBG trenches)”

References DP- 1778 P.3-3

(Integrated Report on
Radio”uclide Migration at

the Savannah River
Shallow Land Burial Site)

qA

1968

NA

Information

Two or three

I-liter polyethylene

bottles placed into
metal cans

Numerousverysmall
containers

NA

Notea

,

.

●

�

ZO.000lb from 1958-1968
Litde or none (643-7E) -1972

to present
smmliamount added nftcr 1968

Majority is from pumps in
TritiumFacilities
Soil samplesalong Road E are
three times background
Soil samplesalong southern

area ~ background

● Known HE locations (22)
disposed ~om i 961-1968 with

coordinates on a map

. Slightly contaminated with

tritium

● Not much in upper butial tract-
most is in the 76 acre ORWBG

. Bcl’”rc 1968 !ncrcury [rem gas
pumps at the SRS tritium
facility was not recycled.

. Contaminated Hgin PEbottles
was buried in ORWBG
trenches along with other waste
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Table 4-2. All COBRA Records for Buildings 232-F, 232-H and 234-H that have:
Type-Code = “2”, Variety-Code-1= “87” (tritium), and fall between 1961-1968

(Continued)
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CONSTITUENT OF INTEREST:

VOLATILE ORGANIC COMPOUNDS
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CONSTITUENT OF IN~REST - VOLATILE ORGANIC COMPOUNDS

*

L SUMMARY

At the Savannah River Site (SRS), volatile organic compounds (VOCS) were present in

plutonium-uranium extraction (PUREX) solvent, liquid scintillation solutions, pump oils,

cutting oils, die oils, and matefial used in decontamination operations. Based on this study>

the sources of VOCS in the Old Radioactive Waste Burial Ground (ORWBG) include:

● Residual vapor and organic phases of spent PUREX solvent,
associated degradation products in the Old Solvent Trmks (OSTS)

. Drummed scintillation solutions

. Waste oils in absorbent materials

waste oils, and

● Residue from decontamination operations at the ORWBG prior to waste burial

VOCS are present in residue in the 22 OSTS. Large amounts of spent solvent and smaller

amounts of tritiated pump oil were stored in tanks prior to the 1980s. The contents of the

OSTS, except for “unpumpable heel”, were transferred to new tanks in the New Burial

Ground (643-7E) in the late 1970s and early 1980s. Residual “unpumpable heel” in the OSTS

is present in vapor, organic, aqueous, and sludge solid phases. VOCS from the spent solvent

and associated degradation products are primarily concentrated in the vapor and organic

phases. The concentrations of VOCS in the vapor phase are known from a recent vapor phase

survey, and the amount of the organic phase is approximately 4,056 gallons.

VOCS associated with liquid scintillation solutions and waste oils are present in the trenches of

the ORWBG. Estimates of the amount of liquid scintillation wastes range from 10,000 to

11,000 grdlons. These wastes are in small polyethylene vials which beginning in 1965, were

packed with oil-dry in 55-gallon drums and buried. Waste oils were stored both in the OSTS,

and absorbed on an oil-dry compound, placed in drums, and buried as solidified waste.

An additional source of organic species is residue from decontamination operations that

occurred in an area of the ORWBG before waste disposal activities began in that portion of

the facility. Oblath (1986) states that a decontamination station was set Up in the northwest

corner of the ORWBG, but Towler (1989; in WSRC, 1992) states that it was in the northeast

comer. It is not known whether there is an error in one of these documents, or if there were

two decontamination stations. Decontamination was accomplished by use of ethylene

diaminetetraacetic acid (EDT’4 a chelating compound) and phosphate detergents that can

OR~,CS,~ D-1



enhance the mobility of radionuclides like plutonium and strontium (WSRC, 1992).

Apparently, there are no records on the amounts of decontamination solutions that may have

been disposed in this area of the ORmG, nor is it clear how or whether these chemical

solutions came into contact with buried wastes. However, because VOCS are highly mobile

and volatile, and because more thsm 40 years have elapsed since decontamination activities

ceased, the amount of Vocs remaining from this source is considered to be ne~lgible.

Figure 1-1 presents the process used to develop the invento~ and burial locations. The

COBRA database does not track VOCS. However, COBRA “Type Codes” are general

categories of waste, and “Type Code = 2 intlcates radioactive waste that is associated with

oil or oily material(s) (see Section 4).

2. BACKGROUND INFORMATION

Many organics have been stored and disposed in the ORWBG (Table 2-1). Their origins can

be traced to four sources:

● Spent PUREX solvent and associated degradation products in the OSTS

. Liquid scintillation solutions in environmental and bioassay samples

. Waste oils from reactor and tritium facilities including pump oils, cutting oils, and die
oils

● Decontamination operations at the ORWBG prior to waste burial

Relevant background information on these four sources is discussed in the following sections.

2.1 Spent PUREX Solvent

Hundreds of thousands of gallons of waste solvent were generated in Separations facilities at

SRS in a chemical process for removing plutonium and uranium from spent fuel rods (WSRC,

1994). The PUREX solvent, consisting primarily of 30 percent tri-n-butyl phosphate (TBP)

dissolved in kerosene, was used to extract plutonium and uranium born a nitric acid dissolver

solution mason, 1996; Tharin, 1965). The spent solvent waste generated from this process

was acidic and highly radioactive (WSRC, 1994). It was neutrfllzed with caustic compounds

and stored for aging in underground storage tanks in the ORWBG beginning in 1955

(Hoefier, 1984).

e-
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10 2.1.1 PUREXSolvent Composition and Degradation Products

Various compounds were stored in the tanks including TBP, naphthalene, toluene,

trimethylberrzene, xylene, and a dihrent such as n-paraffin hydrocarbon(s) (kerosene, ultrasene

[a purified kerosene]) (WSRC, 1994; Hoeffner and Oblath, 1984; Hoefier, 1984). The

purpose of the kerosene was to act as a diluent, extending the TBP and reducing the viscosity

of the TBP (Mason, 1996). Kerosene, mid-continent crude fifih distiuation &action

(kerosene), is dominantly alkanes (C1O to C16) with minor aromatic constituents (Mason,

1996). The aromatic hydrocarbons include benzene, toluene, ethyl benzene, and the xylenes

(BTEX) (Mason, 1996).

Solvents and TBP degrade to a variety of organic species (Hoeffier, 1984). There are minor

amounts of many TBP and tlluent degradation products in the OSTS (Hoefier and Oblath,

1984). The major TBP degradation products include monobutyl phosphoric acid, dibutyl

phosphoric acid, bu~l nitrate, butyl alcohol, phosphoric acid, peroxides, unsaturated

compounds, organic nitrites and oitrates, and carbonyl compounds. Other possible

degradation products of the PUREX solvent are alcohols (C12 through Cl 5), rritro alcohols,

rritro alkanes, ketones, carboxylic acids, butyl esters, hydrozamic acids, nitrate esters, nitroso

● compounds, alkenes, and polymeric carboxylic acids. The degradation products of TBP and

PUREX solvent are summarized in Table 2-2.

I
AI1 solvent received through 1959 was 30 percent TBP, although by 1965, the enriched

uranium process produced some quantities of 3.5 percent and 7.5 percent T’BP-kerosene

I solutions (Thann, 1965). SRS records show that from 1956 through 1964, 88 percent of the

waste solvent receipts were from F-Area (Wilhite, 1976). From 1965 to 1972, 86 percent of

the waste solvent was generated in H-Area (Wllhhe, 1976).

2.1.2 Storage of PUREXSolvent in the Old Solvent Tanks

The spent PUREX solvent was placed in long-term storage in the OSTS from 1955 through

1982 (Hoefier and Oblath, 1984). The OSTS comprise 22 tanks designated S1 through S22
I (Table 2-3). They were installed in the ORWBG between 1955 and 1968 (WSRC, 1994).

Some of these tanks were utilized as fiel storage tanks at SRS and other federal facilities prior

to their emplacement in the ORWBG (WSRC, 1994). All 22 tanks were constructed of thln-

walled (0.75 inch) milled steel (WSRC, 1994).
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During the aging period, generally about six months, most of the short-lived gamma-emitting

fission products decayed and the heavy alpha emitters settled out of the solvent. During

storage, the solvent separated into four phases (Mason, 1996; WSRC, 1994):

. Vapor

. Organic

● Aqueous

● Sludge solids

2.2.3 PU~Solvent Burm”ng

Mer the solvent separated into phases, the volume was reduced by periodically burning the

organic phase. It was drawn out of the tds and burned in shallow open pms in trenches

near the center of the ORwG (Mason, 1996; WSRC, 1992). The volatile combustion

products dispersed to the atmosphere (Tharin, 1965). Hoefier (1984) suggested that about

370,000 gallons of contaminated solvent were burned from 1956 to 1972. Wilhite (1976)

estimated the volume of solvent burned was 418,000 gallons. The residue was emptied from

the pans into earthen trenches. Some drawings suggest that the residue was encapsulated in

bentonite. Mer their usefil lifetime, the pans were also buried unencapsulated in an earthen

trench ~llhite, 1976; Tharin, 1965). The procedure of burying solvent residue and spent

pans resulted in radioactive contamination of the soil (Hoefier, 1984). Open pan burning

was suspended in February 1972 (Mason, 1996) and is no longer permitted (HoefFner, 1984).

2.1.4 Volume of Solvent Stored in OSTS

The amount of solvent in storage in the OSTS varied with time. Significant factors that

changed the volume in storage include the rate of solvent consumption, the timing of periodic

burnings, and the eventual removal of solvent from the OR~G in the late 1970s and early

1980s. The rate of solvent consumption changed over time with the rate of production of

nuclear materials at SRS, and with improvements in the diluents that lessened the rate of

solvent degradation.

Wllhite (1975; in Mason, 1996) reported that receipts of spent solvent as of 1975 totaled

about 520,000 gallons. At that time (1975), there were approximately 150,000 gallons in

storage in 20 storage tanks (Mason, 1996). Denard ( 197S; in Mason, 1996) reported an

inventory of 175,185 grdlons (148,935 gallons of organic plus 26,240 gallons of aqueous

●1
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● 1968 (Mason, 1996). The inventory corresponds closely to the “approximately 175,000

gallons” reported by McNatt (4-7-75; in Mason, 1996). The total amount of solvent

discarded through February 1962 was reported to be 225,000 gallons, with 150,000 gallons in

storage and 75,000 gallons burned (Mason, 1996).

For this study, further discussion of the volume of solvent stored is unwarranted because most

of the solvent was burned or transferred to tanks in the New Burial Ground. Addhional

details on historical solvent storage are included in Mason (1996).

2.1.5 LeaWSpills from the Old Solvent Tanks

There are 12 reported instances when solvent spills, overflows, and other accidents resulted in

releases to the ground (Reference 9 in WSRC, 1992). ArI estimated 1.5 cubic meters of spent

solvent has been released to the burial ground environment from leaks in tanks and solvent

spills (Reference 1 in Oblath, 1986). Occasioned solvent spills and leaks amounting to about

600 gallons occurred in the ORWBG (Hoeffner and Oblath, 1984; Hoefier, 1984). Tank S8

was suspended from service in March 1967 tier having leaked an estimated 200 gallons

(Mason, 1996). Tank S 17 was suspended from service in 1968 as a suspected leaker of 150

gallons (Mason, 1996). However, the leak tiom S 17 is suspeti, an inventory shortfall may

have been due to an incorrect reported capacity of the tank (Mason, 1996).

In 1962 approximately 40 gallons of plutonium-contaminated solvent were inadvertently

pumped directly into the shallow groundwater through a test well in the north-central part of

the OR~G (Ryan, 1983; Jaegge et al., 1987; McIntyre rmd Hawkins, 1987; in WSRC,

1994). The exact location and designation of the test well is not known, however, it is known

that the location was near the location of monitoring well C 17 (MGC 17) north of the OSTS.

Ryan (1983) reports that the solvent was “pumped directly to the water table near monitoring

well C 17 (MGC- 17), when a test well was mistaken for a solvent storage tank header (riser).”

Ryan (1983) uses well C17 as a point of reference only, this well did not yet exist in 1962.

The report by Mason (1996) provides a relatively detailed analysis of potential “candidates”

for the well, which received the solvent. Mason (1996) speculates that the dry wells installed

at the ends of OSTS S 1-S3 might have been mistaken for the t~ risers, but the small volume

of these wells would have caused them to overflow with solvent tier less than ten gallons.

Mason (1996) concludes that the most likely receptacle for the 40 gallons of solvent was one

of the monitoring wells, which were installed in the immediate vicinity of the OSTS. At the

time of the release, these would have inch.rded BG-I through BG-I OA. These wells were
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installed with carbon steel casing which was 3 inches in diameter. Well BG-8 was located

closest to the OSTS, and Mason (1996) concludes that this well, or a temporary water-table

well with similar construction was most likely the recipient of the 40 gallons of solvent. Al of

the wells that could have received the solvent have been abandoned.

2.1.6 Removal of Solvent from Storage in Old Solvent Tanks

A solvent relocation program was carried out in the late 1970s and early 1980s. Trmks Sl-

S 18 were pumped to “unpumpable heel” between March 1977 and May 1978 into Tanks S19-

s22 (Mason, 1996). Between November 1980 and Januw 1981, the solvent was transferred

from Tanks S 19-S22 into new, double-wrdled, corrosion-resistant tanks in the 643-7G burial

ground @oefier, 1984; WSRC, 1994; Mason, 1996). No additional waste was placed in

Tanks S1-S22afferJanuary1981 mason, 1996).

2.1.7 Residual Volatile Organic Compoun& in the Old Solvent Tanks

presently, the 22 OSTS are empty except for residuti vapor, orgaNc, aqueous, ~d sludge

phases of PUREX solvent (DOE/SR-WM-39- 1 in WSRC, 1992). The material that remains is

residue that was unpumpable during the solvent relocation program in the late 1970s and early

1980s. In addition to the various PURBX solvent compounds, there are minor amounts of

many TBP and diluent degradation products (Hoefier and Oblath, 1984). Some of these

compounds are VOCS and may have hazardous characteristics. The degradation products of

TBP and PUREX solvent are summarized in Table 2-2.

●

2.1.7.1 Vauor Phase

The vapor phase consisted primarily of the more volatile constituents of the organic phase.

Degradation of the organic phase would have contributed volatiles to the vapor phase, and the

vapor phase would have been in equilibrium with the organic phase. The vapor phase was

released from the tanks by atmospheric exchange and by displacement during addhion of new

solvent. The composition of the vapor phase may have evolved gradually as the VOCS in the

organic phase were depleted, and the volatiles were released from the tanks (Maso% 1996).

Tank custodians have been aware of the potential for the development of an explosive

atmosphere within the tanks. In April and May 1994, the air qualhy at each riser was checked

with an Hnu Photoionization meter and an MSA 261 combustible gas/oxygen (explosimeter)

instrument. The instruments were held a few inches above the opening of the riser pipe; they

●were not lowered into the riser, which mi~h~have result~ln cont~n”ation—of–the— —
— _
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● instruments. Volatile gases, capable of being ionized by the Hnu’s photoionization lamp, were

not detected. The explosimeter dld not detect explosive gases, and the oxygen content of the

air at the opening of all risers was found to be 20.8 percent, which is consistent with normal

atmospheric conditions (Mason, 1996).

Between December 19, 1994 rmd March 13, 1995, vapor phase samples were collected from

the OSTS. A tube was lowered through the riser pipe to mid-tank depth and samples were

collected by passing 100 liters of the head space gas through a silica gel cartridge (Supelco,

P/N 2-0229). The samples were transported to the Savannah River Technology Center

(SRTC) for analysis by a gas chromatograptr/mass spectrometer (OC/MS) sernivolatiles, and

radionuclide screening (Crump 1995a, 1995b). Tanks S 15 and S 19 contain the highest

concentrations of VOCS and the greatest number of analytes. The flange covers on Tank S 15

riser and vent pipe were wedged open with bolts, rather than rotated aside as they were on

most of the other riser and vent pipes. Tank S 19 has a high-efficiency particulate air @PA)

filter on the vent pipe, and the riser was wrapped in black canvas and duct tape because of

several personnel contamination incidents in the 1980s. These conditions would have

restricted atmospheric exchange (Mason, 1996). Table 2-5 presents the results of the vapor

phase analyses.

2.1.7.2 Organic Phase

The organic phase of the PUREX solvent typically consists of 30 percent tri-n-butyl

phosphate dissolved in an n-parfin hydrocarbon (kerosene, IJltraceneTM, or AdakaneTM)

(Mason, 1996).

The presence of both benzene and nitrate ions (horn the nitric acid) caused concern that

nitroaromatics might have been generated within the tanks (Mason, 1996). Nhroaromatics

are shock sensitive and highly toxic (Mason, 1996). Nitroaromatics were not detected in

vapor phase sampling conducted between December 1994 and March 1995, rdthough benzene

was present (Crump, 1995a and 1995b; in Mason, 1996; Mason, 1996). Because of the low

vapor pressure of nitroaromatics, they may not have been detected in the vapor phase samples

but may be present in the liquid organic phase (Mason, 1996). Vapor phase samples collected

from each tank from January to March 1995 indicated that none of the tanks had an explosive

atmosphere, and that nitroaromatics were not present in the vapor phase within the OSTS

(Mason, 1996).
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Blankenhom and Wolfe (1991; in Mason, 1996) and Young (1992; in Mason, 1996) reported

VOCS, metals Toxicity Characteristic Leaching Procedure (TCLP), and VOC TCLP analyses e

(Table 2-6) on the organic and aqueous phases in Tanks S23-S30 (Mason, 1996). while these

data are not directly applicable to the waste in Tanks S1-S22, they provide a generrd idea of

the TCLP character of the organic and aqueous phases of typical PWX solvent (Mason,

1996). The VOCS would be expected to remain in the organic phase (Mason, 1996).

Benzene was the ody TCLP constituent to exceed regulatory limits in the organic phase of

Tanks S23-S30 (Mason, 1996).

2.1.7.3 Aaueous Phase

Water may have entered the tanks by (1) becoming entrained when solvent was discharged

from the process, (2) condensing from steam jetting of solvent from process vessels, (3) being

used in the burial ground to prime the solvent pump, and (4) being added as caustic solutions

to keep the water alkaline (Tharin, 1965). The water formed an aqueous layer at the bottom

of each tank. The volume of water in each tank varies from 100 to 1000 gallons; solvent

volumes reported are actually total liquid volumes includlng water (Tharim 1965). No VOCS

exceeded TCLP limits in the aqueous phase horn one or more of the tanks (Mason, 1996).

Minor amounts of VOCS may be present in the aqueous phase in the OSTS, as indicated by
a

analytical results of the aqueous phase in Tanks S23-S30 in the New Burial Ground

(Table 2-6).

2.1.7.4 Sludge Phase

Most or all of the tanks contain unpumpable sludge heels (WSRC, 1994). The sludge solids

phase is depleted in VOCS, but has high levels of metals and radioactivity. Reported volumes

of sludge heels in each tank vary from O to 1,700 gallons. No attempt has been made to

recover samples of the sludge solids to determine the level of radioactivity, the isotopic

constituents, the specific gravity, or the physical character of the sludge (Mason, 1996).

2.2 Liquid Scintillation Solutions

Scintillation fluid is a mixture of organic solvents used to quantifi low levels of radioactivity

in environmental and bioassay samples (WSRC, 1994). It is used in process control, bioassay,

and research and development laboratories at SRS.

●✍
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● Small quantities of scintillation fluid wastes and used oils from reactor and tritium facilities

were disposed of in absorbent materials in the ORWBG and buried as solidified waste

(Hoeffner, 1984; Hoefier and Oblath, 1984). The liquid scintillation wastes are in small

polyethylene vials which, from 1965 to 1982, were packed with oil-dry in 55-gallon drums

and buried in either 643-G or 643-7G (Hoefier, 1984). Mer 1982, these drums were no

longer buried; they are stored on a concrete pad or, if the liquid scintillation solution has been

separated from the polyethylene vials, the solution is stored in a spare solvent tank (Tiffany,

1976; in Hoefier, 1984).

In the mid- 1980s, about 60 gallons of liquid scintillation waste were generated each month

(Hoeffrrer, 1984). Estimates of the amount of scintillation waste in the ORWBG include

11,000 gallons (Hoeffher and Oblath, 1984) and 10,000 gallons (Hoeffner, 1984).

2.3 pump Oils, Cutting Oils, Die Oils

At SRS, 3,300 gallons of pump oils are consumed per year (Hoefier and Oblath, 1984,

Hoefier, 1984). Tritiated pump oils from reactor and tritium facilities were stored in the

OSTS ~SRC, 1994). Waste oils horn equipment used in regulated areas formerly were

e
adsorbed on an oil-dry compound and buried as solidified waste (HoetTner, 1984; Hoefier

and Oblath, 1984). Before bulk storage was started, contaminated process oil from pumps in

the tritium facilities and reactor areas was placed in drums containing an absorbent material

and buried.

Small quantities of used oils from reactor and tntium facilities were disposed of in absorbent

materials in the ORWBG (Oblath, 1986).

2.4 Decontamination Operations

A additional source of organic species was decontamination solvents used on large pieces of

equipment during the esrrly years of the SRS @oefier and Oblath, 1984). Decontamination

operations occurred in an area of the ORW13G before waste disposal began in that portion of

the facility (Hoefier and Oblath, 1984). Oblath (1986) states that a decontamination station

was set up in the northwest comer of the ORWBG, but Towler (1989; in WSRC, 1992) states

that it was in the northeast comer. It is not known whether there is an error in one of these

documents, or if there were two decontamination stations. The decontamination operations

used soluble completing agents, includlng EDTA and phosphate detergents @oeffner, 1984;

● Reference 1 in Oblath, 1986), and may have been released during decontamination. Oxalate



ion and DTPA (diethylene trianrine pentaacetic acid) are also expected to be present in the

burial ground (Hoefier, 1984). ●
2.5 other Sources

In addition to process solvent from SRS operations, 36,oOO gallons of35 percent TBP with

small amounts of natural uranium (5 grams/hter, m=imum), but no fission products, were

received from National Lead co., Femdale, Ohio, an ofisite contractor (Tharin, 1965). This

solvent was piped directly to four 1,500-gallon semi-cylindrical paus from the tank cars in

which it was received (Tharin, 1965). Batches of UP to 6,000 gallons each were burned; this

produced large quantities of black smoke, but very little residue (Tharim 1965).

3. xNVENTORY ESTIMATE

There are no detailed quantitative records on shipments of organics to the ORWBG. All

estimates for the source temr of VOCS are based on process knowledge. Shipments of

organics are not documented in the COBRA database.

3.1 Range of Inventory Estimates

At present VOCS in the ORWBG include:

. Residue in the OSTS

. Organics that were buried in trenches

Table 3-1 summarizes the sources of inventory estimates for VOCS in the ORWBG.

3.1.1 Range of Inventory Estimates of Residue in the Old Solvent Tanks

The following discussion of inventory is restricted to the residual amounts of orgarrics left in

the OSTS after the solvent was transferred to the New Burial Ground.

3.1.1.1 Inventom of Organic. Aaueous. and Sh.rd~e Solid Phases

Five inventories have been performed since the bulk of the waste was removed from the OSTS

in 1977 and 1978: Johnson (1978), Ryan and Johnson (1981), Mentrup (1987), Mason

(1996), and a video survey in 1997. Two of these (Johnson, 1978; RyarI and Johnson, 1981)

were performed after the solvent was transferred into Tanks S 19 through S22 but before it

was moved into the New Burial Ground (643 -7E). Tables 3-2 and 3-3 summarize the

inventories. ●-
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The first available “retired” inventory for Tanks S 1 through S 18 was a hand-written document

(Johnson, 1978). It reported that tanks S1 through S18 contained a total of 3,034 gallons of

residual organic, aqueous, and sludge solid heels. The inventory of individual tanks ranged

from “O” in Tanks S8, S17, and S18 to 736 gallons in Tank S15.

Ryan and Johnson (198 1) continued Johnson’s (1978) study, and reported the same volumes.

The organic phase was estimated to be 20 percent of the total volume, which is 606 gallons.

Mentrup (1987) reported that the total inventory of all residue in the OSTS was 5,323.4

gallons. Tanks S 19-S22 contained a total of 3,232 gallons, slightly more than the 3,034

gallon volume previously reported for Tanks S 1-S 18 (Johnson, 1978; Ryan and Johnson,

198 1; in Mason, 1996). Mentrrrp’s inventory for Tanks S1-S 18 was 2,091.4 gallons with “O”

volume in Tanks S9, S12, S13, S16, S17, and S18. These “empty” tanks contained 1,042

gallons in the Johnson (1978) and Ryan and Johnson (1981) inventories.

Mason (1996) recalculated Mentrup’s (1987) inventory using the revised tank dimensions,

assuming that an organic phase was present in each tank containing waste, the reported level

was the top of tbe organic phase, and that all tanks were horizontal (which has been shown to

be an incorrect assumption). Mason’s total volume inventory based on these assumptions is

5,331.4 gallons, whrctr 1s 8.0 gallons more than Mentrup’s (19S”/) inventory. “Ihe orgamc and

aqueous volumes calculated under Mason’s (1996) assumptions are 3,270.9 gallons of organic

and 2,052.5 gallons of aqueous. He states that tanks for which no aqueous level is reported

may contain no organic phase (i.e., the waste level may also be the aqueous level). If this is

the case, the volume of the organic phase may only be about 2,155.5 gallons, and the aqueous

phase volume may be 3,175.9 gallons.

Mason (1996) obtained new measurements of the height of the sludge in the OSTS in

November 1995. This inventory is referred to as the “foldlng rule” inventory because of the

method of using folding carpenter’s rulers to obtain the measurements. Total waste volume of

sludge was calculated to be 7,539 gallons. The organic fraction was estimated to be S3. 8

percent, or 4,056 gallons.

The total volume of the maximum values from all of the inventories (Table 3-4) indicates that I
as much as 9,541 gallons of totrd waste may still be present in Tanks S 1-S22, comprised of I

4,629 gallons of aqueous phase and 4,912 gallons of organic phase. The general ratio for the

aqueous and organic phases for all tanks except S8 and S 18 is 49 percent aqueous and 51
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percent organic. The largest heel is 2,543 grdlons in Tank S20. This represents about 10

percent of the capacity of the tank.

According to the latest complete inventories (Mentmp, 1987; Mason, 1995), Tanks S5, S6,

s7, S8, S 15, S 18, S19, S20, S21, and S22 contain over 60 percent of the total waste

remaining in the Old Solvent Tanks (Shappell, 1989; in Mason, 1996). In terms of volume,

the aqueous phase is the predominrmt waste phase remaining in most of the OSTS, the

exceptions being Tanks S 18, S 19, S20, and S22, in which the volume of organic phase

exceeds the volume of the aqueous phase.

A video survey was conducted in March 1997 in five of the Old Solvent Tanks. A video

camera was lowered into the tanks and the estimated heel volumes are as follows:

11/9/95 DPSOP 138-6 1997 Video Survey

Tank folding rule (gal) (gal)
inventory

S9 1“ not water 13 5

Slo 2.5” water 53 20

S14 0,, 437

S16 0.75” 15 10

S17 0,, 0 dry

S18 j,, 60 15

Total 141 50

Each of the tanks surveyed were inclined toward the riser end, where the 11/9/95 inventory

(and previous inventones) were measured. This results in a parabolic outline for the heel and

a considerable reduction from the volume calculated by the DPSOP 138-6 tables which

assumed a horizontal tank.

The video survey indicated that the vent (south) end of the tank is lower than the riser end.

McNatt (4/7/75) performed stratigraphic sampling through both the riser and vent pipes of

Tank S 14 to determine lateral and vertical homogeity within the organic and aqueous phases.

The data of McNatt (4/7/75) indicate that the vent end of Tank S 14 is about six (6) inches

lower than the riser end. The folding rule invevtory 11/9/95 found no liquid at the vent end.

The video survey found liquid in the riser end of the tanks and a number of pipes and other

pieces of junk in that end of the tank. The folding rule may have encountered one of these

obstructions before reaching the liquid heel. Mentrup (5/19/87) reported 2.8 inches in an

_inv_eti~ conducted through the riser end. Rounding to 3 inches and adding 6 inches for tank

*-
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inclination would yield an average liquid level of 6 inches. DPSOP 138-6 tables calculate a

volume of 437 gallons for a horizontal tank with 6 inches of liquid.

White crystalline solid material (possibly hydroxides and carbonates) has observed just above

the liquid level on the tank ends. Mentrup did not report an aqueous level, possibly indicating

at least 3 inches of organic phase over an aqueous heel, which is contined to the lower end of

the tank.

3.1.1.2 Concentration of VOCs in Vauor Phase

The concentrations of VOCS in the vapor phase are determined by recent vapor phase

analyses. Table 2-5 summarizes the results of these analyses (Crump, 1995A and 1995b; in

Mason, 1996).

No VOCS were detected in Tanks S1, S7, S8, and S11. Tanks S3, S4, and S6 yielded ordy

alkyl hydrocarbons. Tanks S15 and S19 had the highest concentrations of VOCS and the

greatest variety of analytes. Acetone was detected in Tanks S5, S13, S15, S19, S20, and S21

and may be the result of organic degradation. Maximum recorded concentration of acetone

@

was 1500 ppbv in Tank 19. Benzene was detected in Trmks S2, S5, S1O, S15, S16, S17, and

S18, Maximum recorded concentration of benzene was 200 ppbv in Tanks S2 and S 17.

Xylenes were ordy detected in Tank S 18. The recorded concentration of xylenes was 14

ppbv. Nhroaromatics were not detected in any of the tanks. Perchloroethene (PCE) was

detected in 10 of the tanks. PCE was not specifically used in tbe PUREX process but was

widely used as a solvent and degreaser onsite (Mason, 1996). Maximum recorded

concentration of PCE was 6.6 ppbv in Tanks S2 and S 17. Methyl ethyl ketone was detected

in seven of the tanks. Maximum recorded concentration of methyl ethyl ketone was 2,100

ppbv in Tank S 19. Methyl butyl ketone was detected in four of the tanks. Maximum

recorded concentration of methyl butyl ketone was 470 ppbv in Tank S 19.

During a video survey conducted in Tank S 14 on March 22, 1997, an MS~ an important

real-time vapor phase survey tool, recorded 6-8°/0 of the lower explosive limit, An effort was

made to reduce the “light time” as much as possible during the survey. The presence of this

level of volatile organics in the tank atmosphere was unexpected because vapor phase

sampling conducted in early 1995 found ordy 36.6 ppbv volatiles in Tank S 14.
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3.1.2 Range of Inventory Estimates of Organics in Burial Ground Trenches

Cook (1987) cites the following masses of hazardous materials buried in 643-G:

Toluene 7,100 kg

TributylDhosDhate (TBP) 720 kg

Trimethvlbenzene 7,100 kg

=e 12,000 kg

It is not clearly stated if these numbers inchrde the inventories in both the trenches and in the

OSTS. However, the primary source of toluene, tfimethylberrzene, and xylene is liquid

scintillation solutions, which are known to have been buried in trenches. Therefore, most or

all of these inventones for these constituents are probably buned in trenches. In contrast, the

primary source of T13P is spent solvent, which was stored in the OSTS. Therefore, the cited

720 kilograms is likely to be residue in the OSTS.

Four inventories of the OSTS were performed afier the Solvent Relocation Program. Tables

3-2 and 3-3 summarize the results of these. inventories. Estimates of the total volume range

horn 3,034 to 7,539 gallons. Estimates of the orgtic phase range horn 606 to 4,056 gallons.

e
It is reported in Old Radioactive Waste Burial Ground (WSRC, 1992) that several hundred

gallons of organic-based liquid scintillation fluids, includlng xylene, toluene, and

trimethylbenzene, were disposed of annually beginning in 1965.

3.2 Best Estimate for Old Radioactive Waste Burial Ground

The best estimate for residue in the OSTS is the “folding rule” inventory by Mason (1 995). It

used the revised, most probable tank dimensions to calculate volume (Table 2-3). By this

inventory, the total residue is 7,539 gallons (4,056 gallons organic phase and 3,483 gallons

aqueous phase).

The best estimate of vapor phase concentrations is the recent analyticrd data by Mason (1996).

These data are presented in Table 2-5. However, a 1997 MSA survey in Tank S 14 suggests

that vapor concentrations may be significantly higher.

The best estimate for organics that were buried in trenches is based on Cook (1987).

Approximately 7,100 kilograms of tohrene, 7,100 kilograms of tnmethylbenzene, and 12,000

0
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o kilograms of xylene horn liquid scintillation solutions are buried in trenches. The amount of

residud VOCS from decontamination operations is not known.

3<3 Uncertainties Associated with the Best Estimate

VOCS, by definition, are highly mobile and volatile. The cited inventories of VOCS in the

ORWBG do not account for volatilization of VOCS to the atmosphere or migration downward

I with infiltration of rainwater. Unencapsulated waste and waste in broketiunsealed containers

are subject to volatilization or migration from the ORWBG. Considering that waste in the

ORWBG has been buried for a minimum of 25 years, the actual amount of VOCS left in

ORWBG trenches maybe considerably less than the disposal estimates.

No attempt has been made to adjust any of the inventories in the OSTS (including the fo[ding

rule inventory) for tank inclination. It should be recognized that inclination of the larger tanks

could make a substantial difference in the waste volume. The following is an example for two

of the tanks based on inclination (Mason, 1996):

Tank Waste Riser Assumed Inclination Adjusted Increase
level Location Horizontrd Volume

S5 5 inches mid-tank 330 gal 0.8 fi to east 461 gal 40%

S22 2 inches east end 84 gal 0.48 to west 373 gal 344%

Ground Penetrating Radar (GPR) and surface elevation data indicate that aIl of the tatis

except S4, S6, S9, S 11, and S 12 are inclined to some extent. Several are inclined more than 6

inches (Mason, 1996).

There is some uncertainty about the actual size of some of the OSTS. Different documents

record slightly different dimensions. The calculated amounts of residue depend on the

dimensions of the tanks.

4. BU~L LOCATIONS

Shipments of organics are not documented in the COBRA database. Figure 4- outlirres the

steps taken to manipulate the database to locate vocs. In the COBRA database there are no

references to “scintillation fluid”, “PIJREX”, “oil-dry”, “TCE, CCdegreaser”, “alcohol”,

“xylene”, “hydrocarbon”, “diesel”, “gas”, “gasoline”, etc. However, COBRA “Type Code 2“

ORGmIW.mC D-15



is a general waste category for radiological contaminants that are associated with oil or oily

waste(s). No quantity information in COBRA is available for “oil” (Type Code 2) records, ●
but their locations are shown on Figure 4-Z. Indirect references to possible VOC sources (for

records with type codes other than 2) include COBRA description fields containing the

following words or phrases: “55 gallon drum” or “drum” (190 records), “sludge” (I2

records), “skip pan” or “pan” (1161 records), and “oil” (4 records). The burial locations for

these records are also shown on Figure 4-2. In general, these references are poor indicators

of the presence of VOCS because items such as “drums” and “skip pans” were used for the

disposal of many waste types. In addhion, no quantity or specific VOC constituent

information is contained in any COBRA record.

The 22 OSTS are located in a “T’’-shaped block near the center of the ORWBG, about 400

feet northeast of the Burial Ground Administrative Building 724-7E and 500 feet north of

Road E. The top of the “T” is about 240 feet long, and the staff of the “T”, which trends

east-west, is about 570 feet long. The “T’’-shaped block comprises approximately 0.56 acres

(Mason, 1996). The OSTS are flanked by unlined trenches that received radioactive waste in

cardboard and wooden boxes, plastic bags, and metrd containers. The trench on the south

side is about 30 feet from the tank crowns. The trench on the north side of the tanks is about

20 feet from the crowns (Mason, 1996). ●
~

Decontamination operations were performed in the northwest comer of the ORWBG before

I waste was buried in that portion of the facihty (Oblath, 19S6; Hoeffner, 1984).

~

5. WASTE FORM

VOCS in the OSTS are primarily in the vapor and organic phases. Minor amounts may be

present in the aqueous phase. The amount of VOCS in the sludge phase is negligible.

Liquid scintillation wastes are in small polyethylene vials which, horn 1965 to 1982, were

packed with oil-dry in 55-gallon drums and buried in either 643-G or 643-7G (Hoefier,

1984). These drums were not buried in the ORWBG afier 1972. Since 1982, they are stored

on a concrete pad or, if the liquid scintillation solution has been separated from the

polyethylene vials, the solution is stored in a spare solvent tank (Tiffany, 1976; in Hoefier,

1984).

I Waste oils from equipment used in regulated areas formerly were adsorbed on an oil-dry

compound,_p laced in drums, and buried as solidified waste (HoetTner, 1984; Hoefier and

Oblath, 1984). e-
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~ ● ‘“ ‘E’cm’m’m
The geochemical controls on the leachability of volatile organic contaminants (VOCS) are

minimrd. Association with organic matter in soils may retard the migration of VOCS, but the

generally low organic content of Savannah River Site soils minimizes retardation. The

dominant controls on VOC leachability are waste packaging and infiltration rate of water

through the trenches. The large plume of VOCS south of the ORWBG suggest that much of

the VOC invento~ may have already leached from the burial trenches. No current leaching

rate is estimated here.
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Table 2-1. Organics Buried or Stored in the 643-G Burial Ground
(Sources: Hoefier, 1984; Hoefier and Oblath, 1984)

ESTIMATED
SOURCE SPECIFICORGANICSPRESENT INVENTORYIN 643-G

(GALLONS)

lpent solvent” Kerosene, n-parfin, ultrasene, tri-n- 150,000 (now in 643-7G)
butyl phosphate

.iquid scintillation Photo-fluoric compounds, surfactants, 10,000 (September 18,
~ohrtions and solvents such as trimethylbeerzene, 1984, DPST-84-738,

xylene, toluene, benzene, and dioxane. Hoefier, 1984)
Prior to 1978, the solvent was 10VO
naphthaleneand 89°/0dioxane. 11,000 (November 14,

1984, DPST-84-796,
HoefFnerand Oblath,
1984)

‘ump oils, cutting Branchedhydrocarbons(e.g. C-34) 3,300 gal/yr
>ils,die oils

>econtatination EDTA, phosphate detergents, oxalic unknown

)perations acid

.. . . . . . ...,.-,, ,.* 150,000 gallons WIU be burned m We beta-gamma Incinerator. ADOUT ouu gallons nave Deen
inadvertently released from the 643-G solvent storage tardcsto the soil.

●
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Table 2-2. Possible Degradation Products (Hoeffner, 1984)

Possible TBP Degradation Products:

-r

Dlbutvl phosphoric acid
Mon~b~tyl phosphoric acid
Butyl alcohol
Nitrobutane

m
Phosphoric acid
Pero~des
Unsaturated compounds
Organic nitrites and nitrates
Carbonyl compounds

Possible Solvent Degradation Products:

Alcohols, C-12 through C-1 5
Unsaturated alcohols, C-12 through C-14
Nitro alcohols
Nkro alkanes
Ketones
Carboxylic acids
Butyl esters
Hydroxamic acids
Nitrate esters
Nltroso compounds
Alkenes
Polymeric carboxylic acids

e-
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● Table 2-3. OST Information. Different historical documents record slightly different tank
dimensions. Mason (1996) used a photogrammetnc survey to resolve several of these

inconsistencies. (Sources: WSRC, 1994 and Mason, 1996)

Dimensions (ft)

Tank Diameter Length Capacity (gal) Year installed

1 8.0 26.75 10,059.0 1955

2 8.0 26.75 10,059.0 1955

3 8.0 26.75 10,059.0 1955

4 8.0 14.0 5,264.5 1955

5 10.5 38.5 24,939.6 1955

6 10.5 38.5 24,939.6 1956

7 8.5 18.0 7,641.2 1956

8 8.5 18.0 7,641.2 1956

9 8.0 20.0 7,520.7 1959

10 8.0 20.0 7,520.7 1959

11 8.0 20.0 7,520.7 1959

12 8.0 20,0 7,520.7 1959

13 10.0 23.0 13,513.8 1960

14 11.0 38,0 27,015.8 1960

15 7.5 32,0 10,576.0 1961

16 7,5 32.0 10,576.0 1961

17 8.0 18,0 6,768,7 1962

18 8.0 18.0 6,768.7 1962

19 10.5 38.5 24,939.6 1968

20 10.5 38.5 24,939.6 1968

21 10.5 38.5 24,939.6 1968

22 10.5 38.5 24,939.6 1968



Table 2-4. OSTInvento~in 1968. Thlsunsigned, undated inventory was originally

believed to have been generated in 1968, based on the presenceof350 gallons of waste in
Taok17, which wasretired asa''leaker'' in October l968. Most ofthissolvent was bumedor

relocated inthe New Burial @ound@enard 1975; in Mason, 1996)

1 6,100 1,800

2 8,025 800

3 8,400 900

4 275 875

5 9,780 1,220

6 19,350 3,550
. 7 a7< ?75

II
, 1 -,”,- I ..-
8 Contains no liquid
0 I A.135 1.490

*-

,..
22 2,900 I 200

Total 148,935 26,240
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Table 2-5. Vapor Phase VOC Analytical Results (ppbv) from Solvent Tanks S1-S22 in
ORWBG (Crump 1-27-95 in Mason, 1996)

S1
S2
S3
S4
S5
S6
S7
S8
S9

s 10
S11
S12
S13
S14
S15

S16
S17
S18

S19

S20

S21
S22

.-

. .

..
--

6.6
--
..
. .
-.
--
.-

140
-.

1100

--
--
--

1500

51

62

. .

200
.-
-.

8.8
..
.-
--
--

110
-.
--
-.
-.

4.4

18
200
84

-.

--

-.

.-

37
-.

--
--
. .
. .
. .

35
.-
. .
. .

9.5
--

32
51

2100

-.

--

-.
--
.-
-.
. .

.-

.-

. .

. .
--
.-
. .
-.

140

.-
6.6
6.6

470

..

..
-.

. .

6.6
.-

. .

4.4
. .

--
.-

4,4

6.4
--

4.4

4.4

4.4
4.4

4.4

6.6
--

--

. .

--
--

..

31
15

8.5
..

34
--
--
.-
. .
-.
--
16
32

140
43
23
25
68
63
98
23
82
13
14
88
79
55
95
30
48
26
29
38
31
35
24
90

112
52

other alkyl oxygenates
alkyl hydrocarbons
Ml hydrocarbons

alkyl hydmctins

other alkyl oxygenates
aIkyl hydrocarbons
butanol
3-methyl-2-butanone
cyclopentanol
5-methyl-2-heptanone
undecane
3-methyl-undecane
tetradecane
alkyl hydrocmbons
alkyl hydrocarbons
other *I oxygemtes
xylenes
alkyl hydrotins
butanal
3-methyI-2,5-pentanediOI
2-pentanOne
cyclopentanol
4-hydmcy-5-methyl-3-propyl-2-hexanom
hexanal
di-n-butylether
2-heptanone
3-methyl-2-heptanone
undwane
n-butannl
tetmd~e
alkyI hydrocarbons
alkyl hydrocarbons

-. 73 140 &l hydrocarbons

not ~ MEK- methyl ethyl ketnne (2-butanone)
MBK- methylbutyl ketone (Z-hexanone) PCE perchlormtbene (tetracblormthylene)



Table 2-6. VOC TCLP Chemical Analyses for Organic and Aqueous Samples from
Tanks S23-S30 and the Waste Trailer (Yonng 1992; in Mason, 1996). The solvents

stored in these tanks are sitnil~ to the solvents stored in the OSTS.

Organic Phase

Constituent Reg. units Trailer S-23 S-26 S-27 S-28 S-29 S-30
limits

Benzene 500 ppb ~CLP <50 <5 1,300 7 280 <5

Carbon 500 ppb <50 <50 <5 <50 <5 <25 <5

tetrachloride
Cfdorobenzene 100,000 ppb <50 <50 <5 <50 <5 <25 <5

Chloroform 6,000 ppb 421 <50 <5 510 <5 60 <5

1,2-Dichloroethane 500 ppb <50 <50 <5 <50 <5 <25 <5
<50 <50 <5 <50 <5 <25 <5

MEK 200,000 I ppb 16,350 -=500 3,445 11,000 9,300 250 <100

PCE 700 I ppb <50 475 <5 <50 <5 <25 <5
<5 <50 <5 <25 <5

\ 1,1-Dichloroethene I 700 I p@

TCE I 500 I ppb I <50 I 6501 -, . . . ., -.,

Vinyl chloride 200 I ppb <50 <50 <5 <50 <5 <25 <5

Aqueous Phase

Constitacnt Reg. Uniw Trailer S-23 S-26 S-27 S-28 S-29 S-30
limits

Benzene 500 ppb .. 34

Carbon tetracfdoride 500 ~b <50 <5

Chloroberrzene Ioo,ooo Pjrb <50 <5

Chlorofnrrn 6,000 ppb <50 <5
1,2-t)icldOroethane 500 ppb <50 <5
1,1-Dicfdoroethene 700 ppb <50 <5
MEK 200,000 ppb 9,300 9,700
PCE 700 ppb <50 50

TCE 500 ppb <50 77
Vinyl cfdoride 200 gpb <50 <5

e

] sample below reporting limit, but detectedat level indicated

●✍
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Table 3-1. The Sources of Inventory Estimates for VOCS in the ORWBG (Continued)

g

z n .P . . . . . . I 1--. --.---, I N,.,...

i “

H

c’

~1

.. . . . . . ... . ,,, ”cl,L”,y ,.”.-

[oeffner, S.L. and Oblatb S.B., 1984 ● Organics buried or stored in the 643-G Burisl Ground Most of this organic waste is spent solvent and
are shown on a table (see Table 2- I in texl). liquid scintillation wsste. Other possible
(References Christensen and Gordon, (eds.) 1983). sources are waste oils and equipment

decontamination solvents, The spent solvent
consisls of TBP, a diluent such as n-paraffin,

and minor amounts of many TBP and diluenl

degradation products. Spent solvent was stored
in underground tanks at the 643-G burial

ground from 1955 through 1982. Occasional
solvent spills and leaks amounting to about 600
gallons occurred during this time (Reference
Wilhite, 1975).

i{)ct’t’ncr,”S.L., 1984 . Organics Buried or stored in the 643-G Burial Ground The majority of the organic waste is spent

is shown on a table (see Table 2- I in text). solvent and liquid scintillation waste. Spent

(References Christensen and Gordon, 1983). solvent was stored in underground tanks at the
643-G burial ground beginning in 1955. From

1956 to 1972, about 370,000 gallons of this
spent solvent were burned in a large open pan.
The pan and resulting waste residue were

buried after the pan’s useful lifetime, resulting

in contamination of the burial ground soil

(References DP-942). The soil is also known

to be contaminated with about 600 gallons of
organics from spent solvent spills and leaks

from the underground storage tanks (Reference
J3PST-75-377).

;ook, Jfimes R, 1987 . Cook (1987) cites the following tnass of hazardou s NA

materials buried in W3-G:

Toluene 7,100 kg
Tributylphosphate (TBP) 720 kg

Trimethylbenzene 7,100 kg

Xylene 12,0i30 kg
(does not reference an earlier article)

!,



Table 3-1. The Sources of Inventory Estimates for VOCS in the ORWBG (Continued)

—1 Reference Inventory
‘htidin, D.W. Jr., 1965

● Spent solvent from radiochemical separations processes
is accumulated and burned in burial ground facilities.

Between mid- 1955 and February 1964, 290,0W gallons
were stored or burned with- negligible release of

radionuclides.

(does not reference an earlier reticle.)

: Inventory discussed in detail
: No discussionof basisfor inventory

1A: Not addressedin aniclc

-

Notes

<A



Table 3-2. Comparison of Historical Inventories Reported by Johnson (1978), Ryan
and Johnson (1981), and Mentrup (1987) with the “folding rule” inventow (Mason,

1995), Using Corrected Tank Dimensions and Volumes

Johnson
12/11/78

80% aqueous

ORW1~.DOC D-33
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Table 3-3. Comparison of Inventories by Mentrnp (1987) with Mason’s “Folding Rule”
Iuventory (Mason, 1996)

Mentmp 5/19/87 Mason (1996) “Folding Rule”

Tanb Sludge Level Aqueous Total Waste Sludge Level Aqueous Total
(inches) Level (gal) (inches) volume (gal) Waste

(inches) (gal)

1 2.7 N 77 2 51 51

2 2.3 m 67 “ 1A2 1“2

F-”l4 8.2 I NI 217 I

5 2.8 I m 139 I
. 71 7nl =.57 I

. , -J , -tJ

II 3 I 4.0 I 3.0 I 152 I 7 328 328
6 0 137
5 330 330

II
u I ,.. 1 ,.” I “J . r 10 923 923
7 72 Anl ?67 I 11 444 444

. ,0, 181
, .“ .,.” -v ,

8 3.2 N 71 “ ,0,

9 0 0 0 1 0 13

10 1.0 N 13 2.5 53 53

11 0.8 m 10.4 0.5 0 6

12 0 0 0 0,5 0 6

13 0 0 0 3 89 89

14 2.8 Ur 141 0 0 0

15 7.0 m 380 5 0 231

16 0 0 0 0.75 15 15

17 0 0 0 0 0 0

18 0 0 n 2 6n An

10 0< X5

II Lu I 12.2 I ‘i. > I ,,,, ,
It i ~ . -. -..7 ..-1 -.” 856 13 237 1357

.,, ,.. “. , -J.~ 20 0 2543
II 71 I 401 311 ?37 7 545 545

14 84
, . . . -.

;; 5.5 1.5 382 I 2 8

Total 5,323.4 3,483 7539

38.6% Aqueous
Organic 3,270.9 gal
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Table 3-4. Maximum Total Volume, Aqueous Volume, and Organic Volume from
Inventories Reported by Ryan and Johnson (1981), Mentrup (1987), and Mason’s
(1996) ’’folding rule’’ inventory. Insomecases thataqueous andorgaoic volumes are

calculated fromtheratio of the 1-26-81 inventory. Theaqueous-orgrmic ratio for Tarrks S8
and S 18 are based on the general ratio from the other tanks (49°A aqueous-51 V. organic)

H- 7 11-27-95 444 377 67 II

II 9 I 1-26-81

n 15 I 1-26-81

n 8 11-27-95 181 89 92
88 64 24

10 1-26-81 54 39 15
11 1-26-81 38 36 2
12 1-26-81 88 64 24
13 1-26-81 317 230 87
14 5-19-87 141 102 39

736 536 200
1~6 1-””– 1-26-81 549 467 82
II 17 11-27-95 0 0 0

1
18 11-27-95 60 29 31

19 11-27-95 1,357 237 1,120
. . 1 .. -.,,,.

2,543 0 2,543Au I 11-A/-YJ

21 11-27-95 545 545 0
22 5-19-87 382 57 325

M-am in OSTS
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CONSTITUENT OF INTEREST - TRITIUM

1. SUMMARY

The production of tritium has represented a primary mission at the Savannah River Site

(SRS) since the mid-1 950’s. Tritium is a key component in nuclear weapons. Additionally,

tritium used for research and commercial applications is produced at SRS.

It is estimated that the undecayed quantity of tritium disposed in the Old Radioactive Waste

Burial Ground (ORWBG) is 3,014,457 curies. The quantity decayed is 467,889 curies. ~ls

reflects radioactive decay to 1997. The majority of the tritium originated from Trhium

Facilities in H-Area at SRS (Buildings 232-H, 234-H, and 238-H). Additional quantities

were shipped to SRS for disposal in the ORWBG from other Department of Energy (DOE)

weapons-complex facilities.

The tritium was sent to the ORWBG in bulk waste cob control waste, waste oils and

mercury, and used equipment and components), spent melts, and reactive beds (the latter twIJ

are byproducts of the tritium production process).

a Figure 1-1 presents the process used to develop inventory and burial locations. The

Computerized Burial Records Analysis (COBRA) database was used to determine the

location of burials of tntium.

2. BACKGROUND INFORMATION

Tritium was produced in the five reactors at SRS. Litilum-aluminrnn targets were

bombarded with neutrons in the reactor. The resulting reaction generated tritium. Since the

mid-1950’s, tritium has been processed in four buildings: 232-F, 232-H, 234-H, and 238-H

(Hyder, 1993). The bulk of the tritium was processed in the three H-Area buildings; 232-F

operated only briefly in the late 1950’s (Hyder, 1993). The individual building missions

were:

232-F and 232-H: Recover tritium from irradiated targets

234-H: Purifi, concentrate, and load tritium for offsite shipment

238-H. Recycle tritium

Tritium was sent to the ORWBG primarily in three forms: in bulk waste, as tritium in “spent

melts”, and in magnesium and other reactive beds. Bulk trhium waste shipments to the

TRITIUt.1.DOC E-1



ORWBG included job control waste, waste oil, and discarded hardware, all contaminated

with tritium.

The tem “sPent melts” refers to the lithium-aluminum alloy that remains after heating

(melting) to remove most of the tritium. The alloy is processed in stainless steel crucibles.

Not all of the tritium could be removed from the spent melts. Tritium remaining in the spent

melts was shipped to the ORWBG. Processing tec~iques improved over time, so that less

residual tritium remained in the spent melts. For many years, the cmcibles containing spent

melts were not packaged further. Subsequently, the crucibles were tilled with an epoxy resin

(Hyder, 1993).

Magnesium and other reactive beds were used to convert tritiated water to elemental tritium

and to concentrate tritium.

Tritium produced at SRS was sent to other DOE weapons-complex facilities for

incorporation into nuclear weapons. Periodically, these other facilities @rimarily Mound

Laboratory in Ohio and the Pinellas Plant in Florida) would ship tritium-containing wastes to

SRS for disposal. These offsite waste shipments furnished a portion of the ORWBG source

term. They are included in the COBRA database.

Certain trenches in the ORWBG are designated as “Special Projects 234”. These trenches

include tritium burials, from both onsite and offsite sources.

Tritimn occurs in at least three other SRS waste streams:

● Waste streams from laboratories using tritium in research.

● Waste streams from reactor facilities. Tritium is produced in two ways in SRS
reactors other than through bombarding lithlum-aluminum targets. One way .is the
activation (absorbing of a neutron) of deuterium. SRS reactors are moderated with

heavy water, water that has deuterium atoms (*H) instead of hydrogen (lH). When
deuterimn absorbs a neutron, it becomes tritium. However, relatively small qusmtities

of tritium are produced in this manner because of the low cross-section and, therefore,
the low probability for the neutron capture by deuterium. Contamination of the
moderator by tritium also occurred by letilng target and fuel elements. The second
way is as a fission product. Generally, when uranium fissions, two fragments are
formed. Occasionally, three fission fragments are produced. TKIs terti~ fission
product is often tritium.

● Waste streams from separations. Tritium as a tertiary fission product can enter the

separations waste stream.

●-

E-2 ~ . . . TRITIUM.~
.- –...

—



@

I

I

●

The quantity of tritium from these three sources, with the exception of some laboratory waste

streams, represents a very small fraction of the tritium at the ORWBG. Virtually all of the

tritium sent to the ORWBG is from tritium processing and offsite shipments.

In general, the estimated tritium quantities in waste sent to the ORWBG are from two

sources: Health Protection (HP) data for the ORWBG for the years 1953 through 1964 and

the COBRA database for the years 1961 ● through 1972. The differences in the two databases

are dlscus~ in Section 3.1, below. The estimates in these two databases are based on

assumed tritimn quantities in specific waste forms. These quantities were determined by

analysis of waste form samples. Table 2-1 presents the quantity estimates used for the waste

types.

The information document for the Old Solvent Tanks (OSTS) suggest that tritimn is not a

major constituent in the waste shrdge in the tis (Mason, 1996). Tritiunr is not reported as a

radioactive constituent in the sludge (Mason, 1996).

3. INVENTORY ESTIMATE

3.1 Range of InventoW Estimates

~emgeoftiitium estimates weconsistent thoughout tie SRStectilc~ literamre. These

estimates are based on the two previously mentioned information sources HP data and

COBRA. Table 3-1 presents the SRSliteratwe reviewed toestimate thetitim qumtitiesin

the ORWBG.

~
The HP and COBRA databases used different bases for estimating tritium in specific waste

forms. The HP estimates are based on a set of analyses in 1960. From the late 1960’s to

~

early 1970’s, the tritimn content in each waste type was re-examined. In all but one case, the

new tritium quantity estimates are lower than or equal to the HP data. Tire revised results

based on these series of analyses were incorporated into COBRA. All of the COBRA data

were revised to reflect the newer estimates (Earle and Jacober, 1973).

Table 3-2 presents tire HP and revised COBRA data. Note that the HP data shows the total

disposed of in the 50’s was 2,000,000 curies (Ashley, 1960). There are only two COBRA

records listing tritium as a contaminant from the start of operations through 1960 (one record

in 1957 and one in 1958, totaling 17,745 curies). These two entries are considered to

“ COBRA contains few records prior to 1961. Input of quantitative data into COBM began then.

TRIT,uM,DOC E-3



represent a small fraction of the total trhium input to ORWBG for these years, and more

representative yearly estimates will be used for the COBRA source term estimation.

3.2 Best Estimate for Old Radioactive Waste Burial Ground Inventory

The best estimate for tritium qumtities in the ORWBG is based on the revised estimates for

tritium quantities in each waste form. The following steps were taken to determine the best

estimate for the tritium in the ORWBG:

1.

2.

3.

4.

Distribute evenly the 2,000,000 curies estimated by the HP data for “through 1959” for

the years 1953 to 1959. In other words, for each of these seven years, it is assumed that
285,714 curies was disposed.

Determine the ratio of HP estimate to COBRA estimate for years 1961, 1962, 1963, and
1964. For these four years, the ratios are 2.35, 2.28, 2.28, and 2.88, respectively. The
average ratio is 2.45.

Divide the HP estimate by 2.45 and assign this value as a “COBRA” value for years 1953
through 1960, when there is no COBRA data.

Decay-comect the COBRA ttitium estimates to 1997.

The values for the HP and COBRA estimates are in Table 3-3. The sum of the decay-

corrected values, which are based on the actual (1961-1972) and derived (1953-1960)

COBRA data, represents the best estimate for tritimn quantities in the ORWBG.

The OSTS are assumed to contain no tritium. Solvent stored was used in separating uranium

and plutonium from fission products. Most of the tertiary fission product tritium encountered

by the spent solvent in processing would remain in the aqueous phase. Very little would

distribute into the organic solvent.

3.3 Uncertainties Associated with the Best Estimate

One major uncertaintyassociated with the tritium estimate is produced by assuming constant

quantities of tritium in a given waste form (Table 2-1 values). Variation in these quantities,

which is certain to have occurred, would result in an error in the estimate. However, it is

assumed that the number and magnitude of positive errors is essentially equal to those of the

negative errors, that is, the distribution is gaussian around a mean value.

A second major uncertainty arises from tritium migration from the ORWBG. Since there is

no correction for such unknown loss, the best estimate is a conservative approximation of the

tritium source term in the ORWBG today. ●-
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● 4. BURIAL LOCATIONS

The COBRA database provides both quantity and location estimates for tritium burials in the

ORWBG. Figure 4-1 outlines the steps taken to manipulate the database to locate tritium

burials.

Figure 4-2 presents the spatial distribution of all tritiurn burials in the ORWBG.

The data presented in Figure 4-2 have been divided into two sets. Burial locations indicated

with circles are for those burials where tritium was “Variety of Contamination 1”. Burial

locations indicated with squares are for those burials where tritium was “Variety of

Contamination 2“. COBRA includes two fields for contamination, variety 1 and variety 2.

Variety of contamination 1 is the main source of contamination; the waste generator could

indicate a second type of contamination as variety 2. There is no significance to assigning

the tritium variety 1 versus varie~ 2.

The data in Figure 4-2 also indicate the relative quantity of each burial. The larger the

symbol, the larger the curie content of the burial.

Figure 4-3 presents the burial locations of offsite shipments received at the ORWBG. Figure

4-4 shows the locations of spent melt burials. These locations are in good agreement with

comparable published burial locations (Hyder, 1993). These data are a subset of Figure 4-2

(i.e., the offsite and spent melt data shown in Figure 4-3 and in Figure 4-4, respectively, are

also included in Figure 4-2).

Figure 4-5 shows the locations of tritium burials prior to 1967. ~ls figure confirms that the

burials in the “Special Projects 234 trenches” are included in the COBRA database (the

“Special Projects 234 trenches “ include tie first long trench oriented left to right on the

figure in tie upper left of the figure and the furthest left trench oriented top to bottom on the

figure).

Prior to 1961, tritium was likely disposed in low-activity beta-gamma trenches.

trench containing pre-1 961 spent melts may be the trench indicated as “ingots”.

One specific

,,,,, UN,.DOc E-5
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5. WASTE FORM

As discussed in Section 2, tritium was sent to the ORWBG as a variety of waste forms. The

tritium sent as bulk tritium is assumed to be readily available for transport downward and

outward by intmsive water.

One waste form that might inhibit tritium migration in water is spent melt. The majority of

the tritium in spent melt is inaccessible to water. The melt essentially encapsulates the

tritimn in aluminum (Hyder, 1993). Tests have shown that the portion of tritiurn located

within the bulk of the spent melt only slowly dlffises outward. Therefore, it is less available

to infiltrating water than tritium that is located on the surface or near-surface of the spent

melt. Since its availability for migration is reduced, decay of this irmermost source term will

remove a significant quantity of tritium that could otherwise migrate to groundwater.

6. LEACHABILITY

There are no geochemical controls on the leachability of tritium. Waste form, waste

packaging, and rate of water infiltration control the rate at which tritium is released from the

ORWBG. Tritirnn disposed in bulk waste was very susceptible to leachlng and, for the most

part, has been released to infiltrating waters. Tritimn that is bound in waste forms (e.g., some

tritiurn in spent melts) will probably decay witiln those forms with a minimum of leaching.

In 1985, Stone et al. (1985) suggested that most of the tritium in ORWBG had already

leached and continued leaching of tritium from waste forms should be negligible. Therefore,

a leaching rate for tritium is not calculated here.

●✍
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Table 2-1. Revised Tritium Content Estimates

Waste Form Previous (HP) Estimate, Ci Revised (COBRA) Estimate, Ci \

Spent Melts:
SRP LiAl 400-500 100

Hanford LiAl 200 I00

Hanford LiA102 500 1000

Crucible, Single Melt 500 100

Crucible, Double Melt 1000 200

Scrap Caslsa:
Control Rods J I00 100

6,8, Hanford LiAl 65 65

Bulk Waste:
Waste Dumpsters 0.1 0.1+

Vacuum Pump Oil 1600 40

Mercmy 1600 0.1

Reactive Beds:
Mg and Z Beds 500 500

U and Hopscalite Beds 500
+ Usually 0.1 Ci, but determined on an individual basis.
Source: EarleandJacober,1973
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Table 3-1. The Sources of Inventory Estimates for Tritium in the ORWBG

n. .. ...-.” I T: A..- T“.,.”*....., I m,.....““J0-”,.: . . . l..#. . . ..”An”I Na+.=..
n.,., .,,.. , , ,.,”,,, ,1,..il.”., r “1 ,,, -1s” ,,”. . . . . . . . ..,l”l ,.,a””.l

. Tritium buried(HPestimates)b
. .. .. .

Iyder, M.L., ● D!scardedhardwarewas
993

. Thereare virtuallyno records of specific tritium
(kCi): wrapped in plastic and boxed. burials before 1961. The COBRA records begin in
through 1959: 1,20 I Many of the largest amounts of 1961. The HP estimates after 196 I are about twice
1960: 159 tritium were buried in this tbe values recorded in individual burial records.
1961: 615 “carton” fashion. . HP estimatesgive gross informationon
1962: 531 ● Tritiumcontaminatedwaste
1963: 531

radioisotopeburials. It is reasonable to accept the
materialfromoffsitewasput in HP valuesas upper limits on the amountof tritium

1964: 559 steeldmms. The nature of the discarded. The documented COBRA data is more
. -1,800,000 Ci” buried from startup waste material, and its internal likely to be close to the true value,

101961 (HP estimates) packaging, are generally not . COBRA shows that 1,410,000 Ci (about 84%) of
● -900,000 CiR (93g) (best guess for known. the tritium in tbe ORWBGwas in the largest

the unrecordedtritiumburials) . Spentmeltswerediscardedin burials (> 1,000 Ci per item), which were

estimated based on 1/2 HP data stainless steel cmcibles in which associated with discarded equipment and other
they were melted to recover the process material from H-Area and offsite. Spent

(the above do not reference earlier tritium. For many years they melts, Mg beds, and other small, routine items are

articles) were discarded without in the remainder.

packaging. Later, an epoxy resin

. The total quantity of buried tritium, was poured into the crucibles

uncorrected for decay, was reported containing the melts,

by Cook in 199 I “Radionuclide . Pump oils were in sealed jars.

Inventory of E-Area, WSRC-RP- . Magnesium beds

91-709) as being 172 gh ( 1,670,000

Ci)inthe ORWBG. Thisishased

on COBRA records, which give
lower values than HP. COBRA

records also do not include material
placed in the ORWBGprior to
1961.

,“.,. ”,.-, .:..,, ”..A :. ,r.,o;l

NA Not addressed in article.

b
No discussion of basis for inventory,



b

NA

4

rence

Ier, 1992
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Table 3-1. The Sources of Inventory Estimates for Tritinm inthe ORWBG (Continued)

TritiumInventory

_ + A) 3,540,0~NR - 146,0Ci)R”
B) 2,600,000’

)RWBG + 7G +C) 4,090,000r

4)

3)

:)

>)

j)

D) 1,746,156 E) 1,830,000

Waste Management Operations, Savannah River

Plant, Final Environmental Impact Statement, 1975

Waste Management Program Technical Progress

Report, 1987

Selection of Chemical Constituents and Estimation

of Inventories for Environmental Analysis of

Savannah River Plant Waste Sites, 1986

Savannah River Waste Management Operations

Program Plan, 1989
Integrated Rerort on Radionuclide Migration at the

Sav~nnah River Shallow Land Burial kite, 1989

Formand Container
Information

Crucibles

contaning melted

targets

Discarded

equipment from

244-H (and

perhaps 242-H),
traps, beds,

pumps, vessels,

mercury and oils,
other

{A

Notes

R Retrievable waste
NR Nonretrievable waate
* Inventory estimated through 1975, includes

first four yezs inventory at 643-7G.

@ Includes all forms of transuranic waste
including TRU fraction of low-level wa.vte.

f Does not account for radioactive decay since

time of burial

ltory discussed in detail.
iscussion of basis for inventory.

;ddressed in article.



Table 3-1. The Sources of Inventory Estimates for Tritium in the ORWBG (Continued)

“ ..- . ...”” TAA.....1...,...+-.”~ li’..~ ..A Cnntsinev Informationme,e,.,,u. A ..””1.. . . . . . ...”.. . . . . . . . . . . --.. —..... . . . . . . ‘.”...,

Stone, IA. and ● 47 of 67 water table wells had NA
Weimor(s, P.M.,

● Tritium is presentas a plume under the ORWBG.
tritiumconcentmionsof >0.1 ~Ci/L

1985
. A soil coring study in the vicinity of well G-21

in 1984” found that 90% of the ttitium was deeper than the

. Total amount of tritium in tbe well screen, Well G-21 is one of the oldest burial

groundwater beneath the ORWBG is areas in tbe ORWBG, and thus the maximum

38,600 Ci in 1984’. plume dip is expected there.

(does not rcfcrcnce an earlier ar[icle)

DuPont, 1975 4x 10s CI emplaced each year at the Solid NA Earthen trench storage (dirt trenches) is satisfactory

Radioactive Waste Storage Siteb even without protection from water-saturated soil

(1975).

(does not reference an earlier article)

a , --------- . . . . ..... . . ,“ ..,. :1
i“veniury “,,.”>,=” !Ir UGL.11.

b
No discussion of basis for inventory.

NA No( addressed in article.
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Table 3-2. Health Protection and COBRA Data - Tritium in the ORWBG

Year Health Protection Data, Ci COBRA Data, Ci

+- 10s0 7 nnn nno 17.745”
.“ .,-/ -> --.,---

1960 159,000 No Data

1961 615,000 261,806
1062 530.900 232,716

7716
----

1963 531:100 232,. . .

1964 559,300 193,930

1965 No Data 106,662

1966 No Data 116,358

1967 No Data 145,448

1968 No Data 145,448

1969 No Data 223,020

1970 No Data 310,288

1971 No Data 19,393

1972 No Data 145,448
Source:Ashley, 1960, 1962a, 1962b, 1963,1964,1965
“ Two records in COBW (one each in 1957 and 1958) list tritium as a contaminant. Due to the paucity of pre-

196I records an estimate of tritium will be used in the source tem calculation.

Original COBRA data given in grams; converted to Ci using an specific activity of9696.5 Ci/g.

E-20 TR,T, UM.DOC
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Table 3-3. Best Estimate of Tritium in ORWBG

Year Health Protection Data Adjusted HP and COBRA Decay-Corrected

(Ci) Data COBRA Data (Ci)
(Ci) Best Estimate

1953 285,714 116,618 9,775

1954 285,714 116,618 10,342

1955 285,714 116,618 10,941

1956 285,714 116,618 11,576

1957 285,714 116,618 12,247

1958 285,714 116,618 12,956

1959 285,714 116,618 13,707

1960 159,000 64,898 8,070

1961 615,000 261,806 34,443

1962 530,900 232,716 32,391

1963 531,100 232,716 34,268

1964 559,300 193,930 30,212

1965 No Data 106,662 17,580

1966 No Data 116,358 20,289

1967 No Data 145,448 26,831

1968 No Data 145,448 28,387

1969 No Data 223,020 46,049

1970 No Data 310,288 67,781

1971 No Dats 19,393 4,482

1972 No Data 145,448 35,562

Total 3,014,457 467,889
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CONSTITUENT OF INTEREST - CESIUM-137

1. SUMMARY

To accomplish its national defense and space missions, the Savannah River Site (SRS)

employed five nuclear fission reactors: ~ C, L, P, and K Reactors. Fission products, such as

cesinm- 137, were a byproduct of the processes used in these reactors.

The best estimate for the original cesium-137 inventory buried in trenches in the Old

Radioactive Waste Burial Ground (ORWDG) is 58,657 curies (26,838 curies, corrected for

decay to 1997). At present, there is 1.30 Ciofcesium-137 in the Old Solvent Tanks (OSTS).

Waste containing fission products, from which cesium-137 inventories are estimated, was

buried in low-level and high-level trenches, depending on the dose rate from the package.

The waste was buried in cardboard boxes, plastic bags, and rneti containers. As this

packaging deteriorates, the fission product waste and the associated cesium-137 will be

exposed to contact with infiltrating water.

Figure 1-1 presents the process used to develop the inventory and burial locations. The

Computerized Burial Record Analysis (COBRA) database was used to determine the

locations of fission product burials, from which the cesium-137 quantity estimates were

made.

2. BACKGROUND INFORMATION

SRS operated five onsite production reactors: C, K, L, P, and R Reactors. Uranium-235 fuel

was burned in the reactors. After their useful lifetime, the fiel elements were discharged

from the reactor and cooled in reactor tlsassembly basins. The cooling period allowed

fission products with very short half-lives to decay to more stable isotopes. Cesium- 137,

with a 30.0 year half-life (ICRP, 1983), was one of the fission products with significant

activity following the cooling period.

After cooling, the spent fuel was transferred to H-Area, one of two chemical separations

facilities at SRS. H-Canyon recovered umnium-235 from irradiated fuel elements from

onsite and offsite reactors (DOE, 1995). In the chemical separations process, the fission

products were concentrated in a liquid waste stream. The waste stream was sent to the H-

Area Tank Farm, a system of underground tanks used to store the liquid waste.

CS,37S”X F-1



Smaller amounts of fission products were produced in target slugs used in reactors for

producing plutonium-239. These slugs were processed in the canyon facility in F-Area.

The first production-related fission products were produced on December 28, 1953 when R-

Reactor, the first production reactor, went critical. The zero-power test reactor in 305-M

went critical over one year earlier (September 16, 1952), but it tld not produce significant

amounts of fission products. Waste containing significant quantities of fission products was

not produced and buried until 1954.

Fission products are a component of job control waste and other waste streams sent to the

ORWBG. These streams originated from most areas of SRS that hadled either spent reactor

fiel and targets or managed high-level liquid waste. These include the reactors, Separations

(F- and H-Areas) and associated tank farms, and process control ad experimented

laboratories.

Over 300 radlonuclides have been observed as primary products of fission. These

radionuclides are produced at different rates, or yields. The distribution of fission yield from

uranium-23 5 fission to mass number of the fission product has a characteristic double hump

shape. The two peaks on this curve, which equate to the mass numbers for the radionuclides

with the greatest yields, occur between mass numbers 90 and 101, and between mass numbers ●
133 and 144. Cesium-137, with a mass number of 137, has a relatively high yield (6.15

percent). Mso, the half-life of cesium- 137 (30 years) is relatively long for a fission product.

Consequently, the fraction of fission product activity associated with cesium-137 increases

with the age of the fission product-bearing waste (i.e., the length of time since the fiel

associated with the fission products was discharged horn the reactor) (Benedict et al., 1981).

Generally, waste containing fission products was segregated according to the dose rate

generated by the waste package. Waste with a dose rate less than 50 mR per hour was buried

in low-activity beta-gamma trenches, Waste with dose rates of 50 mR per hour or greater

was buried in intermediate level (also known as high-level) trenches (Cook, 1987). No special

containerization requirements existed,

Spent solvent from Separations was sent to the OSTS for storage, where it separated into

vapor, organic, aqueous, and sludge phases. This solvent was contaminated with fission

products, including cesium- 137, ruthenium-106, antimony-125 and other gamma emitters

(Mason, 1996). Table 2-1 lists the radionuclides that comprised the greatest fraction of the

-atititiesin-mch-t~-in-l-975~+%+@~98Os,dhemn~Wofi&@SQ-ep
v-
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“unpumpable heel”, were transferred to new tanks in the New Burial Ground (643-7E) under

the Solvent Relocation Program. Table 2-2 presents the most recent gamma-emitting

radionuclide inventory for each of the 22 tanks in the ORWBG. The gamma activities for

Tanks S8 and S 17 through S22 reflect measurements taken before the Solvent Relocation

Program. The activities for Tanks S1 through S7 and Tanks S9 through S 16 were measured

tier the solvent tanks were pumped to “unpumpable heel”.

To reduce the volume in the OSTS, the organic phase was periodically drawn off and burned

in open pans. The bum residue and pans were buried unencapsulated in eartlrentrenches

(Wllhite, 1976; Tharin, 1965). Mason (1996) reports no data on the amount of fission

products buriedwith bum residues.

3. INVENTORY ESTIMATE

Burial records indicate quantities of fission products sent to the ORWBG, but do not record

the amounts of cesium- 137 per se. The amount of cesium-137 in fission products can be

estimated using process knowledge and reported isotopic ratios. The isotopic ratios depend

on the age of the waste, since longer-lived radionuclides such as cesium- 137 become an

increasingly larger fraction as the waste ages.

3.1 Range of Inventory Estimates

The COBRA database indicates that 621,626 Ci of fission products were buried in the

ORWBG. This estimate is comparable with Cook’s (1991) estimate of 601,208 Ci. Health

Protection data (Ashley, 1960, 1962a, 1962b, 1963, 1964, and 1965) indicate that 241,390 Ci

of fission products were buried between ORWBG start-up and 1964. Assuming a similar rate

of disposal from 1965 to 1972, this estimate is in reasonable accord with the COBRA

database and Cook’s (1991) estimate.

Other references include inventory estimates specifically for cesium-137. Cook (1987)

estimated the cesium- 137 inventory to be 110,000 Ci, although he provides no supporting

information. However, in a subsequent document, Cook presents a rigorous method to

determine the cesium- 137 inventory in the ORWBG (Cook, 1990). The method assumes the

following:

1.

2.

COBRA estimates of fission product inventory are accurate.

The curie estimates in the burial records are based on gamma ray measurements of
ruthenium- 106, cesium-137, and cerium- 144 ordy.

c9117.m F-3



3.

4.

5,

wastes from reactors, Separations, 772-F laboratories, and offsite sources contain
fission products 1 year out of reactor.

Wastes from the F- and H-Area tank farms are 5 years out of reactor.

Cesium- 137 comprises 8 percent of the activity for 1-year-old waste and 71 percent of
the activity for 5-year-old waste.

Table 3-1 summarizes Cook’s (1990) estimate of the cesium-137 inventory. The “Original”

column represents tie activity when buried. Cook (1990) cites data for the years 1954 to

1972. The “Decayed to 1997” column presents the current activity corrected for decay to

1997. The total buried during the 19 years that production-related fission products were

produced and that the ORWBG operated (1954 through 1972) is 56,949 Cl. Corrected for

decay to 1997, this amount is 26,058 Cl.

Minor amounts ofcesium-137 are present in the OSTS. Not much cesium- 137 is expected to

be in the OST residual material. Cesium is present in the separations process as Cs+, a

monovrdent cation that does not form complexes with the solvent as ruthenium, zirconium,

and other multivalent cations do. Cesium- 137 has a high distribution coefficient ~) for the

aqueous phase during separations processing; most of the cesium-137 going to the aqueous

waste from first cycle PUREX. A maximum concentration ofcesium-137 in the OSTS cmr be

estimated based on the data in Table 2-2 and using the following assumptions:

1.

2.

3.

The ratio of radioisotopes in the tanks did not change after the Solvent Relocation
Program.

For those tms in Table 2-1 ~th a cesium- 137 activity fraction, that fraction is used

to determine the contribution of activity from cesium-137 by multiplying it by the total
activity for each tank given in Table 2-2.

For those tanks without acesium-137 fraction, the remainder of the activity is assimed
to cesium-137 and is multiplied by the total ac~vity for each tank given in Table 2->.

Based on the above assumptions, the cesium-137 activity in the 22 OSTS is 1.30 Ci. This

value represents a maximum because it assumes all unattributable activity is due to cesium-

137. In actualky, many other radionuclides, most with shorter half-lives than cesium- 137,

were present, Furthermore, the activities of Tanks S8 and S 17 through S22 were determined

before the bulk of the solvent was removed from the tanks. The present activity in these tanks

is considerably less than that shown on Table 2-2.

Table 3-3 lists the sources of the inventory estimates for cesium-137 in the ORWBG, and

~able34<ists-the-sources~fitheinvento~-estirnates_for fission ~roducts.
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3.2 Best Estimate of Cesium-137 in Burial Grounds

The best estimate for the cesium- 137 inventory in the ORWBG is 26,838 Ci, corrected for

decay to 1997. This estimate was modified slightly from Cook (1990). Data from Cook

(1990) yield an estimate of 26,058 Ci of cesium-137, decayed to 1997. Cook (1991) uses a

fission product invento~ of 601,208 Ci. Afthough Cook (1990) does not state what value

was used for total inventory, it can be assumed that it is the 601,208 Ci value. The total

fission product inventory in COBRA is 621,626 Ci, which is 3 percent greater than Cook

(1991). Therefore, the cesium-137 values from Cook (1990) have been increased by 3

percent to arrive at the best estimate of 26,838 Ci.

For the OSTS, the cesium-137 inventory is 1.30 Ci (Section 3.1). This conservative estimate

is based on the most recent total activities available and the fraction ofcesium-137 in each

tank (Mason, 1996).

3.3 Uncertainties Associated with Cesium-137 Inventory Estimate

The main sources of uncertainty in the cesium-137 data are the original estimates of fission

m

products. These estimates were based on the extemd dose rate from a package and an

assumed isotopic distribution in the waste. Variations in the isotopic distribution of the waste

and unique shieldlng aspects of a waste package could result in errors in the fission product

estimate.

A second source of uncertainty is the method used by Cook (1990) to estimate the cesium-

137 inventory. The Cook (1990) method assumes two fixed ages for the waste, although the

waste would have had a wide variety of ages. Afso, gamma emitters other than the three

radionuclides assumed in Cook (1990) could have contributed to the measured activity.

4. BURIAL LOCATIONS

The COBRA database provides information on the spatial distribution of fission products in

the ORWBG. Figure 4-1 outlines the steps taken to manipulate the database to locate cesium-

137 burials. Figure 4-2 presents the burial locations for fission products. Generally, waste

containing fission products was segregated by the dose rate generated by the waste package.

Waste with a dose rate less than 50 MR per hour was buried in low-activity beta-gamma

trenches. Waste with dose rates of 50 rnR per hour or greater was buried in intermediate level

(also known as high-level) trenches (Cook, 1987). No special containerization requirements

existed.

C9137.DOC F-5



5. WASTE FORM

The waste was buried in cardboard boxes, plastic bags, and metal containers in low-level and

high-level trenches, depending on the dose rate from the package. As this packaging

deteriorates, the fission product waste and the associated cesium-137 will be exposed to

contact with infiltrating water.

6. LEACEABLLI~

The leachability of 137CS is controlled by adsorption to the soil matrix and ion exchange with

claYs and micas within the soil. Sohsbility does not exert significant controls on the

leachability of 137CS.

The retardation of 137CS by adsorption depends strongly on the chemical composition of the

water in which the 137CS is migrating. Oblath (1983) found that Kd values for adsorption

onto ORWBG soils in distilled water were on the order of 3200 ~g. In untreated

groundwater, the Kd value was 410 rrrl/g. However, addition of other cations to the

groundwater lowered the Kd value. The adsorption of 137CS was particularly sensitive to the

concentration of potassium. At a potassium concentration of 25 ppm (the groundwater

contained 3 ppm potassium) tire Krl value decreased to 170 Mg. oblath (1983) concluded

that potassium competes for adsorption sites with 137CS because of their similar chemical

properties. Stone et al. (1985) reported that in trench waters the Kd of 137CS was

approximately 300 ml/g. Thus, 137CS is rendered relatively immobile in ORW13G soils by

adsorption.

This effect was seen in the soils of the Defense Waste Lysimeters. Oblath (1986) calculated

the annual fiactionrd release rate of 137CS from concentrations in the soil around a waste form

in a Defense Waste Lysimeter. The release rate was several orders of magnitude greater than

that calculated from the Iysimeter effluent. Oblath (1986) concluded the 137CS was leaching

horn the waste form but was immediately immobilized by sorption to the soil.

A fraction of 137CS sequestered by soils remains irreversibly bound to the soil. Poe et d.

(1974) discuss the process of cesium “fixation” by SRS soils. Cation exchange reactions can

occur at the weathered edges of tics mirrerrds in which 137CS replaces other cations. After

137CS enters the structure of these minerals it can become irreversibly “trapped” by the

contraction of the crystal lattice caused by exchange of other cations. Similarly, Ohnuki and

~ozai_(1994.)fio.und_that 137CS can adsorb irreversibly to smectitic clays. Thus, the

mineralogy of the soils can play a major role in removing 137CS from groundwater. *-
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● Concentrations of 137CS in groundwater beneatb the ORW13G are low. Samples of

groundwater from 20 grid wells were ansdyzed for 137CS in 19S0 (Ryan, 1983). Only 3 of

the samples contained concentrations that exceeded the detection limit of 8 pcii. The highest

of these concentrations, 16 pciil, occurred in well G-21. In his study of sampling techniques,

Cantrell (1990) analyzed samples from 7 grid wells and found only 1 contained 137CS at

concentrations above detection limits. Groundwater from this well, sampled on 3 separate

occasions had 137CS concentrations of 9.9,<14, and 16.6 pCi/1.

Well G-2 1 has an anomalous chemistry (Ryan, 1983) that may not be representative of

concentrations in groundwater. McIntyre and Wllbite (1988) and Towler (1989) report that

well G-2 1 was one of 15 wells installed through waste trenches at the ORWBG to monitor the

water table. Samples from well G-2 1 have shown consistently high concentrations of

radionuclides that should not be at the water table by migration horn the trenches (Ryan,

1983). The anomalously high radionuclide concentrations (particularly Sr-90) in this well

have been correlated with high, and similarly anomalous concentration of iron found in the

same samples (Ryan, 1983). Possible explanations for the elevated iron concentrations

include:

. a natural anomaly in the aquifer of high concentrations of organic matter or pyrite,

. contaminated water leaking tiom the trench down the well annulus, or

. waste debris smeared down the hole during installation of the well.

Naturrd iron anomalies in the water table aquifer at SRS have not been observed. Relatively

immobile radlonuclides (like cesium and plutonium) in water leaking down the well anrndus

would likely be sorbed to surfaces along the armulus and not occur in significant

concentrations at the screen. Small amounts of waste debris smeared during well installation

could explain the anomalous chemistry of the samples taken from this well. Monitoring well

G-21 was abandoned in 1995, in accordance with accepted abandonment procedures.

Contamination from releases of liquid solvent offers an alternative explanation for the

anomalous radionuclide concentrations in well G-2 1. Severrd reports discuss a 1962 incident

in which 40 gallons of spent PUREX solvent, which consisted of up to 30°/0 tn-butly-

phosphate (TBP) and contained plutonium, were accidentally pumped down an unidentified

test well located near the solvent tanks (Wilbite, 1975; Ryan, 1983; McIntyre and Wilhite,

1987; Mason, 1996). McIntyre and Wllhhe (1987) report that in 1987, G-21 was the ordy

a137.rmc F-7



well tirat showed a concentration of TBp (0. 16 mtil) above the detection ktit of (0.05 m~l).

These results suggest that G-2 1 may have been affected by the solvent pumping incident.

The best estimate for the leachability of 137CS comes from the Defense Waste Lysimeter

program. The leachability horn these waste forms is measured as the annual fractionrd release

rate. This is the cumulative activity of a constituent measured in the effluent of the lysimeter

over one year divided by the known source term in the waste form buried in the Iysimeter. In

1985, Stone et al. (1985) reported the annual fractional release rate of 137CS to be 10-7.

McIntyre (1987) reported a similar release rate of 3 x 10-7 for the year spanning July 1985 to

June 1986. Applying this annual fractional release rate to the current 137CS inventory in the

ORWBG (27,171 Ci) gives a current leaching rate of 8 x 10-3 Cdyr.

I F-8 cs137.DOc
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Table 2-1. Maior Gamma Radionuclides in Organic and Aqueous Phases of OSTS.
These data were reported in 1975, prior to ~e Solvent Relocation Program.

Tank Organic Aqueous

1 RU-106, 97% Ru-106, 98%

2 Eu-154, 49%, Ce-144, 29% RU-106, 71%

3 Ru-106, 81% “ CS-137, 68%

4 RU-106, 53%, Sb-125, 38% CS-137, 96%

5 Ru-106, 95% RU-106, 97%

6 Sb-125-43%, CS-137, 24% CS-137, 80%
Ru-106, 23%

‘7 Sb-125, 89% Sb-125, 52%;CS-137, 45%

8 No Data No Data

9 Ru-106, 99V. Ru-1 06.98°4

10 Ru-1 06,98’

11 Ce-144, 53%, Ru ,

12 Ru-1 06. 74% ] Ru-1 06: 99%

I
. . . . .

1% I RU-106, 93%

t- 106. 320/o I Ru-106, 72% —

II ii 1IRu-106, gs~o Ru-1 06, 66%

14 I RU-106, 88% Ru-106, 57%, CS-137, 42%

%, Sb-125, 48% RU-106, 95%

16 I RU-106: 97% CS-137. 91%
II 15 i Ru-106. 52

21 I RU-106; 88% I RU-106; 100%
22 I Ru-106, 99% I Ru-106, 98%

Source: Denard (6-30-75) in Mason (1996)



Table 2-2. Summary of Most Recent Gamma Activity Data for Tanks S1-S22 (Source:
Mason, 1996). The presentactivity in these tanks is considerably less than these values

( l-26-8~
Total Est. Wt. Aqueous

Sludge Solid Volume
zals Solid I Solid Aa Total

51 19~ 0.82 0.0013 0.82 0.015 0.020 0.035
52 2g 3710 27 4.7 0.021 4.72 0.025 0.076 O.1OI
S3 76 3[,700 65 0.28 0.0007 0.28 0.036 0.036 0.072’
54 146 60,800 124 0.54 0.0014 0.54 0.068 0.070 0.138
55 118 15,600 112 19.7 0.088 19.78 0.105 0.325 0.430
S6 489 203,600416 1.80 0.0045 1.80 0.229 0.234 0.463
S7 204 84,900 173 0.75 0.0019 0.75 0.0% 0.098 0.194
S9 88 61,600 64 3.80 0.006 3.61 0.069 0.095 0.164
Slo 54 37,800 39 2.33 0.0037 233 0.043 0.058 0.101
511 38 5030 36 6.4 0.028 6.43 0.034 0.105 0.139
512 .88 61,600 64 3.80 0.006 3.81 0.069 0.095 0.164
513 317 ~,000 230 13.70 0.0216 13.72 0.250 0.340 0.590
.S14 84 58,800 61 3.63 0.00s7 3.64 0.066 0.090 0.156
s15 736 151.000536 31.81 0.050 31.86 0.580 0.792 1.372
m~
Totals 3034 1,240kg242g 96.08 0.2449 96.29 1.942 2.697 4.639

i
Probably only considered organic phass.’

m Qals

S8 6700 1.5X 10E4 8.5 X IOE3 2.5 X IOE3 125/63
0.17 Ci

(6 307%--

M 5-75 eal Ph~
517 100 Org

250 Aq
Solid

S18 965 Org

100 Aq
Solid

● Alphaspeetrumwrrld not be resolved.
AID~

7.4 x IOE4 Pu239-60?h 1.69 X 10E6 RuI06-99%
1.6X IOE4 PU239 1.95x 10E6 Rul 06-95Ye
“ ,,0
4.1X 10E3 Pu23g-30?? 2.15 X IOE6 RU 106-99?4

PU239-30%
NP237-3Wh

1.6 X IOE3 ● 1.54X IOE7 Ru106-100?A
1.4X 10E3

~e (11-24-80).
M C81 Phmc WCi
519 823 Aq 10.19 5.33
S20 1509 Org 0.014 0.019

330 Aq 0.00I 0.292
521 21,582 Org 0.286 0.0035

789 Aq 0.001 0.002
522 21,461 Org 0.032 0.016

663 Aq 0.001 0.001
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Table 3-1. Cesium-137 Estimates for the ORWBG
Data are from Cook (1990). Tbe best estimate is determined by increasing tkese amounts by

3%. (see Section 3.2)

Year* Original CS-137 Activity, Ci’ CS-137 Activity, Decayed to 1997, Ci
1954 1551 574
1955 3103 1176
1956 3103 1204
1957 3103 1232
1958 3103 1260
1959 3103 1290
1960 3103 1320
1961 4251 1851
1962 3712 1654
1963 1796 819
1964 3156 1473
1965 5055 2414
1966 873 427
1967 5370 2685
1968 1875 960
1969 3847 2015
1970 4659 2497
1971 1568 860
1972 618 347

Total: 56,949 26,058
~ource: Cook (1990).

No waste with significant amounts of fission products was produced before 12i28/53.

F-16 Cs , 37.W
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Table 3-3. The Sources of Inventory Estimates for CS-137 in the ORWBG

Reference InventO~ Notes

{SRC,1992 Cesium-1374 R= RetrievableWaste
ORWBG A) 22,387NR- 840R” B) 110,OOObNR = Nometrievable

ORWBG and 7G C) 17,000f D) 1,776 E) -10,~ Waste
* = Inventory estimated

A) Wrote Management Operations, SRP, Final through 1975, includes first

Environmental Impact Statement, 1975 four years inventary at

643-7G

(Sr-90 and Cs- 137 values are extrapolated from a fomula
provided with the table, which identified4% of ~oss f= Does not accountfor
fissionproductwaste as Sr-90snd CS-137(2%each). and radioactivedecay since
80%of dscayed fission productwasteas S1-90and Cs- time of burial
137 (40%each).

B) WasteManagementProgramTechnicalProgress
Report, 1987.

C) Selectionof Chemical Constituentsof Estimationof
InventoriesforEnvironmentalAnalysisof SavannahRiver
Plmt WasteSites, 1986.

D) SavannahRiver Waste ManagementOperations
Progrm Plan, 1989.

E) IntegratedReport on RadlonucfideMigrationat the
SavannahRiver Shallow bnd Burial Site, 1989.

;ook,James R., 1990 AnnualCuriesof ‘37CS’Disposed at SRS Burial Ground ● Origin

(Decayed Values through 1990). (COBRARecords) - Waste from
Reactors,Separations,

CS-137 772-F labs, offsite, and
~ As Buried - the Tank Farms.

1954 1551 677 . Form:
1955 3103 1386 - As the waste ages in
1956 3103 1418 the tanks it segregates
1957 3103 1451 into supemate, high in
1958 3103 1485 cesium,and sludge
1959 3103 1520 whichcontains
1960 3103 1555
1961

essentiallyall of tbe
4251 2180 strontium.

1962 3712 1948
1963

- Fissionprduct
1796 964 waste.

I 964 3156 1734

1965 5055 2842

1966 873 502

1967 5370 3162

1968 1875 1130

1969 3847 2372

1970 4659 2939
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Table 3-3. The Sources of Inventory Estimates for CS-137 in the ORWBG
(Continued)

~ Inventory Notea

Continued:

1971 1568 101.2
1972 618 408
The productionprogramused to calculatedecayedcuries
of fission products.[Reference Member K1206000,Data
Set SRL. PROD.SOURCE]was examined,and tbe
algorithmassumesthat fission product distributionis 2%
‘S1,270 ‘37Cs,95.9%isotopeswith hsff-lives less than ten
yearsand 0.17. isotopss with half-livesgreater than ten
yews.

Cook,James R., 1987 137CS:llO,OOOCib ORWBGlifetime 1952to
(doesnot referencean earlier article). 1974

Horton,J.H. and I37CS500 Cibemplacedeach year at tie Solid NA
Corey, J.C., 1976 RadioactiveWaste Storage Site.

(dws not referencean earlier article).

Corey, J.C. and Horton, Ci Buried Ci Remaining ● EquipmentDiscards
J.H, 1971 Fission Products: 387,~b ‘3’CS:4,000b - SlugFragments

- Vessels and Jumpers
. RadioactiveWaste

(dws not referencean earlier article). Burials through 1969
● ResidueRecoverable

a Inventorydiscussedindetail
b Nodiscussionofbasisforinvento~
NA. Notaddressedin article

●

e
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Table 3-4. Tbe Sources of Inventory Estimates for Fission Products in the ORWBG
Although “fission products” currently are composed primarily of CS-137 and Sr-90, the isotopic

distribution was considerably different at the time of production.

Reference Inventory (Burial Ground) Not=
ook,J R., 1991 Fission ProducE b: The results presented here utilize

As Variety 1: 561,063 CI COBRAdatabase records through

As Variety2 40,145 Ci June 25, 1991.

Total 601,208 Ci

(does not reference an earlier article).

.shley C., 1965 Total Since Health Protection (HP) data.
Gamma, trilocuries ~ Plant Startup HP published a summary report

Fissiono) 20.61 241.39 between 1959 and 1965 that
(does not reference an earlier article). gives gross information on
Estimated quantities of fission products in radioisotope burials.
underground storage tanks, as of December 20,
1964, totaled 554 megacuriesinFAreaand310
megacuries in H Area (data provided by
Separations Technology Section).

~hley, C., 1964 Total Since NA
Gamma, kilocuries ~ flant StartuQ

Fissiono) 19.22 220.78
(does not reference an earlier article).

..-

Estimated quantities of fission products in
underground waste storage tanks, as of Dwember
20, 1963, totaled 397 megacuries in F Area and 407
megacuries in H Area (data provided by
Separations Technology Section).

,shleyC., 1963 Total Since * Gamma curies were corrected
Gamma, kilocuries ~ Plant StartuQ for overestimates in 1960 and
Fissiono) 21.15 201 .56* 1959.

.shleyC., 1962b Total Since * Includes 52 Kllocuries of
Gamma emitting ~ Plant Startup fission products.
radlonuclides(b)’ 204” 777
kilocuries

.shleyC., 1962a Total Since * Includes 232 kilocuries of
Gamma emitting ~ Plant Startuu fission products.
radionuclides(b)” 357* 573
kilocuries

,shley,C., 1960 From Startup through 1959 NA
Gamma(b) 216,000 curies

a: lnvento~ discussedin detail
h: No discussionof basisfor inventory
NA: Not addressedin afiicle
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APPENDIX G

CONSTITUENT OF INTEREST:

PLUTONIUM-238
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CONSTITUENT OF INTEREST - PLUTONIUM-238

1. SUMMARY

The production of plutonium-238 for use in therrnionic heat sources for power generation

was a primaryoperationat the SavannahRiver Site (SRS). Plutotirsrn-238oxide produced at

SRS was sh]pped offsite to other facilities in the U.S. Department of Energy weapons

complex. Wastes containing plutonium-238 buried at the Old Radioactive Waste Burial

Ground (ORWBG) originated primarily in separations areas, reactor areas, and research

facilities like the Savannah River Technology Center (SRTC).

The best estimate for the original amount of phrtonimn-238 inventory at the ORWBG is

1192.7 grams (20,514 curies). ~ls estimate is the sum of two sources: the Computerimd

Burial Record Analysis (COBRA) database total and a relatively insignificant quantity

estimated to be in burrred solvent residues.

The date disposed and total alpha activity of the waste package affected how waste was

handled at ORWBG. According to Cook (1987), alpha-beting waste, which included

plutonium-238, was buried in plastic bags and cardboard boxes in earthen trenches

designated for alpha-bearing wastes from the beginning of operatiom at the ORWBG until

1965. Between 1965 and 1974, alpha-bearing waste was segregated based on its activity.

Waste containing less than 0.1 curies per package was buried unencapsulatcd in alpha

trenches. Waste containing greater than 0.1 curies per package was buried in retrievable

concrete containers (Cook, 1987).

Figure 1-1 presents the process used to develop the inventow and burial locations. A process

knowledge for generating plutonium-238 at the SRS WaS developed. The COB~ database

was used to determine the location of burials of phrtonium-238.

2. BACKGROUND INFORMATION

Plutonium-238 entered waste streams from many operations at SRS, inchrd~ng reactors,

separations, and waste mmagement. At ORWBG, handling methods for alpha-bearing

wastes such as plutonium-238, depended on the year of disposal and the alpha activity of the

waste.

Plutoniurn-238 has a half-life of 87.4 years and a specific activity of 17.2 curies per gram.

Plutonium-238 comprises 80 to 83 percent of heat source plutonium (Cook and Helton,

,U..mx G-1



19s9). Weapons-grade plutonium, isotonically primarily phrtonium-239, contains only O.OO7

weight percent plutonium-238.

2.1 Plutonium-238 in Waste Streams

Plutonium-238 was a constituent of alpha-bearingwastes originating from both separations

areas: F-Area and H-Area. These wastes comprise the bulk of the plutonium-238 sent to the

ORWBG.

Following irradiationin SRS reactors, chemical separation of phrtonium-238 from its target

parent, neptunium-237, occurred in H-Canyon. Production of plutonium-238 oxide powder

took place in HB-Line. The oxide powder was formed into cylindrical pellets in Building

235-F. The pellets were shipped offsite.

Spent solvent from the separations areas w sent to the Old Solvent Tanks (OSTS), located

in the ORWBG, to be stored prior to burning. This solvent was contaminated with

phstonium-238.

Plutonium-23 8 was also a constituent of radioactive waste from other areas at SRS. These

areas included the reactor areas, the F- and H-Area tank f-s, and site laboratories. ●
Generally, plutonium-238 would be a minor contaminant in job control waste.

2.2 Plutonium-238 Management at the Old Radioactive Waste Burial Grounds

Plutonium-238 and other alpha-bearing solid waste was managed in one of three ways

disposed of in plastic bags and cardbowd boxes in trenches designated for alpha-bearing

waste, disposed of in drums placed in concrete cdverts in trenches, or encapsulated in

concrete in trenches. Generally, encapsulated waste was drummed and placed in slit trenches

that were tilled with concrete, Canyon equipment and other bulky wastes were placed

directly into trenches, which were then filled with concrete (Cook, 1987). Starting in 1965,

packages with greater than 0.1 curies of transuraniurn (TRU) were placed in concrete

culverts. when full, these culverts were placed in shallow subgrade trenches for retrieval and

processing at a future date. They are currently being stored in two separate trenches in the

burial ground. The practice of subgrade storage was discontinued in 1974, and storage at-

grade on concrete pads was adopted for SRS generated waste (Cook and Helton, 1989).

*-

●I
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2.2.1 Culverts

From 1965 through 1974, alpha-bearing waste with alpha activhies greater than O.1 curies

was buried in a retrievable configuration. One such configuration was a prefabricated

concrete container, orcdvert. Ninety-five concrete culverts contsrining plutonium-238 were

disposed ofitrthe ORWBG. These culverts are7feet indiameter and7.5feet hi@ (Cook,

1987). mote: Hofionmd Corey (1976)s@te tiatth6culvefis were 6feetindimeterad

6.5 feet high.] Theculverts were typically filled with drnms, cans, and boxes. Figure 2-1

shows atypical culvert. Such culverts were used tohonse high activity alpha-bearing waste

containing plutonium-238 and/or plutoninm-239.

2.2.2 Concrete Encapsulated Wasie

Alpha-bearing waste with activities greater than 0.1 curies that did not fit in the prefabricated

concrete containers was placed in slit trenches and encapsulated in concrete. Table 2-1

presents tiesix COBWrecords wtichhave abtidcode of5~concrete~w''). Figure 2-2

shows a photograph of a typical encapsulation

considered retrievable (Horton arrd Corey, 1976).

2.2.3 Non-Retrievab[e AIpha-Bearing Waste

burial. Encapsulated burials are also

Prior to 1965, alpha-bearing waste, which inchsded plutonium-238, was buried in plastic bags

mdcmdbomd boxes inetien trenches designated fordpha-beming wmtes. From 1965 to

1974, alpha-bearing waste with alpha activities less than O.l curies perpackage was bnried

nnencapsulated inalpha trenches (Cook, 1987). COBRA records indicate that there were 58

cases where waste containing plutonimn-238 in concentrations greater than 0.1 curies per

package was disposed of in trenches without encapsulation. These 58 instances were

identified from COBRA records meeting the following criteria

(1) Variety ofcontamination #1=83 (plutonium-238)

(2) Butidcode otierthm 4(btidcode 4=``btial containers [relievable
TRUl”) or 5 (concrete pour)

(3) Quantity of variety #1 exceeds 0.1 curies per record

The 58 records matching the above criteria are presented on Table 2-2

PU138.00C G-3



2.2.4 Spent Solvent

Ph.rtonium-238 was a constituent of spent solvent sent from separations facilities to the OSTS.

The organic phase of the solvent was pumped from the OSTS and burned. Plutonium in the

organic phase of the solvent remained in the residue and was buried in trenches in the

ORWBG (Mason, 1996). Plutonium-238 is a component of the liquid and solid phases

remaining in the OST.

3. INVENTORY ESTIMATE

Inventory estimates for phrtonium-238 are based on data contained in the COBRA database

and burial records predating COBRA, which was first used in 1961. The COBRA database

indicates that burials of Pu-238 occurred in the ORWBG as recently as 1973.

3.1 Range of Inventory Estimates

Table 3-1 presents the references reviewed related to plutonimn-238 inventory. Table 3-2

presents the references reviewed related to total plutonium inventory. The table includes the

reference, the inventory estimates provided by the reference, and any special notes associated

with the inventory. Figures 3-1 and 3-2 graphically compare the inventory estimates in Table

3-1 and Table 3-2.

A comparison of plutonium-238 estimates in the ORWBG is shown in Figure 3-1. “The

Horton and Corey (1971) rmd Cook (1991) estimates shown in Figure 3-1 are through 1969.

Cook (1987) provides an estimate for plutonium-238 in the ORWBG, but does not give much

detail. Cook and Helton (1989) provide greater detail on the burials of plutonium-238 in the

ORWBG.

Cook and Helton (1989) provides the following details on plutonimn-238 burials

●

●

●

●

330 curies (19.2 grams) of plutonium-238 were double-bagged and placed in a
container in trenches from ORWBG start-up until May 1964.

2,794 curies (162.4 grams) of plutonium-238 were double-bagged and placed in a

container in trenches from May 1964 through 1973.

9,680 curies (563 grams) and 3,531 curies (205 grams) of phrtonium-238 were buried
in two separate areas in retrievable concrete culverts.

35 curies (2 grams) of plutonium-238 were encapsulated in concrete.

. 1,119 curies (65 grams) were buried in a single concrete cask from Building 773-A. ●-
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The amounts of total plutonium buried from startup through 1964 are shown in Figure 3-2.

Health Protection data (Ashley, 1960, 1962a, 1962b, 1963, 1964, and 1965) indicate that

from ORWBG start-up through Jnne 1964,3,614 grams of plutonium were buried. Cook and

Helton (1989) indicate that the sum of the phrtonium-238 and plutoninm-239 burials from

start-up through May of 1964 was 4,609 grams. The COBRA database describes all

plutonium burials, through 1962 as weapons-grade plutonium, which contains only 0.007

percent plutonium-238.

The COBRA database indicates that 1,191 grams of phrtoniurn-238 have been buried. The

first burial record for plutonimn-238 is March 2, 1961, and the last record is for August 9,

1993.

●

●

●

●

●

The summary of the contribution by area is:

A-Area (e.g., 773-A) -112 grams

F-Area -319 grams

H-Are% exchrding HB-Line -493 grams

HB-Line -255 grams

K-Area -12 grams

Table 3-3 summarizes the culvert burials. The table indicates the burial ground coordinates

of each culvert, the plutonium-238 (bolded), phrtonimn-239, and neptmrium-237 content of

each culvert, and the numbers of drums, cans, boxes, and casks in the culvert.

Another source listed in Table 3-1 (Wllhite, 1976) lists additional plutoninm-238 contributed

by solvent residues. This residue, containing an estimated 1.7 grams of plutonium-238, was

left in the burning pan after the solvent was burned.

Mason (1996) indicates that the solids remaining in the OSTS (Tanks 1 through 22) contain

approximate] y 107 curies of alpha activity. If the same activity ratio that was found in the

solvent residues (7’7~0Pu-239, 20% Pu-238, and 3% Cm-244) and reported in Wllhite (1976)

is applied to this activity, then the OST inventory for phstonium-238 would be 21.4 curies or

1.24 grams.

3.2 Best Estimate of Phrtonium-238 in Burial Grounds

The best estimate for the original plutoninm-238 inventory in trenches in the ORWBG is

1192.7 grams (20,5 14 curies) (16,825 curies decayed to 1997). ‘fhe estimate is the sum of

the inventory in COBRA and the plutonium-238 from the solvent residue after burning.
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For the OSTS, the best estimate of the plutonium-238 inventory is 1.24 grams (21.4 curies)

(see Section 3.1). ●
3.3 Uncertainties Associated with Phrtonium-238 Inventory Estimate

plutonium-238, classified as a special nuclear material, was carefully monitored at the SRS,

The location and quantity of plutonium-238 were under continuous scrutiny because it was a

valuable resource. The major contributor to the uncertainty related to the quantity of

plutonium-23 8 buried is any classified burials that are not described in the open literature and

in unclassified databases such as COBRA.

4. BURIAL LOCATIONS

The COBRA database provides information on the spatial distribution of plutonium in the

ORWBG, Figure 4-1 outlines the steps taken to manipulate the database to locate plutonium-

238 burials. Figure 4-2(a) presents the burial locations for non-retrievable phrtonium-238.

This waste was buried without special containment. Figure 4-2(b) presents the burial

locations for ph.rtonium-238 “concrete pours” (COBRA records with burial code= 5). These

encapsulated or grouted burials may or may not be retrievable. The figures indicate the

relative size, in grams, of each burial. ●
Figure 4-3 shows the locations for retrievable plutonium-238 burials. Burial records having

culvert (container) numbers are given on Figure 4-3(a), whereas records with no container

numbers are shown on Figure 4-3(b). The exact form of the retrievable TRU burials that

have no container number is uncertain. It is considered likely that these burials consist of 55-

gallon drums encapsulated in concrete and/or oversized equipment placed in a trench and

backfilled with concrete. These burials are similar to “concrete pours”, and the recovery of

these pkrtonium-238 source terms is subject to question. Another less likely scenario for the

unnumbered retrievable TRU burials is that they are unnumbered “culverts”. Note that in

many of these retrievable burials, plutonium-239 is also included in the waste.

The locations indicated in Figures 4-2 and 4-3 are consistent with the schematic indications

of burial location given in Cook and Helton (1989).

●�
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5. WASTE FORM

Pu-238 contaminated waste was buried in three ways:

● Uncontainerized waste in plastic bags and cardboard boxes. This type of containment
would be the most susceptible to infiltrating water.

● Concrete culverts containing drummed or boxed plutonium-238-bearing waste.
Although it provides additional barriers, this containment does not preclude the
infiltration of water into the culvert. One excavated culvert was found to contain
water.

. Encapsulated waste where drums and other waste forms (equipment, waste in wooden
boxes, etc.) were surrounded by concrete on all sides, top, and bottom. Such waste
forms would be more impermeable to water infiltration.

6. LEACHABILITY

The leachability of plutonium from the ORWBG is a function of the prevailing redox

conditions, pH and chemistry of tbe water flowing through the trenches, as well as container

integrity and waste form. For estimation of plutonium leachability the geochemical

constraints will be considered in light of groundwater plutonium concentrations and

plutonium leachability horn the Defense Waste Lysimeters installed within the ORWBG.

plutonium migrates in dissolved forms and is associated with colloidal particles. Solubllity

and adsorption control the dissolved forms and strongly influence colloidal plutonium

migration. These mechanisms are complicated by the multiple oxidation states of plutonium

(III, IV, V, and VI) and the tendency of plutonium to complex with a variety of anions and

dissolved organic materials.

Adsorption of plutonium is strongly influenced by plutonium speciation. Prout (1958)

measured soil/water distribution coefficient @d) values for Pu(113), Pu(IV), and Pu(VI) on

SRS soils. Between PH 2 and 7 the Kd value for Pu(lII) was 1 to 3 orders of magnitude

greater than the Kd value for Pu(VI), with the difference increasing as PH increased. The Kd

value for Pu(IV) was insistently 1 order of magnitude greater than that for Pu(VI). Thus,

where adsorption dominates retardation, transport of the reduced forms of plutonium is

retarded, at a minimum, about 10 times that of Pu(VI) and maybe significantly higher,

Within the ORWBG, plutonium is expected to exist predominantly as Pu(III) and Pu(IV).

Figure 6-1 shows data horn the grid wells (Ryan, 1983) plotted within an redox potential

@h) vs. pH diagram for dissolved plutonium species. Half of the grid well data plot within
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the fields of dominance of Pu(III) and Pu(IV) species. The remaining data plot whhln the

field of dominance of the pentavalent species Pu02 ‘, but near boundaries of the reduced

species. It is uncertain which redox couples influence these Eh measurements and thus, Eh is

only a general indicator of redox conditions within the ORWBG. However, these

measurements do show that the presence of Pu(VI) species is unlikely. Furthermore,

considering the widespread presence of organic material (paper, cardboard, wood, etc.) and

zero valent iron (steel drums, scrap metal, etc.), pu(I~ and pu(IW are probably the dominant

forms of plutonium in solution. For example, as scrap metal and drums corrode, the

following plutonium reduction reactions are favorable:

PU02+ + l/3Fe0 +3H20 = pu(OH)4 0 +1/3Fe(OH)3(atn) + ~ logK = 7.19

PU(OH)4” +1/3Fe0+ 3@ = l/3Fe(OH)3(am) + pU+3 + sH20 logK = 26.27

Water collected from the bottom of burial trenches is more reducing than groundwater from

the grid wells @yan, 1983). Ttils tinther supports the viability of plutonium reducing

reactions in the ORWBG. Hence, Pu(II~ and PuGV) forms are likely to dominate the

speciation ofp!utonium in the ORWBG.

This is in contrast to the measurements of plutonium speciation in ground water from grid

well C-1 7 made by Wllhite (1978). The distribution of plutonium forms in this groundwater

was 43% Pu(VI), 25% Pu(IV), 30V0 Pu(III), and less than 20/. in organic forms. Though the

reduced forms dominated, the concentration of Pu(VI) was significant. However, water from

this well has had anomalous y high concentrations of plutonium compared to all other

ORWBG wells (Towler, 1989). This is consistent with the presence of Pu(VI), because this

form is more mobile than the reduced forms of plutonium. In contrast, most of the other grid

wells have much lower concentrations of plutonium because the plutonium is present as

Pu(131) and Pu(IV) and is strongly partitioned to the soils. Thus, the presence of Pu(VI) in

well C-17 is not indicative of the speciation of plutonium throughout the ORWBG, but is

more likely related to a condition specific to this well. This may be its proximity to the

solvent burning trench or the fact that multiple spills of plutonium-bearing solvent have

occumed at this well @cIrrtyre and Wilhite, 1987).

In the absence of strong cornplexing or colloida! migration, plutonium in the ORWBG will

remain immobilized by strong sorption of the dominant Pu(III) and Pu(IV) forms. Over the

pH range of the trench wells (5,8-7.0), Prout (1958) measured Kd values for pu(~ from

'3"OOO-t=WOO-rnVg-ad-K37alues~a&excwd&-lQOM-mU~ofl~~).~ls_su~ests a o-—
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o range of retardation factors for the dominant forms of plutonium of about 24,000 to in excess

of 80,000.

Enhanced mobility of plutonium by organic completing has not been observed at the

ORWBG. The presence of abundant organic matefial in the ORWBG raised the concern that

the degradation of this material could release organic components that would enhance the

mobility of radionuclides. McIntyre and Wilhite (1987) addressed this concern by

comparing the concentrations of several radionuclides with concentrations of dissolved

organic components in water from the grid wells Approximately 40% of the dissolved

orgrmics were high molecular weight components, suggesting they originated from the decay

of organic material in the ORWBG. However, there was no correlation between the

concentration of plutonium (or any other radlonuclide measured) and the concentration of

dissolved organic components. McIntyre and Wilhite (1987) concluded that either the

radicmuclides measured (including plutonium) do not form strong complexes with these

organic components or the concentration of the organic components is not high enough to

significantly affect the mobility of the radionuclides.

Though colloidal migration of plutonium may occur, the evidence suggests that it does not

e
significantly enhance leachability. Plutonium may migrate colloidally as discrete plutonium

phases or adsorbed to other metal oxide phases (Silva and Nitsche, 1995). The discrete

phases tend to be polymerized Pu(OH)4 and are called intrinsic colloids. Rai and Seine

(1979) found that intiinsic colloids could only form if the concentration of plutonium was

above the sohrbility of Pu(OH.)4(am). The concentration of plutonium in groundwater

beneath the ORWBG is several orders of magnitude less than this threshold value. Thus,

migration of plutonium as intrinsic colloids is not occurring. From the available data it is not

possible to determine the &action of migrating plutonium that is adsorbed to colloidal

particles of non-plutonium phases. However, Kaplan et al. (1994) dld find that a minor

amount of 239Pu was migrating in association with colloidal particles from a General

Separations Area seepage basin. Nevertheless, they concluded that this was only a small

fraction of the plutonium released and that the transport behavior of plutonium was

dominated by sorption to the aquifer matrix.

Concentrations of 238Pu and 239Pu in groundwater beneath the ORWBG are low. Ryan

(1983) reported analyses performed in 1980 of groundwater from 12 grid wells. The highest

concentrations of238Pu and 23 ~u were 17 PCU1 and 4 pCi/1, respectively and occurred in

a well G-2 1.
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Well G-21 has an anomalous chemistry (Ryan, 1983) that may not be representative of

concentrations in groundwater. McIntyre and Wilhite (1988) and Towler (1989) report that

well G-2 1 was one of 15 wells installed through waste trenches at the ORWBG to monitor

the water table. Samples from well G-2 1 have shown consistently Klgh concentrations of

radionuclides that should not be at the water table by migration from the trenches (Ryan,

I 1983). The anomalously high radionuclide concentrations (particularly Sr-90) in this well

have been correlated with high, and similarly anomalous concentration of iron found in theI
same samples (Ryan, 1983). Possible explanations for the elevated iron concentrations

include:

● a natural anomaly in the aquifer of high concentrations of organic matter or pyrite,

● contaminated water Ietilng from the trench down the well annulus, or

● waste debris smeared down the hole during installation of the well.

Natural iron anomalies in the water table aquifer at SRS have not been observed. Relatively

immobile radlonuclides (like cesium and phrtofium) in water leaking down the well annulus

would likely be sorbed to surfaces along the annulus and not occur in significant

concentrations at the screen. Small amounts of waste debris smeared during well installation

could explain the anomalous chemistry of the samples taken from this well. Monitoring well

G-2 1 was abandoned in 1995, in accordance with accepted abandonment procedures.

0’

Contamination from releases of liquid solvent offers an alternative explanation for the

anomalous radionuclide concentrations in well G-21. Several reports discuss a 1962 incident

in which 40 gallons of spent PUREX solvent, which consisted of up to 30°/0 tri-butly-

phosphate (TBP) and contained plutonium, were accidentally pumped down an unidentified

test well located near the solvent tanks ~llhite, 1975; Ryan, 1983; McIntyre and Wllhhe,

1987; Mason, 1996). McIntyre and Wilhite (1987) report that in 1987, G-21 was the only

well that showed a concentration of TBP (O,16 mg/1) above the detection limit of (0.05 mg/1).

These results suggest that G-2 1 may have been affected by the solvent pumping incident.

Two other grid wells, C-15 and C-17, have consistently had elevated plutonium

concentrations. These two wells were associated with the solvent spill where plutonium

containing solvent was mistakenly pumped down a well head (See Section 2.1.5 of Appendix

D). These anomalous wells are the only grid wells that have shown consistently elevated

G1O
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o measurements over several years, but the 238Pu and 239Pu concentrations remain low. For

example, in 1987 the gross alpha measurement was 5 PCU1 (Towler, 1989), but the 238pu

and 239Pu concentrations were 0.5 pCtil and 0.17 pCtil (McIntyre and Wilhite, 1987),

respectively. Of 64 grid wells measured in 1987, the average gross alpha was 4.1 pCtil and

the median was 1 pCi/1 (the average is skewed by the measurement of 155 pCi/1 in well G-21

.- the next highest measurement was 5 pCi/1). Thus, the groundwater data show that

plutonium concentrations are elevated in 3 wells that have anomalous chemistries, but

throughout the ORWBG as a whole plutonium concentrations remain low.

The low concentrations of plutonium in the groundwater are consistent with the facilitated

transport (Looney et al., 1987) of a small fraction of plutonium. This fraction exists

associated with colloids or as a trace species that is relatively unretarded by sorption. The

bulk of the phrtonium leached from buried waste is subject to the high retardation factors

caused by sorption to trench soil and possibly volubility of unidentified plutonium phases.

The lack of thermodynamic data for these phases makes g~chemical modeling of plutonium

transport tenuous. Nevertheless, at a retardation factor of 24,000 the dominant fraction of

238PU that is not subject to facilitated transport will decay to negligible levels prior to

reaching the water table. The less mobile fraction of 239Pu will decay through several half-

lives prior to reaching the water table.

The predicted immobility of plutonium is consistent with leachability of plutonium-bearing

waste in the Defense Waste Lysimeters. Data from these Iysimeters provide the best basis

for estimating the leaching rate of plutonium from the ORWBG. The annual fractional

release rates of 238Pu and 239PU from the waste form lysimeters are defined as the ratio of

the annual leaching rates to the inventories of the isotopes in the wastes buried in the

lysimeters (Oblath, 1983). From 1983 through 1986 the annual fractional release rates for

238Pu and 239Pu from the Defense Waste Lysimeters ranged from 1 x 10-12 to 8 x 1o-8 yr

1, The highest fractional release rate came from Canyon pipe jumpers waste (McIntyre,

1987). In general, waste from the High Level Caves and Actinide Materials Facility have

higher fractional release rates than Separations and job control waste (McIntyre, 1987). The

1 conditions in the Defense Waste Lysimeters may be less reducing than those in waste

trenches in the ORWBG because the column of degrading waste at any point in a trench is

longer than that in the lysimeters. Thus, Pu(V) and possibly Pu(VI) may occur in the

lysimeters causing plutonium to be more mobile than in burial trenches.

Using the highest annual fractional release rate from the lysimeters (8 x 10-8 yrl), the

estimated initial leacfilng rates of unencapsulated 238F’u and 239Pu are 2.5 x 10-4 Ci/yr and
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2.9 x 10-5 Cdyr respectively. It is assumed here that the Ieachlng rate of plutonium

encapsulated in cement or in removable TRU containers will be significantly lower than that

of plutonium disposed in plastic bags wit~ln cardboard boxes. Based on the geochemical

behavior of plutonium in the conditions of the OR~G, plutonium concentrations in

groundwater, and the Defense Waste Lysimeter experiments, the Ieach]ng rate of plutonium

is low, Leaching rates estimated horn the maximum annual fractional release rate (8 x 10-8

yi--l) of phrtonium from the Defense Waste Lysimeters are 2.5 x 10-4 Ctiyr for 238Pu and

2.9 x 10-5 Ci/yr for 239Pu. It is assumed that the leaching rate of plutonium encapsulated in

cement or removable TRU containers will be significant y lower than that of phrtonium

disposed in plastic bags within cardbmud boxes. The expected dominance of reduced forms

of plutonium suggests that adsorption is the major process controlling leaching. A small

fraction of plutonium is leached from trenches and is relatively unaffected by adsorption or

other retarding processes. This is reflected in the low plutonium concentrations in

groundwater. Completing by inorganic or organic components and colloidal migration may

have facilitated the transport of this small fraction, but this is unclear from the groundwater

data. This fraction, and hence the leaching rate, are expected to remain low because dramatic

changes in the chemistry of water in the ORWBG trenches are unlikely.
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Figure 2-1. Typical Culvert Disposal
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m Figure 2-2. Typical Encapsulation Burial
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Table 2-1. COBRA Plutonium-238 Records With “Burial Code = 5“ (Concrete Pour)
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OBG X.Cccd Oti$nal COBRA 08G .lMa.nmenc Wflal mfina!. lwlion h Xdretim ba~auel10l~n trac~ almq nom $*.1 OBG)

OBG Y.C& Ofl@nalCOBRA 060 alma.numti M* wtiate tiYi b Y4tiw {?,wxqwtiem 00G [- )

Year Year Wried

Mmlh Mm!h Wnti

Day Day b.ned

Conlalner Number Cm!alner n.mbm

BurialS10 Burialsupnumber

B“ndrq B.ildiw .Umhr wade mw Im

Area Am. was!. mme frc.n

B“dd C& B“dd Cede Im ba~ 0! bid Sl!P

1 LOwlwel Mm gamma tmnti 4 B.fld mmlnem [relievable TRUI 7 Other

2 m~ tm! beta @mma !m.ti 5 mm!. Pwr

3 Low Leml .AJPhaTmti 8 Abu,’egm”d S10~9e

Vdme (d) W.*. vdme in mbit 10.I

Van,ly @“tamlnaUcm#1 Fm ba~ d b“dal tip
70 mPIeted Uranhnn 47 B.*ermm

82 Nephmhnll.237 co cobalt FP Fi&.m PrOducls

20 Enntied Um.bm 40 Car~om~m 83 PMcnilnn.232 CS Ceshnn OT Olhm

44 medd.m.241 50 Wml.m (weaponsgrade) 86 oeuiemm 42 PMm~.242

45 Ameddm.243 70 ura”lm-233 8? Td$.m SR stmhnn

46 Cuflurn244 S1 N.mal U,a”tim 08 lhotim IA tticed ~V

ouanlii d VaIIdV #l Ouanlily d V**!” #l

lscdtic aua”tiw Vaneiy #. lscdwi. wantiiY o! vane!v #1 (ex. II m*!Y 1 b entitied U, tie. IQ k ammnl d u.225)
““ils d tinlilv R1 U.*S c - c“ti- G. Grams K . Silcqra” M . MiiWmMS

Vadev Co”mmhanm #2 Sme = Vamv Ctiamlmum #l (abmj
0.a”IdY d Vadeti R2 ma”lii cd valid” *2

unie d tianr~ ~2 am, ,$ Uti8 d tintny 81 I*.)
Fm LIati M budatstti

~$,Czb ~I,d .ti,. tiw WS&,tiW tie m pmtunw dotio w 5. Cw Writ. Ml w acmnv8dti W a man[Em~.I TCmsfe,[PEV

TV 2.011
Tw6-Mti

TW 3. InadmtOdm*al =mP
Tv. 7. Olh,,

TW 4. N8um,b r.mati mafodak
tib”,lii C&e Fmm bah d burialslii N. NmmWStible C. Cmbuslitie

o~criptim field #1 oescdp!ionRe!d #1

‘De*ti~im FIe!d @2 DestiPlim Field#2

Comrld x- O= alphan.mati Xmr&a!e -fled i.10 *~mw fmm ~ OMn wlnt (h ‘e@tl

Comfld Y- OBG dohanumeti Ywr~nau ~fled into~a~e fmm ~ ofl@ W ~
h fti)
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●
Table 2-2. COBRA P1utonium-238 Records from 1965-1974 which have Burial

Code other than 4 (Burial Container [Retrievable TRU]) or 5 (Concrete Pour) and
Quantity of Plutonium-238> 0.1 Curies per Record (Continued)

,.c,.

Comment B = Bad X,Y Iwtiow ‘-. or”~ SAIC Correcled X,Y location
OBG X-G@ OIiginal COBRA OBG alpha.numeflc burial oaordina!e Imti.ao In X.dimclioo (parallel to train tracks al.anq noflh side of 013G)
OBG Y.co& Original COBRA OBG alpha-n.merlc burial .xordinate ktion I. Y.direc! ion (along ~stem O= fence )
Yea, Year buried
Mon!h Month buried
Day Day buried

Container Number Container number
Burial sup Burial slip number
Building Building “umber waste mme Imm

Area Area waste came Imm

Burial Cede Suhal Cede fmm back 01 burial slip

1 Low level beta gamma trench 4 Burial mntainers (retrievable TRL 7 Other

2 Hioh level beta oamma trench 5 Concrete Pour

3 Lo; Level Alph~ Trench 6 Ahve ground storage

Votume (cull!) Waste volume in cubic feet

Vatiew Contaminatii” ill Fmin back of budal SIP.

10 Oeple!ed Uranium 478erkellum S2 Nept.nium.237 CO cobalt FP fission Prcducts

20 Enriched Uranium 46 Califomium S3 Plutoni. m-238 CS Cesium OT Other

44 Americium.241 50 Plutonium (weapons gmde) S6 Oeutefium 42 Plutonium-242

45 Amedci.m.243 70 Uranl.m.233 87 Tntium SR Strontium

46 Curium.244 81 Normal Uranium 88 Thorium 1Alnduc?d Activity

O.antify of Variety #1 Qua”tily of Variew #1

isotopic Ouantity Va,ieV t isotopic quantity of variew #1 (e.. If variety 1 is enriched U, then 10 is amount of U.235)

Unit* of Ouan!ily #1 U“i!s C. Curies G. Grams K. Xilogram M. Micrograms

Variety Contamination 4t2 Same as Varieb Contamination #l (above)

Ouantity of Vadew #2 OuanWv of VaneIy #2

U“i!s of O.anlily #2 Same as U.ils of O.anlity # 1 (ake)

TYPe Code From back of burial slip

T“w 1. hb WI,.! wste, lti”6”a hCM,kmPhQ wt. am PmmtMsd.,hhq TV 5. Cwllal eq”~”l. mustW acco-ied W a PlantEquirIm”t Tcamlec(PE71

Type 2.01 Type 8. R9sin

Type 3. Imdial# met.! Srap Tw 7. Dtier

Type 4. Nrd”rally ratioaco.e m.tedals

Combustion Code From back of burial slip N - Noncombustible C - Combustible

Description Field #l Deswip!ion Field #1

Description Field #2 Description Field U2

Converted X-COOd OSG alphanumeric X-.wo&n8te .wnvetied Into dislance hom NW origin point (in feet)

Co”velled Y.cd 013G alphanumeric Y-cootiinate COnverld into dstance Imm NW origin point (In feet)

—



Table 3-1. The Sources of InventoW Estimates for Plutonium-238 inthe ORWBG

Xeference ‘Pu Inventory Notes

IVSRC,1992 ‘3gPu (Ci)a R Retrievable waste

~+ A) 3,380NR - 257,~R” NR Non~etrievable waste

B) 21,000rQ * Inventory estimated

through 1975, includes

OBG + 7G +C) 5,300NRf first four years inventory at

D) 48 1,582@ 643-7G

@ Includes all fmms of

A) Waste Management Operations,
transuranic waste including

Savmmah River Plant, final
TRU fraction of Iow-level waste

Environmental Impact Statement, 1975 f Does not account for

B) Waste Management Program Technical
radioactive decay since

Progress Report, 19S7 time of burial

C) Selecti9” of Chemical Constituents and

Estimation of Inventories for

Environmental Analysis of Savannah
River Plant Waste Sites, 1986

D) Savannah River Waste Management
Operations Program Plan, 1989

3olcomb, H. Petry, 1992 NA The total plutonium waste at SRS is

3/4 million curies
(does not reference an earlier article)

2ook, JR., 1991 643-E Inventory NA
Pu-238: 800gramsb(13,760 Cl)

(does not referencean earlier article)
Cook,J.R.and Helton, B.D., 1989 . Retrievablectdverts: 13,211Cia . Retrievableculverls>O.1 Ci

(As generated) per package (in shallow land

. Encapsulated inconcrete:35C1a burial (SLB) [renches)

(As generated) ● Encapsulatedincmtcrete

● Uncontainedentrenches: 3623 Cfi(As (monoliths)-Waste>0.1 Ci per

generated from COBRA database) package but too large to fit into
the culverts

(does not reference an earlier article) ● Uncontained in trertches-Waste
<0.1 Ci per package

. Spanish accident (Jan. 17,
1966)

Cook, J.R.,1987 Pu-238: 21,000Ci~ NA

(does not referencean ear!ier article)

,“.,- .,--, .I:...,. ”A”A:- .-..,,
,,lvc,,,”, y “,> UU,,CU ,1, U.-, U,,.

h No discussion of basis for inventory.

-’”’-N-”-””k’e~-
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Table 3-1. The Sources of Inventory Estimates for Plutonium-238 in the ORWBG
(Continued)

Reference ~Pu Inventory Notes
Wilhite, E.L,, 1976 (From solvenl residues) The estimated total quantity of TRU

Pu-238: 30 Cib (Separations Dept.) nuclides in solvent residues at the

OBG is 150 Ci; this quantity of TRU

(does not reference an earlier article) is not presently included in COBRA

Corey, J.C. and Horton, J.H., 1971 Ci Buried
“PU 8,8=.5 kg)

Ci Remaining
23’Pu:8,800 Cib(0.5 kg)

. Cabinet waste
● Radioactive waste b“rial~

throu8b 1969
. Residue recoverable

1 I (does not reference an earlier article)
● Inventory discussed in detail.
b

No discussion of basis for inventory.
NA Not addressed in article.



Table 3-2. The Sources of Iuveutov Estimates for Total Plutonium in the ORWBG

teference Total Plutonium Inventory in the OBG (grams)b Notes

ishley C., 1965 ~ Total since planl startup ( 1953> Health Protection (HP) data.

528.7 3614 HP publisheda summary report between
1959and 1965that gives gross information

(does not referencean earlierarticle) on radioisotopeburialsb

\shley, C., 19M ~ Total since plant startup
84 3085

(dins not reference an earlier article)

\shley C., 1963 ~ Total since ulant startup
141 3WI

(does not referencean earlierarticle)

AshleyC., 1962b ~ Total since plant startuu
425 2860

(does not referencean earlierarticle)

AshleyC., 1962a ~ Total since ulant startup
35 2433

(does not referencean earlierarticle)

Ashley, C., i 960 Stanug through 1959
plutonium: 24CQ grams

(does not reference an earlier article)

B
Inventory discussed in detail.

b
No discussion of basis for inventory.

NA Not addressed in article.

G30. . . ..= ----- ..=. , PU238.DOCI
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Table 3-3. Buried TRU Culverts SummaW

1

. . . . .
008.50 OOG.1O 5 15,

008.40 OOG.1O 6 15.211

008.40 OOG.1O 7 9.3

008.20 OOG.1O 8 12.56

00s.20 oOG.1O 9 39.27

008.10 WG.1O 10 31.97

00s.10 OOG.1O 11 51.72

007.50 OOG.10 12 25.97

007.40 00G.20 13 2.9
n78 40 oOF.50 14 17.1

3
277.07

360.19

353.0s 1

307.36

233.68

I
....-. I --- . -. ,0

“,s ‘lo I onF 40 I 78 I 2.061 202.381 0.001 II ,“

1-
. . . . --
00F.20 31 6.75 135.69 266.34 I

. . . . .- 00F.20 32 11.14 221.30 0.02

028.40 00F,20 33 6.90 83.28 58.29

028.40 00F.20 34 14.79 152.43 57.44

028.40 00F.20 35 3.45 217.95 174.3

028.40 00F.20 36 18.99 378.98 67.85

028.40 00F.20 37 8.63 121.97 0.00

028.40 00F.20 38 9.55 160.86 20.31

028.40 00F.20 39 8.58 160.44 %.91
b

“7R .ln 00E.20 40 5,04 166.41 17,28 3 .

00E.20 41 1.56 38.29 26.12

I
00E.20 42 3.50 102.29 10.47 1. . . ..- . .

..R An 00F 70 A3 0.94 150.40 24.% Al .0 I I
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Table 3-3. Buried TRU Culverts Summary (Continued)

NORTH EAST culveti no. Pu-238 Pu-239 Np-238 drums cans boxes =sks

028.40 OOE.20 44 0.00 129.67 0.00 65

026.40 OOE.20 45 10.64 166.73 12.13 5 53

028.40 OOE.20 46 6.84 114.86 23.84 4 43

026.40 OOE.20 47 1.45 110.06 61.15

026.40 WE.20

50

46 0,00 0.00 0.00 1 1

026.40 OOE.20 49 0.00 0.00 0.00 4

003.10 OOG.30 50 2.05 6S.81 9.11 1 28

003.10 OOG.30 51 0.86 137.14 29.35 “11 43

003.10 OOG.30 52 0.00 20.97 0.00 3

003.10 OOG,30 53 6.12 172.23 21.a 4 45

003.10 OOG.30 54 9.76 99.29 10.83 2 2 24

003.10 OOG.30 55 0.00 255.81 0.00 52

003.10 OOG,30 % 0.00 0.00 0.00 s

003,~o 00G.30 57 0.00 6.74 0.00 3 1

003.10 OOG.30 58 17,77 266.60 0.00 7 45

003.10 OOG.30 59 0.16 179.36 22.02 3 2 25

004.30 OOE.30 60 1.69 6.74 2.87 23

004.30 OOE.30 61 4,69 125.64 46.61 64

004.30 OOE.30 62 9.19 105.26 0.00 16 31

004,30 00E.30 63 12,96 158.25 0.00 1 64 5

004.30 OOE.30 64 8.97 88.52 i .30 47
NR 65

NR 66

NR 67

NR 68

004.30 OOE.30 69 6.85 199.17 65.5 3 4 3

004,30 OOE.30 70 1.60 160.73 0.0 0 35

004.30 00E.30 71 1.41 93.90 21.3 7 47

OM,30 OOE.30 72 0.65 232,95 6.0 0 4 122 8

004.30 OOE.30 73 1.51 31.44 4.6 3 30

004,30 OOE.30 74 7.84 70.61 12.1 6 39

004.30 OOE.30 75 5.33 142.67 31.9 4 5 57

OM.30 OOE.30 76 2.24 130.88 0.0 0 18 34

004.30 OOE.30 77 2.88 105.11 7.0 0 1 43

004.30 OOE.30 78 6.47 63.7 6 16.2 6 8 50

005.50 OOG.20 79 4.97 65,6 0 22.4 0 56

005.50 OOG.1O 80 7.o2 42,5 0 0,0 0 1 46

00550 00G.20 61 9.56 30.4 2 6,9 0 30

00G.20 62 2.91 72.3 5 19.6 0 u

OOG.20 83 18.75 247 5 38. 11

nn~ 7n Rd 1A In

L
. . . . .

L

. . ..-.
005.50 .--... , -. , . .. .. .

005.50 OOG.20 I 85 I 4.321

005.50 00G.20 66 6.451 ,.. --, . ----- . , .- 1

~32 =........ . . . . . .=.=.....
PU,,8.DOC I
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Table 3-3. Buried TRU Culvetis Summary (Continued)

NORTH EAST culvert no. Pu-238 Pu-239 NP-Z38 dmms =ns bOxes =sks

005.50 OOG.20 87 0,00 49.50 0.00 7 3

005.50 OOG.20 88 4.82 120.21 41.29 9 %

005.50 oOG..2O 89 7.40 97.25 .29.13 12 %

005.50 OOG.20 90 6.31 21.88 94.88 16 23

005.50 00G.20 91 0.06 2.91 25.73 5

005.50 00G.20 92 0.00 26.20 0.00 7 2

003.10 00G.20 93 1.02 71.63 0.46 4 18

005.50 00G.30 94 0.48 114.72 37.96 2 37

005.50 00G.20 95 q2.17 75,13 43.29 59

005.50 003.10 96 0.29 46.01 102.32 41

005.50 00G.30 97 0.00 2.91 0.00 6

005.50 00G.30 98 4.17 53.87 150.40 7 43

003.10 00G.20 99 2.20 86.62 6.77 17 21

on TRU pad 2 100

003.10 00G.20 101 0.00 28.68 0.00 11

003.10 00G.20 102 14.36 151.56 0.00 14

003.10 00G.20 103 7.05 0.00 0.00 12

003.20 00G.20 104 2.03 172.09 584.97 14

NR 105

NR 106

003.20 00G.20 107,108 24.70 278.08 0.00 4 58

003.20 00G.20 109 10.34 128S8 0.00 f4

003.20 00G.20 110 6.14 114.00 0.00 14

003.20 00G.20 111 10.30 304.73 0.00 14

003.30 OOG.1O 113 0.00 5.68 20.93 1 6

totals (gr] : 793 14805 2659.2 275 324 3383 2

?U23%DOC G33 I
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● CONSTITUENT OF INTEREST - PLUTONIUM-239

1. SUMMARY

The production of plutonium-239 for use in nuclear weapons was a primary operation at the

Savannah River Site (SRS). Plutonium-239 produced at SRS was shipped offsite to other

facilities in the U.S.Department of Energy (DOE) weapons complex. Wastes containing

plutonium-239 in the Old Radioactive Waste Burial Ground (ORWBG) originated primarly

in separations areas, reactor areas, and research facilities such as the Savannah River

Technology Center (SRTC).

The best estimate for the U.S. Department of Energy plutonium-239 inventory in trenches in

the ORWBG is 24,188 grams (1,475 curies). This estimate is the SUMof two sources: the

Computerized Burial Records Analysis (COBRA) database total, which includes pltstonimn-

239 in special burials; and a relatively small quantity estimated to be in burned solvent

residues. An estimated 1351 g (82.4 curies) is in the Old Solvent Trmks (OSTS).

The date disposed and total activity of the waste package affected how the waste was handled

●
at the ORWBG. According to Cook (1987), alpha-befing waste, which included plutonium-

239, was buried in plastic bags and cardboard boxes in earthen trenches designated for alpha-

bearing wastes from the beginning of operations at the ORWBG until 1965. Between 1965

and 1974, alpha-beming waste was segregated based on its activity. Waste containing less

than 0.1 curies per package was buried unencapsulated in alpha trenches. Waste containing

greater than 0.1 curies per package was buried in retrievable concrete containers (Cook,

1987),

Figure 1-1 presents the process used to develop inventory and burial locations. First, SRS

documents were reviewed. A process knowledge for generating plutonium-239 at the SRS

was developed. The COBRA database was used to determine the location of burials of

plutonium-239.

I 2 BACKGROUND INFORMATION

Plrrtonium-239 entered waste streams from many operations at SRS, including reactors,

separations, and waste management. At the ORWBG, handling methods for alpha-bearing

wastes such as plutonium-239 depended on the year of disposal and the alpha activity of the

10
waste.

I
PU239.DOC H-1



Plutonium-239 has a half-life of24,390 years, and a specific activity of 0.061 curies per

I
●

gram. Plutonium-239 comprises 17t020percent ofheat-source plutonium adcomprises93

I to 94 percent of weapons-grade plutonium (Cook and Helton, 1989).

I 2.1 Plutonium-239 in Waste Streams

Plutonim-239 wasaconstituent ofalpha-be~ing wastes originating from both separations

areas: F-Area and H-Area. These wastes comprise the bulk of theplutonium-239 sent to the

oRWBG.

F-Area houses F-Canyon, one of two canyon buildings used to separate useful radlonuclides

from irradiated targets and fuel. ,Historically, F-Cmyon initiated recove~ofplutonium-239

and uranium-238 by chemically separating the contents of aluminum-clad irradiated slugs

from site reactors and other test and research reactors (DOE, 1995a). In addition to the

canyon building, F-Area housed facilities to convert uranyl nitrate solution into uranium

trioxide powder, plutonium nitrate solution into plutonium metaI or oxide, and to fabricate

plutonium-238 oxide fuels for heat sources (WSRC, 1993).

H-Area contains H-Canyon, the other chemical separations building at SRS. H-Canyon

recovered uranium-235 from irradiated fuel elements from onsite- and offsite reactors. ●
Additionally, the canyon had the special capability to recover neptunium-237 and plutonium-

238 from neptuniunr-237 targets (DOE, 1995b). Other facilities in H-Area include those

used to store liquid uranyl nitrate hexrrhydrate (enriched in uranium-235) prior to shipment to

Oak Ridge, convert plutonium nitrate to plutonium oxide, and the Receiving Basin for Offsite

Fuel.

Spent solvent from the separations areas was sent to the Old Solvent Tanks (OSTS), located

in the ORWBG, to be stored prior to burrring. This solvent was contaminated with

plutonium-239.

Plutonium-239 wasalso aconstituent of radioactive waste from other areasat SRS. These

areas included the reactor areas, the F- and H-Area tank farms, and site laboratories.

Generally, plutonium-239 would bea minor contaminant in job control waste. Plutonium-

239 was also a constituent in some waste received from offsite facilities.

H-2 P“,,,.wc



2.2 Plrstonium-239 Management at the Old Radioactive Waste Burial Grounds

Plutonium-239 and other alpha-bearing solid waste was managed in one of three ways:

disposed of in plastic bags and cardboard boxes in trenches designated for alpha-bearing

waste, disposed of in drums placed in concrete culverts in trenches, or encapsulated in

concrete in trenches. Generally, encapsulated waste was drummed and placed in slit trenches

that were filled with concrete. Canyon equipment md other bulky wastes were placed

directly into the trenches, which were then filled with concrete (Cook, 1987). Starting in

1965, packages with greater than 0.1 curies of transuranium (TRU) were placed in concrete

culverts. When full; these culverts were placed in shallow subgrade trenches for retrieval and

processing at a future date. They are currently being stored in two separate trenches in the

burial ground. The practice of subgrade storage was discontinued in 1974, when storage at-

grade on concrete pads was adopted for SRS generated waste (Cook and Helton, 19&9).

2.2.1 Culverts

From 1965 through 1974, alpha-bearing waste with alpha activities greater than 0.1 curies

was buried in a retrievable configuration. One such configuration was a prefabricated

concrete container, or culvert. Ninety-nine concrete culverts containing plutonium-239 were

disposed of in the ORWBG. These culverts are 7 feet in diameter and 7.5 feet high (Cook,

1987). mote: Horton and Corey (1976) state that the culverts were 6 feet in diameter and

6.5 feet high.] The culverts were filled with a combination of drums, boxes, and cans.

Figure 2-1 presents a picture of a typical culvert disposal. Such culverts were used to house

high alpha activity waste containing Plutonium-239 and/or Plutonium-23 8.

2.2.2 Concrete Encapsulated Waste

Alpha-beaing waste activities with greater than 0.1 curies that did not tit in the prefabricated

concrete containers was placed in slit trenches and encapsulated in concrete. Table 2-t

presents the 43 COBRA records which have a burial code of 5 (“concrete pour”). Concrete

encapsulation was also used afier 1965 and prior to the advent of concrete culverts for

drummed and other containerized waste. Figure 2-2 is a photograph of a typical

encapsulation burial. Encapsulated burials are also considered retrievable (Horton and

Corey, 1976).

PU239.DOC H-3



2.2.3 Non-Retrievable Alplta-Bearing Waste

Prior to 1965, alpha-bearing waste, which included plutonium-239, was buried in plastic bags

and cardboard boxes in earthen trenches designated for alpha-bearing wastes. From 1965 to

1974, alpha-bearing waste with alpha activities less than 0.1 curies per package was buried

unencapsulated in alpha trenches (Cook, 1987).

2.2.4 Special Burials of PIutonium-239

There are at least two special burials of phstonium-239 in the ORWBG: soil from the

Spanish accident, and filtered water and plane debris from the Greenland accident. The

Spanish accident occurred in January 1966 following a collision during mid-air refueling

between a bomber carrying nuclear weapons and a refueling plane. As a result, soil on the

ground at Palomares, Spain, was contaminated with plutonium. 4,827 55-gallon drums of the

soil were buried in two separate trenches at ORWBG. The Greenland accident occurred on

January 21, 1968, when a bomber carrying nuclear weapons crashed in Greenland,

containinating ice and airplane debris. The ice was melted and the water shipped to SRS in

tanks. The water was processed and the empty tanks were buried with the aircraft debris.

2.2.5 Spent Solvent

Plutonium-239 was a constituent of spent solvent sent from separations facilities to the OSTS.

The organic phase of the solvent was pumped from the OSTS and burned. Plutonium in the

organic phase of the solvent remained in the residue and was buried in trenches in the

ORWBG (Mason, 1996). Phstonium-239 is a component of the liquid and solid phases

remaining in the OSTS.

3. INVENTORY ESTIMATE

Inventory estimates for plutonium-239 are based on data contained in the COBRA database,

Health Protection data, and the estimate in burned solvent residues. The COBRA database

indicates that burials of weapons-grade plutonium occurred in the ORWBG as recently as

1973.

3.1 Range of Inventory Estimates

Table 3-1 presents the references reviewed related to plutonium-239

presents the references reviewed related to total plutonium inventory

inventory. Table 3-2

The tables list each

reference, the inventory estimates provided by the reference, and any special notes associated
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with the inventory. Figures 3- I and 3-2 graphically compare the inventory estimates in Table

3-1 and Table 3-2.

A comparison of plutonium-239 estimates in the ORWBG is shown in Figure 3-1. The

Horton and Corey (1971) and Cook (1991 ) estimates sho~ in Figure 3-1 are through 1969.

Cook (1987) provides an estimate for plutonium-239 in the ORWBG, but does not give much

detail. Cook and Helton (1989) provide greater detail on the burials of phrtonium-239 in the

ORWBG. The COBRA database does not contain information on the residues from solvent

burning.

Cook and Helton (1989) provides the following details on plutoniunt-239 burials:

● 280 curies (4,590 grams) of plutonium-239 were double-bagged and placed in a
container in trenches from ORWBG start-up until May 1964.

● 88 curies (1,443 grams) of phrtoniunt-239 were double-bagged and placed in”a
container in trenches from May 1964 through 1973.

. 638 curies ( 10,459 grams) and 434 curies (7115 grams) of phrtonium-239 were buried
in two separate areas in retrievable concrete culverts.

. 26.9 curies (441 grams) of plrrtonium-239 were encapsulated in concrete.

The amounts of total plutonium buried from startup through 1964 are shown in Figure 3-2.

Health Protection data (Ashley, 1960, 1962a, 1962b, 1963, 1964, and 1965) indicate that

3,614 grams of plutonium were buried from ORWBG start-up through June 1964. Cook and

Helton (1989) indicate that the sum of the phrtonium-238 and plutonirrm-239 burials from

start-up through May of 1964 was 4,609 grams. The COBRA database describes all

plutonium burials, through 1962 as weapons-grade plutonium. Weapons-grade plutonium

contains 93 to 94 percent plutonium-239. This isotopic conversion has been made in

COBRA. After February 1962, COBRA provides data for each individual phrtonium-239

burial.

The COBRA database indicates that 23,727 grams of weapons-grade plutonium have been

buried. If the weapons-grade plutonium is 94 percent by weight of pltrtonium-239, there

would be 22,303 grams (1,360 curies) of phstonium-239. The summary of the contribution of
I

weapons-grade plutonium by area is:

● A-Area (e.g., 773-A) -1,016 grams

● F-Area(F, FBL, FJB Areas) -18,400 grams



● An area indicated as “SRP” - (Sum of three “lumped” COBRA records Iabelled
“startup through 1959”,” 1960 Data”, and “January & Febmary 1961”) 2,624 grams.

● Mound (offsite) -120 grams

● An area indicated as “XXX (shipment from offsite of unstated origin) -1,568 grams

Table 3-3 summarizes the culvert burials. The table indicates the burial ground coordinates

of each culvert, the phrtonium-238, phrtonium-239 (bolded), and neptunium-237 content of

each culvert, and the numbers of drums, cans, boxes, and ctis in the culvert.

Another source listed in Table 3-1 (Wllhite, 1976) lists the additional plutonium-239

contributed by solvent residues. This residue, containing an estimated 1,885 grams of

plutonium-239, was left in the burning pan after the solvent was burned.

Mason (1996) indicates that the solids remaining in the OSTS (ttis 1 through 22) contain

approximately 107 curies of alpha activity. If the same activity ratio that was found in the

solvent residues (77°A Pu-239, 20V0Pu-238, and 3% Cm-244) arid reported in Wilhhe (1976)

is applied to this activity, then the OSTS inventory for plutonimn-239 would be 82.4 curies or

1351 grams.

3.2 Best Estimate of Phrtonium-239 in Burial Grounds

The best estimate for the plutonium-239 inventory in the ORWBG is 24,188 grams (1,475

curies). This estimate is the sum of the COBRA database total for plutonium-239 (22,303

grams), and the estimate in burned solvent residues (1,885 grams).

For the OSTS, the best estimate of the plutonium-239 inventory is 1,351 grams (82.4 curies)

(see Section 3.1).

3.3 Uncertainties Associated with Plutonium-239 Inventory Estimate

Plutonium-239, classified as a special nuclear material, was carefilly monitored at the SRS.

The location and quantity of plutonium-239 were under continuous scrutiny, not only

because it was a valuable resource, but also because of the nuclear safety requirements

necessary to prevent its uncontrolled fission. The major contributor to the uncertainty related

to the quantity of plutonium-239 buried is the classified special burials that are not described

in the open literature and in unclassified databases such m COBRA.

e
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4. BURIAL LOCATIONS

The COBRA database provides information on the spatial distribution ofplutonium in the

ORWBG. Figwe4-l outlines thesteps tAentommipulate thedatabme to locate plutonium-

239 burials. Figure 4-2(a) presents the burial locations fornon-retrievable plutoirium-239.

This waste was buried without containers. Figure 4-2(b) presents the burial locations for

plutonium-239 ``concrete pours'' (COBWrecords with bmialcode =5). These encapsulated

or grouted burials may or may not be retrievable. The figures indicate the relative size, in

grams, of each burial.

Figure 4-3shows tielocations forretrievable plutonium-239 bmids. Burird records having

culvert (container) numbers are given on Figure 4-3(a), whereas records with no container

numbers aregiven on Figure 4-3(b). Theexact fomofthe retrievable TRUburials that have

no container number is uncertain. It is considered likely that these burirds consist of 55-gallon

drums encapsulated in concrete and/or oversized equipment placed in a trench and backfilled

with concrete. These burials are similar to “concrete pours”, and the recovery of these

plutonium-239 source terms is subject to question. Another less likely scenario for the

unnumbered retrievable TRU burials is that they are unnumbered “culverts”.

Thelocations indicated in Figures 4-2and 4-3 are consistent with theschematic indications

of burial location given in Cook andHelton(1989).

5. WASTE FORM

Pu-239 contaminated waste was buried in three ways:

.

●

✎

6.

Uncontainerized waste in plastic bags and cardboard boxes. This type of containment
would be the most susceptible to infiltrating water.

Concrete culverts containing drummed or boxed plutonium-239-bearing waste.
Although it provides additional barriers, this containment does not preclude the
infiltration of water, One excavated culvert was found to contain water.

Encapsulated waste where drums and other waste forms (equipment, waste in wooden
boxes, etc.) were surrounded by concrete on all sides, top, and bottom. Such waste
forms would be more impermeable to water infiltration.

LEACHABILITY

The leachability of plutonium from the ORWBG is a function of the prevailing redox

condhions, pH and chemistry of the water flowing through the trenches, as well as container

Pu239.Mlr H-7
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integrity and waste form. For estimation of plutonium leachability the geochemical
*

constraints will be considered in light of groundwater plutonium concentrations and

plutonium leachability from the Defense Waste Lysimeters installed within the ORWBG.

Plutonium migrates in dissolved forms and is associated with colloidal particles. Volubility

and adsorption control the dissolved forms and strongly influence colloidal plutonium

migration. These mechanisms are complicated by the multiple oxidation states of plutonium

(III, IV, V, and VI) and the tendency of plutonium to complex with a variety of anions and

dissolved organic materials.

Adsorption of plutonium is strongly influenced by plutonium speciation. Prout (1958)

measured soil/water distribution coefficient (Kd) vahres for Pu(III), Pu(IV), and Pu(VI) on

SRS soils. Between pH 2 and 7 the Kd value for Pu(III) was 1 to 3 orders of magnitude

greater than the Kd value for Pu(VI), with the difference increasing as pH increased. The Kd

value for Pu(IV) was consistently 1 order of magnitude greater than that for Pu~I). Thus,

where adsorption dominates retardation, transport of the reduced forms of phrtonium is

retarded, at a minimum, about 10 times that of Pu(VI) and may be significantly higher.

Within the ORWBG, plutonium is expected to exist predominantly as Pu(III) and Pu(IV).

Figure 6-1 shows data from the grid wells (Ryan, 1983) plotted within an redox potential

(Eh) vs. pH diagram for dissolved plutonium species. Half of the grid well data plot within

the fields of dominance of Pu(III) and Pu(IV) species. The remaining data plot Within the

field of dominance of the pentavalent species PU02+, but near boundaries of the reduced

species. It is uncertain which redox couples influence these Eh measurements and thus, Eh is

only a general indicator of redox conditions within the ORWBG. However, these

measurements do show that the presence of Pu(VI) species is unlikely. Furthermore,

considering the widespread presence of organic material (paper, cardboard, wood, etc.) and

zero valent iron (steel drums, scrap metal, etc.), Pu(III) and Pu(IV) are probably the dominant

forms of plutonium in solution. For example, as scrap metal and drums corrode, the

following plutonium reduction reactions are favorable:

PU02+ + l/3Fe”+3H20=Pu(OH)40 +1/3 Fe(OH)3(am) + H+ logK= 7.19

Pu(OH)4° +1/3Fe0+ 3H+ = l/3 Fe(OH)~(am) + PU+3 + 3H20 logK = 26.27

Water collected from the bottom of burial trenches is more reducing than groundwater from

the grid wells (Ryan, 1983). This further supports the viability of plutonium reducing
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reactions in the ORWBG. Hence, Pu(III) and Pu(IV) forms are likely to dominate the

speciation of plutonium in the ORWBG.

This is in contrast to the measurements of plutonium speciation in ground water from grid

well C-17 made by Wilhite (1978). The distribution of plutonium forms in this groundwater

was 4s0/0 Pu(VI), 25°/0 Pu(IV), 30% Pu(III), and less than 2°/0in organic forms. Though the

reduced forms dominate~ the concentration of Pu(VI) was significant. However, water from

this well has had anomalously high concentrations of plutonium compared to all other

ORWBG wells (Towler, 1989). ~Is is consistent with the presence of Pu(VI), because tils

form is more mobile than the reduced forms of plutonium. In contrast, most of the other grid

wells have much lower concentrations of plutonium because the plutonium is present as

Pu(III) and Pu(IV) and is strongly partitioned to the soils. Thus, the presence of Pu(VI) in

well C-17 is not indicative of the speciation of plutonium throughout the ORWBG, but is

more likely related to a condition specific to this well. ~Is may be its proximity to the

solvent burning trench or the fact that multiple spills of plutonium-bearing solvent have

occurred at this well (McIntyre and Wilhite, 1987).

In tie absence of strong completing or colloidal migration, plutonium in the ORWBG will

● remain immobilized by strong sorption of the dominant Pu(III) and Pu(IV) forms. Over the

pH range of the trench wells (5.8-7.0), Prout (1958) memured Kd values for Pu(IV) horn

3000 to 8000 ml/g and Kd values that exceeded 10,000 ml/g for Pu(III). ~Is suggests a

range of retardation factors for the dominant forms of plutonium of about 24,000 to in excess

of 80,000.

Enhanced mobility of plutonium by organic compIexing has not been observed at the

ORWBG. The presence of abundant organic material in the ORWBG raised the concern that

the degradation of this material couId release organic components that would enhance the

mobility of radionuclides. McIntyre and Wllhite (1987) addressed WISconcern by comparing

the concentrations of several radionuclides with concentrations of dissolved organic

components in water fmm the grid wells. Approximately 400/oof the dissolved organics were

high molecular weight components, suggesting they originated from the decay of organic

materiaI in the ORWBG. However, there was no correlation between the concentration of

plutonium (or any other radionuclide measured) and the concentration of dissolved organic

components. McIntyre and WiIhite (1987) concluded that either the radionuclides measured

(including plutonium) do not form strong complexes with these organic components or the

●
concentration of the organic components is not high enough to significantly affect the

mobility of the radlonuclides.
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Though colloidal migration of plutonium may occur, the evidence suggests that it does not

significantly enhance leachability. plutonium may migrate colloidally as discrete plutonium phases ●
or adsorbed to other metal oxide phases (Silva and Nitsche, 1995). The discrete phases tend to

be polymerized Pu(OH)4 and are called intrinsic colloids. Rai and Serne (1979) found that

intrinsic colloids could only form if the concentration of plutonium was above the solubifity of

Pub. The concentration of plutonium in groundwater beneath the ORWG is several

orders of magnitude less than this threshold value. Thus, migration of plutonium as intrinsic

colloids is not occurring. From the available data it is not possible to determine the fraction of

migrating plutonium that is adsorbed to coiloidal particles of non-plutonium phases. However,

Kaplan et al. (1994) did find that a minor amount of 239Pu was migrating in association with

colloidal particles from a General Separations Area seepage basin. Nevertheless, they concluded

that this was only a small fraction of the plutonium released and that the transport behavior of

plutonium was dominated by sorption to the aquifer matrix.

Concentrations of 238Pu and 239Pu in groundwater beneath the ORWf3G are low. Ryan (1983)

reported analyses performed in 1980 of groundwater from 12 grid wells. The highest

concentrations of 238Pu and 239Pu were 17 pCi/1 and 4 pCi/1, respectively and occurred in well

G-2 1.

Well G-21 has an anomalous chemistry (Ryan, 1983) that may not be representative of ●
concentrations in groundwater. McIntyre and Wlfhite (1988) and Towler (1989) report that well

G-21 was one of 15 wells installed through waste trenches at the ORWBG to monitor the water

table. Samples from well G-2 1 have shown consistently high concentrations of radionuclides that

should not be at the water table by migration from the trenches (Ryan, 1983). The anomalously

high radionuclide concentrations (particularly Sr-90) in this well have been correlated with high,

and simifarly anomalous concentration of iron found in the same samples (Ryan, 1983). Possible

explanations for the elevated iron concentrations include:

●

●

●

a natural anomaly in the aquifer of high concentrations of organic matter or pyrite,

contaminated water IeWlng from the trench down the welf annulus, or

waste debris smeared down the hole during installation of the welf.

Natural iron anomalies in the water table aquifer at SRS have not been observed. Relatively

immobde radionuclides (like cesium and plutonium) in water leaking down the well annuhrs would

fiiely be sorbed to surfaces along the annulus and not occur in significant concentrations at the

screen. Small amounts of waste debris smeared during well installation could explain the ●
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anomalous chemistry of the samples taken from this well. Monitoring well G-21 was abandoned

in 1995, in accordance with accepted abandonment procedures.

Contamination from releases of liquid solvent offers an alternative explanation for the anomalous

radionuclide concentrations in well G-2 1. Several reports discuss a 1962 incident in which 40

gallons of spent PUREX solvent, which consisted of up to 30% tri-butly-phosphate (TBP) and

contained plutonium, were accidentally pumped down an unidentified test well located near the

solvent tanks (Wllhite, 1975; Ryan, 1983; McIntyre and Wllhite, 1987; Mason, 1996). McIntyre

and Wllbite (1987) report that in 1987, G-21 was the only well that showed a concentration of

TBP (O.16 mgfl) above the detection limit of (0.05 mg/1). These results suggest that G-21 may

have been affected by the solvent pumping incident.

Two other grid welfs, C-15 and C-17, have consistently had elevated plutonium concentrations.

These two wells were associated with the solvent spill where plutonium containing solvent was

mistakenly pumped down a well head (See Section 2.1.5 of Appendix D). These anomalous wells

are the only grid wells that have shown consistently elevated gross alpha measurements since

1976. Well I-13 has shown slightly elevated gross alpha measurements over several years, but the
238PU and 239Pu concentrations remain low. For example, in 1987 the gross alpha measurement

● was 5 pCfi (Towler, 1989), but the 238Pu and 239Pu concentrations were 0.5 pCfi and 0.17

pCi/1 (McIntyre and Wllhite, 1987), respectively. Of 64 grid weUsmeasured in 1987, the average

gross alpha was 4.1 pCi/1and the median was 1 pCfl (the average is skewed by the measurement

of 155 pCi/1 in well G-21 -- the next highest measurement was 5 pCi/1). Thus, the groundwater

data show that plutonium concentrations are elevated in 3 wells that have anomalous chemistries,

but throughout the ORWf3G as a whole plutonium concentrations remain low.

The low concentrations of plutonium in the groundwater are consistent with the facilitated

transport (Looney et al., 1987) of a small fraction of plutonium. This fraction exists associated

with colloids or as a trace species that is relatively unretarded by sorption. The buk of the

plutonium leached from buried waste is subject to the high retardation factors caused by sorption

to trench soil and possibly volubility of unidentfled plutonium phases. The lack of

thermodynamic data for these phases makes geochemical modeling of plutonium transport

tenuous. Nevertheless, at a retardation factor of 24,000 the dominant fraction of 238Pu that is

not subject to facilitated transport will decay to negligible levels prior to reaching the water table.

The less mobile fraction of 239Pu will decay through several half-lives prior to reaching the water

table.
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The predicted immobility of plutonium is consistent with leachability of plutonium-bearing waste

in the Defense Waste Lysimeters. Data from these lysimeters provide the bst basis for estimating ●
the leaching rate of plutonium from the ORmG. The annual fractional release rates of 238Pu

and 239Pu from the waste form Iysimeters are defined as the ratio of the annual leaching rates to

the inventories of the isotopes in the wastes buried in the Iysimeters (Oblath, 1983). From 1983

through 1986 the annual fractional release rates for 238Pu and 239Pu from the Defense Waste

Lysimeters ranged from 1 x 10-’2 to 8 x 10-8 yr- 1. The highest fractional release rate came from

Canyon pipe jumpers waste (McIntyre, 1987). In general, waste from the High Level Caves and

Actinide Materials Facility have higher fractional release rates than Separations and job control

waste (McIntyre, 1987). The conditions in the Defense Waste Lysimeters may be less reducing

than those in waste trenches in the ORWBG because the column of degrading waste at any point

in a trench is longer than that in the Iysimeters. Thus, Pu(V) and possibly Pu(VI) may occur in

the lysimeters causing plutonium to be more mobile than in burial trenches.

Using the highest annual fractional release fate from the lysimeters (8 x 10-8 yr- 1), the estimated

initial leaching rates of unencapsulated 238Pu and 239Pu are 2.5 x 10-4 Ci/yr and 2.9 x 10-5 Ci/yr

respect ively. It is assumed here that the leaching rate of plutonium encapsulated in cement or in

removable TRU containers will be signflcantly lower than that of plutonium disposed in plastic

bags within cardboard boxes. Based on the geochemical behavior of plutonium in the conditions

of the ORWBG, plutonium concentrations in groundwater, and the Defense Waste Lysimeter

experiments, the leaching rate of plutonium is low. Leaching rates estimated from the maximum

annual fractional release rate (8 x 10-8 yr- 1) of plutonium from the Defense Waste Lysimeters are

2.5 x 10-4 Ci/yI for 238Pu and 2.9 x 10-5 Ci/yr for 239Pu. It is assumed that the leaching rate of

plutonium encapsulated in cement or removable TRU containers will be significantly lower than

that of plutonium disposed in plastic bags within cardbomd boxes. The expected dominance of

reduced forms of plutonium suggests that adsorption is the major process controlling leaching. A

small fraction of plutonium is leached from trenches and is relatively unaffected by adsorption or

other retarding processes. This is reflected in the low plutonium concentrations in groundwater.

Completing by inorganic or organic components and colloidal migration may have facilitated the

transport of this small fraction, but this is unclear from the groundwater data. This fraction, and

hence the leaching rate, are expected to remain low because dramatic changes in the chemistry of

water in the ORWBG trenches are unliiely.

●
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Figure 2-1. Typical Culvert Disposal
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Table 2-1. COBRA Plutonium-239 Records With “Burial Code = 5“ (Concrete

Pour)
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Table 2-1. COBRA PIutonium-239 Reeords With “Burial Code= 5“ (Concrete
Pour) (Continued)
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Table 3-1. Tbe Sources of Inventory Estimates for Phstonium-239 in the ORWBG

Reference “Pu Inventory Note

WSRC, 1992 23’PU(cl)” R Retrievable waste

~ + A) 510NR- 1,700’” NR Nonretrievable waste

B) 1,400f@ * Inventory estimated

through 1975, includes first

OBG + 7G +C) @ONRr four years inventory at

D) 10,439@ 643-7G
@ Includes all forms of

A) Waste Management Operations, transuranic waste including

Savannah River Plant, Final TRU fraction of low-level waste

Environmental Impact Statement, f Does not account for

1975 radioactive decay since

B) Waste Management Program time of burial

Technical ProgressReport, 1987
C) Selection of Chemical Constituents

and Estimation of Inventories for
Environmental Analysis of Savannah
River Plant Waste Sites, 1986

D) Savannah River Waste Management
Operations Program Plan, 1989

Holcomb, H. Perry, 1992 NA The total plutonium waste at SRS is
3/4 million curies
(does not reference an earlier article)

Cook, J R., 1991 643-E inventory: Weapons Grade plutonium

Weapons Grade Pu: 17, 225 gramsb . 93-949. Pu-239
2]9Pu: 988 Ci . 6% Pu-240

. c 19. other
(does not reference an earlier article)

Cook, J.R.andHelton,B. D., 1989 . Retrievable culverts : 1072 Ci= (as ● Retrievable culverts >0. i Ci per

generated) package (in shallow land burial

. Encapsulated in concrete: 26.9 Ci’ (as (SLB)trenches)
generated) . Encapsulatedinconcrete

. Uncontainedin trenches: 368 Ci’ (As (monoliths)-Waste >0. I Ci per

generated; in shallow land burial package but too large to fit into

trenches) (As generated from COBRA the culverts

database) ● Uncontained in trenches-Waste

(does not reference an earlier article) <0. I Ci per package
. Special Projects

Cook, J. R.,1987 Pu-239: 1400 Cib (22,95 I grams) NA

(does not reference an earlier article)

1.”.. !0,” Ai.c,,...d i. d.,, il. . . ....... --------- ... . . .. ..
b No discussion of basis for inventory.
NA Not addressed in article.
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Table 3-1. Tbe Sources of Inventory Estimates for Plutonium-239 in the ORWBG
(Continued)

Reference “Pu Inventory Notes
Wilhite, EL., 1976 (From solvent residues) The estimated total quantity of TRU

115 Cib Pu-239 nuclides in the buried solvent
(Separations Dept) residuesat theOBGis 150Ci;this

quantityofTRUis notpresently
(doesnotreferencean earlier article) included in the COBRA burial

~round record system

Corey, J.C, and Horton, J. H,, 197 I Ci Buried . Cabinet waste
*]9Pu: 1,015 (17 kg)b ● Radioactive waste burials

Ci Remaining
239Pu: 1,015 (I7 kg)b

● Residue recoverable
(dins not reference an earlier article)

Inventow discussed in detail.

through 1969
● Special Project burial not

included

b
No discussion of basis for inve”to~.

NA Not addressed in article.

I
PUU,.DOC H-27



Table 3-2. The Sources of Inventory Estimates for Total Plutonium in the ORWBG

Reference TotalPlutonium Inventory in the OLIG (grams)b Notes

Ashley C., 1965 ~ Total since plant startup (1953) Health Protection (HP) data.
528.7 3614 HP published a summaryrepott between

1959 and 1965 that gives gross information
(does not reference an earlier article) on radioisotope burials b

Ashley, C., 1964 ~ Total since olant startuu
84 3085

(does not reference an ewlier article)

Ashley C., 1963 ~ Total since Dlant startup
141 3001

(dws not reference an earlier article)

4shley C., 1962b ~ Total since plant startup
425 2860

(dins not reference an earlier article)

4shley C,, 1962a ~ Total since plant startu~
35 2433

(does not reference an earlier article)

\shley, C., 1960 Startu~ through 1959
plutonium: 2400 grams

(does not reference an earlier article)

Invento~ discussed in detail.
h NO discussion of basis for inventory

NA Not addressed in article.
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Table 3-3. Buried TRU Culverts Summary

1
cans boxes casks

I I
).01 I 0.00 11 1
1.331 0.00 14

0.00 14
0.00 16 1

325.851 0.00 15 5
0.00 16 1

277.071 0.00 9 19
0.00 2 57

15.00 9 8
0.00 2 45
0.00 3 55

).64[ 0.00 1 42
i.061 0.00 9 3 21

0.00 60
------ 1 .. , ,,. ” . . . .. . 0.00 57

17 I I !. . . . . ... ---- . . . . . 0.00 4
n . . .

“.0.+” ““,3” I IB zz.3!j 3,8.,3
028.40 00F50 19 8.43 202.96 “.”.,
028.40 00G.10 I 20 14.52 267.89 0.00]

NR 71 I t-. 1 1
028.40 00F.W 22 4.34 235.131 0.00 71
028.40 00F.50 23 3.02 338.221 n nc
028.40 00F.40 24 0.24 176171
028.40 00F.50 25 2.46 ----- .-,---
028.40 00F.40 26 3,73 173.26 13.20
028,40 00F.40 27 0.71 278.81 0.00
028.40 OOF.40 28 2.06 202.38 0.00 1
028,40 00F,20 29 t 2.23 318.27 0 on

&
48
28

4 45

.,. 1 .,,
---- 1 11 51I

. . # 0.51 I I 71 46 I
53731 12A Qnl .1 4* Ia...10 44

13 50
10 45
au. ..- - .

028.40 00F.20 30 5.19 202.82 0.00 3 44
028.40 OOF.20 31 6.75 135.69 266.34 3 44
028.40 00F.20 32 11.14 221.30 0.02 2 55
028.40 00F.20 33 6.90 S3.28 58.29 2 41
026.40 00F.20 34 14.79 152.43 57.44 6 52
026.40 00F.20 35 3.45 217.95 174.34 2 62

) 36 18.99 378.98 67.85 3 R 67, ., ,
II Al 661 -1-.

) I 38 I 9.551 160.86 20.31 1 44
1 39 8.581 160.44 36.91 2 62
) I 40 I 5.04 I 188.41 17.28 3 2 47

.29 26.12 9

.29 1047 1 .0I ‘!
028.40
028,40 0(
028.40

1

1 . .

I 4] 59]

‘o
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Table 3-3. Buried TRU Culverts Summary (Continued)

I

NORTH MST culveri no. PU-238 Pu-239 NP-338 drums cans boxes casks
028.40 OOE.20 44 0,00 129.67 0.00 65
028.40 OOE.20 45 10.04 166.73
028.40

12.13 5 53
OOE.20 46 6,84 114.86 23.84

028.40
4 43

OOE.20 47 1.45 110.06 61.15
028.40

50
00E.20 48 0.00 0.00 0.00

028.40
1 1

OOE.20 49 0.00 O.on 0.00 4
003.10 00G.30 50 705 96,81 9.11 1 26

6 ~37.14 29.35 “11 43
n 20,97 0.00 3

I ‘--””- i
. . , . . I 172.23 21.s4 4 45

003.40 OOG.30 I u I C17RI 99.29 10.83 2 2 24

I ‘--””- i
. . I ---- 156.84 n fin .01

003.10 00G.3n I m I onnl 0.00

, -.. .
003.10 I OOG.30 I 61 0.8f
003.10 OOG.30 52 I O.oc.,
003.10 I OOG.30 I 53 I 61?1 ,

I ‘--””- i
. r ---- ,

003.10 OOG.30 I 55 I nnnl :

I‘--””-1“--”--1
.. ,----1

003.10 OOG.30 57 0.001
003.10 OOG.30 58 I 17.771 2L-..

003.10 OOG.30 59 I OIRI 17Q?

I
..”. 1 1 I . .

0.001 31
“ “,-,1 I I .1 48.74 . .. . . 1 1 .,

?Gn*O 0.001 71 45 I

I
. . I ‘6----- ,-. . 22.021 31 21 251

004.30 I 00E.30 I 60 4 6QI R7.1 , .71 I I ,.1

F
004.30
004.30
004.30
004.30
004.30

. . ---- . .
004.30 00E.30 61 4.69 1:-..7 ““-’46.61 54
004.30 00E.30 62 9.19 105.26 0.00 16 31
004.30 00E.30 63 12.96 158.25 0.00 1 6 45
004,30 00E.30 64 8.97 88.S2 1.30 47

NR 66
NR 66
NR 67
NR 66

004.30 00E.30 69 6.85 199.17 65.53 43
004.30 00E.30 70 1.60 160,73 0.00 35
004.30 00E.30 71 1.41 93.90 21.37 47
004.30 00E.30 72 0.55 232.96 6.00 4 12 26

00E.30 73 1.51 3i.44 4.63 30
00E.30 74 7.64 70.61 12.16 39
00E.30 76 5.33 142.67 31.94 5 57
00E.30 76 2.24 430.68 0.00 18 34
00E.30 77 2.68 105.11 7.00 1 43

004.30 00E.30 78 6.47 63.76 16.28 8 50
005.50 %.20 79 4.97 85,60 22.40 56
005.50 00G.10 80 7.02 42.5o 0.00 1 46
005.50 00G.20 81 9.56 30.42 6.90 30
005.50 00G,20 82 2.91 72.35 19.80 38
005.50 00G.20 83 18.75 24.75 38.11 1 48
005,50 00G.20 84 14.18 45.85 35.73 33 37
005.50 00G.20 85 4.32 47.89 62.44
005.50

21 34
00G.20 86 6.46 117,06 14.08 12 43

H-30 PU139,DOC



Table 3-3. Buried TRU Culverts Summary (Continued)

. . .-
37.96 2 37
d? ?Q 59

41
6

------ 7 43

I .- 1 ---- ----- 8.77 17 21
d 21 100 I

I <nl I n nol 28.6R 0.00 11
0.00 14
0.00 12

J

I
------ ------ .- ---- 172.09 5W.97 14

NR I I 105 I I
106 I

, . . . . . . , . . ..1 ..,. . . . .n . . .1 NR I
003.20 OOG.20 l“(,, ”0 <.. r. . . . .. . v..” . .“
003.20 00G.20 109 10.94 12S.56 0.00 14
003.20 00G.20 110 5.14 1+4.00 0,00 14
003.20 00G.20 111 $0.s0 304.73 0.00 14
003.30 OOG.10 113 0.00 5.68 20.93 1 8

totals(gr) : 793 14805 2659.2 275 324 3383 2
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CONSTITUENT OF INTEREST - STRONTIUM-90

1. SUMMARY

To accomplish its national defense and space missions, the Savannah River Site (SRS) employed

five nuclear fission reactors: R, C, L, P, and K Reactors. Fission products, such as strontium-90,

were a byproduct of the processes used in these reactors.

The best estimate for the original strontium-90 inventory in trenches in the Old Radioactive Waste

Burial Ground (ORWBG) is 58,657 curies (26,216 curies decayed to 1997). A relatively small

amount of strontium-90 is also present in the Old Solvent Tanks (OSTS). The amount in the

tanks is estimated to be 1.28 Ci.

Waste containing fission products, from which strontium-90 activities are estimated, was buried in

low-level and high-level trenches, depending on the dose rate from the package. The waste was

buried in cardboard boxes, plastic bags, and metal containers. As this packaging deteriorates, the

fission .product waste and the associated strontium-90 will be exposed to contact with infiltrating

water.

● Figure 1-1 presents the process used to develop the inventory and burial locations. The

Computerized Burial Record Analysis (COBRA) database was used to determine the locations of

fission product burials, from which the strontium-90 activity estimates were made.

2. BACKGROUND INFORMATION

SRS operated five onsite production reactors: C, K, L, P, and R Reactors. Uranium-235 fuel

was burned in the reactors. After their useful lifetime, the fuel elements were discharged from the

reactor and cooled in reactor disassembly bmins. The cooling period alfowed f~sion products

with very short hti-lives to decay to more stable isotopes. Strontium-90, with a 29.12 year hrdf-

Iife (ICRP, 1983), was one of the f~sion products with sigticant activity folfowirtg the cooling

period.

After cooling, the spent fuel was transferred to H-Area, one of two chemical separations facilities

at SRS. H-Canyon recovered uranium-235 from irradiated fuel elements from onsite and offsite

reactors (DOE, 1995). In the chemical separations process, the fission products were

concentrated in a liquid waste stream. The waste stream was sent to the H-Area Tank FQ a

system of underground tanks used to store the liquid waste.

●
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Smaller amounts of fission products were produced in the target slugs used in reactors for

producing phrtonium-239. These slugs were processed in the canyon facility in F-Area.

The fwst production-related fission products were produced on December 28, 1953 when R-

Reactor, the frost production reactor, went critical. The zero-power test reactor in 305-M went

critical over one year earlier (Septembr 16, 1952), but it did not produce significant amounts of

fission products. Waste containing significant quantities of fission products was not produced and

buried until 1954.

F[ssion products are a component of job control waste and other waste streams sent to the

ORWBG. These streams have originated from most areas of SRS that either dealt with spent

reactor fuel and targets or managed Klgh-level liquid waste. These include reactors, F- and H-

Areas and their associated tank farms, and process control and experimental laboratories.

Over 300 radionuclides have been observed as primary products of fission. These radionuclides

are produced at different rates, or yields. The distribution curve of fission yield from uranium-235

fission to mass number of the fission product has a characteristic double hump shape. The two

peaks on this curve, which equate to the mass numbers for the radionuclides with the greatest

yields, occur between mass numbers 90 and 101, and between mass numbers 133 and 144.

Strontium-90, with a mass number of 90, has a relatively high yield (5.77 percent). Also, the haK-

life of strontium-90 (29.12 years) is relatively long for a fission product. Consequently, the

fraction of fission product activity associated with strontium-90 increases with the age of the

fission product-bearing waste (i.e., the length of time since the fuel associated with the fission

products was discharged from the reactor) (Benedict et al., 1981). Although waste containing

fission products was composed of many” different radionucfides at the time of production,

currently it is composed primariiy of strontium-90 and cesium- 137.

Generally, waste containing fission products was segregated according to the dose rate generated

by the waste package. Waste with a dose rate less than 50 mR per hour was buried in low-

activity beta-gamma trenches. Waste with dose rates of 50 mR per hour or greater was buried in

intermediate level (also known as high-level) trenches (Cook, 1987). No special containerization

requirements existed.

Spent solvent from Separations was sent to the OSTS for storage, where it separated into vapor,

organic, aqueous, and sludge phases. This solvent was contaminated with fission products,

including ruthenium- 106, cesium- 137, antimony-125 and other gamma emitters (Mason, 1996).

Table 2-1 lists the radionucfides that comprised the greatest fraction of the activities in each tank

●

●
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●
in 1975. Strontium-90 was probably considered a minor component because it is a pure beta

emitter, but because of its divalency, it was “probablymore abundant in the spent solvent than was

cesium- 137.

To reduce the volume in the OSTS, the organic phase was periodically drawn off and burned in

open pans. The burn residue and pans were buried unencapsulated in earthen trenches (Wilhite,

1976; Tharin, 1965). Mason (1996) reports no data on the amount of fission products buried

with burn residues.

In the early 1980s, the contents of the OSTS, except for unpumpable heel, were transferred to

new tanks in the New Burial Ground (643-7E) under the Solvent Relocation Program (Mason,

1996).

Table 2-2 presents the latest gamma-emitting radionuclide inventory of each of the 22 tanks in the

ORWBG. Although strontium-90 is not a gamma emitter, the amount of strontium-90 is

approx~tely equal to that of cesium- 137. Therefore, the table is useful in estimating the amount

of strontium-90 in the tanks. The gamma activities for Tanks S8 and S 17 through S22 reflect

measurements taken before the Solvent Relocation Program. The activities for Tanks S 1 through

●
S7 and Tanks S9 through S 16 were measured after the solvent tanks were pumped to

“unpumpable heel”.

3. INVENTORY ESTIMATE

Burial records hdicate quantities of fission products sent tothe ORWG, but do not recordtbe

amounts of strontium-90 per se. The fraction of fission products that is strontium-90 is

determined using reported isotopic ratios, where available, and process knowledge.

3.1 Range of Inventory Estimates

The COBRA database indicates that 621,626 curies of f~sion products were buried in tbe

ORWBG. This estimate is comparable with Cook’s (1991) estimate of 601,208 Ci. Heafth

Protection data (Asbley, 1960, 1962a, 1962b, 1963, 1964, arrd 1965) indicate that 241,390 C10f

fission products were buried between ORWBG start-up and 1964. Assuming asirnilar rate of

dlsposalfrom1965to 1972, this estimate istiremonable accord with the COBWdatab~e and

Cook’s (199 1) estimate.

Other references include hventory estimates spec~lc~y forstrontium-9O. Cook (1987 ) estimated

● thestrontium-90 inventory to be llO,OOOcuries, although he provides no supporting information.

SI190.m I-3



However, in a subsequent document, Cook presents a rigorous method to determine the

strontium-90 inventory in the ORWBG (Cook, 1990). The method assumes the following:

1.

2.

3.

4.

5.

6.

Table

COBRA estimates of fission product inventory are accurate.

The curie estimates on the burial records are based on gamma ray measurements of
ruthenium- 106, cesium- 137, and cerium- 144 only.

Wastes from reactors, Separations, 772-F laboratories, and offsite sources contain fission
products 1 year out of reactor.

Wastes from tbe F- and H-Area tank farms are 5 years out of reactor

Cesium- 137 comprises 8 percent of the activity for 1-year-old waste and 71 percent of the
activity for 5-year-old waste.

The strontium-90 activity equals the cesium- 137 activity.

3-1 summarizes Cook’s (1990) estimate of the strontium-90 inventory. The “Original”

column represents the activity when buried (Cook, 1990). Cook (1990) cites data for the years

1954 to 1972. The “Decayed to 1997” column presents the current activity corrected for decay

to 1997. The total buried during tbe years that the ORWBG operated (1954 through 1972) is

56,949 Ci. Corrected for decay to 1997, this amount is 25,453 Ci.

Minor amounts of strontium-90 are present in the OSTS. A maximum concentration of strontium-

90 in the OSTS can be estimated based

assumptions:

1.

2.

3.

4.

The ratio of radioisotopes in the
Program.

on the data in Table 2-2 and using the following

tanks did not change after the Solvent Relocation

The amount of strontium-90 equals that of cesium- 137.

For those tanks in Table 2-1 with a cesium- 137 activity fraction, that fraction is used to
determine the contribution of activity from cesium- 137 (strontium-90) by multiplying it by
the total activity for each tank given in Table 2-2.

For those tanks without a cesium- 137 fraction, the remainder of the activity is assigned to
cesium- 137 (strontium-90) and is multiplied by the totaf activity for each tank as given in
Table 2-2.

Based on the above assumptions, the strontium-90 activity in the 22 OSTS is 1.28 Cl. This vafue

represents a maximum because it assumes all unattributable activity is due to strontium-90. In

actuafh y, many other radionucfides, most of which with shorter half-hves th~ strontium-90, were

present. Furthermore, the activities in Tanks S8 and S 17 through S22 were determined before the
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o buk of the solvent was removed from the tanks. The present activity in these tanks is

considerably less than that shown on Table 2-2.

Table 3-3 lists the sources of the inventory estimates for strontium-90 in the ORWBG, and Table

3-4 lists the sources of the inventory estimates for fission products.

3.2 Best Estimate of Strontium-90 in Burial Grounds

The kst estimate for the strontium-90 inventory in trenches in the ORWBG is 26,216 Cl,

corrected for decay to 1997. This estimate was modified slightly from Cook (1990). Data from

Cook (1990) yield an estimate of 25,453 Ci of strontium-90, decayed to 1997. Cook (1991) uses

a fission product inventory of 601,208 Ci. Although Cook (1990) does not state what total

inventory is used, it can be assumed that it is the 601,208 Ci value. The total fission product

inventory in COBRA is 621,626 Ci, which is 3 percent greater than Cook (1991). Therefore, the

values from Cook (1990) have been increased by 3 percent to arrive at the best estimate of 26,216

Ci.

Strontium-90 is not a major constituent in any of the OSTS (Mason, 1996). The inventory in the

OSTS is estimated to be 1.28 Ci (Section 3. 1). This activity reflects radioactive decay to 1997.

● 3.3 Uncertainties Associated with Strontium-90 Inventory Estimate

The main sources of uncertainty in the strontium-90 data are the original estimates of fission

products. These estimates were based on the external dose rate from a package and an assumed

isotopic distribution in the waste. Variations in the isotopic distribution of the waste and unique

shielding mpects of a waste package could result in errors in the tission product estimate.

A second source of uncertainty is the method used by Cook (1990) method to estimate the

strontium-90 inventory. The Cook (1990) method assumes two freed ages for the waste,

although the waste would have had a wide variety of ages. Also, other gamma emitters other than

the three radionuclides assumed in Cook (1990) could have contributed to the measured activity.

4. BURIAL LOCATIONS

The COBRA database provides information on the spatial distribution of fission products in the

ORWBG. Figure 4-1 outlines the steps t~en to rnanipuIate the database to locate strontium-90

burials. Figure 4-2 presents the burial locations for fission products. Generally, wastes containing

●
fission products were segregated by the dose rate generated by the waste package. Waste with a

dose rate less than 50 mR per hour was buried in low-activity beta-gamma trenches. Waste with
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dose rates of 50 mR per hour or greater was buried in intermediate level (also known as high-

level) trenches (Cook, 1987). No special containerization requirements existed.

5. WASTE FORM

The waste was buried in cardboard boxes, plastic bags, and metal containers in low-level and

high-level trenches, depending on the dose rate from the package. As this packaging deteriorates,

the fission product waste and the associated strontium-90 will be exposed to contact with

infiltrating water.

6. LEACHABILITY

The leachability of 90Sr is controlled mainly by adsorption onto soils. The relatively high

volubility of most common strontium phases does not constrain the activity of 90Sr in

groundwater to below regulatory limits. Minor exchange reactions and co-precipitation of 90Sr

with Ca-bearing phases may occur, but these reactions exert minimal control on the mobility of

90Sr.

Hoeffner (1985) studied the adsorption of strontium onto ORWBG soils. In groundwater from

one of the grid wells the Rd values ranged from about 100 ml/g to 2000 ml/g between pH 6 and

7. The addition of ferrous iron to the water lowered the Kd value significantly. Hoeffner (1985)

also measured KCIvalues for strontium in water from the trench wells. Adsorption was less in the

trench well water than in the grid well water. The pH of the trench wells were between 6 and 7

and the Rd values for strontium ranged between 8 and 300 ml/g. Hoeffner (1985) suggested that

this was caused by the higher iron concentration or higher ionic strength in water from the trench

weUs. Breed on this study the mobtity of 90S r in ORWBG trenches may range from moderate to

very low, depending on the chemistry of the infdtrat ing water.

Concentrations of 90Sr in groundwater beneath the ORWBG are generally low. Of 12 grid wells

sampled in 1980, 5 had concentrations above the 6 pCi/1 detection limit (Ryan, 1983). These 5

had 9°Sr concentrations that ranged from 7 to 1600 pCi/1 (7, 18, 19, 30, and 1600 pCi/1). The

high value occurred in well G-21. These wells were sampled again in 1987 and the average 90S1

concentration was 7 pCi/1with a high concentration of81 pCi/1 (Towler, 1989).

Well G-21 has an anomalous chemistry (Ryan, 1983) that may not he representative of

concentrations in groundwater. McIntyre and Wiihe (1988) and Towler (1989) report that well

G-21 was one of 15 wells installed through waste trenches at the ORWBG to monitor the water

table. Samples from well G-2 1 have shown consistently high concentrations of radionuclides that
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●
should not be at the water table by migration from the trenches (Ryan, 1983). The anomalously

high radionuclide concentrations (particularly Sr-90) in this well have been correlated with Klgh,

and similarly anomalous concentration of iron found in the same samples (Ryan, 1983). Possible

explanations for the elevated iron concentrations include:

● a natural anomaly in the aquifer of high concentrations of organic matter or pyrite,

● contaminated water leaking from the trench down the well annuhrs, or

● waste debris smeared down the hole during installation of the well.

Natural iron anomafies in the water table aquifer at SRS have not ken observed. Relatively

immobile radionuclides (liie cesium and plutonium) in water leaking down the welf annulus would

likely be sorbed to surfaces along the annulus and not occur in significant concentrations at the

screen. Small amounts of wrote debris smeared during well instalfatiorr could explain the

anomalous chemistry of the samples taken from this well. Monitoring well G-21 was abandoned

in 1995, in accordance with accepted abandonment procedures.

Contamination from releases of liquid solvent offers an alternative explanation for the anomalous

● radionuclide concentrations in well G-2 1. Several reports discuss a 1962 incident in which 40

gallons of spent PUREX solvent, which consisted of up to 30% tri-butly-phosphate (TBP) and

contained plutonium, were accidentally pumped down an unidentified test well located near the

solvent tanks (Wilhite, 1975; Ryan, 1983; McIntyre and W18rite, 1987; Mason, 1996). McIntyre

and Wllhite (1987) report that in 1987, G-21 was the only well that showed a concentration of

TBP (O.16 mg/1) above the detection limit of (0.05 mgfl). These results suggest that G-21 may

have been affected by the solvent pumping incident.

The best estimate of 90Sr leachability is obtained from the results of the Defense Waste Lysimeter

program. The leachability from these waste forms is measured as the annual fractional release

rate. This is the cumulative activity of a constituent measured in the effluent of the Iysimeter over

one year divided by the known source term in the waste form buried in the lysimeter. In 1985 the

annual fractional release rates for 90Sr containing wastes ranged from 10-3 to 10-7 (Oblath and

Grant, 1985). The highest release rate was from Canyon jumpers. In 1986, the Canyon jumpers

again had the highest annual fractional release rate at 4 x 10-5 (McIntyre, 1987). When the

maximum annual fractional release rate (10-3) is appfied to the source term of the ORWBG

(26,516 Ci) the current release rate is approximately 26 Ctiyr.
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Table 2-1. Major Gamma Radionuclides in Organic and Aqueous Phases of OSTS. The
amount of strontium-90 is assumed to be the same as the amount of cesium- 137. These data

were reported in 1975, prior to the Solvent Relocation Program

Tank Organic Aqueous
1 RU-106, 97% Ru-106, 98%
2 Eu-154, 49%, Ce-144, 29% Ru-106, Tl~o

3 Ru-106, 81% CS-137, 68%
4 Ru-) 06, 53Y0,Sb-125, 38% CS-137, 96%
5 RU-106, 95% RU-106, 97%
6 Sb-125-43%, CS-137, 24% CS-137, 80%

Ru-106, 23°A
7 Sb-125, 89% Sb-125, 52%; CS-137, 45%
8 No Data No Data
9 RU-106, 99% Ru-106,98%
10 Ru-106, 98% Ru-106, 93°A
11 Ce-144, 53%, Ru-1 06, 32% Ru-I 06, TI~o

12 RU-106, 74V0 RU-106, 99%
13 Ru-] 06, 95% Ru-1 06, 66%
14 Ru-106, 88V0 Ru-106, 57”A;CS-137>42%
15 Ru-106, 52V0,Sb-125, 48% RU-106, 95”/0
16 Ru-] 06, 97% CS-137, 91%
17 RU-106, 99% RU-106, 95%
18 Ru- 106, 99% Ru-106, 100%
19 Ru-1 06, 100VO RU-106, 95%
20 Ru-1 06, 100% RU-106, 86%
21 Ru-1 06, 88% Ru-1 06, 10OOA
22 Ru-1 06, gg~o Ru-106, 98%

~
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Table 2-2. Summary of the Most Recent Gamma Activity Data for Tanh S1-S22
(Source: Mason, 1996). The amount of strontium-90 is taken to be the same as that for

cesium- 137. The present activity in these tanks is considerably less than these values

Total Est. Wt.Aqueous
Sludge Solid Volame W. c1

m eals - eals 1 Solid Ao Total

sl 19 13.300 14 0.82 0.0013 0.82 0.015 0.020 0.035

S2 28
S3 76
S4 146

S5 118

S6 489

S7 204

S9 88

S1O 54
Sll 3g
S12 88
S13 317 222,000230 13.70 0.0216 13.72 0.250 0.340 0.590
.S14 84 58,800 61 3.63 0.0057 3.64 0.066 0.090 0.156
Sls 736 151,000536 31.81 0.050 31.86 0.580 0.792 1.372

~6 549 228.600467 2.02 0.0051 2.03 0.257 0.263 0.5M
Totals 3034 1,240 kg2428 96.08 0.2449 96.29 1.942 2.697 4.639

3710 27
31,700 65
60,800 124
15,600 112
203,600416
84,900 173
61,600 64

37,800 39

5030 36
61,600 64

4.7

0.28
0.54

19.7

1.80

0.75

3.80
2.33

6.4
3.80

0.02 I 4.72

0.0007 0.28
0.0014 0.54

0.088 19.78

0.0045 1.80

0.0019 0.75

0.006 3.81

0.0037 2:33

0.028 6.43
0.006 3.81

0.025
0.036
0.068

0,105

0.229

0.096

0.069

0.043

0.034
0.069

0.076 0.10 I

0.036 0.072
0.070 0.138

0.325 0.430

0.234 0.463

0.098 0.194

0.095 0.164

0.058 0.101

0.105 0.139
0.095 0.164

Probablyonlycom”idered organic phase.
-
, ank Pals 1 Date~
S8 6700 1.5x 10s4 8.5X 10E3 2.5X IOE3 12/5/63

o.17ci

d (6 30 75).. .

m 5-75 zal Phase

s17 I 00 or8
250 Aq

Solid
S18 965 Org

100 Aq
Solid

“ Alpha apecmun could not be resolved.

7.4 x IOE4 PU239-60% 1.69X 10E6 Ru 106-99?/0
1.6X IOE4 Pa239 1.95x IOE6 Rul 06-95%
“o”
4.I’X 10E3 Pa238-30% 2.15 X 10E6 Ru 106-99%

Pu239-30%
NP237-30Y0

1.6X IOE3 ● 1.54 X IOE7 Ru 106- 100%
1.4X IOE3

(II -24-80),

Tank Eal Phase 41i2ha Ci G~
S19 823 Aa 10.19 5.33
S20 I 509 Oig 0.014 0.019

330 Aq 0.001 0.292
S2 I 21,582 Org 0.286 0.0035

789 Aq 0.00 I 0.002
s~~ 21,461 Org 0.032 0.016

663 Aq 0.00 I 0.001
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Table 3-1. Strontium-90 Estimates for the ORWBG. Data are from Cook (1990). The
best estimate is determined by increasing these amounts by 3% (see Section 3.2).

Year* Original Sr-90 Activity, Ci Sr-90 Activity Decayed to 1997, Ci

1954 1551 557
1955 3103 1142
1956 3103 1170
1957 3103 1198
1958 3103 1227
1959 3103 1256
1960 3103 1286
1961 4251 1805
1962 3712 1614
1963 1796 800
1964 3156 1439
1965 5055 2360
1966 873 417
1967 5370 2630
1968 1875 940
1969 3847 1976
1970 4659 2450
1971 1568 845
1972 618 341

Total: 56,949 25,453
~ource:Cook(1990).
No waste withsignificant amounts of fission products was produced before 12/28/53, when the first production

reactor went critical.

o

●
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Table 3-3. The Sources of Inventory Estimates for Strontium-90 in tbe Old Radioactive
Waste Burial Ground

Reference Inventory Notes

VSRC, 1992 S1rOntium-90’ R = Retrievable Waste

~ A) 22,387NR- 840R” B) 110,000’ NR = Nonritrievable

OBG and i’G C) 17,~’ D) 1,356 E) -10,000 Waste
* = Inventory estimated

A) Waste Management Operations, SRP,FinalEnvironmental through1975,includes first

Impact Statement, 1975 four years inventory at
643-7G

(Sr-90 and Cs- 137 values are extrapolated from a formula f = Does not account for

provided with the table, which identified 4% of gross fission radioactive decay since

product waste as Sr-90 and Cs- 137 (2% each), and 80% of time of burial

decayed fission prcduct waste as Sr-90 and Cs- 137 (4070 Estimate for the time it

each). takes for ‘Sr to leach from
the OBG and reach the

B) Waste Management Program Technical Progress Report, water table is less than

1987, twenty-five years.

C) Selection of Chemical Constituents of Estimation of
Inventories for Environmental Analysis of Savannah Rtver
Plant Waste Sites, 1986.

D) Savannah River Waste Management Operations Program
Plan, 1989.

E) Integrated Report on Radionuclide Migration at the
Savannah River Shallow Land Burial Site, 1989.

Annual Curies of ‘Sr’ Disposed at SRS Burial Ground ● Origin:

:ook, James R., 1990 (Decayed Values through 1990). Waste from
(COBRA Records) Reactors, Separations,

772-F labs, offsite and
Sr-90 the Tank Farms.

& As Buried - . Form:
1954 1551 648 - Asthewaste agesin
1955 3103 1327
1956

the tanks it segregates
3103 1361

I957
into supernate, high in

3103 I395

1958
cesium, and sludge

3103 1429 which contains
1959 3103 1464

1960
essentially all of the

3103 1500 strontium.
1961 4251 2105

1962
- Fission product

3712 1883

1963 1796 934
waste.

1964 3156 1681

1965 5055 2758

1966 873 488

1967 5370 3075

1968 1875 1100

1969 3847 2313

I970 4659 2869
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Table 3-3. The Sources of InventoW Estimates for Strontium-9 Ointhe Old Radioactive
Waste Burial Ground (Continued)

Reference Inventory Notes

Continued:

1971 1568 989
1972 618 400
The production program used to calculate decayed curies of
fission products. [Reference: Member K1206000,DataSet
SRL.PROD.SOURCE]wasexamined,andthealgorithm
assumesthat fission product distribution is270wSr,2Yo ‘37CS,

95.97. isotopes with half-lives less than ten years and O.I %
isotopes with half-lives Rreater than ten years.

Cook, James R., 1987 ‘Sr: llO,OOOCib OBG lifetime: 1952to
1974

(does r,ot reference an earlier article).

Horton, J.H.and ‘Sr 500Cibemplacedeach year at the Solid Radioactive NA

Corey, J. C., 1976 Waste Storage Site.
(does not reference an ezlicr article).

Corey, J.C. and Horton, Ci Buried Ci Remaining ● Equipment Discards
J.H, 1971 Fission Products: = ~sc 4,000b - Slug Fragments

- Vessels and Jumpers
. Radioactive Waste

(does not reference an earlier article). Burials through 1969
. Residue Recoverable

.. . . . . . . . . .... . ... . . . ,- . ..”.,x ,“”erl!”, y “!>...>.” ,,luct.l!
b: Nodiscussion of basis forinventory
NA: Notaddressed inaflicle
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Table 3-4. The Sources oflnventory Estimates for~ssion Producbinthe ORWBG

Although “fission products” currently are composed primarily of Cs- 137 and Sr-90, the isotopic
distribution was considerably different at the time of production.

Reference Inventory (Burial Ground) Notes
Cook, J R., 1991 F!ssion Products b: The results presented here utilize

As Varietal: 561,063Ci COBRA database records through

As Variety Z 40,145Ci June 25, 1991.

Total: 601,208Ci

(does not reference an earlier article).

Ashley C., 1965 Total Since Health Protection (HP) data.

Gamma, kilocrrries ~ Plant Startup HP published a summary report

Fission(b) 20.61 241.39 between 1959 and 1965 that

(does not reference an earlier article). gives gross information on

Estimated quantities of fission products in radioisotope burials.

underground storage tanks, as of December 20,
1964, totaled 554 megacuriesinFAreaand310
megacuries in H Area (data providedby
SeparationsTechnologySection).

Ashley, C,, 1964 Total Since NA

Gamma, kilocuries ~ Plant Startup
Fission(b) 19.22 220.78

(does not reference an earlier article):
Estimated quantities of fission products in
underground waste storage tanks, as of December
20, 1963, totaled 397 megacuries in F Area and 407
megactrries in H Area (data provided by
Separations Technology Section).

Ashley C., 1963 Total Since * Gamma curies were corrected

Gamma, kilocuries ~ Plant Startup foroverestimatesin 1960 and

F1ssiOn(b) 21.15 201.56* 1959.

Ashley C., 1962b Total Since * Includes 52 kilocuries of

Gamma emitting ~ Plant Startup fission products.

radio nuclides’h)” 204. 77-)
kilocuries

Ashley C., 1962a Total Since * Includes 232kilocuriesof

Gamma emitting Q Plant Startuu fission products.

radiontrcl ides(b)’ 357* 573
kllocuries

Ashley, C., 1960 From Startup throuzh 1959 NA

Gamma’b) 216,000 curies

a: tnventory discussed in detail
h: No discussion or basis for inventory
NA: NOI addressedin article
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CONSTITUENT OF INTEREST - URANIUM-235

1. SUMMARY

To accomplish its national defense and space missions, the Savannah River Site (SRS) has

employed five production reactors: R, C, L, P, and K reactors. These reactors were powered

by burning fuel rods that contained enriched uranium-235. Other facilities at SRS

manufactured fuel elements for the reactors and extracted uranium-235 from spent fuel

elements.

Uranium-235 is found in naturally-occurring uranium. Natural uranium is 0.72 percent

uranium-23 5 (99.274 percent uranium-238 and 0.005 percent uranium-234). Uranium with

naturally-occurring isotopic abundances was used in early reactor operations at SRS. Highly-

enriched uranium fuel was used in later operations. Highly-enriched uranium is”uranium

with greater than 20 percent uranium-235. Depleted uranium was used in SRS reactors as

target material to produce plutonium-239; it was at least 99.5 percent uranium~238.

e The best estimate for the umnium-235 inventory in the trenches at the Old Radioactive Waste

Burial Ground (ORWBG) is 273,185 grams (0.6 Ci). In the Old Solvent Ta*s (OSTS), the

best estimate of the uranium-235 inventory is 0.11 Ci.

~ Wastes containing uranium was buried in alpha activity trenches without special containers.

The waste was buried in cardboard boxes, plastic bags, and possibly, metal containers.

I Figure 1-1 presents the process used to develop inventory and burial locations. The

Computerized Burial Record Analysis (COBRA) database was used to determine the location

of burials of uranium-235.

2. BACKGROUND INFORMATION

Highly-enriched uranium was sent to SRS from other facilities in the Department of Energy’s

weapons complex. It was used by facilities in M-Area at SRS to manufacture aluminum-clad

fuel elements for the five onsite reactors: C, K, L, p, and R. The fuel elements were burned

in the reactors. After their usefil lifetime, the spent fuel elements were discharged from the

reactors and cooled in the reactor disassembly basins.

e
After cooling, the spent fuel was transferred to H-Area. Spent fuel elements from some

offsite reactors were sent to the Receiving Basin for Offsite Fuel, also in H-Area. H-Area
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7
contains H-Canyon, one of two chemical separations facilities at SRS. H-Canyon recovered

uranium-23 5 from irradiated fuel elements from onsite and offsite reactors. Other facilities in

H-Area include those used to store liquid uranyl nitrate hexahydrate prior to shipment to Oak

Ridge, where it is processed for future use as highly-enriched uranium (DOE, 1995).

Research activities using uranium-235 took place primarily at the Savannah River Labo”mtory

(now the Savannah River Technology Center), which is located in A-Area (773-A).

According to the COBRA database, uranium-235, as enriched uranium, was sent to the

ORWBG from M-Area, A-Area, F-Area, H-Area, and from offsite facilities. Normal, or

natural, uranium was sent to the ORWBG from M-Area, A-Are~ H-Are% and F-Area.

Waste containing uranium-235 was primarily scrap from fuel fabrication operations. It was

disposed of in the ORWBG in alpha waste trenches, with no special con~inerization (Horton

and Corey, 1976).

Spent solvent from the separations areas was sent to the OSTS to be stored prior to burning.

This solvent was likely contaminated with uranium-23 8 and minor amounts of urrmium-235.

Table 2-1 lists the sdpha inventory and major constituents, by tank, in the OSTS. This

information is used to estimate the amount of uranium-235 in the tanks (see Section 3.0).

3. INVENTORY ESTIMATE

Inventory estimates forurarriom-235 are based on data contained in the COBRA database

and records indicating burials prior to COBRA records. Nuclear criticality safety issues in

the various processing facilities and during storage required maintaining inventory records of

uranium-235. The COBRA database indicates that burials of enriched uranium occurred in

the ORWBG as recently as 1974.

3.1 Range of Inventory Estimates

Table 3-lpresents thesources of theuranium inventory. Thetable includes thereference, the

inventory estimates provided by the reference, and any special notes associated with the

inventory. Figure 3-1 shows therange ofuranium-235 estimates inthe ORWBG.

Cook (1987) presents inventory estimates, in curies, for individual uranium isotopes (e.g., U-

233, U-234, U-235, and U-238). For Figure 3-l, thecurie estimate foruranium-235 has been

converted to grams using the specific activity for uranium-235, 4.65 x 105 grams per curie.

Cook (1991), presents the inventory for enriched uranium (in grams), normal uranium (in
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* kilograms), rmddepleted uranium (in kilograms). These estimates have been converted toa

uranium-235 inventory by assuming that uranium-235 is 93 percent of the enriched uranium

(fully enriched), 0.72 percent of the normal uranium, and is not present in depleted uranium.

The reported uranium inventories were converted to grams of uranium-235 and uranium-238

and are presented in Table 3-2.

The COBRA database includes burials of enriched uranium, normal uranium, and depleted

uranium. The COBRA database estimates have been converted to a uranium-235 inventory

by assuming that urrmium-235 is 93 percent of the enriched uranium, 0.7 percent of the

normal uranium, and is not present in depleted uranium.

The sources of the enriched and normal uranium waste burial, according to COBRA, are as

follows:

● A-Area 80,663 grams of enriched uranium and 1,957 kilograms of normal uranium

. F-Area 6,360 grams of emiched uranium and 6 kilograms of normal uranium

. H-Area 24 grams of enriched uranium and 123 kilograms of normal uranium

*
. M-Area 137,103 grams of enriched uranium and 6,418 kilograms of normal uranium

. Mound (offsite): 450 grams of enriched uranium

c Area “XXX” (offsite shipment of unspecified origin): 3,310 grams of enriched
uranium

Figure 3-2 shows the enriched, normal and total uranium inventories through 1964. Health

Protection data (Ashley, 1960, 1962a, 1962b, 1963, 1964, and 1965) indicate that from

ORWBG start-up through 1964, 145 grams of enriched uranium and 5,359,000 grams of

natural (normal) uranium were buried in the ORWBG. These data are inconsistent with the

data in COBRA. COBRA indicates that 644 grams of enriched uranium and 7,382,000

grams (7,3 82 kilograms) of normal uranium were buried in the ORWBG from start-up

through 1964. Note that all of the uranium data in COBRA reflect discrete waste shipments

that were detailed on corresponding burial slips. Some of these slips are dated as early as

December 1952. This is unlike data for some radionuclides, e.g. plutonium, that were

adjusted by “lumping” records in COBRA.

Data are very limited for uranium-235 associated with spent solvents sent to the OSTS. There

*

are no estimates of uranium-235 in solvent residues. This residue was buried in the

ORWBG.
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Mason (1996) includes some uranium data from investigations of the OSTS, but phrtonium-

238, plutonium-239, and curium-244 are the primary alpha-emitting radionuclides

documented. Table 13 in Mason (1996) includes uranimn-235 as a ratilonuclide found in

~ Tanks 6,7,9, 12, and 15, but no concentration data are presented.

To estimate the uranium-235 content in the tanks, an arbitrary fraction (e.g., 0.25 percent) of

the alpha activity can be assigned to the uranium-235 activity. ‘fIris can be done for Tanks 6,

7, 9, 12, and 15, in which uranium was detected. ~IS method yields the following estimates:

● Tank 6: 0.25% of 1.8 Ci of alpha = 0.0045 Ci of U-235

● Tank 7: 0.25% of 0.75 Ci of alpha = 0.0019 Ci of U-235

● Tank 9: 0.25% of 3.81 Ci of alpha =0.0095 Ci of U-235

. Tank 12: 0.25% of 3.81 Ci of alpha = 0.0095 Ci of U-235

● Tank 15: 0.25%of31.86 Ci of alpha = 0.07965 Ci of U-235

I 3.2 Best Estimate of Uranium-235 in Burial Grounds

The best estimate for the uranium-235 inventory in the trenches in the ORWBG is 273,185

grams (0.6 Ci). This estimate is from COBRA. It has been assumed that the COBRA ●
database captures all of the Health Protection data related to uranium and has not been

adjusted. The umnium-235 total is based on the following calculation:

1. Multiply the total quantity of “Enriched Uranium”, in grams, by 0.93 (i.e., 93 percent
U-235) to determine grams of oranium-235 in enriched uranium(211 ,956 grams).

2. Multiply the total qumtity of “Normal Uranium”, in kilograms, by 0.00722 (i.e., 0.72
percent U-235) to determine kilograms of uranium-235 in normal uranium (61.23
kilograms). Convert to grams (61,229 grams).

3. Sum items 1 and 2 above: 273,185 grams.

For the OSTS, the best estimate of the rrranium-235 invento~ is 0.11 Ci. This estimate is

based on assigning uranium-235 an arbitrary activity fraction of 0.25 percent for tanks with

uranium content (Section 3.1).

I 3.3 Uncertainties Associated with Uranium-235 Inventory Estimate

The uranium-235 estimates are based on an assumed enrichment of “enriched uranium”.

Variations in the actual uranium-235 enrichment of individual burials could result in errors in

the uranium-235 inventory. Note, however, that the value used to convert emiched uranium e
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m inventory to umnium-23S inventory was 93 percent, which represents an upper-bound

estimate for the enrichment.

Uranium-235 is not a major alpha emitting radionuclide in the OSTS, nor is it a significant

component of those tanks with relatively large uranium inventories in the tank sludge. The

estimate is based on approximated nrnounts of total uranium and an assumed isotopic ratio.

4. BURIAL LOCATIONS

The COBRA database provides information on the spatial distribution of uranium in the

ORWBG. Figure 4-1 outlines the steps taken to manipulate the database to locate uranium-

235 burials. Figure 4-2 presents the burial locations for enriched uranium (variety of

contamination #1 = 20). This waste was rmcontainerized and would have been buried in

cardboard boxes, plastic bags, and possibly, metal containers. The figure indicates the

relative size, in grams, of each burial.

Figure 4-3 presents the locations for normal (natural) uranium burials (variety of

contamination #1 and #2 = 81). Similarly, this waste was uncontainerized and would have

● been buried in cardboard boxes, plastic bags, and possibly, metal containers. The figure

indicates the relative size, in grams, of each burial.

5. WASTE FORM

As discussed above, the uranium-bearing waste was buried in alpha activity trenches with no

special containers. The waste was buried in cardboard boxes, plastic bags, and possibly,

metal containers. As this packaging deteriorates, the waste and the associated uranium and

other contaminants will be exposed to contact with infiltrating water.

6. LEACHABILITY

The leachability of uranium is controlled by the sohrbility of uranium phases, the chemistry

of infiltrating water, the redox conditions within the ORWBG and adsorption of uranium

onto the soil matrix. Another consideration when evaluating the leachability of uranium is

that 238u and 235U occur naturally and are relatively abundant in the Savannah River Site

environment. Isotopic ratios in groundwater and soil can be used to identifi anthropogenic

uranium, but quantitative assessments are difficult. They must account for isotopic

o
exchange, precipitation, and dissolution of natural minerals.
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Redox conditions in the ORWBG are important to understanding leachability of uranium in @
the ORWBG. AS dissolved species, uranium can occu in oxidation states, U(IV), U(V), and

U(VI). In solid phases uranium occurs as either U(IV) or U(VI). Generally, uranium is much

less soluble and therefore less mobile under reducing conditions. Figure 6-1 shows the

dominant aqueous species of uranium in Eh-pH space. The circles represent grid well

analyses reported by Ryan (1983) and the squares represent trench well analyses reported by

Hoeffner (1985). These analyses indicate that U(VI) is the dominant form of leached

uranium in the ORWBG.

Figure 6-1 also demonstrates the importance of the carbonate system in the leachability of

uranium. The figure assumes a partial pressure of C02 (Pc02) of 10-2 atmospheres which is

consistent with the total inorganic carbon analyses of groundwater from grid wells reported

by Ryan (1983). At this PC02 and PH>5, U02(C03)” and U02(C03)2-2 are the dominant

species of uranium. This has significant implications for the adsorption and sohsbility of

uranium.

The competition for uranium between surface sites and dissolved carbonate species may

severely limit uranium adsorption in the presence of carbonate. Both Hsi and Langmuir

(1985) and Waite et al. (1994) found that at PH>6 the presence of carbonate in solution a

limited the adsorption of uranium onto iron oxyhydroxides. The adsorption edge for uranium

is generally between a pH of 4 and 5. Thus, from pH 4 to 6, uranium may adsorb strongly to

soils showing a positive correlation with PH. At PH>6, uranium adsorption will decrease

with increasing PH. This suggests that the mobility of dissolved uranium may vary widely

throughout the ORWBG depending on local conditions.

Conservative estimates of uranium volubility constrain uranium concentrations in

groundwater to ppm levels. If conditions are right, precipitation of uranium phases can limit

uranium concentrations to much lower levels. However, the PC02 plays a major role in the

volubility of all uranium phases. For example, Figure 6-2 shows sohrbility curves for the

mineral schoepite (U02(OH)2.H20) at 3 different PC02 values. me volubility of schoepite

is at a minimum at pH values between 6 and 6,5, but varies widely depending on the PC02.

At the minimum schoepite volubility for PC02=1 0-2 atm the concentration of uranium is

about 5 mg/1. Schoepite is a common phase and is often assumed to be the dominant control

on uranium leachability from nuclear fuel (Finch et al., 1992). However, uranyl silicates and

phosphates may limit the volubility to ppb levels. These phases have been found in

weathering studies of Uraninite (U02) (Finch and Ewing, 1992; and Wronkiewicz et al., *
1992). Wronkiewicz et al. (1992) found that dripping water onto U02 at 90”C resulted in a
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two stage uranium release. In the initial stage uranium sohrbility appeared to be controlled

by schoepite. After 2 years the released rates decreased and the volubility appeared to be

controlled by uranyl silicates.

In the ORWBG, uranium concentrations in groundwater can be constrained to the ppm level

by schoepite volubility, but it is uncertain whether further constraints by uranyl phosphates

and silicates are applicable. Uraninite (U02) has been considered as a natural analogue of

nuclear fuel (Finch and Ewing, 1992), and thus, its solubllity may more truly represent the

initial leachability of uranium in the ORWBG. Figure 6-3 shows the sohsbility curve of

uraninite compared to that of schoepite at a PC02=1 0-2 atm and an Eh=0.2 volts. If a pH of

6 is chosen to represent conditions in the ORWBG, the volubility of uraninite is about 1.5

mg/1. Canmell (1990) reported uranium amdyses of groundwater from 7 of the grid wells.

The concentrations ranged from <0.02 mg/1 to 0.74 mg/1. Thus, assuming a concen~ation of

1.5 mg/1 for uranium Ieachlng in the ORWBG may be reasonable.

To calculate the leaching rate of uranium, assumptions must be made on the dimensions of

uranium waste forms in the ORWBG. The assumptions here are based on generic

@
information on the dimensions of uranium fuel pellets (Lamrsrsh, 1983). Site specific

information on the dimensions of waste forms would decrease uncertainty in these estimates.

It is assumed here that all of the uranium is in cylinders 2 cm long with a diameter of 1 cm.

Furthermore, it is assumed that the leachable area of the cylinders is equal to the lengthwise

cross-sectional area --2 cm2. Using these dimensions, the infiltration rate of water into the

trenches of 2.36 m/yr (Orebaugh and Hale, 1976) and the volubility of umrrinite yields

leaching rates for 238u and 235U of217 g/yr. ~d 11 g/yr. respectively.
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● Table 2-1. Alpha Inventory in OSTS
Uranium is not listed as a predominant radionuclide in any of the tanks, but small amounts

are present in Tatis 6, 7,9, 12, and 15 (see Section 3.0).

a

Tank # Alpha Inventory, Ci Predominant Radionuclides
1 0.82 Cm-224, 66%
2 4.72 Pu-238, 88%
3 0.28 Pu-238, 70%
4 0.54 Pu-238, 67%
5 19.78 Cm-244, 93%
6 1.80 Cm-244, 80V0
7 0.75 Pu-238, 77%
8 0.17 No Data
9 3.81 Cm-244, 30%, Pu-239, 30%
10 2.33 Pu-238, 50%
11 6.43 Cm-244, 56%
12 3.81 Pu-238, 63%
13 13.72 Pu-238, 97~o
14 3.64 Pu-238, 98%
15 31.86 Cm-244, 63%
16 2.03 No Data
17 24.55 Pu-239, 60%
18 1.84 Pu-238, 30%; Pu-239, 30%; NP-237, 30V0
19 10.19 Cm-244, 65%
20 0.001 Pu-238> 70°A
21 0.001 No Data
22 0.001 Cm-244, 70%

Source: Mason (1996), Tables 23 and 26
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Reference
Cook,J R., 1991

Cook,J.R.and Hclton
B.D., 1989

Zook, J,R,,1987

Horton, J.H.andCorey,
I,C.. 1976

Table 3-1. The Sources of Inventory Estimates for Uranium in the Old Burial Ground

Uranium Inventory
U-233b 24g
10rmal (natural) Ub 8,027 kg
iepleted Ub 18,039 kg
:nriched Ub I7,449 g
does not reference an earlier article)

Total As Generated
.sotope Undecayed volume (ftT) cone.a

Activit{ (Ci) m
U-233b 2.5 8,800 31

Total Buried
Undcuaycd Volume (f(~) cOnc,H
Ac(ivi(y (Ci~ _ m

Density o!’20 lb/f? is assumed.

These values are taken from the COBRA database)

m Invenloyb

J-233 0.23 Ci

J-234 3.5 Ci

J-235 0.31 Ci

J-238 16Ci

does not reference an earlier article)

it: Inventory discussed in detail
h NOdiscussionof bmis for inventory
NA: Not addressedin article

●

Note-s
4A

233Uwas disposed in cans c 100 nCilgram waste.

, t lc (233U)= 159,000 yrs, specific activity= 0.0096 Ci/g (Ref
August 23, 1989, J.R, Cook)

, The as generated concentration of U-233 would not classify as

TRU wsste regardless of how it is managed

because there is no credible mechanism for concentrating the

radionuclide in tbe Savannah River Site Radioactive Waste Burial
Grounds.

{A

Scrap uranium from the fuel fabrication operation was placed in

low-level transuranium alpha trenches (uricontained in trenches).
This waste contains less than O.I Ci of transuranic alpha activity

per packageb.
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Table 3-1. The Sources of Inventory Estimates for Uranium in the Old Burial Ground (Continued)

Reference I Tlr2nittm Invenftirv I N,.+..- .- . ..-. .. . .. . . . .. . ,. ”.-

AshIcy C.,1965
During 1964 and during the

Health Protection (HP)data. HP
~b, (grams) ~ TotalSincePlantStartu~ publisheda summaryreport

elevenyearperiodfrom Enriched 145 between1959and1965thatgives
plantstartupthrough1964 Natural 53.59x I05 grossinformationonradioisotope
(doesnotreferenceanearlierarticle) burials,

Ashley,C,, 1964 HealthProtection(HP)data,
During [963 ~lndduring tbc *h, (grains) ~ Total Since Plan[ S[artu~
ten-year period from plant Enriched 145
startup [hrough 1963 Natural 53,59 x Ios
(does not reference an earlier article)

4shlcy C., 1963 Health Protection (HP)data.
During1962andduring !he -b, (grams) ~b~ Total Since Plant Startup
nine-year period from plant Enriched 145
startup through 1962 Namral 53.59 x Ios
(does not reference an earlier article)

4shley C., 1962b
During 1961 and during the

Health Protection (HP)data.
tih, (grams) ~ TotalSincePlantStartup

eight-yrar period from plant Enriched 145

s(tlr[up through 196 I N:I(ural 53.59 x 105
(Does not reference an earlier article)

ishley C., 1962a Health Protection (HP)data.
During1960andstartup -b, (grams) ~ TotalSincePlantStartue
through1960 Enriched 9 I45

Natural 3.25X10s 53.59x Ios
(doesnotreferenceanearlierarticle)

4shley,C,, 1960 Fromstartupthrough1959tib, (grams) HealthProtection(HP)data.
Enriched 136grams
Natural 11,100pounds

(doesnotreferenceanearlierarticle)

I

a: Inventory discussed in detail
b: No discussion of basis for inventom
NA: Not addressedin anicle



Table 3-2. Reported Uranium Inventories Converted to Grams of Uranium-235 and Uranium-238

Reference Uranium-235 and Uranium-231? Inventories Notes

Cook, J R., 1991 normal (natural) Ub 8,027 kg (57,794 g U-235 + 7,968,724 g U-238) NA
depleted U’ 18,039 kg (18,039,000 g U-238)
enriched Ub 17,449 g (16,228 g U-235 + 1,221 g U-238)

:ook, J.R.,1987 Nuclides Inventoryb Specific Activities:
U-235 0.31 Ci (144,150g)
U-238

U-235 = 4,65x 10s g/Ci
16 Ci (47,840,000 g) U-238 = 2,99x I0’ g/Ci

4shley C., 1965 Uraniumb ~ Total Since Plant Startuv Health Protection (HP)data. HP
Enriched - 145g(134.9g U-235+ 10.2g U-238)
Natural -

publisheda summaryreportbetween
5,359,W0g (38,585g U-235+5,320,094g U-238) 1959and 1965thatgivesgross

informationonradioisotopeburials.

Ashley, C., 1964 -b ~ Total Since Plant Startue Health Protection (HP)data.
Enriched - 145g(134.9g U-235+ 10.2g U-238)
Natural - 5,359,000g (38,585g U-235+5,320,094g U-238)

Ashley C., 1963 Uraniumb ~ To(al Since Plant Startup Health Protection (HP)data.
Enriched - 145g(134.9g U-235+ 10.2g U-238)
Natural - 5,359,000g (38,585g U-235+ 5,320,094g U-238)

a: inventory discussed in derail
b: No discussion of b~sis for inventory
NA: Not addressed in article
Natural (normal) uranium is 99.2749. u-238, 0.72% U-235, and 0.005% U-234.
Depleted is 100% U-238.
Enriched uranium is 93% U-235 and 7% U-238.
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CONSTITUENT OF INTEREST - URANIUM-238

1. SUMMARY

To accomplish its national defense and space missions, the Savannah River Site (SRS) has

employed five production reactors: R, C, L, P, and K Reactors. These reactors are fieled by

highly-efiched uranium fuel rods. Highly-enriched uranium is uranium with greater than 20

percent uranium-235. Other important isotopes of uranium present are uranium-234 and

uranium-23 8. Targets comprised of uranium-238 slugs (depleted or naturrd uranium) were

used to produce plutonimn-239.

Uraniom-238 is also found in naturally-occurring uranium. Natural uranium is 99.274

percent uranium-238 (0.72 percent uranium-23 5 and 0.005 percent uranim-234). Uranium

with naturally-occurring isotopic abundances was used in early reactor operations at SRS.

The depleted uranium used in SRS reactors as target material to produce phstonimn-239 was

99.5 percent, or more, uranium-238.

The best estimate for the urrmium-238 inventory in the trenches at the Old Radioactive Waste

Burial Ground (ORWBG) is 44,233 kilograms (14.8 Ci). In the Old Solvent Trmks (OSTS),

the best estimate of the uranium-238 inventory is 1.1 Ci.

Wastes containing uranium was buried in alpha activity trenches with no special containers.

The waste was buried in cardboard boxes, plastic bags, and possibly, metal containers.

Figure 1-1 presents the process used to develop inventory and burial locations. The COBRA

database was used to determine the location of burials of uranium-238.

2. BACKGROUND INFORMATION

Theurmim material used toproduce fuel elements mdtagets wmsentto SRS from other

facilities in the Department of Energy’s weapons complex or recycled from SRS operations.

Facilities in M-Areaat SRS manufactured aluminum-clad fuel elements and targets for the

five onsite reactors: C, K, L, P,and R Reactors. Thetargets were irradiated in the reactors.

After a prescribed exposure or useful lifetime in the reactor, the targets and fiel elements

were discharged from the reactor and cooled in the reactor disassembly basins.

After cooling inthebasins, thetargets were taken to F-Area. F-Area houses F-Canyon, one

of two canyon buildings used to separate useful radionuclides from the tission products and

Ua.la.m K-1 I
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other components of the irradiated target slugs or fuel elements. Historically, F-Canyon

initiated recove~ of plutonium-239 and uranium-238 by chemically separating these

isotopes, which were contained in the aluminum-clad irradiated target slugs from site reactors

and other test and research reactors (DOE, 1995a). In addition to the canyon building, F-

Area housed facilities to convert uranyl nitrate solution into uranium trioxide powder

(WSRC, 1993).

Af&ercooling, the spent fuel was transferred to H-Area. Fuel elements from certain offsite

reactors were sent to the Receiving Basin for Offsite Fuel, also in H-Area. H-Area contains

H-Canyon, the other chemical separations facility at SRS. H-Canyon recovered uranium-235

from irradiated fuel elements from onsite and offsite reactors. Other facilities in H-Area

include those used to store liquid uranyl nitrate hexahydrate prior to shipment to Oak Ridge,

where it is processed for future use as highly-enriched uranium (DOE, 1995b).

Research activities using uranium-238 took place primarily at the Savannah River Laboratory

(now the Savannah River Technology Center), which is located in A-Area (773-A).

According to the COBRA database, uranium-238, as depleted uranium, was sent to the

ORWBG from M-Area, A-Are~ F-Area, H-Area, G-Area, and from offsite facilities.

Normal, or natural, uranium was sent to the ORWBG from M-Area, A-Area, H-Area, and F-

Area. Emiched uranium was sent to the ORWBG from M-Area, A-Area, F-Area, H-Area,

and from offsite facilities.

It is likely that waste containing uranium-238 was disposed of in the ORWBG in alpha waste

trenches, without any special COntairIeriZadOn. ,

Spent solvent from the separations areas was sent to the OSTS (Tanks 1-22) to be stored prior

to burning. This solvent was likely contaminated with uranium-238. Table 2-1 lists the

alpha inventory and major constituents, by tank, in the OSTS. This information is used to

estimate the amount of uranium-238 in the tanks (see Section 3.0).

3. INVENTORY ESTIMATE

Inventory estimates for uranium-238 are based on data contained in the COBRA database

and records indicating burials prior to COBRA records. The COBRA database indicates that

burials of enriched and depleted uranium occurred in the ORWBG as recently as 1974.

K-2 u,38.DOc



● 3.1 Range of InventoW Estimates

Table 3-1 presents the references reviewed related to the uranium inventory. The table

includes the reference, the inventory estimates provided by the reference, and any special

notes associated with the invento~.

Cook (1987) presents the inventory estimates, in curies, for individual uranium isotopes (e.g.,

U-233, U-234, U-235, and U-238). To convert the curie values in Table 3-1 to mass, the

uranium-23 8 specific activity must be used: 2.99 x 106 grams per curie. Cook (1991)

presents the inventory for enriched uranium (in grams), normal uranium (in kilograms), and

depleted uranium (in kilograms). These estimates can be converted to a urrrrrium-238

inventory assuming that uranium-238 is 100 percent of the depleted uranium, 99.274 percent

of the normal uranium, and 7 percent of enriched uranium. The reported umnium inventories

were converted to grams of uranium-235 and uranium-238 and are p~sented in Table 3-2.

The COBRA database includes the burials of enriched uranium, normal uranium, and

depleted uranium. The COBRA database estimates can be converted to a uranium-238

●
inventory assuming that rrranium-238 is 100 percent of the depleted uranium, 99.274 percent

of the normal uranium, and 7 percent of enriched uranium.

The sources of the depleted, enriched, and normal uranium waste buried, according to

COBRA, are as follows:

●

●

.

I 9

A-Area 599 kilograms and 58 “curies” of depleted uranium, 80,663 grams enriched
uranium and 1,957 kilograms of normal uranium

F-Area 241.5 kilograms of depleted uranium, 6,360 grams enriched uranium and 6
kilograms of normal uranium

H-Area: 473 “curies” of depleted uranium, 24 grams enriched uranium and 123
kilograms of normal uranium

M-Area: 33,782 kilograms of depleted uranium, 137,103 grams enriched uranium and
6418 kilograms of normal uranium

G-Area 600 kilograms of depleted uranium

Mound (offsite): 19 kilograms of depleted uranium, 450 grams enriched uranium

Area “XXX (offsite shipment from unspecified origin): 3 kilograms of depleted
uranium, 3,310 grams enriched uranium

e Note that the unit curies appears in quotations above. TWOrecords with curies of depleted

uranium appear in the COBRA database (burial slips 17909 and 3390) but are suspect here

U238.WC K-3



(see Sections 3.2 and 3.3). Given its very low specific activity, 1 curie of uranium-238

equals approximately 3,000 kilograms. It is considered likely that these two records are data

entry errors, and “C” for curies was typed instead of “G” for grams or “K’ for kilograms.

Figure 3-1 shows the enriched, normal and totai uranium inventories through 1964. Health

Protection data (Ashley, 1960, 1962a, 1962b, 1963, 1964, and 1965) indicate that from

ORWBG start-up through 1964, 145 grams of enriched uranium and 5,359,000 grams (5,359

kilograms) of natural (normal) uranium were buried in the ORWBG. These data are

inconsistent with the data in COBRA. COBRA indicates that 644 grams of enriched uranium

and 7,382,000 grams (7,382 kilograms) of normal (natural) uranium were buried in the

ORWBG from start-up through 1964. Note that all of the uranium data in COBRA reflect

discrete waste shipments that were detailed on corresponding burial slips. Some of these

slips are dated as early as December 1952. This is urdike data for some radionuclides, e.g.

plutonium, that were adjusted by “lumping” records in COBRA.

Data are very limited regarding uranium-238 associated with spent solvents sent to the OSTS.

There should be little activity due to uranium-238 in the OSTS. Most of the solvent in these

tanks had been processed in the canyon washing system before it was sent to the OSTS. One

of these washes is with sodium carbonate solution. Uranyl ion (U02+2), the state of the

uranium in the separations processes, forms a very stable complex with carbonate ion and

would, therefore, tend to be removed from the solvent via this mechanism, since the

carbonate complex has a very low soil/water distribution coefficient (K~) in the orgarric

solvent. However, if any of the uranium-bearing carbonate wash solution accompanied the

solvent, uranium could be present in the OSTS sludge. Since uranium has a very low specific

activity compared with those for plutonium-238, phstonium-239, and curium-244, a large

amount of uranium would be required to produce significant activities. There are no

estimates of uranium-238 in solvent residues. This residue was buried in the ORWBG.

Mason (1996) reports some uranium data from investigations of the OSTS, but plutonium-

238, plutonium-239, and curium-244 are the primary alpha-emitting radionuclides

documented. Table 13 in Mason (1996) presents uranium-238 as a radionuciide found in

Tanks 6,7,9, 12, and 15, but no concentration data are presented.

To estimate the uranium-238 content in the tanks, an arbitrary fraction (e.g., 2.5 percent) of

the total alpha activity is assigned to the uranium-238 activity. This can be done for Tanks 6,

7, 9, 12, and 15, where uranium is present, This method yields the following estimates:
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● Tank 6:

● Tank 7:

. Tank 9:

2.5% of 1.8 Ci of alpha = 0.045 Ci of U-238

2.5% of 0.75 Ci of alpha = 0.01875 Ci of U-238

2.5% of 3.81 Ci of alpha =0.09525 Ci of U-238

● Tank 12: 2.5% of 3.81 Ci of alpha = 0.09525 Ci of U-238

● Tank 15: 2.5% of 31.86 Ci of alpha = 0.7965 Ci of U-238

3.2 Best Estimate of Uranium-238 in Burial Grounds

The best estimate for the uranium-238 inventory in the trenches in the ORWBG is 44,233

kilograms (14.8 Ci). This estimate is from COBRA. It has been assumed that the COBRA

database captures all of the Health Protection data related to uranium and has not been

adjusted. The uranium-23 8 total is based on the following calculation:

1.

2.

3.

Multiply the total quantity of “Enriched Uranium”, in grams, by 0.07 (i.e., 7 percent
U-238) to determine grams of uranium-238 in enriched uranium. Convert to
kilograms (16 kilograms).

Multiply the total quantity of “Normal Uranium”, in kilograms, by 0.99274 (i. e.,
99.274 percent U-238) to determine kilograms of uranium-238 in normal uranium
(8,442 kilograms).

Assume that the 531 curies indicated in the COBRA database are actualIv kllo~rams

4.

(see Section 3.3 below). Convert COBRA records in grams to kilog~ams 6.471
kilograms). Add these quantities to the depleted uranium total (35,242 kilograms) for
a total of 35,775 kilograms of depleted uranium.

Sum items 1,2, and 3 above: 44,233 kilograms.

For the OSTS, the best estimate of the urrmium-238 inventory is 1.1 Ci. This estimate is

based on assigning umnium-238 an arbitrary activity fraction of 2.5 percent for tanks with

uranium content (Section 3.1).

3.3 Uncertainties Associated with Uranium-238 Inventory Estimate

COBRA records indicate that 531 Ci of depleted uranium was buried in the ORWBG. This

activity equals 1,587,690 kilograms. It has been assumed that these entries are in error, since

kilograms, rather than curies, are the conventional units for depleted uranium. By assigning

these values as kilograms, the uranium-238 estimate of 44,233 kllogmms is more similar to

those of 47,840 kilograms in Cook (1987) and 26,009 kilograms in Cook (1991).

For the inventory in the OSTS, the value is arbitrary, but it is based on actual alpha activity in

the tanks.
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4. BURIAL LOCATIONS

The COBRA database provides information on the spatial distribution of uranium in the

ORWBG. Figure 4-1 outlines the steps taken to manipulate the database to locate umnium-

238 burials. Figure 4-2 presents the burial locations for depleted uranium (variety of

contamination #1= 10). Figure 4-3 presents the locations for normal uranium burials (variety

of contamination #1 and #2 = 81). Figure 4-4 presents the locations for enriched uranium

burials (variety of contamination #1= 20). All of these wastes were uncontainerized and

would have been buried in cardboard boxes, plastic bags, and possibly, metal containers. The

figures indicate the relative size, in grams, of each burial.

5. WASTE FORM

As discussed above, the uranium-bearing waste was buried in alpha activity trenches without

special containers. The waste was buried in cardboard boxes, plastic bags, and possibly,

metal containers. As this packaging deteriorates, the uranium and any other contaminant will

be exposed to contact with infiltrating water.

6. LEACHABILITY

The leachability of uranium is controlled by the sohsbility of uranium phases, the chemistry

of infiltrating water, the redox conditions within the ORWBG and adsorption of uranium

onto the soil matrix. Another consideration when evaluating the leachability of uranium is

that 238U and 235U occur naturally and are relatively abundant in the Savannah River Site

environment. Isotopic ratios in groundwater and soil can be used to identifi anthropogenic

uranium, but quantitative assessments are difficult. They must account for isotopic

exchange, precipitation, and dissolution of natural minerals.

Redox conditions in the ORWBG are important to understanding leachability of uranium in

the ORWBG. As dissolved species, uranium can occur in oxidation states, U(IV), U(V), and

U(VI). In solid phases uranium occurs as either U(IV) or U(VI). Generally, uranium is much

less soluble and therefore less mobile under reducing conditions. Figure 6-1 shows the

dominant aqueous species of uranium in Eh-pH space. Tbe circles represent grid well

analyses reported by Ryan (1983) and the squares represent trench well analyses reported by

Hoeffner (1985). These analyses indicate that U(VI) is the dominant form of leached

uranium in the ORWBG.

K-6 U1,8.00C
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Figure 6-1 also demonstrates the importance of the carbonate system in the leachability of

uranium. The figure assumes a partial pressure of C02 (PC02) of 10-2 atmospheres which is

consistent with the total inorganic carbon analyses of groundwater from grid wells reported

by Ryan (1983). At this PC02 and pH>5, U02(C03)” and U02(C03)2-2 are the dominant

species of uranium. This has significant implications for the adsorption and volubility of

uranium.

The competition for uranium between surface sites and dissolved carbonate species may

severely limit uranium adsorption in the presence of carbonate. Both Hsi and Langmuir

(1985) and Waite et al. (1994) found that at pH>6 the presence of carbonate in solution

limited the adsorption of uranium onto iron oxyhydroxides. The adsorption edge for uranium

is generally between a pH of 4 and 5. Thus, from pH 4 to 6, uranium may adsorb strongly to

soils showing a positive correlation with pH. At pH>6, uranium adsorption will decrease

with increasing pH. This suggests that the mobility of dissolved uranium may ‘vary widely

throughout the ORWBG depending on local conditions.

Conservative estimates of uranium volubility constrain uranium concentrations in

groundwater to ppm levels. If conditions are right, precipitation of uranium phases can limit

uranium concentrations to much lower levels. However, the PC02 plays a major role in the

volubility of all uranium phases. For example, Figure 6-2 shows volubility curves for the

mineral schoepite (U02(OH)2.H20) at 3 different PC02 values. The volubility of schoepite

is at a minimum at pH values between 6 and 6.5, but varies widely depending on the PC02.

At the minimum schoepite solubllity for PC02= 10-2 atm the concentration of uranium is

about 5 mg/1. Schoepite is a common phase and is often assumed to be the dominant control

on uranium leachability from nuclear fiel (Finch et al., 1992). However, uranyl silicates and

phosphates may limit the volubility to ppb levels. These phases have been found in

weathering studies of Uraninite (U02) (Finch and Ewing, 1992; and Wrotilewicz et al.,

1992). Wrorrkiewicz et al. (1992) found that dripping water onto U02 at 90”C resulted in a

two stage uranium release. In the initial stage uranium sohrbility appeared to be controlled

by schoepite. After 2 years the released rates decreased and the volubility appeared to be

I controlled by uranyl silicates,

In the ORWBG, uranium concentrations in groundwater can be constrained to the ppm level

by schoepite volubility, but it is uncertain whether further constraints by uranyi phosphates

and silicates are applicable. Uraninite (u02) has been considered as a natural analogue of

nuclear fuel (Finch and Ewing, 1992), and thus, its volubility may more truly represent the

initial leachability of uranium in the ORWBG. Figure 6-3 shows the sohrbility curve of
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I uraninite compared to that of schoepite at a PC02=1 0-2 atm and an Eh=O.2 volts. If a pH of

6 is chosen to represent conditions in the ORWBG, the volubility of uraninite is about 1.5 ●
mg/1. Cantrell (1990) reported uranium analyses of groundwater from 7 of the grid wells.

The concentrations ranged from <0.02 m~ to 0.74 mg/1. Thus, assuming a concentration of

1.5 mg/1 for uranium leaching in the ORWBG maybe reasonable.

To calculate the leaching rate of uranium, assumptions must be made on the dimensions of

uranium waste forms in the ORWBG. The assumptions here are based on generic

information on the dimensions of uranium fuel pellets (Lamarsh, 1983). Site specific

information on the dimensions of waste forms would decrease uncertainty in these estimates.

It is assumed here that all of the uranium is in cylinders 2 cm long with a diameter of 1 cm.

Furthermore, it is assumed that the leachable area of the cylinders is equal to the lengthwise

cross-sectional area --2 cm2. Using these dimensions, the infiltration rate of water into the

trenches of 2.36 m/yr (Orebaugh and Hale, 1976) and the volubility of uraninite yields

leaching rates for 238u and235Uof217 g/yr. and 11 g/yr. respectively.
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Table 2-1. Alpha Inventory in OSTS

Uranium-238 is not listed as a predominant radionuclide in any of the tanks, but small
amounts are present in Tanks 6, 7,9, 12, and 15 (see Section 3.0)

Tank # Alpha Inventory, Ci Predominant Radionuclides

1 0.82 Cm-224, 66%

2 4.72 Pu-238, 88%

3 0.28 Pu-238, 70V0

4 0.54 Pu-238, 67%

5 19.78 Cm-244, 93%

6 1.80 Cm-244, SOY.

7 0.75 Pu-238, 77%

8 0.17 No Data

9 3.81 Cm-244, 30%; Pu-239, 30%

10 2.33 Pu-238, 50%

11 6.43 Cm-244, 56%

12 3.81 Pu-238, 63%

13 13.72 Pu-238, 97%

14 3.64 Pu-238, 98%

15 31.86 Cm-244, 63%

16 2.03 No Data
17 24.55 Pu-239. 60%

18 1.84 Pu-238, 30~o; Pu-239, 30%; Np-237, 30Y0

19 10.19 Cm-244, 65%
[-238, 700/020 0.001 Pu

21 0.001 No Da~
;2 0.001 Cm-244, 70%

Source: Mason(1996),Tables23and26
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Table 3-1. The Sources of Inventory Estimates for Uranium in the Old Burial Ground

Reference Uranium Inventory Notes
:ook,J R,, 1991 U-233b 24g NA

normal (natural) Ub 8,027 kg
depleted Ub 18,039 kg
enriched Uh 17,449 g
(does not reference an earlier article)

2ook, J.R. and Helton Total As Genermted . ‘“U was disposed in cans c 100 nCi/gram waste.
3.D., 1989 Isotope Undecayed volume (ft) cone.a . t!n (Z33U)= 159,0M yrs, specific activity = 0.0096 Ci/g (Ref

Activitv (Ci) m August 23, 1989, JR. Cook)
x 2.5 8,800 31 . The as generated concentration of U-233 would not classify as

TRU waste regardless of how it is managed
Total Buried because there is no credible mechanism for concentrating the

Undccaycd Volume (fI’) cone.’ n~dionuclidc in the St:vnnnah River Si!c R.ldiwictivc W~lstc Burial
Activily (Ci} _ m Grounds.

n Density of 20 lb/f? is assumed.
(These v:ducs >!rcttlkcn lr{~nlIhc COBRA d;]l;]b~]sc)

Cook, JR., 1987 Nuclides Inventoryb NA
U-233 0.23 Ci
U-234 3.5 Ci
U-235 0.31 Ci

U-238 16Ci

(does not reference an earlier article)

Horton, J.H. and Corey, NA . Scrap uranium from the fuel fabrication operation was placed in

J.C., 1976 low-level transuranium alpha trenches (uncontained in trenches).
This waste contains less than 0.1 Ci of transuranic alpha activity
per packageb.

:,: [nvc,I1,Bry cliscttssctl i,) clcl;til
b: NOdiscussionulbasis ~nrinventory
NA: NOI :lddrcsscd in arliclc
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Table 3-2. Reported Uranium Inventories Converted to Grams of Uranium-235 and - Uranium-238 (Continued)

Reference Uranium-235 and Uranium-238 Inventories Notes

Ashley C., 1962b Uraniumb ~ Total Since Plant StartuD Health Protection (HP)data.
Enriched – 145g(134.9gU-235+ 10.2gU-238)
Natural - 5,359,0i30g (38,585g U-235+5,320,094g U-238)

AshleyC., 1962a Uranium” ~ TotalSincePlantStar[up

Enriched

Health Protection (HP)data.
9 g (8.37g U-235+ 145g(134,9gU-235+ 10.2g U-238)

0.63gU-238)

Natural 325,000g 5,359,000g (38,585g U-235+ 5,320,094g U-238)
(2,340g U-235+
322,641RU-238)

Ashley, C., 1960 Uraniumb Health Protection (HP)data.
Enriched 136grams(126.5g U-235+9.5gU-238)
Natural 11,100pounds(36,251g U-235+4,998,373gU-238)

a: I“venlory discussed in detail
b No discussion of basis for inventory
NA: Not addressed in article
Natural (normal) uranium is 99.2749. U-238, 0.72% U-235, and 0.005% U-234.
Depleted is 100% U-238.
Enriched uranium is 9390 U-235 and 19. u-238.
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CONSTITUENT OF INTEREST - CARBON-14

1. SUMMARY

Carbon-14 was generated at the Savannah River Site (SRS) primarily by the 017 (n,a) C14

reaction in reactor moderators. Some of the carbon-14 escaped as 14C0 and 14COZto the

blanket gas and was vented to the stack, but most remained in solution. To maintain

moderator purity, carbon- 14 was removed in ion exchange resins in demineralize units.

When a demineralize unit was exhausted, the ion exchange resin was sent to the Solid Waste

Disposal Facility (SWDF) for burial (Carlton et al., 1993).

Carbon- 14 is considered to be a possible constituent of interest because it is a mobile,

long-lived, beta-emitting radionuclide that was present in wastes sent to the SRS burial

grounds. Most of the source term in the Old Radioactive Waste Burial Ground (ORWBG) is

likely due to the bicarbonate anion (HCi40s-) that is sorbed on mixed-bed ion exchange resin

used to purify the reactor moderator. During the first ten years of SRS operations. the resin

was disposed of directly into trenches in a slurry form. Later, the resin wm sealed and

disposed of inside the stainless steel vessels used to support the resin column during the

purification operation. In the early 1970s, a limited amount of resin was removed from the

support shell and buried in concrete casks.

The best estimate for the carbon- 14 inventory at the ORWBG is 3,778 curies (Ci).

F]gure 1-1 presents the process used to develop the inventory and burial locations. The

Computerized Burial Record Analysis (COBRA) database was used to determine the

locations and quantity estimates of carbon-14 burials.

2. BACKGROUND INFORMATION

2.1 Origin of Carbon-14 at SRS

The SRS produced carbon-14 by various reactions in the fuel, moderator, and core

constmction material in the five production reactors. The mechanisms include

neutron-induced reactions [(n,p); (n,a); and (n,y)] and ternary fission (Hayes and MacMurdo,

1977). The (n,p) reaction produces carbon-14 by reaction of neutrons with nitrogen-14.

Nitrogen occurs as an impurity in the fuel, as dissolved g~, as nitric acid, as ammonium

hydroxide (used for pH control purposes in the moderator), and as an impurity in the core

material. Small quantities of carbon-14 are also produced by the (n,p) reaction with nitrogen

C.14.DOC L-1



in the air in the annular cavity outside the reactor tank. The (n,a) reaction occurs primarily

with oxygen- 17 in the moderator. The (n,y) reaction with carbon-13 produces a negligible

amount of carbon-14 in SRS reactors. It is more significant in graphite-moderated reactors

(Carlton et al., 1993).

Small quantities of carbon-14 were also produced at SRS by the test reactors and neutron

activation analyses. The activity levels of radiocarbon from these sources are insignificant

when compared to the activity levels in irradiated nuclear fuel, targets, and moderators

(Carlton et al., 1993). Radiocarbon is a collective term for radioactive isotopes of the

element carbon. However, carbon- 14 is by far the most important of these since its

5,7 15-year half-life is the longest.

Certain fuels irradiated at offsite noncommercial facilities were shipped to the SRS for

reprocessing. These fuels contained varying amounts of carbon-14, depending on the fuel

type and irradiation history (Carlton et al., 1993).

Lesser quantities of radiocarbon have been purchased from offsite vendors to use as standards

for calibration of analytical instruments, to determine chemical yield in analytical chemical

procedures, and as tracers in research studies at the Savannah River Ecology Laboratory

(Carlton et al., 1993).

2.2 Carbon-14 from Spent Deionizer Resins

The main source of carbon-14 was spent deionizes used to maintain reactor moderator purity

(Cook, 1989). The moderator and primary coolant in SRS reactors is heavy water, which is

circulated around the fuel and target elements in the reactor core. The moderator decreases

the kinetic energy (slows the speed) of neutrons emitted by the fission process. Slow

neutrons have a greater probability for interaction with fuel and target materials than fast

neutrons. The moderator functions as the primary coolant to remove heat from fuel and

target elements. The heat is then transferred from the moderator to the secondary coolant by

heat exchangers. SRS reactors used either river or pond water as the secondary coolant in the

heat exchangers.

Some of the carbon-14 formed in the moderator escaped as “C0 and “COZ to the blanket

gas and was vented to the stack. Most of the radiocarbon remained in solution and was

removed from the moderator by ion exchange resins in demineralize units used to maintain

moderator purity. Measurements in 1972-1973 indicated that about 8570 of the carbon-14

generated in the moderator reached the deionizer resin and about 15% was reiease~ to the

L-2 c.lA,DOc
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● atmosphere from the reactor stack (Holmes, W.G., 1988). When a demineralize unit was

exhausted, the ion exchange resin was sent to the SWDF for burial (Carlton et al., 1993).

During the first ten years of SRS operations, deionizer resins were dumped in slurry form

directly into ORWBG trenches (Towler, Jr., 1989 in WSRC, 1992). Later, the resins were

disposed of in stainless steel vessels. The normal practice was to displace the heavy water

with light water, seal the stainless steel columns with blank flanges, and bury the whole unit

in trenches in the radioactive waste burial grounds.

In the early 1970s, during a campaign by the Reactor Department to recycle deionizer shells,

some resin was removed from the stainless steel shells and repackaged in concrete casks for

burial. An unknown number of concrete casks containing “loose” resin were shipped to the

burial grounds. However, in 1973, removal and repackaging the resin was discontinued and

the former practice of burial in stainless steel shells resumed. In more recent years, concern

about the potential release of carbon-14 to groundwater from buried resin has led to

above-ground storage of the sealed demineralize columns in H-Area (Carlton et al., 1993).

3. INVENTORY ESTIMATE

o 3.1 Range of Inventory Estimates

3.1.1 Trenches

Early estimates of the amounts of carbon-14 disposed in trenches at the SRS did not include

radiocarbon in spent deionizer resins. As this is the prima~ source of carbon-14, the

amounts were underestimated (Cook, 1989). Cook’s (1987) initial estimate for the amount of

carbon- 14 buried in 643-G was 5.4E-03 Ci; Jaegge et al. (1987) presented a similar estimate

of 6.6E-03 Ci in the Radioactive Waste Burial Grounds. Subsequent estimates that did

consider the contribution of spent deionizer resins are approximately six orders of magnitude

higher.

Several inventories of carbon-14 have been developed from the amount of spent resin either

I
produced or buried. Because burial ground records do not tabulate data for carbon-14

disposal, the carbon-14 inventory has been estimated from the amount of resin using a factor

of 0.35 Ci of carbon-14 per cubic foot of waste resin (Cook, 1989; attachment I,

memorandum from W.G. Holmes to J.L. Steele dated June 28, 1988). Hayes (pers. comm.,

‘o
in Baumann, 1991) however, reported that 0.47 Ci of carbon-14 is in one cubic foot of waste

~

!
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resin. Both these factors were determined from laboratory analyses of reactor moderator

resin.

Holmes (1988) employed two methods to estimate the amount of carbon-14 shipped to the

burial grounds (643-E and 643-7W28E) in moderator deionizes. In the first method,

COBRA burial records were reviewed to identify shipments of spent deionizes to the burial

grounds between 1/1/53 and 12/31/87. The number of shipments obtained from COBRA

records yielded an estimated 2,900 Ci of carbon-14, assuming that tbe waste contained 0.35

Ci of carbon- 14 per cubic foot of resin (Holmes, W.G., 1988).

In Holmes’ (1988) second method, the generation of carbon-14 in the moderator of all SRS

reactors via the (n,~) reaction with oxygen-17 was calccdated to be about 8,000 Ci (since

startup). Of this amount, 6,800 Ci were estimated to have been shipped to the burial grounds

(643-E and 643-7E/28E) in spent deionizer resin (15% of the amount generated was assumed

to be released to the atmosphere). An estimated 5,100 Ci of carbon-14 are believed to be

buried in 643-G, assuming that carbon-14 picked up by the deionizes prior to 1972 ended up

in the ORWBG. The remainder ( 1,700 Ci) is believed to be buried in 643-7G/28G.

Holmes’ (1988) review of COBRA records identified 19 potential shipments of “loose” resin

(i.e., resins removed from the stainless steel shells and disposed of in concrete casks)

between 9/72 and 10/73. Of these shipments, ten were buried in 643-G and the remainder in

643-7G/28G (Holmes, W.G., 1988).

Corey (1988) reported two estimates of the amount of carbon-14 in the SRS radioactive

burial grounds based on the results of a preliminary investigation by the Environmental

Sciences Division. The first, a review of COBRA records by Jaegge and Chen ( 1988) yielded

2,900 Ci. The second, an assessment by Savannah River Laboratory personnel of the amount

of carbon-14 generated in the moderator of SRS reactors and of the amount subsequently

captured by the moderator deionizes, was estimated to be 6,800 Ci (Cook, 1989; attachment

I, memorandum from J. C. Corey to O,M. Morris dated August 2, 1988).

Cook (1989) revised his initial 1987 estimate to include spent deionizer resins. Using both

reactor calculations and burial records, his revised estimate was 6,800 Ci (Cook, 1989).

McIntyre and Wilhite (1988) estimate that 2,800 Ci of carbon-14 was disposed of at the

ORWBG. The document does not compare the amount in vessels to the amount in soils.
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Dr. E.L. Albenesius, who formerly served as a research manager of SRL’S Environmental

Effects and Solid Waste Management Technology Divisions, reported in a 1992 discussion

that the carbon- 14 inventory is 10,000 Ci (Holcomb, 1992).

Flach et al. (1996) used a similar method to that used by Holmes (1988), calculating the

carbon- 14 inventory from tbe total volume of deionizer waste. Multiplying COBRA burials

denoted by “DEION or “RESIN” by 0.35 Ci/ft3 yielded 1,374 Ci. Flach et al. (1996) also

cites the estimate of 5,100 Ci, which was derived by Holmes (1988) using Graves (1988).

This figure was determined by estimating the amount of carbon-14 produced in reactor

moderator via the (n,a) reaction with oxygen-17 (8,000 Ci), and estimating the fraction that

was buried in the ORWBG (5,100 Ci). His best estimate is generated by multiplying

“DEION’ or “RESN volumes by 0.35 C1/ft3x 5,100 Ci / 1,374 Ci.

Table 3-1 lists the sources of the inventory estimates for carbon-14 in the ORWBG. Figure

3-1 shows the range of carbon-14 estimates in the ORWBG.

3.1.2 Carbon-14 in the Ofd Solvent Tanks

@
Kolb (1978) reported concentrations of several constituents, including carbon, in the Old

Solvent Tanks (OSTS). Sludge samples from Tanks S6 and S7 were analyzed by an unknown

method. Carbon was among the list of detected analytes in both tanks. It was reported as 9

weight percent in Tank S6, and 15 weight percent in Tank S7. The form and activity, if any,

of the carbon are unknown (see Table 36 in Mason, 1996). The amount of radiocarbon is

thought to be negligible.

3.2 Best Estimate of Carbon-14 in Burial Grounds

In this investigation, a similar method to that used by Holmes (1988) and Flach et al. (1996)

was used to calculate the best estimate of the carbon-14 inventory in the ORWBG. From

process history, the amount of carbon-14 produced in a reactor moderator from startup to

1988 via the (n,a) reaction with oxygen-17 is approximately 8,000 Ci. Assuming 15% of this

amount was lost to the atmosphere during reactor operations, and no other releases occurred,

the amount in the spent deionizer resin was 6,800 Ci. This represents the amount of

carbon- 14 in resin that was produced and buried over 36 years (startup to 1988). Because

disposal operations at the ORWBG ceased in 1972 (after 20 years), the inventory of

e

carbon- 14 in the ORWBG is 56 percent of this amount. This amount, 3,778 Ci, represents

the best estimate. This calculation assumes a similar average production/disposal rate of

carbon- 14 from start-up to 1972 and from 1972 to 1988.

C.14.LIOC L-5
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The best estimate for individual burials is calculated from COBRA data, the total inventory ●
amount (3,778 Ci), and a modified activity of carbon-14 in spent deionizer resin. Individual

burials of resin were identified by searching the COBRA database for ‘(DEION, “DEION

SHELL”, “DEION VESSEL”, “DE-IONfZER’, “DEIONIZER CASK”, “DEIONIZER

CELL”, “DEION~R RESIN”, “DEIONIZER SHLELD”, “SPENT RESIN”, and “RESN’.

This yielded 148 records. One of these records was interpreted as an error because the

volume recorded (16,000 ft3) was about three orders of magnitude greater than the other

burial amounts. omitting this suspected error yields a volume of 4,377 ft3 of spent resin (147

records) (Table 3-2). If it is assumed that the activity of carbon-14 is 0.35 Ci per cubic foot

of spent resin (Hooker and Root, 1981), the amount of carbon-14 in the ORWBG would be

1,532 Ci. If it is assumed that the activity of carbon-14 is 0.47 Ci per cubic foot of spent

resin (Hayes in Baumann, 1991), the amount of carbon-14 in the ORWBG would be 2,057

Ci. However, both these values are significantly less than the total inventory known from

process knowledge (3,778 Ci), and therefore, the estimate of carbon-14 in spent deionizer

resin was modified. Assuming that the inventory of 3,778 Ci is correct, and using the volume

of spent deionizer resin in the ORWBG from COBRA records (4377 ft3), the modified

activity of carbon-14 in spent deionizer resin is 3,778 Ci/4377 ft3, or 0.86 Ci/ft3. The best

estimate for the activity of individual burials is the volume of the resin, in ft3, multiplied by

0.86 cl/ft3.
●

3.3 Uncertainties Associated with Carbon-14 Inventory Estimate

Several uncertainties are associated with the carbon- 14 inventory estimate. The buried

amount is based on process knowledge, which makes several assumptions, including the

following:

. 15% of the amount of carbon-14 produced in the reactor moderator was lost to the

atmosphere.

● All other carbon-14 remained in the deionizer resin and no other releases occurred.

● The average production/disposal rate of carbon- 14 from start-up to 1972 and from 1972

to 1988 was the same.

● All errors in COBRA records have been identified, and records are complete.

●
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* 4. BURIAL LOCATIONS

COBRA burial records provide the date, location, and volumes of disposals of deionizer resin

waste packages. Figure 4-1 outlines the steps taken to manipulate the database to locate the

burials, and Figure 4-2 presents the burial locations. The activity of carbon-14 in each

deionizer resin waste package was calculated using 0.86 Ci/ft3, as developed in Section 3.2.

5. WASTE FORM

During the first ten years of SRS operations, the resin was disposed of directly into trenches

in a slurry form. This period was half of the lifetime of the ORWBG. For most of the second

half of the operational history of the ORWBG, the resin was sealed and disposed of inside the

stainless steel vessels used to support the resin column during the purification operation. For

a brief time in the early 1970s, the resin was removed from the support shell and buried in

concrete casks. Holmes (1988) identified 19 potential shipments of “loose” resin (i.e., resins

removed from the stainless steel shells and disposed of in concrete casks) between 9/72 and

10/73. Of these shipments, ten were buried in 643-G and the remainder in 643-7G/28G

*

(Holmes, W.G., 1988).

Studies indicate that radiocarbon is present in the resin primarily as the bicarbonate ion

(HC03).

6. LEACHABILITY

The leachability of Carbon-14 in the ORWBG is dependent on waste form. Demineralizing

resins are the predominant waste form contributing carbon- 14 to the ORWBG source term.

For the first half of burial history these resins were disposed of uncontained. In the

remainder of the ORWBG burial history, they were sealed in stainless steel containers and

buried. If carbon-14 is easily leached from these waste forms, it’s relative mobility and long

half-life make carbon- 14a probable threat to groundwater under present conditions.

Carbon- 14 occurs predominantly in the dissolved bicarbonate species (HCO;) which is

relatively mobile in groundwater. McIntyre (1988) recommends using a h value of 2 ml/g

for modeling carbon- 14 migration at the Mixed Waste Management Facility. This suggests

that retardation of carbon-14 during migration from burial trenches to the water table will not

●
be significant relative to the half life of carbon- 14. Thus retardation coupled with decay will

not significantly constrain concentrations of carbon-14 in groundwater beneath the ORWBG.

C.,4,,WC L-7



Ly~imeter experiments in the ORWBG suggest that carbon-14 is leachable from the

uncontained resins. Eight years after installation of Iysimeters containing demineralizing
e

resin with carbon- 14 source terms of 0.35 Ci, carbon-14 concentrations in the Ieachate ranged

from 0.06 to 0.89 LCi/1 (McIntyre, 1987). This represents a relatively high leaching rate of

carbon-14.

Concentrations of carbon-14 in groundwater associated with the ORWBG are elevated.

McIntyre and Wilhite (1988) analyzed for carbon-14 in 10 grid wells and observed

concentrations that ranged from below detection to 580 pCUJ. These are elevated, but not

above the primary drinking water standard of 2000 pCi/1. In addition, several of the

downgradient perimeter wells of the BGO series have had elevated concentrations of carbon-

14 in recent years. Only one measurement at 2270 pCifl has exceeded the drinking water

standard.

Current concentrations of carbon-14 in groundwater, the leachability observed in Iysimeter

experiments, and the expected mobility of carbon-14 indicate that this contaminant of interest

will threaten groundwater if current ORWBG conditions are maintained.

L-8 c.14.lKlc

—



*
7. RE~RENCES

Baumann, E.W., 19913 Carbon-14 Removal for Disposal of Reactor Deionizer Resins ~),

–—-–– WSRC-TR-91 -566, Westinghouse Savannah River Company, Savannah River Technology

Center, Aiken, SC 29808, October31, 1991.

Carlton, W.H., et al., 1993. Assessment of Radiocarbon in the Savannah River Site Environment

@), WSRC-TR-93-215, Westinghouse Savannah River Company, Savannah River Technology

Center, Aike~ SC 29808, March 1993.

Cook, J.R., 1987. Technical Data Summary: Plan for Closure of the 643-G Burial Ground,

DPSTD-87-2, E.I. du Pent de Nemours and Company, Aiken, SC.

Cook, J.R., 1989. Site-Specl~c Performance Assessment of Carbon-14@om Spent Deionizes in

SRP Radioactive Waste Di~osal Facilities, DPST-89-231, Technical Division Savarmah River

Laboratory, January 11, 1989.

Corey, J.C., 1988. Prelimina~ Findings of Carbon-14 in the Burial Groun&, Memo: J. C.

e Corey to O. M. Morns, August 2, 1988.

FIach, G.P., Lee, S.Y,, Yu, A.D., 1996. Old Burial Ground COC Transport Modeling Progress

Report, SRT-ESS-96-366, Memo Flach, G.P., et al, to Malanowski, R.W., Barradale, E.K.,

Lewis, CM., August 12, 1996.

Graves, WE., 1988. “C Production in Moderator of SRP Charges, DPST-88-578, E. I. du Pent

de Nemours & Co., Savannah River Laboratory, Aiken, SC 29808.

Hayes, D.W. and K.W. MacMurdo, 1977. Carbon-14 Production by the Nuclear Industry,

Health Physics, 32:215-219.

Holcomb, H, Perry, 1992. Transcription of a Presentation by Dr. E.L. Albenesius, SRS Burial

Ground Operation from an Historical Perspective V), WSRC-RP-92-349, Environmental

Restoration Department, Westinghouse Savannah River Company, Savannah River Site, Aiken,

SC 29808 (February 14).

Holmes, W,G., 1988. Preliminary Results of Carbon-14 Investigation, Revision 2, Memo: W.

G. Holmes to J. L. Steele, June 28, 1988.

c-14revl L-9



Hooker, R.L., and Root, R.W., Jr., 1981. Lysimeter Tests of SRP Waste Forms, US DOE

Report DP-I 591, E. I. du Pent de Nemours & Co., Savannah River Laboratory, Aiken, SC

29808.

Jaegge, W.J., et al., 1987. Environmental Information Document, Radioactive Waste Burial

Grouna!r, DPST-85-694, E. I. du Pent de Nemours & Co., Savannah River Laboratory,

Aiken, SC 29808, March 1987.

Jaegge, W.J. and J.N. Chen, 1988. Estimate of Carbon-14 Disposal in the 643-G and

643-7G Burial Grourra!r, Memorandum to G.H. Street, April 15, 1988.

Kolb, N. L,, 1978. Request for Hazard Assessment of Sludge Remaining in 643-G Solvent

T*, Memorandum to E.L. Albenesius, June 6, 1978.

Looney, B.B., J.B. Pickett, CM. ~lng, W.G Holmes, WF Johnson, and JA Sfith, 1987

Selection of Chemical Constituents and Estimation of Inventories for Environmental Analysis

of Savannah River Plant Waste Sites, DPST-86-291, E.I. du Pent de Nemours and Company,

Savannah River Laboratory, Aiken, SC,

McIntyre, P.F., 1987. 1987 A40nitoring Report for the Defense Waste Lysimeters> DpST-87-

568, E.I. du Pent de Nemours & Company, Aiken, SC.

McIntyre, P.F., 1988. Sorption Properties of Carbon-14 on Savannah River Plant Soil,

DPST-88-900, E.I. du Pent de Nemours & Company, Aiken, SC.

McIntyre, P.F. and E.L. Wllhite, 1988. Radionuclide Analyses of Burial Ground Well Water,

DPST-88-375, E.I. du Pent de Nemours & Company, Aiken, SC.

Mason, J.T., 1996. Information Document on the Old Solvent Tardrs S1-S22 in the Old

Radioactive Waste Burial Ground 643-E (U), WSRC-RP-96-001 44, Westinghouse Savannah

River Company, Aiken, SC.

Towler, Jr., Oscar A., 1989. Integrated Report on Radionuclide Migration at the Savannah

River Shallow Land Burial Site, DP- 1778, E. I. du Pent de Nemours & Co., Savannah River

Laboratory Tectilcal Division, Aiken, SC 29808, March, 1989.

WSRC, 1992. Old Radioactive Waste Burial Ground, Revised Drti, August, 1992

L-lo c-14revl

—



3n
z
LLl

1

I

I

t

I

1

t

1

C.14.DOC L-11



000000 000000
000000 00000
Oggooo 00 ~go

mbwmw
r.

(!~) ftl!A!iOv

(59MHO)
(886 1) luOdnP

(spuno~~ Ie!jns

eJssM eA!toeO!peH)

(1861) Ie ia e66aep

(uo!leiueseJd
s,sn!sauaqlv ~q JO

UJOJJ)(2661) qlU0310H

(5L-Eb9
+ 9-c*9) uo!tdwneuoo

(8861) seUIOH

elew!lse
tsaq - Aprils s!ql

2
n.-

u

L-12 C.,4.DOC



I

I

ESTART

1
I

COBRA Carbon-14 is not listed nor tracked as a contaminant
b

variety in COBRA

I

v

Search COBRA description fields (or any reference to

‘aPent deionizes’, “demineralize units”, “deionizer
cell”, ’deionizer reein”, ”spent resin”, “stainless steel

vessels’, “desionizer vessel”, “shell”, “deionizer shield’,
“C-14”, ‘carbon”, etc.

H Review Reaulta and

END Explore Additional
Sorta

L J I

l:I,aidobgl”e.cot15”eWf*141,.14,”%d 09/09197

v

Convert Waste Volume for Individual Burials into C-14
Spacific Radionuclide Quantities by Multiplying Burial

Volume by 0.86 Cilft3 [Contstant Derived from Process
Knowledge Total Inventory (3,778 Ci)/Volume of Spent

Deionizer Resin Burials (4,377 ft’)],

Figure 4-1. Carbon-14 BuriaILocation Process Flow Diagram



—. —

I I I I I I I I I I I L

000

‘“+

—
L-14 c.14,DOC



Table 3-1. The Sources of Inventory Estimates for Carbon-14 in the ORWBG

e

:eference Inventory Notes
lath, G,P,, Lee, S.Y. and Yu, A.D., . 1374=Ci (Estimated from the total ● The main source of C- 14 is
996 volume of deionizer waste by spent deionizes used to

multiplying COBRA burials denoted maintain reactor moderator

by “DEION or “RESIN by 0.35 purity (Cook, 1989).

Ci/ft3.) . Deionizes contain an estimated

● 80W =Ci (total produced) (Estimated C-14 content of 0.35 Ci per
from the generation of carbon-14 in cubic foot of resin. (Cook, 1989,

reactor moderator via the (n,==) attachment 1,Memorandum

reaction with oxygen- 17). from W.G. Holmes to J.L.
. 5100’ Ci (buriedin theORWBG). SteeledatedJune 28, 1988).

(Holmes, 1988 used Graves, 1988 to
calculate the amount produced and
were buried in the ORWBG).

(references an earlier article)

4ason, J.T., 1996 Analysis of sludge samples from Tanks S6 Kolb (1978) reported concentrations

and S7 (Kolb, 6-6-78). of several constituents, including
carbon.

Analyteb ~~h~~
Tank S7

c 9 15

;arlton, W. H., et al., 1993 An estimated total of 6,800 bCi of . Most of the resin is contained
radiocarbon in ion-exchange resin has inside the s!ainless steel vessels.
been buried at the SWDF (Cook, 1989). . A limited amount of resin was

removed from the support shell
(References an earlier article) and buried in concrete casks.

. Most of the “C produced is
trapped on demineralizes and
buried in the SWDF.

iolcomb, Perry H., 1992 1E04b Ci . C- I4 is a component of spent
resin from the reactor weas

(Does not reference an earlier wticle) buried in the old burial ground.
. Most of the resin is buried in

stainless steel vessels except for
one period when the resin was
placed directly in trenches.

VSRC, 1992 2,800b Ci (ORWBG) . Deionizer resins used to capture
long-lived carbon- 14 from

(References an earlier article) heavy water coolant in SRS
reactors were dumped in slurry
form directly into ORWBG
trenches during the first ten
years of operations, Later, the
resins were disposed of in

stainless steel vessels.
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Table 3-1. The Sources of Inventory Estimates for Carbon-14 in the ORWBG (Continued)

teference
;ook, James R., 1989

iolmes, W.G., 1988

[nventory
jstimated inventow of C- 14: 6.8 x 10f
‘Ci in the Burial G~ounds

References an earlier article)

1)

2)

●

.

—

Two estimates of the amount of

C-14 shipped to the burial
grounds in moderator deionizes:
2,900a Ci of C-14, based on

COBRA records between 1/1/53
and 12/31/87, assuming that resin
contained 0.35 curies of C- 14 per
cubic foot.
6,8Wa Ci, assuming the
generation of carbon-14 in the
moderator of all SRPreactonvia
the(n,~) reactionwithoxygen-17
was8,WOCi.Ofthisamount,
6,800Clwereestimatedtohave
been ship~d to tbe burial grounds
in spent deionizer resin (157. of
theamount generated .was
assumed to be released to the
atmosphere).

An estimated 5,100” Ci of C-14
are believed to k buried in 643.
G, assuming that C- 14 picked
up by tbe deionizes prior to
1972 ended up in the ORWBG.
The remainder ( 17W Ci) is
believed to be buried in @3-
7G128G.

The C-14 inventory in the
Radioactive Waste Burial
Grounds may be about one
million times larger than
assumed in the Environmental
Information Document (DPST-

85-694). (References an earlier
arlicle)

,

.

~otes
~ Spent deionizes from the
eactor areas. (Used to purify the
noderator of SRPreactors)

~ C-14wasshippedtothe
adioactivewasteburialgrounds
nspentdeionizes,whichwere
Isedto maintainmoderatorpurity
luringreactoroperations.

- deionizer vessel
- deionizer shells
- loose resin

me sealed vessels were
shipped to tbe radioactive
waste burial grounds for
disposal in trenches.

However, in the early 1970’s
an undetermined number of
concrete casks containing
“loose” resin were shipped to
tbe burial grounds.

COBRA records identified
19 potential shipments of
“loose” resin between 09f12
and 10/73. Of these, ten
were buried in 643-G.

Uncertainties with this estimate
are:
1. Possibility of incomplete or

erroneously recorded
COBRA records

2. The assumption that all
deionizer shipments
contained 0.35 curies of C-
14 per cubic feet of waste
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NA

Reference Inventory Notes
~orey,J.C., 1988 EnvironmentalSciences Division

investigation results for the amount of
C-14 shipped to the radioactive waste
burial grounds:

. 2900b Ci based on a review of
COBRA records by W.J. .Jaegge
and J.N. Chen

● 6800b Cl based on an assessment
by SRL personnel of the amount
of carbon-14 generated in the
moderator ofSRPreactorsand of
the amount subsequently captured
by the moderator deionizes.

(References an earlier article)

raegge, W.J., et al,, 1987 Undecayed . The source was irradiated
Radionuclide DisDosal Amount fuel and spent deionizer

Q,, b resins.
c . ~Is C- 14 inventory has been

6.6E-03 revised from 6.6 x 10] to 6,8
x 103 curies by EIS (Cook,
J.R., 1989).

(References an earlier article [Looney . The C-14 inventory in the
et al. 1987]) radioactive waste burial

grounds maybe about one
million times larger than
assumed in the EID (DPST-
85-694) (Holmes, W. G.,
1988).

:ook, James R., 1987 Nuclides Inventorv (Ci)
c-l 4“ 5.4 X I @3 (643-G
Site) NA

(Does not reference an earlier article)

1

Table 3-1. The Sources of Inventory Estimates for Carbon.14 in the ORWBG (Continued)

a: Inventory discussed in detail
b: No discussion of basis for inventory
NA: Not addressed in article
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Table 3-2. Records for All Carbon-14 Burials in ORWBG. Records Identified by
Searching Description Field 1 for “Spent Deionizes”. “Ion Exch6n~e Resins”.

I I

Us x
5 g
u :

: .s a
j .:

iii
c DEIONSHELLN134
c OEIONSHELLN145
c DEION,N6143-12
c OEION, VESSEL
c DEION.N-350 RESI
c DE-IONIZER
c DE-IONIZER
c DEIONIZER
c OEIONIZER
M DEIONIZER
v DEIONIZER
v DEIONIZER
: DEIONIZER
v OEIONIZER
v OEIONIZER
: OEIONIZER
> OEIONIZER
; OEIONIZER
: OEIONIZER
:D EIONIZER
:D EIONIZER
;0 EIONIZER
dD EIONIZER
;0 EIONIZER
;D EIONIZER
;D EIONIZER
:0 EIONIZER
>0 EIONIZER
:D EIONIZER
:D EIONIZER
;D EIONIZER
:0 EIONIZER
:0 EIONIZER
:0 EIONIZER
:0 EIONIZER
:D EIONIZER
o EIONIZER

OEIONIZER
OEIONIZER
OEIONIZER

gE o
Q 9

: ;
~ :
:

“ s
1410 390
1410 390
1470 510
1650 370
590 630
,550 550
550 550

650 370
630 450
630 450
630 490
630 490
590 30
590 30
590 30
590 30
590 30
590 430
590 430
590 30
590 17D
570 390
570 470
570 470
570 470
?70 470
i70 470
:70 470
i50 550
i50 550
;50 550
70 270
!50 130
30 130
,30 130
90 150
70 210
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●Table 3-2. Records for All Carbon-14 Burials in ORWBG. Records Identified by
Searching Description Field 1 for “Spent Deionizers”, “Ion Exchange Resins”,

“Demineralize Units“, “Shell”, etc. (Contintled)

~
.Q

6 g 8
~

% .:
: 2 a m

6430 105 c 2
1346 105 c 1
2691 105 c 2
2692 105 c 2
3225 tos c 2
3182 105 c 2
3362 105 c 2
3914 105 K 2
3884 105 K 2
3886 105 K 1
3825 105 K 2
3603 105 K 2
3820 105 K 2
3119 105 K 2
3120 105 K 2
3071 105 K 2
)072 105 K 2
;479 105 c 2
;476 105 c 2
3447 j 05 c 2
879 105 c 2
1880 105 c 2
,953 105 c 2
,969 105 c 2
;294 105 c 2
;123 105 C 1
i330 i 05 c 2
1331 105c 2
;157 105 C 1
,444 105 c 2
591 770 u 1
1182 105 c 2
‘ml 105 c 2
570 100 c i
230 105 c 1
120 105 c 2
248 105 c 2
140 105 c 1
292 105 c 2
525 105 c 1

u3~1u >5U

3130 150
3430 550
3430 550
3430 550
3430 550
3430 590
33C- ---
33!
33!
33!
33!
33!
33{

- --, -,.,--, I I 335. , . . .
c IDEIONIZER / 3390 I 450
- lnFtnNt7FR I ‘aTon 1 .i.,-lb ‘.-. -...--, . . . . ..-

C OEIONIZER 4310 3410 550
c OEIONIZER 4311 3410 550
c DEIONIZER 6614 3410 550
c DEIONIZER N0161 3410 390
2 OEIONIZER N0162 3410 390
: DE1nN17!=D ,57 ..,. .,”

; DE,.,,.,--,, ,.. ... ” .,.

: DEIONIZER 2S22-t 3390 50
: DEIONIZER 2622.3 3390 150
> DEIONIZER 2822-7 3390 50
: DE IONIZER 2822a 3390 50
: pFloN17FR26QG.A 2.0,-, 150
> [

.. -,,,-. ,, ,-, , .. !., -..

CI,-,.,,.cn4.. 1 . . . . I .4. I

; L., ”,.,&.” . . .
: DEIONIZER 48[
: DEIONIZER 48&. . . . . .!.
; DEIONIZER 7165C 3550 590
; DEIONIZER 7638-6 3430 170
; OEIONIZER 7936 3390 150
; DEIONIZER 7971-1 3390 150
: DEIONIZER 7971-3 3390 150
: OEIONIZER 7971-5 3390 50
; DEIONIZER 7971.6 3430 130
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~j
x

~g

-

35.2(
35,4(
6,20

3 0.00
3 O.w
3 O.w

37.31
_ 37,31

37.31
36.51
36.3!
35.2I
35,11
35.11
35,11
35,11
35.11
35.1 I
35.1
35.1’
35,4’
35.4’
35.4’
35,2
35.3
35.1
35.2

! 6.5(
6.5(

! 6.5C
6,3(
6.3[
35.4
35.4
6.5(
37.2
35.3
35.2
35.2

Table 3-2. Records for All Carbon-14 Burials in ORWBG. Records Identified by
Searching Description Field 1 for “Spent Deionizers”, “Ion Exchange Resins”,

“Demineralize Units”, “Shell”, etc. (Continued)
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Table 3-2. Records for All Carbon-l~Burials in ORWBG. Records Identified by
Searching Description Field 1 for “Spent Deionizers”, “Ion Exchange Resins”,

L
:i

o :

.5 .~
: .:

i
:
0

c DEIONIZER SHELL
c DEIONIZER SHELL
c DEIONIZER SHELL
c DEIONIZER SHELL
c OEIONIZER SHELL
c DEIONIZER SHELL
c DEIONIZER SHIELO
c DEIONIZER VESSEL
c DE. IONIZER3696.7
N DEIONIZER54439.R
c DE.1ONI2ER7636.3
c 0EIONIZERD7971-1
N DEIONIZERT3328-3
c 0EIONIZERV7165-A
c DEIONIZERV7971-6
c DEIONIZERW2S22.1
c DE IONIZE RW282212
c 0EIONIZERW2S22.2
c DEIONIZERW2622.5
c DEIONIZERW3696-8
c DEIONIZE RW3696-9
c DE-JONIZER 39029
c OENONIZER 345
c RESIN
c RESIN
c RESIN FROM N350
c SPENTRESININVALT

I

I

—

IPP
8$
Qx>
%8
Is
5 g
“u

3430 570
)430 530
)430 590
3430 590
3410 390
3410 390
)450 390
)590 30
)430 230
)650 370
3430 230
3430 130
1590 30
3550 590
3430 170
1430 230
1430 170
3430 230
3430 130
3430 230
3450 390
3550 550
530 630
690 690
9270 430
530 630
590 630
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CONSTITUENT OF INTEREST - COBALT-60

1. SUMMARY

The cobalt-60 in the Old Radioactive Waste Burial Ground (ORWBG) was produced by

irradiating stainless steel in SRS reactors. Operations at the disassembly basins generated

excess stainless steel components, which were disposed ofas scrap metaL The scrap metal

contained cobalt-60, and was placed into casks and buried in the ORWBG.

The best estimate of the original amount (undecayed) of cobalt-60 buried in the ORWBG is

1,960,400 Ci, bmedonm average disposal rate of98,020 Cimua1lyfromst*pto 1972.

The best estimate for the amount of cobrdt-60 in the ORWBG in 1997, considering

radioactive decay, is 27,568 Ci.

Figure 1-1 presents the process used to develop the inventory and burial locations. The

Computerized Burial Record Analysis (COBRA) database was used to determine the

locations and quantity estimates of cobalt-60 burials.

2. BACKGROUND INFORMATION

Cobalt-60 was produced in SRS reactors by the cobalt-59 (n,y) cobalt-60 reaction (Holcomb,

1997). Ithasahalf-life of5.27years(KAPL, 1996). Theelement cobalt hasonly one stable

isotope, cobalt-59.

Most of the cobalt-60 in the ORWBG was produced by irradiating stainless steel components

in SRS reactors. Stainless steel contains cobalt, primarily as an impurity. Irradiation of the

cobalt in the stainless steel components formed cobalt-60. Operations at the disassembly

basins generated excess stainless steel components, which were disposed of as scrap metal.

The scrap metal containing cobalt-60 was placed into casks and buried in the ORWBG

(Holcomb, 1997).

Cobalt-60 was also produced at SRS by the irradiation of cobalt-59 wafer targets in the

reactors. The resulting cobalt-60 was shipped offsite to government and private industry

customers for use as high energy gamma sources. The wafer targets were not chemically

processed at SRS; therefore, little cobalt-60 from this actual production mode is expected to

be in the ORWBG (Holcomb, 1997).

cO.60.Wc M-1



The Savannah River Ecology Laboratory used a small cobalt-60 radiation source for ●
irradiation studies on vegetation and small mammals in the early 1960s. This source

(originally 180 Ci) decayed to unusable Ievels after two years of operation and was declared

excess material. The Department of Energy requested that the source (then 8.3 Ci) be

disposed of in the ORWBG (Reese, 1982 and Smith, 1982 in Tom, 1984).

Cobalt-60 debris such as chips, powder, and metallography specimens resulting from capsule

development at the Savannah River Technology Center (SRTC) were disposed of by SRTC

Laboratory Operations by normal high-activity solid waste procedures, probably earth burial

inside concrete (King, 1966). Only a small fraction of this debris was buried in the ORWG,

and the cobalt-60 activity from this source is believed to be negligible.

Cobalt-60 was also present in the Old Solvent Tanks. Wilhite (1975 in Mason, 1996)

documented that the inventory was 100,000 counts per minute per gram (c/m/g) in Tank S6,

1,300,000 c/m/g in Tank S9, and 750,000 c/m/gin Tank S12.

Cobalt-60 is not a fission product, but small quantities accompanied burials of fission product

waste in the ORWBG. The activity in these burials is relatively small comuared to that from

induced activity.

3. INVENTORY ESTIMATE

3.1 Range of Inventory Estimates

Although several investigators have reported inventory estimates, most dld not include

detailed discussions of how the estimates were determined. Hoeffner (1984 and 1985a) cites

the estimate by Stone and Christensen (1983) that about 540,000 Ci were buried in the burial

ground trenches as of 1982. This estimate pertains to the cumulative undecayed amount in

both the ORWBG and 643-7G. Cook (1987) lists the inventory of cobalt-60 in the ORWBG

as 1,300,000 Ci. Jaegge et al. (1987) report that 4,920 m3 of waste containing cobalt-60,

originally 1,110,000 Ci, were buried in SRS burial grounds from 1952 to 1985. These data

were based upon COBRA records. For modeling purposes, however, Jaegge et al. (1987) use

an undecayed inventory of 3,300,000 Ci, as cited in Looney et al. (1987a).

Looney et al. (1987a) state that 98,020 Ci were disposed of annually in the burial grounds.

The estimate is the sum of reported inventory of cobalt-60, the amount from induced activity,

and the amount from fission products:
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Curies per year
“Reported Inventory” 34,000
Induced Activity 64.000

Fission Product Inventory 20

TOTAL: 98,020 Ci/yr

The reported invento~ is given as 34,000 Ci annually, which is determined by dividing the

cumulative amount of cobalt-60 buried through 1985 (1,1 10,000 Ci, as cited in Jaegge et aL,

1987) by the number of operation years of the SRS to that time (33 years). The induced

activity is reported to be 64,000 Ci annually, and is based on an assumption that 62 percent

(Looney et al., 1987a) of induced activity in reactor scrap metal is associated with cobalt-60.

As determined by Towler and Cook (1985), the amount of cobalt-60 that accompanied fission

product wastes is given as 20 Ci annually, a relatively small quantity compared to that from

induced activity.

WSRC (1992) ches an estimated 300,000 to 400,000 Ci have been buried in the ORWBG

and 643-7G, as of 1982.

Table 3-1 lists the sources of the inventory estimates for cobalt-60 in the ORWBG.

3.2 Best Estimate of Cobalt-60 in Burial Grounds

The best estimate of the original amount of cobalt-60 disposed in the ORWBG is determined

by multiplying the annual disposal rate of 98,020 Ci (Looney et al., 1987a) by the nrrmber of

years that the ORWBG W= in operation (20 years). The result is 1,960,400 Ci.

Because of the relatively short half-life of cobalt-60 (5.27 years), the best estimate of the

present amount in the ORWBG must account for radioactive decay. From Table 3-2, the best

estimate for the amount of cobalt-60 in the ORWBG in 1997 is 27,568 Ci.

To determine the cobalt-60 activity in individual burials in the ORWBG, three assumptions

must be made: (1) because the activity associated with fission products is very small (20 Ci

per year), and because the fraction of activity in fission products associated with cobalt-60 is

negligible, the activity of cobalt-60 in burials of fission products is assumed to be negligible

and is not addressed herein; (2) based on process krrowledge, all of the annual inventory

reported by Looney et al. (1987a), except fission products, is assumed to be associated with

induced activity (98,000 Ci/yr); and (3) a certain percentage of induced activity in reactor

scrap metal is associated with cobah-60. This percentage can be determined by either of two
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methods. Either the value of 0.62 (62°/0) can be used (Looney et al., 1987a), or it can be 0’
calculated by dividing the total activity of cobalt-60 in the ORWBG (1,960,000 Ci) by the

—

total activity of “induced activity” burials in COBRA (2,312,029 Ci). This value is 0.85

(85%). Because the value of 0.62 (Looney et al., 1987a) pertains only to induced activity in

reactor scrap metal, the value of 0.85 is used herein. The 0.85 (85°/0) value is more

conservative. The best estimate of the cobalt-60 activity associated with any particular burial

of “induced activity” can be dete~ined by multiplying activity of the specific burial of

induced activity (from the COBRA database) by 0.85.

3.3 Uncertainties Associated with Cobalt-60 Inventory Estimate

The best estimate is based solely on the assumption that, on average, 98,020 Ci of cobalt-60

were disposed of annually from startup to 1972. The assumptions used to determine the

cobalt-60 activity associated with any particular burial of “induced activity” are outlined in

Section 3.2.

4. BURIAL LOCATIONS

The COBRA database was used to identify burials of cobalt-60 by keyword searching for

terms associated with induced activity. Specifically, the database was searched for “scrap e

metal” (Type Code = 3), “stainless steel”, and “IA” (Induced Activity) from Reactor

Buildings (105 and 100). The database was also searched for “cobalt-60 debris”, “debris”,

“chips”, “powder”, and “metallography specimens” (originating in the High-Level Caves

Experimental Encapsulation Facility, 773-A) resulting from capsule development in

laborato~ operations. Figure 4-1 outlines the steps taken to manipulate the database to

locate the burials, and Figure 4-2 presents the burial locations.

5. WASTE FORM

Most of the cobalt-60 in the ORWBG is buried as stainless steel scrap metal in casks. A

small amount of cobalt-60 debris resulting from capsule development may have been

disposed of by SRTC Laboratory Operations using normal high-activity solid waste

procedures, probably earth burial inside concrete.

6. LEACHABILITY

The dominant controls on the leachability of cobalt-60 from the ORWBG are the short half-

Iife of cobalt-60 (5.27 years) and the waste form in which most of this radionuclide occurs. *
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Most of the cobalt-60 in the ORWBG was produced by irradiation of stainless steel reactor

components. Leachability of cobalt-60 from this waste form is relatively low because of the

resistance of stainless steel to corrosion and because much of the cobalt-60 is embedded

beneath the surface of the components. This, coupled with the short half-life of cobalt-60,

ensures that a large fraction of the activity will decay in place rather than leach into

infiltrating water. Furthermore, the short half-life constrains cobalt-60 to short migration

distances if any significant retardation by adsorption to soil occurs.

Significant retardation of cobalt-60 would be expected in. the soils of the ORWBG. Hoeffner

(1985b) measured K~ values for cobalt-60 from batch experiments with ORWBG soils. In

groundwater with a composition typical of that associated with the ORWBG and a pH of 4.7,

the measured K~ value was 10 ml/g. In water from the trench wells, the measured ~ values

ranged from 30 to 100 ml/g. The retardation factor (Rf) can be calculated from the equation,

R,=l+~

where r~ is the bulk density of the soil and q is the volume fractimr of water in the soil. For a

bulk density of 1.6 g/cm3 (Looney et al., 1987b) and a volume fraction of water of 0.3

(Looney et aL, 1987b), a K~ value of 10 ml/g translates to a retardation factor of 54.3. If the

groundwater travel time from the base of a trench to the water table is 3.8 years (based on a

vertical velocity of 6.6 ft/yr from Jaegge et al., 1987 and a distance of 25 feet), then

approximately 39 half-lives would pass before the center of gravity of a cobalt-60 plume

reached the water table. Using the same parameters for bulk density, volume fraction of

water, and groundwater travel time, Figure 6-1 shows for a given Kd value, the log of the

initial concentration of cobalt-60 that would decay to the primary drinking water standard of

100 pCi/1 in the contaminant travel time dictated by the given K~ value. In a dramatic albeit

hypothetical illustration, consider the entire ORWBG at burial inventory of cobalt-60 (1.96x

106Ci) dissolved in 1 liter of water and released at the base of a trench. If the K~ value were

greater than 15 ml/g, then the concentration of cobalt-60 would decay to below 100 pCi/1 by

the time the plume reached the water table. Hence, unless large fractions of cobalt-60 are

subject to facilitated transport, dissolved concentrations of cobalt-60 released from trenches

must be very high to threaten groundwater.

The low leachability of cobalt-60 is reflected in waste form lysimeter experiments conducted

at the ORWBG (McIntyre, 1987). The two waste forms that had significant source terms for

cobalt-60 used in the waste form lysimeter experiments were reactor resin and reactor scrap

metal, The annual fractional release (the activity released to lysimeter effluent per year
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divided by the source term) of cobalt-60 from the reactor resin waste ranged from 8 x 10-9to

3 x 10-7over the time period of 1983 through 1986. The annual fractional release from the

reactor scrap metal waste ranged from 3 x 10-8to 6 x 10-7over the same time period. The

highest cobalt-60 concentration reported in effluent from these Iysimeters was 92 pCi/1.

The effect of retardation and decay on concentrations of cobalt-60 in groundwater is reflected

in the low concentrations of cobalt-60 measured in groundwater beneath and downgradient

from the ORWBG. In all of the measurements of cobalt-60 in groundwater from the grid

wells, only 1 was above detection limits at 13 pCi/1 (McIntyre and Wilhite, 1988). This was

measured in well E-17 in a study reported by Ryan (1983) that sampled 20 of the grid wells.

McIntyre and Wilhite (1988) analyzed groundwater from 18 grid wells for cobalt-60 and

found that no samples exceeded the detection limits (3.0 to 15.3 pCi/1). Likewise, Cantrell

(1990) analyzed for cobalt-60 in groundwater from 7 grid wells and found no concentrations

above detection limits (7 to 24 pCi/1).

The speciation and the low concentrations of cobalt-60 in grormdwater suggest that facilitated

transport of cobalt-60 is minor. Calculations of speciation using the geochemical speciation

and modeling program MINTEQA2 indicate the dominant species of Co(II) expected in

trench waters is a hydrolyzed species. By analogy to other metals, this cationic hydrolyzed

species of cobalt-60 would be expected to adsorb to soil minerals. If colloidal transport of

cobalt-60 were significant, travel time to the water table would be less than 1 half-life, and

concentrations approaching those observed in the lysimeter experiments would be expected.

The evidence suggests that facilitated transport of cobalt-60 is minor, and thus retardation

coupled with decay will significantly decrease cobaIt-60 concentrations during migration

from the trenches to the water table.

Evidence from the Iysimeter experiments and groundwater measurements indicate that

cobalt-60 from the ORWBG is not currently a threat to groundwater, nor will it be a threat in

the future. The low leachability from the dominant waste forms and the short half-life of

cobalt-60 suggest that concentrations in groundwater will not exceed the current dritilrrg

water standard of 100 pCi/1 in the future.
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Figure 4-2. X, Y Locations for all Cobalt-60 Burials in ORVVBG. Note that these
locations were derived by multiplying a constant 0.85 (discussed in report)
by the curie content of each COBRA record meeting the following screening
criteria:

(1) Burial from Reactor Buildings 100 or 105 C, K, L, R or P
(2) Type Code = 3 (Scrap Metal)
(3) Variety of Contamination #1 = IA (Induced Activity)
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Figure 6-1. Curve Showing the log of the CO-60 Concentration (pCi/1) Released
from a Trench that would Decay to 100 pCi/1 (Y-axis) by the Time It
Reached the Water Table for a Given Kd Value (X-axis). Dashed line
shows the hypothetical concentration achieved by dissolving the entire at
burial inventory of CO-60 in 1 liter of water.
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Table 3-1. The Sources of Inventory Estimates for Cobalt-60 in the ORWBG

leference Inventory Notes
VSRC, 1992 An estimated 300,000 to 400,000 Ci of CO-60 (A) Waste Management Operations,

have been buried in the ORWBGand M3-7G. Savannah River Plant, Final Environmental

(Does not reference an earlier article) Impact Statement, 1975.

(B) Waste Management Program Technical

Cobalt-60 (Ci) Progress Report, 1987.

(C) Selection of Chemical Constituents and
ORWBG Estimation of Inventories for Environmental
(A) Unrecorded Analysis of Savannah River Plant Waste
(B) 1,300,~ F Sites, 1986.

(D) Savannah River Waste Management
ORWBG & 7G Operations Program Plan, 1989
(c) 3,3m,ooo’ (E) Integrated Report on Radionuclide
(D) 350,680 Migration at the Savannah River Shallow
(E) 413,~ Land Burial Site, 1989,

(F) Does not account for radioactive decay
(References earlier articles) since time of burial.

.ooney, B.B., Pickett, J.B. Reported Inventow (CiNr)b . Induced activity in reactor scrap metal:
Gng, C.M. Holmes, W.G. 34,00G
ohnson, W.F. and J.A. (References Jaegge et al., 1987) Radionuclide ~1~ Percentage of ,
imith, 1987 m

CO-60 5.3 62
Fission Prcduct Inventow (CiNr]b

20 . Total inventory to the Burial Ground in
(References Towler and Cook, 1985) CiNr as sum of reported inventory plus

fission product waste plus induced
Total Inventorv (CiNr)b activity to one or two significant

IOo,ooo figures.
(References Jaegge et al., 1987)

Induced Activity (CiA’r)b
64,000

aegge, W.J., et al., 1987 Undecayed
Radionuclide Disposal Amount (Ci)b

@co 3.3E+06 Ci
(643-G 17G)

(References an earlier article [Looney et al.,
1987])

CO-60 waste buried in trenches at SRP Burial
Grounds from 1952 through 1985
(nonretrievable) b:

- (mq): 4.920
Amount Buried (Ci):
W Decayed ( 1986)
1, I 10,000 413,000
(Does not reference an earlier article)

NA
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Table 3-1. The Sources of Inventory Estimates for Cobalt-60 in the ORWBG (Continued)

. . m, -...
.eference Inventory ,Y”,c,

:ook, James R., 1987 Nuclides Inventory (Ci]

CO-60b 1.3X 106
(643-G Site) NA

(Does not reference an earlier arlicle)

[oeffner, S,L., 1985
As of 1982 about 540,000 Ci of cobalt-60
were buried in the trenches.

(References Stone and Christensen, 1983)
NA

“owler, O. A., and Cook, J. R.,
Radionuclide Content of 5-year-old In-tank

. The’’five years’’ means fiveyears out

985 waste of the reactor.

CilGal’w.

CO-60 1.93E-02
(Does not reference an earlier article)

Ioeffner, S, L., 1984
As of 1982 about 540,000 Ci of cobal!-60
were buried in the trenches.
(References Stone and Christensen, 1983)

NA

z Inventory discussed in detail
b: Nodiscussion of basis for inventory
NA: Notaddressed in article
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Table 3-2. Best Estimate for Cobalt-60 in the ORWBG, Corrected for Radioactive

Decay

I r Year I Elapsed Time to I Annual Inventov, Original lAnnual Inventory Decayed I

@

‘a

1997(years) Activity (Ci) to 1997 (Ci)
1953 44 98,020 301

19= 43 98,020 343

1955 42 98,020 391

1956 41 98,020 447

1957 40 98,020 509

1958 39 98,020 581

1959 38 98,020 662

1960 37 98,020 756

1961 36 98,020 862

1962 35 98,020 983

1963 34 98,020 1121

1964 33 98,020 1279

1965 32 98,020 1456

1966 31 98,020 1663

1967 30 96,020 1697

1966 29 98,020 2163

1969 26 98,020 2467

1970 27 98,020 2614

1971 26 98,020 3210

1972 25 98,020 3661

Totat 1,960,400 Ci Total in 1997:27,566 Ci
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CONSTITUENT OF INTEREST - TECHNEITCJM-99

1. SUMMARY I
The technetium-99 in the Old Radioactive Waste Burial Ground (ORWBG) is present due to the

disposal of mixed fission product waste (Oblath, 1986). Technetium is the major radionuclide

remaining in Savannah River Site (SRS) soluble waste after in-tank removal of cesium and

strontium (Bibler and Wallace, 1984).

The best estimate of the amount of technetium-99 in the ORWBG is 12 Ci. This value is derived

using an annual dlspoaal rate of 0.6 Ci multiplied by the number of operational years of the

ORWBG (20 years).

Figure 1-1 presents the process used to develop the inventory and burial locations. The

Computerized Burial Record Analysis (COBW) database was used to determine the locations

and quantity estimates of technetium-99 burials.

2. BACKGROUND INFORMATION I
Techrretium-99 is a weak beta-emitting radionuclide with a half-life of 213,000 years and a

specific activity of 56 g/C] (Cook, 1989). None of the isotopes of technetium are stable.

Consequently, technetium does not occur in nature and its chemistry has not been studied

extensively except at nuclear sites (Fowler et al., 1984). Its use in ionic solution as a corrosion

inhibitor and in metallic form as a chemical catalyst has been discussed @ibler and Wallace,

1984).

Technetium has been the object of environmental concern with regard to underground disposal of

radioactive waste because it does not seem to be strongly sorbed on geologic material

(Neretrrieks, 1971, in Cook, 1989). It tends to accumulate in Plants ~lldung et ~, 1977, in

Cook, 1989), and it concentrates in some parts of the human body (McAffee et al., 1964, in

Cook, 1989). The combination of long half-life and low retentivity (high mobility) result in a of a

high potential for the release of technetium to groundwater and movement into the accessible

biosphere (Cook, 1989). The primary solution form of technetium is the pertechnetate ion, TcO(,

a relatively mobile anion.

Techrretium-99 is a fission product produced by the fission of uranium-235 and plutonium-239

(Cook, 1989). It is genersdly found in dl wastes resulting from nuclear fuel reprocessing. It is

present in spent he] and targets ti’om both SRS and offsite reactors (Bibler and Jurgenson, 1986;

TC-99revl N-1
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Fowler et al., 1984). Most of the technetium-99 in the ORWBG is in burials of fission product

waste. 0’

Because of its high volubility and its chemistry in the SRS Separations processes, the source of

most technetium-99 at SRS was in the high-level radioactive liquid waste and not in mixed fission

product waste sent to the Solid Waste Management Facilities. The waste was transferred to the

waste tanks for processing at the Saltstone Facility in Z Area, which opened in 1988 (Bibler and

Wallace, 1984). Fowler et d. (1984) estimated the technetium-99 inventow in sludge and soluble

waste was 31,050 cl. At the Saltstone Facility, the waste was mixed with fly ash and cement to

make a solid concrete-like waste known as saltstone. The saltstone was not buried in the

ORWBG.

Fission products are present in the old Solvent Tanks in the ORWBG. Technetium-99 may exist

in mirror quantities, but it has not been reported as a significant constituent in my of the tanks

(Mason, 1996).

3. ~VENTORY ESTIMATE

3.1 Range of Invento~ Estimates

AIthough several investigators have reported inventory estimates, most did not include detailed
●

discussions of how the estimates were determined. Oblath (1982), assuming the relative amounts

of cesium, strontium, and technetium are determined solely by fission yields, estimated that

between 1 and 100 Cl of technetium have been disposed in 643-G. Jaegge et al. (1987) presented

an estimate of 20 Ci (undecayed disposal amount) in the Radioactive Waste Burial Grounds

(Looney et al., 1987a in Jaegge et al., 1987). Cook (1987) estimated that 17 Ci have been buried

in 643-G, and about 20 Ci have been buried in the burial grounds (Cook, 1989). Wilhite et al.

(1989) also cited that about 20 Ci of technetium-99 have been buried in the burird ground.

Dr. EL. Albenesius, who formerly served as a research manager of the Savannah River

Laboratory’s (now the Savannah River Technology Center) Environmental Effects and Solid

Waste Management Technology Divisions, reported in a 1992 discussion that there is much more

technetium in the saltstone than there is in the burial ground (Holcomb, 1992),

Looney et al. (1987a) cited that 0.6 Ci of techrretium-99 was disposed of annually in the burial

ground. This was based on an isotopic distribution of fission products presented in Towler and

Cook (1985), which cites that five-year-old in-tank waste contains 5.53E-04 Ci technetium-99 per

gallon.
*
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The amount of technetium-99 in the burird ground has been calculated by Holcomb (1997) using

fission product activity ratios in Webb (1994) as well as the assumption that no separation of the

individual fission products had occurred during processing. Using a cesium- 137 source term of

26,943 Cl (WSRC, 1997) and a technetium-99/cesium-137 maximum activity ratio of 2.26E-04,

Holcomb calculated a maximum activity of 6.09E+O0 Ci of technetium-99 in the ORWBG.

Similarly, using a strontium-90 source term of 26,516 C] (WSRC, 1997) and a

technetium-99/strontium-90 activity ratio of 2.94E-04, Holcomb calculated a maximum

technetium-99 activity of 7.80E+O0 Ci. These inventory estimates are similar to the

unsubstantiated estimates in previous reports; however, these estimates are subject to uncertainty

about whether or not there has been preferential separatiorr/concentration of the isotopes by

chemical or physical processes. Due to the nature of chemical operations at Separations facilities,

the activity ratios of fission products in unprocessed fiel or targets from SRS reactors as

calculated by Webb (1994) are expected to be different from the ratios in fission product

contaminated waste from separations. However, the ratios of technetium-99 to cesium-137 or to

strontium-90 would not differ greatly because their relatively similar solution chemistries in

separations make most of these three radlonuctides divert to the aqueous waste stream from the

1st cycle of PUREX solvent extraction (the lAW stream).

Table 3-1 lists the sources of the inventory estimates for technetium-99 in the ORWBG.

3.2 Best Estimate of Technetium-99 in Burial Grounds

The best estimate of technetium-99 in the ORWBG is derived using the annual disposal rate of 0.6

Ci cited in Looney et al. (1987a). This value is multiplied by the number of operational years of

the ORWBG (2O years). This yields 12 Ci. This estimate is in reasonable accord with other

estimates by Oblath (1982), Jaegge et al. (1987), Cook (1987), Cook (1989), and Wllbite et al.

(1989), and the values calculated by Holcomb (1997).

3.3 Uncertainties Associated with Technetium-99 Inventory Estimate

h obvious uncertainty with the best estimate is that it is based on an isotopic distribution of

fission products presented in Towler and Cook (1985), which cites that five-year-old in-tank

waste contains 5.53E-04 Ci technetium-99 per gallon. The accuracy of this value is unknown.

Underlying uncertainties with the best estimate stem from the generally poor documentation of

the radionuclide. No technical reports exist that provide production details, wastestremn

characteristics, or disposal information.
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4. BURIAL LOCATIONS

shipments of tecImetium-99 are not documented in the COBRA database. Figure 4- I outlines the

steps taken to manipulate the database to locate the burials. In the COBRA database there are no

references to “decontaminated filtrate”, “saltstone ,“ “salt solution”, etc. In addhion, no quantity

or specific technetium-99 constituent information is contained in any COBRA record.

Technetium-99 is assumed to have been disposed with other fission product waste, and to have

been identified in the COBRA database as “fission products”. The totrd fission product activity

from COBRA records is 621,626 Ci. Assuming the technetium-99 inventory of 12 Ci was

distributed throughout the 621,626 c1 of “fission product” burials, the amount of technetium-99

in each burial is determined by multiplying the individual burials of fission products (in Ci) by 12

Cl and dividing by 621,626 Ci. Figure 4-2 presents the burial locations.

5. WASTE FORM

The most likely state of technetium-99 in SRS waste streams and solid waste is TcO~ resulting

from dissolution of fission-product-conttirring target and fuel elements in nitric acid (HN03).

Technetium can also exist as the oxide, TcOZ. Even if it were buried in that form, there is

evidence that the conversion to TC04- would have been rapid (Bondletti and Francis, 1979 in ●
Oblath, 1982). Pertechnetate, TcO[, is expected to be the stable form of technetium-99 in both

the saturated zone beneath the burird ground and in the burial trenches (Oblath, 1982).

6. LEACHABILITY

Theleachability oftecketium iscontrolled byredox conditions andpH. Similar in chemistry to

manganese, technetium occurs in a range of oxidation states from +3 to +7. Under mildly

otidlzing conditions (t~ical ofnemsufiace groundwaterat the SRS)the Tc(VII) form is stable.

Thedorninant species ofthis form inmost groundwater is the mobile TcO~Hoeffner (1985)

reports experimental results that indicate that this species moves at 13Y0to 90°/0 ofgroundwater

velocities in groundwater associated with the ORWBG. However, under moderately reducing

conditions Tc(IV) species may dominate the speciation of teclmetium, greatly reducing its

mobility. Figure 6-1 shows the change in speciation oftechnetium with pHat Eh=O.1 volts. At

pH<6,2, the Tc(IV) species TcO(OH)2is dominant. By analogy to other metals, the cationic

hydrolyzed species of technetium would be expected to adsorb more strongly to soil minerals than

the anionic species TcO;. Thus, under reducing conditions the mobility of technetium is

decreased
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The concentration technetium-99 in groundwater associated with the OR~G is relatively low.

In 1982, technetium-99 was measured at concentrations of 4.4 and 2.7 pCi/1 in groundwater from

Grid Wells E-17 and G-21 and at a concentration of 1,5 pCi/1 in groundwater from a well

approximately 600 feet downgradient from the ORWBG (Oblath, 1986). McIntyre and Wllhite

(1987) analyzed for technetium-99 in groundwater from ten grid wells and three downgradient

wells. The technetium-99 concentration was below detection limits in groundwater from all wells

except grid well I-7, which contained 13 pCfl. For comparison the, EPA primary drinking water

standard for technetium-99 is 900 pCi/1.

Measurements of nonvolatile beta emission in groundwater associated with the 0RW33G are also

generally low. Though nonvolatile beta is only a semi-quantitative measurement and is not

directly correlated to technetium-99 concentration, it is expected that high concentrations of

technetium-99 would be reflected in elevated nonvolatile beta measurements. Groundwater from

the grid wells was monitored regularly for nonvolatile beta from 1976 through 1986. The highest

yearly median measurement was 30 pCM in 1976. For that year, the current primary drinking

water standard of 50 pCfl was exceeded in only 7 of 66 grid wells. Figure 6-2 shows a time

series plot of average yearly nonvolatile beta measurements of groundwater born seven grid wells

that monitored groundwater in close proximity to locations where large quantities of fission

products were buried. The highest concentrations of technetium-99 beneath the ORWBG should

be in these wells. Yet, with the exception of three elevated measurements, nonvolatile beta has

remained relatively low in these wells, and there is no trend toward higher values with time. In

addition, nonvolatile beta measurements of groundwater from downgradient perimeter water table

wells (BOO series) have remained relatively low.

The low nonvolatile beta measurements and technetium-99 concentrations in groundwater

associated with the ORWBG suggest that condhions in the ORWBG are not conducive to the

formation of the mobile species, TcOi. The presence of technetium-99 in groundwater beneath

and downgradlent of the ORmG at concentrations that are 10W, but significantly above

background, suggests that a fraction of the technetium-99 in the OR~G is migrating as TcO;.

However, concentrations are much lower than would be expected were this the dominant species.

Figure 6-3 shows the concentrations expected over time based on the leaching model of Baes and

Sharp (1983). The model here assumes a & value for TGO~ of 0.33 ~g (Hoefier, 1985), a soil

bulk density and porosity of 1.6 ~cm3 and 0.2 respectively @ooney et al., 1987b), a layer of

waste 5 meters thick (Looney et rd., 1987b), and a groundwater travel time of 5 years from the

base of a trench to the water table. Irrfiltration rates of 2.36 ~yr (Orebaugh ~d Hale, 1976) and

0.38 rn/yr (Looney et rd, 1987b; for typical SRS soil) are shown. Based on the burird location
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map it was assumed that the 8 Ci of technetium-99 was distributed evenly over 1/3 of the area of

the ORWBG. Though it is not a comprehensive model, this estimate of concentrations suggests ●
that, from 1980 through 1986, concentrations of technetium-99 should have been on the order of

100 to several thousand PCM. Yet, concentrations of technetium-99 of this magnitude were not

seen in grid well samples analyzed for technetium-99. Of four grid wells located in areas of high

burial concentrations of technetium-99 and sampled in 1986, one had a concentration of 13 pCfl,

the other three had technetium-99 concentrations below detection. Furthermore, nonvolatile beta

measurements of the grid welIs and BGO series wells do not indicate high concentrations of

technetium-99. Therefore, it is likely that the dominant species of technetium-99 in the ORWBG

is the reduced and less mobile species TcO(OH)2.

Conditions in the ORWBG are reducing and trench well samples reported by Hoeffner (1985)

suggest that TcO(OH)Z may be the dominant technetium-99 species in much of the ORWBG.

Figure 6-1 indicates that at Eh=O.1 volt Md PH<6.2, TcO(OH)z is the dofinant sPecies Water

from three of the seven trench wells reported by Hoefier (1985) meet these conditions. For

water with Eh=O.1 volt and pH between 5.6 and 6.2, a measurable fraction of technetium-99

would co-exist as the species TCOQ-.This is consistent with the low concentrations of technetium-

99 in groundwater beneath and downgradient from the ORWBG.

The reducing conditions in the ORWBG are caused by the oxidation of organic matter @aper,
●

cardboard, etc.), iron, steel, and other metals. Reducing conditions will persist until the supply of

these materials is depleted. Reduction of infiltration by capping would cause condhions to

become more reducing and increase the time that conditions remain reducing. However, when the

cap is no longer an effective barrier to infiltration conditions will eventually become more

oxidizing, causing the remaining technetium-99 to become more leachable.

Thus, technetium-99 from the ORWBG is not an immediate threat to groundwater, but may

become a threat in the future.
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Speciation of Technetium at Eh=O.1 volt
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Figure 6-1. Speciation of Technetium Dissolved in Water of Eh=O.lvolt. Triangles Show
0/0of TcO(OH)2, Circles Show 0/0of Tc04-
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Figure 6-2. Time Series Plot of Nonvolatile Beta Measurements (pCi/1) in Groundwater
from Seven Grid Wells that are Located in Area8 of High Burial Concentrations of
Tc-99.
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Figure 6-3. Minimum Concentrations of Tc-99 in Grid Wells Predicted from the
Leaching Model of Baes and Sharp (1983). Solid line represents an
infiltration rate of 2.36 m/yr (Orebaugh and Hale, 1976) and the dashed line
represents an infiltration rate of 0.38 rrr/yr (typical SRS soil; Looney et al.,
1987b). Other pammeters used are: Kd=O.33 ml/g (Hoeffner, 1985), bulk
density = 1.6 g/cm3 (Looney et al., 1987b), porosity = 0.2 (Looney et al.,
1987b), a layer of waste 5 meters thick (Looney et al., 1987b), and a
groundwater travel time from base of trench to water table of 5 years.
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Table 3-1. The Sources of Inventory Estimates for Technetium-99 in the ORWBG

Reference Inventory Notes
Holcomb, H. Perry, 1997 . Based on activity ratios of TdSr and TcJCS

6.09 Ci’ from Cs- 137 and source terms of Cs and Sr.
and . Assumes that there has been no preferential

7.80 Cia from Sr-90 separationlconcentration of the isotopes by

chemical orphysical processes since

(References an earlier article) generation

Holcomb, Perry H., 1992 . There is much more technetium in the
saltstone than there isinthebtty ial ground.

NA

Dook, James R,, 1989 about 20Ci was buried in the burial . Tc-99 is a weak beta-em jtti”g radionucljde

groundsb. with ahalflifeof213,000 years anda

specific activity of 56 g/Ci,

(Does not reference an earlier article) . Technetium-99 is a fission product produced
by the fission of ttranium-235 and plutonium-
239.

. Technetium inwaste mayoccurinamytiad
of valence states and chemical forms.
However, its most likely state will be as
pertechnetate ion (TC04-) which is highly
mobile in surface soils.

Nilhite, E. L., Cook, J.R., and about 20Ci in the burial groundb
ticDonell, W. R,, 1989

(Dots not reference an earlier article)
NA

vlchttyre, P.F., and Wilhite, . Tc-99is present asthemobile pertechnetate
;.L., 1988 anion (TC04”) which is transported through

NA the soil at a rate comparable to nitrate,
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Table 3-1. The Sources of Inventory Estimates for Technetium-99 in the ORWBG
(Continued)

Reference Inventory Notes
Looney, B. B., Pickett, J.B. King, Fission Product Invento~ (CiNr)b
CM, Holmes, W.G. Johnson, 0.6
W.F. and J.A.Smith,1987 (ReferencesTowler and Cook, NA

1985)

Total Inventow (Ci/Yr)b

0.6
(References Jaegge et al., 1987)

Iaegge, W.J,, et al,, 1987 Undecayed
Radionuclide Disposal Amount
~

‘Tcb 20Ci NA
(643-G / 7G)

(References an earlier article
[Looney et al., 1987])

Zook, James R., 1987 Nuclides Inventory (Ci)
Tc-99b 17

(643-G Site) NA
(Does not reference an earlier
article)

>blath, S. B., 1986
. The technetium-99 i“ the burial ground is

present due to the disposal of mixed fission

NA product waste.

● As anionic species, Tc-99 (as TC04’), is
expected to bemobile inthe soils beneath the
burial ground.

3ibler, N. E., Jurgensen, A. R.,
986 . Tc-99is abeta-emitting tissionpmduct in the

high level radioactive waste stored at SRS.

NA

●
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Table 3-1. The Sources of Inventory Estimates for Technetium-99 inthe ORWBG
(Continued)

NA

Leference Inventory Notes

‘owler, O. A., and Cook, J.fZ., Radlonuclide Conlent of 5-year-old ● The “five years” means five years out of the

985 In-tank Waste: reactor.

CilGal=m.

Tc-99 5.53E-04

(Does not reference an earlier
article)

;tone, J.A.,Fenimore,J.W.,
Iawkins, R.H.,Oblath,S.B.,

● Tc-99 is expected to migrateas the TcO,”

Lyan,J.P.Jr., 1983
anion,whichhaslittlesoiladherence.

)hlath,S.B.,1982 Between1and 1W CI b of Tc have
been disposed in @3-G, based on

. Pertechnetate Tc04” is expected to be the

fission yields.
stable form of Tc-99 in both Lhe saturated
zone beneath the burial ground and the burial

(Does not reference an earlier
trenches. Only when TcOi” is present aI

article)
greater than I mCilL concentration is there
any likelihood that TcO~ would form, and then
only in the burial trenches (Oblath, 1982).

# Tc should be present in SRS waste streams as
Tc04” due to the dissolution of the target
elements in HNOJ, and enter the burial ground
in that form. Even if it is buried as TC02,
there is evidence that the conversion to Tc04”
would be rapid (Bondietti and Francis, 1979 ir

Oblath, 1982).

I

I

I
I a Inventory discussed in detail

b: No disc~ssion of basis for inventory
NA: Not addressed in article

●
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CONSTITUENT OF INTEREST - IODINE-129

1. SUMMARY

Radioiodine is a fission product at the Savannah River Site (SRS) that originated

predominantly in the fuel and targets that were irradiated in the nuclear materials production

reactors. The predominant radioiodine-containing material buried at the Solid Waste

Disposal Facility (SWDF) is spent ceramic chips coated with silver nitrate (Berl saddles) that

were used to sorb radloiodine (principal]y iodine-1 29 and iodine-131) during the dissolution

of fuel and targets in F and H Areas. Other SRS operations and offsite sources contribute

smaller amounts to the inventory of radioiodine at SRS.

The best estimate of the amount of iodine-129 in the ORWBG is determined by multiplying a

scaled production amount of 35.45 Ci during the operational history of the ORWBG by the

fraction of the total that was sent to the burial ground (30 percent). This yields 10.6 Ci (60

kg).

Figure 1-1 presents the process used to develop the inventory and burial locations. The

● Computerized Burial Record Analysis (COBRA) database was used to determine the

locations and quantity estimates of iodine-129 burials.

2. BACKGROUND INFORMATION

Iodine-129 is a beta-emitter with a half-life of 15,700,000 years (KAPL, 1996). It is a

mobile, multivalent radionuclide that is known to have been present in wastes sent to the SRS

burial grounds. Although iodine-129 occurs in nature, the principle sources of environmental

iodine- 129 are effluents from nuclear fuel processing and fallout from nuclear weapons tests

(Comman, 1974).

2.1 Major Sources of Iodine-129 at SRS

Radioiodine is a collective term for radioactive isotopes of the element iodine. The major

sources of radioiodine at SRS are fuel and targets irradiated in production reactors and certain

fuels irradiated offsite. Numerous radioactive isotopes of iodine are formed as by-products

during the irradiation of fuel and targets. The principal mechanism for production of

radioiodine is neutron-induced fission. When a reactor is operating, neutron-induced fission

● reactions occur in the uranium-235 fuel of the reactor core. The reactions form a variety of

I 1.12Y.DOc o-1



fission products, which include iodine isotopes, principal] y long-lived iodine-129 and

shofi-lived iodine-131.

The fission yield of iodine-l 29 has been estimated at 0.54 percent for uranium-235 fission

(England and Rider, 1994). The total inventory of radioiodine in the core of an operating

production reactor is approximately 1E+09 Ci. The radioiodine inventory comprises

approximately 6 percent of the total fission-product inventory during reactor operation.

Radioiodine activity levels decrease quickly after reactor shutdown. For example, only 26

percent of the inventory remains 24 hours after the end of irradiation (Kantelo et al., 1993).

Most of the isotopes are short-lived and decay to insignificant activity levels between the end

of irradiation and the beginning of reprocessing. Except for iodine- 129 (half-life =

15,700,000 years), all radioactive isotopes of iodine generated at SRS by normal operations

have half-lives less than or equal to 8 days, and therefore decay to insignificant levels after a

period of months.

Under ideal conditions, radioiodine was contained within the cladding of fuel and target

elements during irradiation and cooling. However, traces of radioiodine escaped to the

environment through small defects in the cladding. Air and water at reactors were monitored

for such releases. After the cooling period, fuel and target elements were treated in the

chemical separation areas to recover the desired products from the waste products.

Because of the nature of separations processes at SRS, radioiodine is found primarily in

aqueous wastes at the chemical separations facilities. Liquid waste that potentially contains

radioiodine has been stored at the SWDF, which was previously known as the burial grounds.

Degraded solvent from the separations areas was burned in open pans at the SWDF in the

early years of operation. Since 1975, the waste has been stored in steel tanks at the SWDF

pending combustion in an incinerator for radioactive wrote. Given the propensity of iodine to

react with organic compounds, the degraded solvent may contain iodine- 129, even though the

solvent has been scrubbed with caustic. No iodine-129 analyses of the spent solvent have

been performed (Kantelo et al., 1993).

The primary emission control for iodine removal from dissolver off-gas was an iodine reactor

that contained a bed of ceramic chips coated with silver nitrate. These chips were known as

Berl saddles. The radioiodine that passed through the Berl saddles reacted with silver nitrate

to form solid silver iodide (Kantelo et al., 1993).
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● During PUREX processing in F-Area, an estimated 50 percent of the iodine-129 from the

irradiated targets was absorbed on silver nitrate reactors during dissolution, about 20 percent

went through the process vessel vent system during solvent extraction and washing, about 15

percent was sent to waste storage, and about 15 percent reached the seepage basin, During

operation of the HM and frame processes in H-Area, an estimated 95 percent of the

iodine- 129 was sent to waste storage, and about 1-2 percent was distributed in each of the

other three process pathways (Cornman, 1974).

Spent Berl saddles containing iodine-129 were routinely removed from the silver nitrate

reactors (Cornmarr, 1974). When a spent charge of Berl saddles is first removed from service,

radioiodine isotopes other than iodine-129 predominate. Practice has been to store the spent

charges in closed metal drums at the separations facilities for 12 months or longer. This

allows decay of the shorter-lived radionuclides and reduces radiation exposure to persomel in

handling (Hawkins, 1983).

In early years of operations, spent chips were sent to the Oak Ridge National Laboratory for

iodine- 129 recovery. The spent chips were washed and reused, and the wash solutions were

●
processed and stored in underground tanks for radioactive waste (Cornmsm, 1974).

In later years, spent chips were buried in the SWDF (Comman, 1974). The Berl saddles were

buried without containment or encapsulation in earthen trenches designated for

intermediate-level beta-gamma waste (Hawkins, 1983). Essentially all of the iodine-129 in the

burird ground is from Berl saddles used in the process air filters. Each container contained

approximately 20 cu ft of Berl saddles. At least 48 spent charges of Berl saddles had been

buried through 1980 (Chostner, 1980, and Plckett, 1980, in Hawkins, 1983) with an average

iodine- 129 content of approximately 275 mCticharge (Hawkins, 1983). The practice of

burying Berl saddles was terminated in the early 1980s. S~ncethat time, they have been stored

at the SWDF (Kantelo et al., 1993).

2.2 Minor Sources of Iodine-129 at SRS

Minor sources of radioiodine at SRS include solid waste from material irradiated in SRS test

reactors, spontaneous fission sources (such as californium-252), neutron activation analysis,

commercially purchased radioiodlne, and global fallout. The isotopes iodine-125, iodine-129,

and iodine- 131 were purchased from commercial vendors typically in quantities less than

e

1E-03 Ci. The isotopes were used for experimental purposes, primarily at the Savannah River

Technology Center (Kantelo et al., 1993). SRS has received global fallout of man-made
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~~dioiod,ne since the 1940s. Most global fallout has occurred because of atmospheric

weapons tests (Kantelo et al., 1993). The contribution to present background levels from

atmospheric weapons testing fallout is calculated to be about lE-06 pCtig in soil, based on the

uniform deposition of 8.4 Ci of iodine-129 (40uCtikt x 2.1E+05) over land and water in the

northern hemisphere (Hochel, 1976). The activity levels of radioiodlne from these minor

sources are insignificant when compared to the activity levels in irradiated nuclear fuel and

targets.

Iodine- 129 may exist in mirror quantities in the Old Solvent Tanks in the ORWBG, but it has

not been reported as a significant constituent in any of the tanks (Mason, 1996).

3. INVENTORY ESTIMATE

3.1 Range of Inventory Estimates

Commarr (1974) estimated that 39 Ci of iodine-129 was produced between plant startup and

1974. This value was estimated from total cesium-137 fission-product inventory corrected for

decay assuming nuclear yields of 6.2 and 1.0 percent respectively for cesium-137 and

iodine- 129. Fission yields of iodine-129 of 0.9 percent for uranium-235 fission and 1.4

percent for pkrtonium-239 fission were assumed. Burnup of iodine-129 was not considered.

The disposition of long-lived iodine-129 produced during the first 20 years of chemical

separations processing is estimated to be 40 percent stored in waste tanks, 30 percent buried

in the SWDF (11.7 Ci), 20 percent released to the atmosphere (7.8 Ci), and 10 percent

released to seepage basins.

Hawkins (1983) noted that the annual amount of iodine-129 sent to the SRS burial ground

had not been reported, but the annual SRS releases to the atmosphere were recorded.

Atmospheric releases of iodine-129 at SRS for the period 1975-1982 were 1,24 Ci (DuPont,

1975 through 1982, in Hawkins, 1983). Hawkins (1983) assumed that the earlier distribution

between burial ground and atmospheric releases was valid and used Comman’s (1974) data

and subsequent production data to determine that 1.86 Ci of iodine-129 were stored at the

burial ground during the period 1975-1982 and a total of 11.7+1.9 or 13.6 Ci of iodine-129

were estimated to have been stored at the burial grounds through 1982 (Hawkins, 1983),

Hawkins (1983) reported that most iodine-1 29 in the burial ground is on spent Berl saddles,

and that the average volume of this waste was approximately 40 cu fi/year.

Several other articles published tier Comman (1974) and Hawkins (1983) cite similar

inventories, Kantelo et al, (1993) report the buried inventory of iodine-129, as of 1982, is 14
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Ci. Oblath (1986) reports 12 Ci in the burial ground. Jaegge et al. (1987) present an estimate

of 14 Ci (undecayed disposal amount) in the Radioactive Waste Burial Grounds (Looney et

rd., 1987, in Jaegge et al., 1987). McIntyre and Wllbite (1988) cite approximately 12 Ci of

iodtne- 129 in 643-G. Dr. E.L. Albenesius, who formerly served as a research manager of the

Savannah River Laboratory’s (now Savannah River Technology Center) Environmental

Effects and Solid Waste Management Technology Divisions, reported in a 1992 discussion

that the iodine-129 inventory is 10 curies (Holcomb, 1992). The documents include no

explanation of these estimates; they may be derived directly from Cornman (1974) and

Hawkins (1983).

Looney et al. (1987), using Hawkins (1983), stated that 0.4 Ci was buried amually in the

burird ground as Berl saddles. He also reported that an additional lE-03 Ci was disposed

amually as fission products. The amount in fission products was based on an isotopic

distribution of fission products presented in Towler and Cook (1985) that cites that

five-year-old in-tank waste contains 9.42E-07 Ci iodine-129 per gallon.

Cook (1987) estimated that 2.9E-02 Ci were buried in 643-G. TWOyears later, he referenced

Cornman (1974) and Hawkins (1983) and cited 13.6 Ci as the amount buried in the burial

grounds (Cook 1989).

Holcomb (1997) used a different approach than that of Comma (1974) and Hawkins (1983).

He calculated the amount of iodine-129 from information about other fission products.

Assuming that there had been no separation of iodine-129 from strontium-90 or cesium-137

since the reactor operations that produced them ceased, Holcomb calculated the iodine-129

activity in mixed fission product waste using fission product ratios from Webb (1994) and

already-stated best estimates for the activities of the primary fission products, cesium- 137 and

strontium-90. Holcomb’s estimate does not include the io&lne-129 associated with the Berl

saddles. Using a cesium- 137 source term of 26,943 CI (WSRC, 1997) and maximum

iodine- 129/cesium-l 37 activity ratio of 4.50E-07, he calculated a maximum activity of

1.21E-02 Ci of iodine-129 in the ORmG. Similarly, using a strontium-90 source term of

26,516 Ci (WSRC, 1997) and a maximum iodine-129/strontium-90 activity ratio of 6,03E-07,

Holcomb calculated a mtimum iodine-129 activity of 1.60E-02 Ci. These values are several

orders of magnitude lower than those calculated from process knowledge (Comrnan, 1974;

Hawkins, 1983), which may be due to preferential separatiodconcentration of the isotopes by

chemical or physical processes.

Table 3-1 lists the sources of the inventory estimates for iodine-129 in the ORWBG.
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3.2 Best Estimate of Iodine-129 in Burial Gronnds

The best estimate of iodine-129 is calculated horn Cornman’s (1974) report, which states that

39 Ci of iodine-129 was produced at SRS from startup until 1974, and that the fraction that

was sent to the burial ground was 30 percent of the total. Because the ORWBG was closed in

1972, the inventow of 39 Ci includes at least two years of radioiodine was sent to 643-7G.

To compensate for this, the inventow of 39 Cl is multiplied by 20/22 years, whichis35.45 CI.

This assumes that the rate of iodine production from startup to 1972 was similar to that from

1972 to 1974. This estimate is the amount produced at SRS from startup to 1972. The best

estimate for the burial grounds is obtained by multiplying this amount (35.45 Cl) by the

fraction that was buried in the ORWBG (3O percent), to arrive at 10.6 Ci. Using a specific

activity of 1.766E-04 Ctig for iodine-129 (DuPont, 1979), the mass of iodine-l 29 in the

ORWBG is estimated at 60 kg.

3.3 Uncertainties Associated with Iodine-129 Inventory Estimate

Severrd assumptions are evident in the calculation of the best estimate. First, it is assumed

that 39 Ci of iodine-129 was produced at SRS from startup to 1974. This value is derived

from process knowledge. Second, it is assumed that 30 percent of the iodine that was

produced ended up as solid waste and was buried. Third, the estimate assumes that the rate of

iodine production from startup to 1972 was similar to that horn 1972 to 1974.

Less evident uncertainties associated with the estimate include the assumption that Berl

saddles are the primary source of iodine-129, and that other significant sources have not been

overlooked, Other solid wastes may have been contaminated with iodine- 129 (e.g., spent

reactor deiorrizers). No analyses of these materials for iodine-129 content have been

performed (Kantelo et d., 1993). Addhionally, degraded solvent from the separations areas

was burned in open pans at the SWDF in the early years of operation, The contribution of

iodine- 129 from this source is thought to be negligible, though no iodine-129 analyses of the

spent solvent have been performed (Kantelo et al., 1993).

4. BURIAL LOCATIONS

At least 48 spent charges of Berl saddles had been buried in the burial grounds through 1980

(Chostner, 1980; and Pickett, 1980, in Hawkins, 1983) with an average iodine-129 content of

approximately 275 mctichmge (Hawkins, 1983). Some of these were buried in the ORWBG
and some in 643-7G. The number in the ORWBG can be estimated by multiplying 48 by the

number of operational years of the ORWBG (20) and dividing by the total number of years
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that the 48 spent charges were disposed of (28 years). The number of spent charges in the

ORWBG, assuming a constant disposd rate, is estimated to be 34.

Each container held approximately 20 cu fi of Berl saddles. Their locations are randomly

distributed among the intermediate level burial trenches (Stone et al., 1983a).

Figure 4-1 outlines the steps taken to manipulate the database to locate the burials.

In the COBRA database there are no references to “Berl saddles”, “Beryl saddles”, “spent

ceramic chips”, “silver nitrate”, “spent charges”, “process air filters”> “air filters ~“ “iodine”,

‘<iodinereactors”, “radloiodlne”, “silver iodide”, etc. In addition, no quantity or specific

iodine- 129 constituent information is contained in any COBRA record.

Because Berl saddles are not identified in the COBRA database, the precise locations of the

iodine- 129 burials cannot be determined. Their locations cannot be deduced from “fission

products” because most burials of “fission products” contained negligible amounts of

iodine- 129; the vast majority of iodine-129 is contained in an estimated 34 burials.

An HP survey map, dated 1/1/66 (see Figure 3-2 in Chapter 3), shows a location of Berl

● saddles in the southwest comer of A-16. The quantity of Berl saddles at this location is

unknown. There are no burial slips for any burials in this vicinity @lgure 4-2). It is also

questionable that the location was ever an active burial site because of the presence of known

perched water in this area.

5. WASTE FORM

The chemical form of iodine-129 on the Berl saddles was not determined. The saddles carry a

coating of silver nitrate when they begin air filter service; off-gas radioiodlne in process air is

believed to react with the silver nitrate and to be retained as silver iodide. Therefore,

iodine-129 on the buried Berl saddles probably occurs as silver iodide (Stone et al., 1983b;

Hawkins, 1983). Equilibrium chemistry indicates that iodine should be present as iodide (r)

or iodate (103-), depending on the pH of the water (Hoefier, 1984 (4a), in Oblath, 1986).

6. LEACHABILITY

The leachability of iodine-l 29 from the ORWBG is complicated by the predominant iodlne-

129 waste form. iodine-129 typically migrates as the anion iodide (r) and is ordy weakly

a
attenuated in the acidic SRS soils. From batch experiments with ORWBG soils, Hoeffner

(1985) reported K values ranging from 3 to 10 ml/g that varied inversely with the
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concentration of stable iodine-127 (the most abundant natural iodine isotope). In natural

groundwater conditions there are no sokrbility controls on the migration of iodine-129.

However, most iodine- 129 in the ORWBG occurs in a form that was designed to remove

iodine- 129 from waste emissions as silver iodide (AgI). These filters were effective because

of the very low solutithty of AgI. The leachability of this waste form is controlled by the

natural iodide concentration in infdtrating water and by the redox behavior of silver. Under

oxidizing conditions the solubllity of AgI is low, and is controlled mainly by the iodide

concentration of infiltrating water. Under reducing conditions the volubility is potentially

increased by the reduction of Ag+l to metallic silver.

The reaction that dictates the behavior of AgI under reducing conditions is:

AgI + e“= A&m)+ I- log K = -2.56

Thus, ps = -2.56- log[I”] or Eh = -0.151- 0.05910g[I-]. The Eh at which metallic silver and

AgI coexist at equilibrium is controlled by the iodide concentration in groundwater. Oblath

(1986) reports iodide concentrations that range up to 1.19 m~ downgradient of the

ORWBG. However, in a study of the trench wells, McIntyre and Wilhite (1988) found no

iodide concentrations that exceeded the detection limit of 0.05 m~l (as I-127). If 0.05 mg/1 is

used as the background concentration of iodide, then from tbe equation above, the Eh at

which metaIlic silver is in equilibrium with AgI is 0.227 volts. More reducing Eh values have

been reported in water from the trench wells (Hoefier, 1985), suggesting that reductive

dissolution of AgI may occur, releasing iodine-129. However, the equilibrium between

AgNO~ and AgI requires that virtually all of the AgNOJ in the Berl saddles be consumed by

reductive dissolution prior to the dissolution of any AgI, This may delay and decrease the rate

at which iodine-129 can be released by reductive dissolution of AgI.

The few analyses of groundwater beneath the ORWBG for iodine-129 show relatively low

concentrations. Oblath (1986) reported analyses of groundwater done in 1982 and 1983 that

found a maximum concentration of 12 pCi/1in a well 600 feet downgradient of the ORWBG.

Two perimeter wells had iodine-129 concentrations of 0.033 and 0.92 pCi/1 and the one

groundwater sample from a grid well had a concentration of 0,006 pCi/1, McIntyre and

Wllhite (1988) analyzed for iodine-129 in groundwater from 10 grid wells, as well as the 2

perimeter wells and the downgradient well reported by Oblath (1986). They found no

concentrations exceeding the detection limits that ranged horn 6 to 9 pCfi. However, the

current primary drinking water standard for iodine- 129 is 1 pCi/1. Though iodine-129
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a concentrations remain relatively low in groundwater beneath the ORWBG, they may exceed

the drirddng water standard.

The iodine- 129 concentrations in groundwater are consistent with those reported from an

iodine- 129 waste form lysimeter experiment (Stone et al., 1983). In this experiment,

concentrations of iodine-129 in the leachate ranged from 0.5 to 5.0 pCiil. These

concentrations are consistent with the solubilhy of AgI in oxidizing condhions. At a

background iodide concentration of 0.05 mg/1and a background Ag+ concentration of Om@,

the volubility of AgI is 2.2 x 10-10molesfliter. Thus, at these conditions in oxidizing

groundwater the maximum iodine-129 concentration would be 4.9 pCi/1.

The evidence is unclear whether iodine-l 29 in the ORWBG is a current threat to

groundwater. Based on the sokrbility of AgI in oxidizing conditions the maximum

concentrations in groundwater could exceed the primary drinking water standard of 1 pCi/1. In

the future, as conditions in the ORWBG become more reducing from the oxidation of organic

material and metals, reductive dissolution of AgI could result in higher concentrations of

iodine- 129 in groundwater.
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Table 3-1. The Sources of Inventory Estimates for Idlne-129 in the ORWBG

<eference Inventory Notes

+olcomb, H. Perry, 1997 . Based on activity ratios of f/Sr and VCS
1.2 lE-02 Ci’ from Cs- 137 and source terms of Cs and Sr.

and . Assumes that there has been no
1.6E-02 Ci’ from Sr-90 preferential separalionlconcentration of

the isotopes by chemical or physical
(References an earlier article) prwesses since generation

Kantelo, M.V.,et al., 1993 The buried inventory of I- 129, as of 1982, is ● The sources of radioiodine are

estimated to be 14 curies b (Hawkins, 1983). categorized as follows:
The predominant radioiodine containing Major Sources:

material buried at SWDF is the spent ceramic * fuel and targets irradiated in production
chips coated with silver nitrate. reactors.

* certain fuels irradiated offsite
(References an earlier article [Hawkins, Minor Sources:

1983]) * fuel and largets irradiated in SRS test
reactors

* spontaneous fission
* neutron activation samples
* commercially purchased radioiodine
* global fallout

WSRC,1992 Whileshort-livedradioactiveiodineprobably . The berl saddles are filtration devices
decayed before burial, the saddles are coated with silver nitrate that were used
estimated to have contained a total of 12 to capture radioiodine in off-gases from
curies b of iodine- 129 (McIntyre, P.F.and !he dissolving of irradiated fuel. When
Wilhite, E.L,, 1988). disposed of, they were buried in contac

with the soil in OBG trenches (ERDA-

(Rcferences an earlier article) 1537 and Towler, 1989).

Holcomb, Perry H., 1992 10Cib

NA

(Does not reference an earlier article)

McIntyre, P.F., Wilhite, Silver iodide coated beri saddles account for
E. L., 1988 approximately 12 Ci b of I-129 and is the NA

major source in @3-G.
(References an earlier article [Hawkins,

1983])

0-16 I.,I!.DOC



*

a

Table 3-1. The Sources of Inventory Estimates for Idlne-129 in the ORWBG (Continued)

teference Inventory Notes
.ooney, B. B., P1ckett, J.B. Reported Inventov (CiNr)b *Based upon I-129 on Berl/Silver Nitrate

CIng, C.M. Holmes, W.G. 0.4. saddles to the Burial Ground as

ohnson, W.F. and J.A. (References Jaegge et al., 1987) summarized in Hawkins, 1983.

;mith, 1987

Fission PrcducI lnventorv (CiNr)b

0.001
(References Towler and Cook, 1985)

Total Inventow (CiNr)b
0.4

(References Jaegge et al., 1987)

Iaegge, W.J., et al., 1987 Undecayed
Radionuclide DisDosal Amount (Ci)

129 bI 14cl
(643-G 17G) NA

(References an earlier article [Looney et al.,
1987])

Cook, James R., 1987 Nuclides Inventory (Ci)
I- 129b 2.9 X 102

(643-G Site) NA

(Does not reference an earlier article)

)blath, S. B., 1986 I-129 inthe Burial Ground: 12Cib . The silver iodide coated Berl saddles

(References Hawkins, 1983) have contributed about 12 Ci of I- 129
to (be burial ground, and are probably
the major source of I- 129 in tbe burial
ground.

. The I-129 waste isacompactsource
which is already segregated from other
waste.

rowler, O. A., and Cook,
Radionuclide Content of 5-year-old In-tan k

. Tbe’’tive years’’ means fiveyearsout

“.R., 1985
Waste:

of the reactor.

Ci/Gal=ti—

1-129 9.42E-07

(Does not reference an earlier article)

,.,,,.DOC 0-17



—.. —

Table 3-1. The Sources of Inventory Estimates for Iodine-129 in the ORWBG (Continued)

<eference
Iawkins, R.H., 1983

:ornman, W. R., 1974

nventory
39 Ci of I-129 had been produced at SRP
through 1974, of which 20% (7.8 Ci) was
released to the atmosphere and 31)~o(11.7

Ci) was stored as solid waste at the burial
ground (Corn man, 1974).

13.6 Ci” of I- 129 are estimated to have
been stored at tbe huriai ground through
1982.

in estimated 39 Ci’ of I- 129 bas
>een produced since plant startup:
109. waste tanks
107. burial ground

!07. atmosphere
10%seepage basins

“Does not reference an earlier article)

a Inventorv discussed in detail
b No disc~ssion of basis for inventory
NA NoI addressed in article

[otes
Nuclear fuel processing at tbe two SRP
chemical separations areas is the

principal source of 1-129.

Most I-129 in the burial ground is on
spent Berl saddles. The total volume
of (his waste is approximately 40 cu
ftlyear, and it comes from the
separations weas packaged in drums
and segregated from other waste.

I- 129 on tbe buried Berl saddles
probably occurs as silver iodide.

At the burial ground, the Beri saddles
are buried, without containment or
encapsulation, in w~te trenches
designated for intermediate-level beta-
gamma waste. At least 48 spent
charges of Berl saddles had been
buried trough 1980 with an average I-
129 content of approximately 275
mCi/cbuge.

Estimated from total 137Cetission-
product inventory corrected for decay
assumes nuclear yields of6.2 and 1.07.
respective y for Ce- 137 and I-129.
Fission yields of 1-129 of 0,9% for U-
235 and 1,4% for Pu-239 were
assumed. Burnupof I-129 was
neglected.

Some Berl saddles were sent to ORNL
for1-129recoveryduringtheearly
yearsofoperation.
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CONSTITUENT OF INTEREST - NEPTUNIUM-237

1. SUMMARY

Neptunium is a byproduct of nuclear materials production for the national defense program.

Processing these materials has resulted in radioactive waste that contains neptunium.

The best estimate of the amount of neptunium-237 originally buried in the Old Radioactive

Waste Burial Ground (ORWBG) is 1.99 Ci. The amount of ingrown neptunium-237 is

conservatively calculated as 0.004 Ci. The amount lost to radioactive decay is negligible due to

the long half life of the radlonuclide.

Figure 1-1 presents the process used to develop the inventory and burial locations. The

Computerized Burial Record Analysis (COBRA) database was used to determine the locations

and quantity estimates of neptnnium-237 burials.

2. BACKGROUND INFORMATION

e Neptunium-237 is a long-lived radlonuclide with a half life of 2.14 x 106years (Anderson, 1971

in McIntyre et al., 1988). Neptunium-237 is produced during the nuclear fuel cycle. by two

primary sources at SRS. One source is afpha decay of americium-241 that is produced by the

beta decay of phrtonium-241 in weapons-grade plutonium. The other mode of neptunium-237

production is via a side reaction during the irradiation of uranium-238 targets to eventually

produce plutonium-239. The overall side reaction, as broken down into its individual

components, is:

9*U‘5+0n1 =~~Un6+y

236
92U + On’ = !32u237+ ~

or 92U238+ on’ = 9zUX7+ 2 on’

Since urarrium-237 has a relatively short half-life (6.75 days), it beta decays rapidly to yield the

long-lived daughter, neptunium-237:

237= ~3Np237+.,~“92U

*

Neptunium-237 is the target material used to produce plutonium-238 in SRS reactors. Much of

the oxide preparation for the neptunium-237 targets was done in HB-Line. The oxide was
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encapsulated in Buildlng 235-F. Therefore, solid waste from these two facilities could have

contained neptunium-237. However, the primary activity from these would be from

plutonium-238. Neptunium-237 has such a long half-life that 1 gram of neptunium-237

contains only 7E-04 Ci, and 1 K1ogram of neptunium-237 contains only 0.7 Ci (Holcomb,

1997).

The two chemical separation facilities (F and H) were used to reprocess irradiated fuel and

targets in canyon buildings (22 I-F and 221-H). irradiated materials were dissolved, and the

products of interest were chemically separated and purified from waste fission and activation

products. In 1963, a modification in H Area allowed the recove~ of neptunium-237 from the

fuel. The H Modified PUREX (HM) prwess, was used for the chemical extraction and

purification of enriched uranium and for recovery of the neptunium-237 byproduct. Also in H

Area, the Frames process was used occasionally to recover plutonium-238 and neptunium-237

from special target elements. This process used ion exchange for separation and purification

(Carlton et al., 1993).

Wrote potentially contaminated with neptunium-237 included, but was not limited to the

following:

●

●

I
●

I ●

Cabinet waste originating from H-Area B-Line (221-HBL, neptunium-237 and Q

phstonium-238 oxide powder production). This included both the normal neptunium line

and the plutonium-238 oxide line (Fenninger and Tyson, 1968). Waste from the hot

pressing and finishing cabinets was not monitored because of the low probability that it

contained significant neptunium. fn the 4-month period of slug fabrication from July

through October, pulse height analysis indicated 43.8 grams of neptunium was removed

from the oxide handling cabinet in waste boxes (Holcomb, 1997; Fenninger and Tyson,

1968).

Laboratory glove boxes and radiobenches from the 772-F laboratory. These were used to

handle plutonium-238 or neptunium-237 (Fenninger and Tyson, 1968).

Wastes originating from 235-F (neptunium-237/phrtonium-238 Metallurgical Facility and

process lines) (Holcomb, 1997; Fenninger and Tyson, 1968).

Waste effluents from processing in the Separations areas. These contained low levels of

neptunium that were discharged to seepage basins (McIntyre et al., 1988). Such liquid

waste effluents as these would have a minimal impact on the activity of neptunium sent to
*

the Solid Waste Storage Facility (i.e., ORWBG).

I
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e ● PU~X waste in storage tanks in the 241-F and H-Area Tank Farms and in the Old Solvent

Tanks (OSTS) in the ORWBG. Practically all of the neptunium in the 241 F and H Area

Tank Farms was in the sludge (Dakirtg, 1960; Prout and Femandez, 1960). At one time,

neptunium-237 comprised 30 percent of the alpha emitters in the organic phase in Tank S 18

(see Table 15 in Mason, 1996), and was probably present in smaller quantities in the other

tanks. The OSTS have bn emptied. Most of the materials in the OSTS were removed in

the late 1970s to early 1980s; only unpumpable heel remains in the tanks at present.

The amount of neptunium-237 activity in SRS waste should be relatively small, since the

activity of neptunium produced was small compared with that for plutonium-238 and

plutonium-239. However, due to the very low specific activity of neptunium-237, a relatively

small activity represents a rather sizeable mass. Beginning in the 1960s, most of the

neptunium-237 formed in SRS reactors was recovered to make targets for phrtonium-238

production (Karraker, 1994).

3. INVENTORY ESTIMATE

3.1. Range of Inventory Estimates

o The inventory of neptunium-237 at the SRS burial grounds is not known with great precision,

though many estimates have been proposed. Neptunium-237 is a difficult radlonuclide to

detect, especially in the presence of other alpha emitters that are usually much more active.

Therefore, differences in the estimates could be due to errors in various analyses for

neptunium-237.

The 1977 environmental impact statement on SRS waste management reported an estimate of

0.2 Ci of n&ptunium-237 in waste buried in earthen trenches at the burial grounds through 1975

(ERDA, 1977 in WSRC, 1992). Because the ORWBG closed in 1972, most of this activity

would be in the ORWBG.

Cook (1987a,b) cites an estimate of 2 Ci of neptunium-237 in the ORWBG based on records

from the COBRA databme. His estimate is the sum of 5.OX10-2Ci (7.20x103 ft3) as trench

disposal (includes concrete pours) and 1.9x10° Ci (1.40x103 ft3) in retrievable storage (in

trenches). Several years later, he reported an estimate of 9 IO grams of neptunium-237 in the

ORWBG based on the records from the COBRA database (Cook, 1991). Using a specific

activity of 7.05E-4 Ci/g, this is 0.64 Ci.
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Jaegge et al. (1987), based upon COBRA records documenting its placement, estimated that

54,200 m3 of “other alpha emitters”, originally containing 93.3 Ci, were buried in SRS burial

grounds from 1952 through 1985. He also cites that the composition percentage of

neptunium-237 by activity is 0.17 percent (0.0017). Using these data, the amount of

neptunium-237 from “other alpha emitters” is:

(93.3 Ci) x (0.0017) = 0.16 Ci

This activity is assumed to be a product in waste primarily from ~-Line and 235-F. This

estimate includes burials through 1985, 11 years after tbe ORWBG closed. For modeling

purposes, Jaegge et al. (1987) used an undecayed inventory estimate of 0.13 Cl, as cited in

Looney et al. (1987).

A 1987 Savannti River Laboratory (now Savannah River Technology Center) study on closure

for the ORWBG listed an estimated 1.1 Ci of neptonium-237 in the ORWBG (DuPont, 1987 in

WSRC, 1992). A 1988 Savannah River Laboratory analysis was based on an inventory of 0.13

Ci neptunium-237 for both SRS burial grounds (Cook and King, 1988 in WSRC, 1992).

Table 3-1 lists the sources of the inventory estimates for neptunium-237 in the ORWBG.

3.2. Best Estimate of Neptunium-237 in BuriaI Grounds

The best estimate for the amount of neptunium-237 originally buried in trenches in the

ORWBG is 2,829 grams (1.99 Ci) based upon COBRA records. The COBRA databwe

indicates that burials of neptunium-237 occurred in the ORWBG as recently as 1973. Because

the half-life of neprunium-237 is very long (2.14 x 106years), the amount that has decayed since

burial is negligible.

An additional factor must be considered when calculating the inventory of neptunium-237 in

the future. The inventory of this radionuclide will actually increase, for a limited period of

time, because the rate of radioactive decay is less than the rate of ingrowth of neptunium-237 by

alpha decay of americium-241 that is produced by the beta decay of phrtonium-241 in

weapons-grade plutonium. Due to the relatively long half-lives of neptunium-237 (2.14E+06

years) and plutonium-239 (2.41E+04 years), there will be minimal change in their activity ratio

over the next 500 years. The half-life of plutonium-241 is relatively short (14.4 years); the

half-life of americium-241 is 432.7 years (WPL, 1996).

●
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● The best estimate of phrtonium-239 in the ORWBG is 24,188 grams (24.2 kilograms), as

calculated in Appendix H of this document. The great majority of plutonium produced at SRS

was weapons-grade with the plutonium-240 concent being 6 percent or less. The

phrtonium-241 content of weapons-grade plutonium was 0.70 weight percent (Holcomb, 1994).

Therefore, assuming no decay of plutonium-241, there would be 0.17 kg of plutonium-241

associated with the 24.2 kg of phrtonium-239:

(24.2 kg plutonium-239)x (0.0070)= 0.17 kg phrtonium-241 originally buried in ORWBG

Since almost two half lives of phrtonium-241 have passed since closure of the ORWBG, the

amount ofphrtonium-241 remaining at present (in 1997) is 0.05 kg, as determined by the decay

equation:

&= (A)(e1a”693m)

A,= plutonium-241 mass in 1997

● &= original mass of plutonium-241 in 1972 (O.17kg)

t = elapsed time since ORWBG closed (1997-1972=25 years)

T = half-life of plutonium-241 (14.4 years)

Assuming identical atomic weights of plutonium-241 and americium-241, the amount of

ingrown americium-24 1 daughter is:

(0.17 kg phrtonium-241 in 1972) - (0.05 kg plutonium-241 in 1997)= 0.12 kg americium-241

in 1997

The amount of neptunium-237 from the decay of ingrown americium-241 is calculated using

the decay equation. To simplify the mathematics, and to calculate a conservative value, it is

assumed that the entire 0.12 kg of americium-241 existed in 1972. The amount of

americium-24 1 remaining in 1997 is:

A,= (&)(e[a”693w)

a where:
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A,= americium-241 mass in 1997

A= original mass of americium-241 in 1972 (O.12 kg)

t = elapsed time since ORWBG closed (1997-1972=25 years)

T = half-life of americium-241 (432.7 years)

The amount of americium-241 remaining in 1997 is 0.115 kg. The amount of ingrown

Americium-241 daughter is:

(O.12 kg americium-241 in 1972) - (O.115 kg americium-241 in 1997)= 0.005 kg americium-

241 ingrown

The amount of ingrown neptunium-237 from the decay of 0.005 kg americium-241 is

determined by multiplying the mass of americium-241 by the ratio of the atomic weight of the

daughter isotope to the atomic weight of the parent isotope:

(0.005 kg americium-241)x (237 kg neptunium-237 + 241 kg americium-241) = 0.005 kg

Neptunium-237 ingrown

The mass of 0.005 kg is converted to curies by multiplying it by the specific activity

(0.005 kg) x (0.000705 Ci/g) x (IWO g/kg) = 0.004 Ci neptunium-237.

This is the activity of ingrown neptunium-237 in 1997 from alpha decay of americium-241 that

is produced by the beta decay of plutonium-241 in weapons-grade plutonium. The best

estimate of the inventory of neptunium-237 in the ORWBG is the sum of this value and the

original disposal amount (1.99 Ci):

(0.004 Ci ingrown)+ (1.99 Ci buried) =1.994 Ci total neptunium-237 in ORWBG in 1997

3.3. Uncertainties Associated with Neptunium-237 Inventory Estimate

The major contributor to uncertainty related to the quantity of neptunium-237 buried is any

classified burials that are not described in the open literature and in unclassified databases such

as COBRA.
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4. BURIAL LOCATIONS

The COBRA database provides both quantity and location estimates for neptunium-237 burials

in the ORWBG. Figure 4-1 outlines the steps taken to manipulate the database to locate

neptunium-237 burials, and Figure 4-2 presents the spatial distribution of all neptunium-237

burials (Variety of Contamination #1 and #2 = “82”) in the ORWBG. COBRA includes two

fields for contamination, variety 1 and variety 2. Variety of contamination 1 is the main source

of contamination; the waste generator could indicate a second type of contamination as variety

2. There is no significance to assigning the neptunium-237 variety 1 versus variety 2. The data

presented in Figure 4-2 have been divided into two sets. Burial locations indicated with circles

are for those burials where neptunium-237 was “Variety of Contamination 1“ Burial locations

indicated with squares are for those burials where neptmrium-237 was “Variety of

Contamination 2“.

The data in Figure 4-2 also indicate the relative quantity of each burial. The larger the symbol,

the larger the curie content of the burial.

Figure 4-3 presents the burial locations for all plutonium-238 burials (Variety of Contamination

#1 = “83”) from Buildings 235-F and 221-H in ORWBG. These burials are not specifically

identified as containing neptunium-237 as a contaminant. However, these burials are likely to

contain small amounts of neptunium-237.

The ratio of neptunium-237 to plutonium-238 in the burials from 235-F and 221-H is unknown

and would vary depndlng on where in the process the waste originated. However, since

plutonium-238 has such a high specific activity, it will be the dominant constituent of interest at

these burial locations for at least 10 half-lives of plutonium-238, or for at least some 880 years.

To illustrate the dominance of the plutonium-238 activity over that of neptunim-237, if equal

masses of plutonium-238 and neptunium-237 were buried today, the activity ratio of

plutonium-238/neptunium-237 would be 2.4E#, in 500 years it would be 4.6E+02; in 1000

years it would be 8.9, and in 5000 years it would be 1.7E-I 3. Therefore, for at least 500 years,

the activity of plutonium-238 in these mixed burials will predominate.

As previously discussed, ingrown neptunium-237 is derived from alpha daay of

americium-24 1, which is in turn produced by beta decay of phstonium-241 in weapons-grade

plutonium. Thus, as demonstrated in Section 3.2, relatively small activities of neptunium-237

will be associated with the weapons-grade plutonium burials. The activity of neptunium-237

that will ingrow from decay of the plutonium-241 component in the weapons-grade plutonium
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will only amount to approximately 4 percent of what is currently buried in the ORWBG m a

result of the plutonium-238 program at “SRS. o

5. WASTE FORM

The primary waste form of neptunium-237 in the ORWBG is very similar to that for

plutonium-238. Neptunium-237 contaminated waste was buried in three ways:

●

●

●

6.

Uncontainerized waste in plastic bags and cardboard boxes. This type of containment

would be the most susceptible to infiltrating water.

Concrete culverts containing drummed or boxed neptunium-237-bearing waste. Although it

provides additional bmiers, this containment does not preclude the infiltration of water into

the culvert. One excavated culvert was found to contain water.

Encapsulated waste where drums and other waste forms (equipment, waste in wooden

boxes, etc.) were surrounded by concrete on all sides, top, and bottom. Such waste forms

would be more impermeable to water infiltration.

LEACHABILITY

The leachability of neptunium-237 depends on pH, redox conditions, and waste form.

neptunium-237 can exist in oxidation states ranging from ‘3 to ‘6, but the ‘4 and ‘5 states are

dominant under most environmental conditions. The speciation of Np(lV) is dominated by

hydrolysis products that vary with pH. The speciation of Np(V) is dominated by the oxycation

Np02+. Volubility and adso~tion controls on mobility depend strongly on which oxidation

state is dominant. The only reasonable phase with a volubility low enough to constrain

neptunium-237 concentrations to below 7 pCi/1 (the primary drinkbrg water standard) is Np02.

The volubility of this phase is at a minimum when Np(IV) is the dominant oxidation state.

Likewise, mobility of neptunium-237 is minimized when Np(IV) is the dominant oxidation

state because the hydrolyzed Np(lV) species are more strongly adsorbed by soils than Np02+

(Silvan and Nitsche, 1995).

Reducing conditions in the ORWBG may result in Np(IV) being the dominant oxidation state,

thereby limiting the leachability of neptunium-237. Bondietti and Francis (1979) observed the

reduction of dissolved Np(V) to Np(IV) when reacted with several rock types isolated from

atmospheric oxygen. The rocks used in these experiments would have less of a reducing effect
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a than reaction with the large amounts of zero valent iron and organic material disposed of in the

ORWBG. Thus, Np(lV) may be the dominant form of neptunium-237 in the ORWBG.

Analyses of groundwater and leachate from lysimeter experiments suggest that neptuniurn-237

is not highly leachable in the ORWG. Groundwater from 10 monitoring wells downgradient

from the ORWG (the BGO well series) were analyzed for neptunium-237 in 1990 and 1992

and all concentrations were below detection limits. In 1986, Ieachates from 4 defense waste

Iysimeters were analyzed for nep~um-237 (McIntyre, 1987). Though the neptunium-237 in

the waste forms was already in solution, concentrations of neptunium-237 in the leachate were

very low. Leachate born 3 of the lysimeters contained less than 0.002 pCM, while leachate

from the fourth contained 0.27 pCi/1neptuniurn-237.

The low source term for neptunium-237 and the containment of much of the source term in

culvert or encapsulated burials, the reducing condhions of the ORWG, and the low

concentrations of neptunium-237 in grormdwater and lysimeter experiments suggest that this

contaminant of interest is not currently a threat to groundwater, nor is it likely to be a threat to

grourrdwater in the future.

i

a
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mTable 3-1. The Sources of Inventory Estimates for Neptunium-237 in the ORWBG
~

teference Inventory Notes
VSRC, 1992 . 0.2 Ci of neptunium-237 in waste

buried in earthen trenches at the burial
grounds through 1975 (ERDA, 1977 in
WSRC, 1992) b.

. A 1987 Savannah River Laboratories
study on closure for the ORWBG listed
an estimated 1.1 Ci of neptunium-237 NA
in the ORWBG (DuPont, 1987 in
WSRC, 1992) b.

● A 1988 Savannah River Laboratory
analysis was based on a 0.13 CI
neptunium-237 inventory for both SRS
burial grounds (Cook and King, 1988
in WSRC, 1992)b.

(References earlier articles)

;ook, J.R., 1991 910 grams of neptunium-237 in the
ORWBG based on the records from the
COBRA database b. Using a specific
activity of 7.05 E-4 Ci/g, this is 0.64 Ci.

NA
(Does not reference an earlier article)

.ooney, B.B.,Plckett,J.B. King, C.M.
Holmes, W.G, Johnson, W.F, and Total Inventow (CiNr]b
J.A.Smith,1987 0.13

(Doesnotreferenceanearlierarticle)
NA

!aegge,W.J.,et al., 1987 Undecayed The composition of neptunium-237
Radionuclide DisDosal Amount (Ci) b from other alpha emitters is

23’Np 0.13 0,17 percent (0,0017).
(643-G 17G)
(References an earlier article [Looney et al,,

1987])
“Other Alpha Emitters” waste buried in

trenches at SRPBurialGroundsfrom
1952through1985(nonretrievable)b:

Volume(m3]:54,200m]
AmountBuried (Ci) :

M
93.3
(Does not reference an earlier article)

NF.a37mc P-17



Table 3-1. The Sources of Inventory Estimates for Neptunium-237 in the ORWBG e
Reference Inventoq Notes

Cook, J. R., 1987a ORWBG This estimate was based on records

5.0x10”2 Cl (7.20x 103 f~) as trench disposal from the COBRA database.

(includes concrete pours) and 1.9x10°

Ci (1.40x103 ft3) in retrievable storage

I (ln trenches). I
(Does not reference an earlier article)

Cook, James R., 1987b Nuclides Inventorv (cl~

m 2.
(@3-G Site) NA

(Does not reference an earlier article)

x Inventory discussed in detail

b Nodiscussion of basis forinventory
iiA: Notaddressed in article
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DISCLAIMER

This report was urepm-ed by Westinghouse Savannah River Company
(WSRC) for the”U~ted States Dep~fiment of Energy under Con~ract
No, DE-AC09-96SR-18500 and is an account of work performed
under that contract. Neither the United States Department of Energy,
nor WSRC, nor any of their employees makes any warranty, expressed
or implied, or assumes any legal liability of responsibility for accuracy,
completeness, or usefulness, on any information, apparatus, or product
or process disclosed herein or represents that its use will not itinge
privately owned rights. Reference herein to any specific commercial
product, process, or services by trademark, name, manufacturer or
otherwise does not necessarily constitute or imply endorsement,
recommendation, or favoring of same by WSRC or by the United
States Govemnrent or any agency thereof.
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EXECUTIVE SUMMARY

The Old Radioactive Waste BuriaI Ground (ORWBG) (643-E) occupies approximately

76 acres within the General Separations Area in the central Savarmah River Site (SRS). The

ORWBG served as a disposal area for solid radioactive waste produced at SRS and waste

shipped from other U.S. Department of Energy and Department of Defense facilities. Most of

the waste disposed in the ORWBG was placed in earthen trenches.

The ORWBG received waste from 1952 until 1972, when the majority of waste disposal

operations moved to an adjacent area. The ORWBG received small quantities of waste

(primarily in retrievable form) during 1973 and 1974.

Analytical data from water table wells in and around the ORWBG are summarized as

isoconcentration contours superimposed on burial distribution maps for the ORWBG

inventory of Constituents of Interest (COIS). Maps of lead, mercury, trichloroethylene (TCE),

perchloroethene (PCE), gross alpha, non-volatile beta, and tritium are presented. Burial

distributions of the COIS are posted on each map except for lead, for which burial locations

e

are not available.

The more mobile COIS (tritium and the volatile organic compounds [VOCS]) show a fairly

good correspondence between burial locations and groundwater concentrations. Plumes of

tritium, TCE, and PCE are located in close proximity to and downgradient from the area

within the ORWBG with the largest number of VOC bufids. Maps of mercury, gross alpha,

arrd non-volatile beta indicate little correspondence between burial locations associated with

these constituents and concentrations observed in the water table. Burial locations are not

available for lead.
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1.0 INTRODUCTION

The Old Radioactive Waste Burial Ground (ORWBG) (643-E) occupies approximately

76acres within the Genersd Separations Area in the central Savarmah River Site (SRS)

@lWre l-1). Itispafi of the Bufial&ound Complex, wtichincludes the ORmGand other

operable units such as the Mixed Waste Management Facility, the Low Level Radioactive

Waste Disposal Facility, Solvent Tanks S1-S22, Solvent Tanks S23-S30, and Solvent Tank 32

(WSRC, 1997).

1.1 Description of Unit

The ORWBG encompasses an area approximately 3,700 feet in length that is 1,100 feet wide

at its west end and 700 feet wide at its east end. The area lies between Road E and the F-Area

railroad (Figure 1-1). An 8-foot-high cyclone fence surrounds the area. A paved road leads

to the entrance of the facility, and unimproved dirt roads inside the fenced area provide access

to burisd sites @lgure 1-2).

The ORWBG received waste on a regular basis from 1952 until 1972, when the site was

essentially tilled and the majority of waste disposal operations shified to the adjacent area 643-

7E (Figure 1-1). The ORWDG received small quantities of waste (primarily in retrievable

form) during 1973 and 1974. The ORWBG area was also used for storage of contaminated

equipment. The area included several related facilities and operations, includlng underground

solvent storage tarrks, areas used to incinerate organic solvents, and a sandblasting facility for

decontamination of equipment.

The ORWBG contains solid radioactive waste produced at SRS, and waste shipments from

other U.S. Department of Energy and Department of Defense facilities. The operational

corrfrguration of the ORWBG inchrded different areas to accosmnodate various levels and

types of radioactive waste. The ORWBG inventory consists of transurarric (TRU), low-level,

and intermediate-level waste includlng the following:

s Incidental waste from laboratory and production operations, including small

equipment, used air filters, clothes, amdytical waste, decontamination residue, plastic

sheeting, gloves, soil, and construction debris

. Contaminated waste including obsolete or failed tanks, pipes, jumpers, and other

process equipment horn the separations facilities
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Lead, as shielding, equipment, shot, bricks, and lead sheets

Reactor hardware, fuel components and housings not containing irradiated fuel; and

spent deionizer resins

Spent lithium-aluminum targets (the target alloy waste remaining after tritium has been

extracted)

Contaminated process oil from pumps in the tritium facilities and reactor areas (in bulk

storage and in buried drums containing rmabsorbent material)

Mercury horn gas pumps in the tritium facilities (in 1-liter polyethylene bottles,

double-bagged and buried in a 0.7 cubic-foot steel can)

Cadmium associated with reactor control and safety rods and as neutron-shielding

sheets

Scintillation fluid (a mixture of organic solvents used to quanti~ beta and/or alpha

emitters in environmental and bioassay samples)

Offsite waste including radioactive waste from rnilita~ hardware

Spent Plutonium-Uranium Extraction (PUREX) solvent, waste oil, and degradation

products contained in 22 underground solvent tanks

Waste oil in absorbent materials

Decontamination residue from decontamination operations at the ORWBG

waste was placed directly in earthen trenches. Trenches were generally excavated to

20 feet in width and depth, for lengths of up to 700 feet. Trenches were filled with the waste

materials, which were covered with 4 feet or more of soil to reduce surface radiation to less

than 6 flhr (WSRC, 1997).

1.2 Operational History

Detailed information is sparse for reconstruction of a history of burial at the ORWBG prior to

1956, Aerial photographs of the 0RWE3G taken in 1956, 1966, 1972, and 1974 are available,
e

Gndwamfll.dw
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@
In addition, some of the annual burial maps prepared by the Health Physics (HP) stti during

burial operations are available. Copies of these maps appear in WSRC (1997). This report

includes the HP map from 1968 as Figure 1-2.

1.2.1 On”ginal Burial Ground

The original burial area in the center of the ORWBG covers approximately 35 acres @lgure 1-

2), In the following discussions, this part of the ORWBG is simply referred to as the original

burial ground. The original burial ground contains approximately 85 trenches (WSRC, 1997).

Most of the waste buried in the original burial ground predates the detailed records of the

Computerized Burird Record Analysis (COBRA) database, and ordy general estimates of

waste volume are available. HP maps provide the most useful information on the locations

and types of disposals in this part of the ORWBG (WSRC, 1997).

HP maps indicate the presence of a sandblast pad east of the storage trenches (Figure 1-2). It

was not noted on 1956 aerial photographs but is present on 1966 drawings (WSRC, 1997).

This area was used for decontamination and may be related to the decontamination of the

equipment that was placed in adjacent storage trenches. Runoff from the sandblast pad

*

flowed to the east into a small sandblast drainage basin

Twenty-two old underground solvent tarrks (OSTS) are located near the center of the original

burial ground (Figure 1-2) (WSRC, 1996a). Some of these were utilized as fiel storage tanks

at SRS and other federal facilities prior to their emplacement in the ORWBG between 1955

and 1968 (WSRC, 1996a). Prior to 1980, the OSTS held hundreds of thousands of gallons of

spent PUREX solvent from F and H Areas, and smaller amounts of tritiated pump oil (WSRC,

1996a). The solvent was periodically drawn from the tanks and burned in shallow, open pans.

The unburned residue and used pans were buried in a trench located east of the OSTS (Figure

1-2) (Tharin, 1965). The contents of the OSTS, except for “unpumpable heel”, were

transferred to new storage tanks in the New Burird Ground (643-7E) in the late 1970s and

early 1980s. WSRC (1996a) provides a detailed history and inventory of the OSTS.

HP maps indicate that contaminated equipment and vessels were temporarily stored on the

surface at several locations within the original burial ground (Figure 1-2) (WSRC, 1997).

1.2.2 Eastern fipansion of the OR~G

●
The eastern expansion area of the present ORwBG covers 16 acres and contains

approximately 48 trenches (Figures 1-1, 1-2). In the following discussions, this part of the
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ORWBG is referred to as the eastern expansion area. It was opened as the original burial

ground was filled, and received waste from 1961 until 1972. The COBRA database records

contzirr most of the burials in the eastern expansion (WSRC, 1997). The eastern expansion

includes trenches designated for oil drums and encapsulated plutonium burials (Figure 1-2).

Review of ~ maps rdso indicates that contaminated equipment and vessels were temporarily

stored on the surface at several locations within the eastern expansion (Figure 1-2) (WSRC,

1997),

●

1.2.3 Western fipansion of the OR~G

The western expansion area of the present ORWBG covers 26 acres and contains

approximately 32 trenches ~lgures 1-1 and 1-2) (WSRC, 1997). In the following

discussions, this part of the ORWBG is referred to as the western expansion. It was opened

as the origirrd burial ground reached capacity, and received waste on a regular basis from

1961 until 1972. Encapsulated plutonium waste was placed in the western expansion until

1974. The COBRA database records most of the waste in the western expansion (WSRC,

1
1997).

Several notable disposals occurred in the western expansions: five 234-H special project

disposal areas, Charleston Navy Shipyard disposals, a “bunker” with failed equipment from F- e

Area, and disposal areas for plutonium (Figure 1-2). Discussions of these burials may be

found in WSRC (1997).

The northwest corner of the western expzrrsion was used as a decontamination area during

operation of the original burial ground (Ryan, 1983; WSRC, 1997). HP maps indicate that

contaminated equipment and vessels were temporarily stored on the surface at several

locations within the western expansion (WSRC, 1997).

I 1.3 Computerized Burial Record Analysis

The most extensive source of information on the ORWBG is the COBRA database, which

contains records of waste disposed horn 1952 through 1974. The COBRA system was

started in the first quarter of 1961, and historical data were entered for the years horn startup

to 1960 (WSRC> 1997).

The COBRA database is based on information contained on “Radioactive Solid Waste Burial

Ground Record” forms, also referred to as “burial slips”. The forms were completed for each

waste shipment, The database only contains information from these forms. It should be ●
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emphasized that radiological waate is the primary focus of COBRA and the information

entered on the burial slips does not generally list other material that may now be of concern,

such as mercury, cadmium, or volatile organic compounds (VOCS). Nonradioactive materials

appear as incidental comments in COBRA, if they appear at all.

The COBRA database is a valuable aid in deterrniuing the operational history of the ORWBG

and developing reasonably accurate source term calculations for the radiological

contaminants. It is usefil for listing waste received from specific buildings, especially after

1961. WSRC (1997) describes and tlscusses the database in detail and draws the following

conclusions regarding use of COBW

(1) From 1961 to 1971, monthly waste volumes typically ranged from 25,000 to 50,000

cubic feet. Yearly waste volumes were fairly uniform, averaging about 300,000 to

500,000 cubic feet (WSRC, 1997).

(2) Many COBRA records do not include the coordinates of the burial location. The

burial locations which appear in the COBRA database cover ordy a part of the

operational life of the ORWBG. Location information is not available from COBRA

for burials prior to 1961 (WSRC, 1997).

(3) COBRA indicates significant overlap of trench type and waste type both within

individual trenches and across trench groups. Individual trenches appear to contain

burials assigned to multiple trench types (different COBRA burial codes). For

example, a single trench may, over a short distance (or even within a single 20 foot x

20 foot location cell), contain burials listed in COBRA as low-level beta gamma

trench, low-level alpha trench, high-level beta-gamma trench, or a combination of the

five burial codes that are actually used in COBRA. Most trenches likely contain a

variety of waste types. Idedlzed grouping of trenches into waste areas, such as a

cluster of low-level, beta-gamma trenches, should be viewed with caution (WSRC,

1997).

(4) The ORWBG coordinates recorded in COBRA are not “survey grade”, and in most

cases are probably only accurate to within 20-60 feet of actual burial locations

(WSRC, 1997). However, burial containers (potentially retrievable TRU) and

concrete pours appear to have a relatively high degree of orgtization within the

ORWBG, and their plotted locations tend to be limited to certain trenches

(WSRC, 1997).
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(5) Individual trenches and/or active portions of trenches can be tracked through time,

with moderately good agreement between burial locations and trench boundaries. ●
Operations personnel at the 0RwF3G ofien approximated coordinates of burial

locations, especially in trenches with long axes oblique to the rectilinear grid system.

This is particularly common in the western expansion @lgore 1-2) (WSRC, 1997).

I 1.4 Constituents of Interest and Recent Source-Term Investigations

Constituents of Interest (COIS) for the ORWrBG have been identified through evaluation of

previous characterization and monitoring data, the COBRA database, process history, and

historical documentation (WSRC, 1997). The COI list includes the constituents considered to

be the most mobile, those considered to have a large invento~, long-lived radionuclides, and

hazardous material known to be buried in the ORWBG (Table l-l).

Results of a recent source-term investigation for the ORWBG are presented in WSRC (1997).

This study supports the Resource Conservation and Recovery Act (RCRA) Facility

InvestigatiotiemediaI Investigation (RF~) of the ORWBG by expanding the

understanding of the facility and its contents, and represents a detailed review of over 300 key

documents. The report integrates the literature review with aerial photographs, construction

drawings, burial maps prepared by HP st~, the COBRA database, and interviews with o

current and former SRS stafTto refine itiormation regarding waste volumes and their source;

the location and time of burials; waste type, form and Ieachabllitfi trench type and disposal

characteristics; and the variety of contamination. WSRC (1997) includes a summary of burial

history, inventory estimate, and leachability evaluation for each of the 16 COIS identified for

the ORWBG RF~,

AppendIces A-P of WSRC (1997) present source terms for each of the COIS. The source

terms include estimates and assumptions used to evaluate the inventory, distribution, waste

form, and leachability for each COI, The COI inventory presented in WSRC (1997) combines

data contained in COBRA with estimates made independently using process knowledge. A

summary of source terms for the COIS as reported in WSRC (1997) is presented in Appendix

A to this report,

I 1.5 Groundwater Monitoring

This report summarizes results from monitoring of the water table in the vicinity of the

ORWBG during the period from 1990 through 1995. The primary source of groundwater

samples analyzed during this period is the network of monitoring wells installed in and around o

I

I Cndm,ml .&c

1
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m the ORWBG. Most of the groundwater data used in this report originates from these wells.

Additional data include analyses of samples taken using cone penetrometer and Hydropunch”

technology. These data are the result of recent field investigations conducted in the vicirrity of

the ORWBG (WSRC, 1995; WSRC 1996b).

1.6 Purpose and Objectives

This report is a data summary designed to support the RFI/RI process by expanding and

refining the current understrmdlng of the ORWBG inventory. This report is an extension of a

part of the detailed tritium transport model presented in Flach et al. (1996a) rmd basic

contarrrinarrt mapping presented in Flach et al. (1996b).

This report presents available groundwater data in the context of the inventory estimates arrd

burial distributions generated by the recent source-term investigation (WSRC, 1997). This

report compares results from analyses of groundwater samples taken from the water tabIe

with maps of burial locations from COBRA inventory records for the 16 COIS. The

groundwater data are processed into two-dimensional (2-D) grids and contoured to illustrate

the relative distribution of COI detections in the water table beneath the ORWBG. The

● contours are superimposed over the burial distributions to attempt initial correlations between

the COI inventory and observed groundwater contamination. Preliminaw correlations will

serve as an aid in determining how the buried inventory at the ORWBG has affected the

underlying water table.

The objective of this data summary is to compare two vastly different sets of concentration

data and attempt a rough correlation between their distributions. The two data sets are each

based on rmique assumptions, measurement techrriques, and methods of validation and

qualification. Identification of discrete, individual point sources for the contarnimnts based on

this depiction is conjectural at best.
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Table 1-1. Constituents of Interest (COIS) for tbe Old Radioactive Waste Burial
Ground (ORWBG)

Hazardous High Lived Large

Nonradioactive Material Mobility (> 25 yr) 3nventory

1.

2.

3.

4. ‘: ‘=
Volatile Organic Compomds (VOCs)

Radioactive

5. ‘fritimn

6. Carhn-14

7. CoLmlt-60

8. StrOntimn-90

9. Technetimn-99

10. Iodine-l 29

11. Cesimn-137

12. Nephmium-237

13. Urmimn-235

14. Urmium-238

15. Plutonium-238

16. PlutOnimn-239

@-3) ● ●
(C-14) ● 1010

E.=
(CO-60)

(Np-237) ●

::ZB
(U-235)

(U-238)
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2.0 METHODS

2.1 Data Collection

Data used in this report include burial locations for waste disposals recorded in the COBRA

database and concentrations of COIS measured in groundwater samples taken from the water

table in the vicinity of the ORWBG. Data collection involved queries of electronic databases

rmd reviewing recent SRS technicrd documents for pertinent tables of monitoring results.

Data utilized includes the Geochemical Information Management System (GfMS), which

contains SRS monitoring well data. Data from recent site characterization activities were

used to supplement the well data.

2.1.1 Computerized Bun”al Record Analysis Data

Recorded and estimated concentrations of the COIS were searched and summed at each burial

location in the COBRA database. The querying operation followed the same assumptions

used in determirring the source term as described in Appendices A through P of WSRC

(1997). For each COI, the query generated a list of every burial location and the total activity

associated with the COI at each location. If COBRA does not record any waste associated

with the COI, an activity level of “O” was posted at that burial location. These results were

dowrdoaded as spreadsheet files for loading into spatial-anrdysis software.

2.1.2 Geochemical Information Management System Data

Well locations and as-built details were dowrdoaded from GIMS on the basis of the prozimity

of the wells to the ORWBG. Results from groundwater rmalyses in these ORWBG wells were

dowrdoaded from GIMS. The data were annusdly averaged to dampen transient fluctuations

in concentrations (FIach et rd.,1996a).

Table 2-1 presents construction details for all monitoring wells used in this report. The table

incorporates data from the SRS GIMS database of monitoring well construction information.

2.1.3 Data from Savannah River Site Documents

Additiorrd groundwater data are available from recent field investigations (WSRC, 1995;

WSRC, 1996b) The reports were reviewed for pertinent results of groundwater analyses horn

ORWBG wells, cone penetrometer samples, and Hydropunch@ samples. Sampling locations

are listed in Table 2-1.
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Data from tables in the field reports were entered into Excel spreadsheets. The spreadsheets

were reviewed to identifi typographical errors and ensure accurate reproduction of the @

original tables from the documents. The spreadsheets were used to normalize the reported

concentrations of radionuclides to picocuries per titer (pCiL) and reported concentrations of

nonradioactive constituents to micrograms per liter (ufi). TabJes 2-2 and 2-3 summarize the

analytical data used in this report,

I 2.2 Mapping Techniques

EarthVision@ was used to create burial distribution maps for the COI inventory from the data

extracted from COBRA. The location data derived by the process described in Section 2.1.1

were compiled into maps to illustrate the meal distribution of waste burials associated with

each COI.

EarthVlsion@ was used to calculate 2-D grids of the COI concentration in sampling points in

the water table. The gridding algorithm produces 2-D surfaces (2-D grids), which represent a

best fit of x, y, z data points. In this case, x and y are the grid coordinates and z is the

concentration of the COI at that location. The 2-D grids for groundwater data were

calculated as best fits of all data within the five-year data set for lead, mercury,

perchloroethane (PCE), tricbloroethylene (TCE), gross alpha, non-volatile beta, and tritium. e

The 2-D grids represent a best fit of all annual-averaged concentrations from each location

over a period of five years. The average value for each sample location is given in Tables 2-2

and 2-3. These tables provide summary statistics for the range and average values for each

COI. The grids may be viewed as contour maps to delineate areas of high COI

concentrations, and to indicate trends in the concentrations of COIS within the water table.

The presentation model created in EarthVlsion” for the groundwater data uses a clipping

polygon to isolate detected concentrations originating in the ORWBG from detection in wells

adjacent to nearby seepage basins (Figure 2-1). The clipping polygon uses non-detect values

posted along its edge as gridding control points to minimize errors due to model

extrapolation. Flach et al. (1996a) set these control points to non-detection levels of 1 ug/L

for nonradioactive constituents and 0.001 pCi/L (1 pCi/mL) for radioactive constituents.

Presentations in this report follow this convention for the grid control points. Actual non-

detect levels for the analyses vary considerably from sampIe to sample,

All contour maps of COI burial distribution and groundwater concentrations were

automatically created using EarthV1sion@and do not reflect any additional interpretation or
o

13n.-wm.m!.&
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●
insights from conceptual modeling. The contours that appear on the maps are not intended to

be quantitative illustrations of COI activity or concentrations in the water table. The maps

illustrate relative changes in concentration between data points and should not be considered

predictions of spatial distribution of contaminants.
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Groundwatcr Sample Locations and Grid Control Points I
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Figure 2-1. Groundwater Sample Locations and Grid Control Points
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Table 2-1. Well Construction Details for Groundwater Sampling Points in the
Vicinity of the Old Radioactive Waste Burial Ground

I
I Ground ToP of Top cdWeU Bonomof

I

SRS SRS Easting Surface casing (ft Screen Well Screen

Well Name Northing (ft) (ft) (ft ml) ml) (ft ml) (Mml)

I Burial Ground Grid WefLr

MGA- 1

MGA-5

MGA-7

MGA-11

MGA.19

MGA-21

MGA-23

MGA-32

MGA-36

MGC-3

MGC-5

MGC-7

MGC-9

MGC-13

MGC-19

MGC-21

MGC-23

MGC-30

MGC-32

MGG36

MGE-1

MGE-3

MGE-5

MGE-7

MGE-9

MGE.-13

MGE-17

MGE-I 9

MGE-21

MGE-23

MGE-30

MGE-32

MGE-34

MGE-36

MGG-3

MGG-5

MGG-7

MGG-I 3

MGG- 15

MGG-17

MGG-19

76003.60

75766.80

75644.00

75409.90

74927.00

74s11.50

74688.60

74144.80

73904.00

75733.00

75606.60

75502.40

75372.10

75132.70

74770.10

74649.90

74528.30

74099.30

73982.10

73738.90

75695.10

75573.90

75453.80

75333.00

75215.10

74971.00

74731.60

74608.50

74487.80

74369.30

73935.80

73819.00

73695.00

73573.00

75410.00

75303.00

75172,00

74821.00

74699.00

74578.00

74456.00

55100.10

55417.00

55571.90

55891.20

56527.00

56687.20

56844.50

57565.00

57891.50

5s139.70

5S293.00

55465.00

55610,70

55931.40

56408.70

56566,50

56726.60

57292,30

57448,80

57776,00

54857.40

55015.90

55174.70

55331.30

55489,40

S5809.90

56127.30

56287,60

56446.20

56609.20

57175.40

57332.60

57495.10

57657.30

54888.30

55058.60

55208.50

55690.90

55851.50

56011.70

56174.30

280.50

284.30

283.60

294.40

282.20

286.20

283.70

284.60

296.20

279.40

281.50

282.40

282,30

290.50

284.60

285.40

283.90

280.70

287.00

294.40

272.70

275.90

279.80

279.50

281,10

286.40

284.10

281.90

282.90

280.40

280.30

285.80

292.20

293,70

286,80

281,50

279.20

284.30

282.30

280.10

278.00

282.50

286.30

285.60

296.40

284.20

288.20

285.70

286.60

298.30

281.70

284.00

284,60

284.10

292.50

286.60

287.40

287.70

282.70

298.00

296.60

274.70

277.90

282.70

282.10

283.60

288,40

286,10

283.90

28S,00

282.40

282.20

287.80

294.40

295.70

288.80

283.80

280.40

286.30

284.00

282.10

280.00

242.50

2M.30

243.60

244.40

248.20

249.20

247.70

250.60

254.20

240.70

242.00

242.60

237.30

245.50

234.60

248.40

247.90

249.70

252.00

254.40

234.70

235.90

240.70

240.10

238.10

241.40

244.10

244.90

247.90

247.40

249.30

252.80

257.20

254.70

246.80

241.80

238.40

243,30

243,30

246.10

246.00

222,50

224.30

223.60

224.40

228.20

229.20

227.70

230.60

234.20

220.70

222.00

222.60

217.30

225.50

230.60

228.40

227.90

229.70

232.00

234.40

214.70

215.90

220.70

220.10

218.10

221.40

224.10

224.90

227.90

227.40

229.30

232.80

237.20

234.70

226.80

221.80

218.40

223.30

223.30

226.10

226.00



WSRC-TR-97-O0330 Rev. 1.0, SununarY of Water Table Monitoring for tie ORWBG 21

0 Table 2-1. Well Construction Details for Groundwater Sampling Points in the
Vicinity of the Old Radioactive Waste Burial Ground (Continued)

Gruund TOPof Top of Well Bottom of

sRS SRS Easting Surface casing (ft Screen Well Screen

Well Name Northing (ft) (ft) (ft ml) ml) (ft ml) (ft ml)

Burial Ground Grid Web (continue~

MGG-21 74334.00

MGG-2 IA 74334.00

MGG-21B 74334.00

MGG-21P 74334.00

MGG-23 74214.00

MOB-28 73905.00

MGG-30 73781.00

MGG-34 73536.00

MGG-36 73413.00

MGI-5 75131.00

MG1-7 75030.00

MG1.9 74908.00

MG1-I5 74538.00

MGI-17 74417.00

56333.10

56333.10

56333.10

56333.10

56491.80

56895.40

57059.50

57379.70

57541.70

54924.80

55099.10

55252.40

55730.70

55890.30

Weti Just Outiidethe Burial Ground Fence

BG-52 75910.40

BG-53 76157.30

BG-54 75837.90

BG-55 75525.30

BG-56 75206.50

BG-57 75000.40

BG-58 74790.90

BG-59 74593.40

BG-60 74386.30

BG.61 74075.40

BG-62 73971.60

BG-63 73754.50

BG4 73547.20

BG-65 73340.60

BG-66 73585.00

BG-67 73954.10

Burial Ground Pertier Web

BGO-26D 76128.00

BGO-27D 75677.30

BGO-28D 75348.30

BGO-29D 75592.50

●
BGO-30D 75187.70

BGO-31D 74985.30

BW-32D 74727.00

55524.30

55073.90

54830.30

54590.50

54481.90

54820.00

55162.30

55508.30

55850.30

56360.80

56530.90

56870.50

57212.40

57552.70

57805.00

57902.60

55015.20

54680.20

54457.90

54099.40

54499.20

54841,70

55250.20

277.60

276.10

274.30

278.00

288.60

290.50

276.50

276.10

278.70

277.50

275.50

279.60

277.80

276.50

280.00

290.60

291.20

278.40

278.10

280.70

279.50

277,50

246.60

247.10

250.30

253.00

253.60

252.50

240.40

242,10

241.70

222.50

241.50

226.60

227.10

230.30

233.00

233,60

232.50

220.40

222.10

221.70

218.50

221.50

287.60

283.80

275.30

274.80

272.60

270.90

276.10

280.90

273.60

272.50

270.50

272.40

283.30

289.10

294.30

292.80

283.50

274.30

275.10

263.50

272.80

271.60

279.5o

289.80

285.70

277.20

276.90

274.90

272.60

278.20

282.70

275.50

275.00

272.50

274.20

285.30

290.90

296.00

294.70

285.50

276.30

277.40

265.50

274.80

273,70

281.70

243.80

234,70

235.20

234.90

230.90

234.60

238.20

237.70

235.50

245.00

242.50

244.20

247.30

250.90

251.00

244.70

233.50

229.30

230.10

228.50

227.80

231.10

234.50

223.80

214.70

215.20

214.90

210.90

214.60

218.20

217,70

215.50

225.00

222.50

224.20

227.30

230.90

231.00

224,70

213,40

209.30

210.10

208.50

207.80

211.10

214.50
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Table 2-1. Well Construction Details for Groundwater Sampling Points in the
Vicinity of tbe Old Radioactive Waste Bnrial Gronnd (Continued)

Ground Top of Top of Well Bottom of

SRS SRS Easting Surface Casing (ft Screen Well Screen

Well Name Northing (ft) (ft) (ft ml) ml) (ft ml) (ft ml)

Burial Ground Perimeter WeOs(continued)

BBO-33D

BW-34D

BW-35D

BOO-36D

BOO-37D

BOO-38D

BGO-39D

BGO.40D

BOO-45D

Be3046D

Bf3047D

B~4SD

BGm9D

BOO-50D

BOO-51D

BOO-52D

74468.70

74228.80

73946.00

73743.80

73490.80

73329.30

735s3.50

76125.80

75854.30

75033.80

74739.70

745S6.40

73931.50

751SI.30

74118.00

74617.30

Other Monitoring Web
FSS-ID 75257.60

FSS-2D 75103.50

FSS.3D 74960.50

HIW-2D 73269.20

HSB-138D 73160.20

HSB-143D 73754.00

HSB-147D 73827.90

HSB-151D 72997.80

ZW-5 75767.40

Hydropunch Sampti

oFS-1 74967.50

OFS-2 74671.00

OFS-3 74270.00

0FS4 73874.00

oFS.5 73623.00

COne-PenetrOmeterSnmp14?s

SWC-2 72892.00
SWC-3 72660.00
SWC4 72524.00
SWC-5 73728,S0
SWC-6 73303.00

55695.40

560S2.60

56556.50

5688S.10

57292.90

57557.50

57831.00

54638.60

54585.60

54420,00

54922.90

55121.00

56198.S0

54209.10

57860.60

57201.40

53897.60

53918.90

53548.00

56750.20

55260.70

52774.50

55804.40

54026.40

54708,60

54032,60

5384s.00

54579.00

55188.00

54298.00

542W.00

54443.00

54700.00

53360.00

5405s.00

278.10

272.70

271.40

273.30

285,10

289.30

293.70

286.40

276.60

263.10

265.40

275.00

269.50

254.00

287.10

282.10

263.90

259.40

255.80

275.80

250,10

220.90

265.20

211.60

273.50

261.60

257.50

258.10

258,70

228,70

212.30

213.40

231.20

246,50

224.00

280.30

274.90

273.50

275.40

287,30

291.60

295.70

288.40

278.60

265,10

267.40

276.90

271.50

256,00

289,30

233,10

232.70

239.40

243.30

246,10

242.30

244.70

226.50

229.60

212.10

213.40

212.00

238.50

228.00

240.10

213.10

212.70

219.40

223,30

226.10

222,30

224.70

216.60

209.60

202.10

203,40

202.00

218.50

208.00

220.10

G“ht..*l.dM
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0 Table 2-1. Well Construction Details for Groundwater Sampling Points in the
Vicinity of the Old Radioactive Waste Burial Ground (Continued)

Ground ToP of Top of WeU Bottom of

sRS SRS Easting Surface Casing (ft Screen Wefl Screen

Well Name Northfig (ft) (ft) (ft ml) ml) (ft mo (ft ml)

COne-PenefrOmeter SnWh (condnue@

SWC-9

Swc-1 o

Swc-11

SWC-12

SWC-13

SWC-14

SWC-16

SWC-17

SWC-18

swc.19

SWC-20

SWC-21

SWC.22

SWC-23

SWC-24

SWC-25

SWC-26

SWC.27

SWC-28

SWC-29

SWC-30

SWC-31

SWC-32

SWC-33

SWC-34

SWC-35

72875.00

73984.00

73835.30

73623.00

73477.50

73296.00

74521.50

74318.50

74144.50

73941.50

73757.80

73545.10

73390,50

74859,90

74671.00

74453.80

74270.20

74144.50

73873.80

73788,00

74763.20

74560,20

74386.20

74173.50

74018.80

74967.50

Notes

no daralnot applimble

54982.00

53497.00

53853.20

54298.00

54549.80

54758.00

53331.00

53679.20

54046.80

54356.40

54714.30

54975.50

552a5.oo

53466.40

53848.00

54191.90

54578.80

54907.70

55188.30

55423.00

54375.70

54723,90

55062.50

55333.40

55633.30

54032.60

236.20

251.90

248.30

228.70

245.40

243.30

249.40

255.20

225.50

249.60

249.40

251.90

254.90

251.30

257.50

242.90

258.10

266.90

258.70

259.60

242.80

253.20

276.40

271.00

266.30

261.60

●

Gndw.lcrtil.dm
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Table 2-2. Average Concentrations of Metals and VOCS in Groundwater Samples from
the Water Table During the Period 1990-1995

~ - ~ ~

Average Number of Averase Number of Average Number of Average Number of

well N~~e COnC. (UW) halySes Cone. (uw) Aaalyses Cone. (u~) Analyses Cone. (u~) Analyses

Burial Ground Grid Weti

MGA-1

MGA-5

MGA-7

MGA-11

MGA-19

MGA-21

MGA-23

MGA-32

MGA-36

MGC-3

MGC-5

MGC-7

MGC-9

MGC-13

MGC-19

MGC-21

MGC-23

MGC-30

MGC-32

MGC-36

MGE-1

MGE-3

MGE-5

MGE-7

MGE-9

MGE-13

MGE-17

MGE-19

MGE-21

MGE-23

MGE-30

MGE-32

MGE-34

MGE-36

MGG-3

Cnd-taml.dm

41.275

169.883333

1063.66667

355.2

156.1S

2s.9133333

550.59

240.35

24.61

274.25

2

3

3

2

3

3

3

3

3

2

1

1

1.00333333

1.115

4.0S666667

1

1.72333333

1.61333333

1

1

1

1

2

2

3

1

3

3

1

1

4.19

1

1

1

7,51

6.32
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Table 2-2. Average Concentrations of Metals and VOCS in Groundwater Samples from

~
the Water Table During the Period 1990-1995 (Continued)

@ ~ ~ ~

Average Number of Average Nmnk of Averase Numkr of Average Number of

We,, Name Cone. (u~) Analyses Cone. (ug/L) Analyses Cone. (u~) Analyses Cone. (us/L) Analyses

Buriid Ground Grid Weti (continue@

—.

I

MGG-5

MGG-7

MGG-13

MGG-15

MGG-17

MGG-19

MGG-21

MGG-21A

MGG-2 lB

MGG-21P

MGG-23

MGG-2S

MGG-30

MGG-34

MGG-36

MGI-5

MGI-7

MGI-9

MGI-15

I MG1-17

240.35

171.666667

228.75

282.7S3333

2

3

2

3

We& JustOuisidethe Burial Ground Fence

BG-52 43.6275 4

BG-53 -.

BG-54 60.34 4

BG-55 62.045 4

BG-56

BG-57

BG-58 . .

BG-59 350.333333 3

BG-60 34.5 3

BG-61 19.07 3

BG-62 -.

BG-63

BG-64

BG-65

2.32

1.14333333

4.46

5.6

1.546

1

1.43

4.1925

1.M25

1.34

2

2 I

2 I

3

3

1 1

4 1

3

2

2

1

1

1

1

1

1

1

27.6

1

1

1

1

.-
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Table 2-2. Average Concentrations of Metals and VOCS in Groundwater Samples from
the Water Table During the Period 1990-1995 (Continued)

~ ~ @ ~

Average Num& of Average Number of Average Number of Average Nmnb of

we]] Name COM. (Ufi) ~alyses Cone. (u~) Analyses COnc.(uw) Analyses Cone. (u~) Analyses

Weti Just Ousi& the Burial Ground Fence (cotiinue@

BG-66

BG-67 31.6675 4

Barial Ground Perimeter Web

BW-26D

BW-27D

BW-2SD

Bw-29D

BW-30D

BW-31D

BW-32D

BW-33D

BW-34D

BW-35D

BW-36D

BGO-37D

BW-3SD

BGO-39D

BW40D

BW45D

BW6D

BW47D

BW4SD

BW-49D

BW.50D

B@51D

BW-52D

16.00142S6

15.4633333

14.5166667

4.194

22.3366667

5.15166667

22,7833333

9.37

8.s1

11.4s5

17.23S3333

6.S8166667

4,06333333

1.84

25.63

1.066

1.192

1.194

1.59s

2.S6

1.134

1.21

1

Ofher Montioring Wefi

FSS-ID 32.395

FSS-2D 27.4383333

FSS-3D 286,731667

HfW-2D 1

HSB-13SD 13.71142S6

HSB-143D 1.26666667

HSB-147D 8.16166667

7

6

6

5

6

6

6

6

6

6

6

6

6

5

5

2

3

2

3

5

2

2

I

6

6

6

1

7

2

6

2.24S

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1.16166667

1

1

1

1

1

5

1

1

1

1

1

1

1

I

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

2

1

1

1

1

1

1.11

1

2.255

1

2,46666667

1,23

10.0766667

1.33333333

1.1s

1.26333333

1.03333333

1.04166667

1.01666667

1.045

2,o6

I

9.842

1.142

49.996

I

1.116

1

1

1

1

1

1

1

1.25666667

1

4

1

6

1

6

3

6

2

3

3

2

2

2

3

2

1

5

3

5

1

4

1

1

1

1

1

1

1

2

1

5.145

1

201.95S333

1

53.31

1.02S33333

4.58666667

1.00666667

I

1

1

1

1.02833333

1

1.94

1.008

53.434

10.444

98.016

1

11.732

1

1

1

1

1

1

1

1.01

1.00333333

4

1

6

1

6

2

6

2

I

1

1

1

2

1

5

2

5

5

5

1

5

I

I

●

I
e

1

2

2 ●
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Table 2-2. Average Concentrations of Metals and VOCS in Groundwater Samples from
the Water Table During the Period 1990-1995 (Continued)

~ ~ ~ ~

Average Numk of Average Number of Average Number of Averase Numb of

we,, Name Cone. (u~) Analyws COnc.(~) Analyses COnc.(u~) Analyses Cone. (u~) Analyses

Other Montiori.g We& <cotiinue@

HSB-151D 6.13333333

ZW.5 6S3.276667

Hy&opunch Samples

OFS-lA 1

oFs-lB 1

oFS-U 1

OFS-2B 1

OFS-3A 1

OFS-3B 1

0FS4A 1

OFS-5A 1

Cone-Peneiromeier Smpfes

SWC-2A I

SWC-3A 1

SWC-4A 1

SWC-5A 1

SWC-5A 1

SWC-9A 1

SWC-1OA 1

SWC-11A 1

SWC-12A 1

SWC-I 3A 1

SWC-14A 1

Swc-16A 1

SWC-17A 7

SWC-15A 1

sWC-18B 1

SWC-19A 1

SWC-19B 1

SWC-20A 1

SWC-21A 1

SWC-22A 1

SWC-23A 1

SWC-23B 1

3

3

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

I

2.H333333

1.09166667

2.68

1

23.27

4.S8

2

4.45

I

6.29

1

1

1

1

1

1

5.52

I

I

1

1

1

1

I

1

1

1

1

1

I

1

1

2

1

1

1

1

1

1

1

I

1

1

1

1

1

1

I

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1.01s33333

1

5.6

1

94,32

1

93.29

1,17

1

1

1

1

1

1

1

139.3

1

1

1

1

1

1

1

2.54

1

16.92

1

1

1

1

1

2

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

I

1

1

1

1

1

I

1

1

1

1

I
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‘l’able 2-2. Average Concentrations of Metals and VOCS in Gronndwater Samples from
the Water Table Dnring the Period 1990-1995 (Continued)

~ ~ ~ ~

Average Number of Average Number of Average Number of Average Numti of

WeII NaIIIe cOnC.(u~) ~lyses Cone. (us/L) Analyses Cone. (u~) Analyses Cone. (n~) Analyses

Cone-PenetrOmeter Smpl&5 (coniinueg

SWC-24A 5

SWC-25A 1

sWC-25B 1

sWC-26A 1

SWC-26B 1

SWC-27A 1

SWC-27B 1

SWC-2SA 1

SWC-29A 1

SWC-30A 1

SWC-30B 1

SWC-31A 1

SWC-31B 1

SWC-32A 1

SWC-32B 1

SWC-33A 5

SWC-33B 1

SWC-34A 1

SWC-34B 1

SWC-35A 1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1SWC-35B 1.

-m 1063.66667 7 5,6

1

1

1

1

1.4s

1

1

1

1

1

S4.07

1

15.9g

1

2.09

1

1

1

1

1

1

1 1

1 1

1 4.43

1 1

1 49.37

1 1

1 1.36

I 1

1 1

1 1

1 356.S

1 1

1 296.2

1 1

1 11

1 1

1 1

1 1

1 1

1 1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1 4.95 1

6 356,8 6
_m

1 1 1 1 1 I 1 1

Average 55.31 2.51 1.41 1.55 3.47 1.52 1s.42 1.51

count 104 104 53 53 88 Sg 88 88

Notes

Non-detections are noted as 1 u@

no smple

I
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● Table 2-3. Average Concentrations of Radioactive Constituents in Gronndwater
Samples from tbe Water Table During the Period 1990-1995

W ~ m

Average Average
Cone, Numb of Cone. Number of Average Cone. Number of

Well Name (~i/L) Analyses (Xfi) tiyses (pci/L) Analyses

Burial Ground Grid We&

MGA-1

MGA-5

MGA-7

MGA-11

MGA-19

MGA-21

MGA-23

MGA-32

MGA-36

MGC-3

MGC-5

●
MGC-7

MGC-9

MGC-13

MGC-19

MGC-21

MGC-23

MGC-30

MGC-32

MGC-36

MGE-1

MGE-3

MGE-5

MGE-7

MGE-9

MGE-13

MGE-17

MGE-I 9

MGE-2 1

MGE-23

MGE-30

MGE-32

MGE-34

MGE-36

●
MGG-3

MGG-5

21.56

12.4375

61.707

670.25

94.524

23.15

536.5266

43.2505

s6.8308333

83.25

2

6

6

2

6

5

5

2

6

2

22.055

20.1091667

17.6193333

524

93.1813333

19.2294

278.1S

33,05

67.1231667

112.025

2

6

6

2

6

5

5

2

6

2

29275

227850

19S12.5

120

107

249

955.5

157

148605.75

102475

S300

318500

16871,29167

3389.5

25.55666667

2840

5228.895

13297

7798.7495

41020.277S3

5s105

79745

59027.5

161551

16.213

206.5

174

219.5

8813.5

285.5

138.8525

71645.5

171459,3333

305217,5

9060

715

2 I
1

2

2

2

2

2

2

2

2

1

1

6

2

6

2

2

2

6

6

2

2

2

2

5

2

1

2

3

2

6

2

3

2

2

1

-“ml.d.
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Table 2-3. Average Concentrations of Radioactive Constituents in Groundwater
Samples from the Water Table During the Period 1990-1995 (Continued) ●

Avemge Average

Cone. Number of COnC. Number of AveraSe Cone. Number of

Well Name (pci/L) Analyses (pci/L) hlyses (pci/L) Analyses

Burti Ground Grid We& (continue@

MGG-7

MGG-I 3

MGG-15

MGG-I 7

MGO-19

MGG-21

MGG-21A

MGG-2 IB

MGG-21P

MGG-23

MGG-2s

MGG-30

MGG-34

MGG-36

MG1-5

MGI-7

MGI-9

MGI-15

MGI-17

17s.37s333

200.80075

326.61775

3.095

S7.2256667

3

4

4

2

6

WeflsJust Outride the Buriaf Ground Fence

BG-52

BG-53

BG-54

BG-55

BG-56

BG-57

BG-58

BG-59

BG-60

BG-6 1

BG-62

BG-63

BG-64

BG-65

BG-66

BG-67

20.6266667

1.28

23.S47

lg.905s333

4.gl

0.63

1.07

21.7036

10.5278

20.3446

70.944

0.31

1,03

0.25

0.5

20.0335

6

1

6

6

1

1

1

5

5

5

1

1

1

1

1

6

120.S35

138.17S25

51.78525

5.065

60.S375

15.7111667

2.22

34.455

52.S943333

6.08

0.9s

1,36

15.478

9.91S2

2s.6214

S3.148

0.56

0.42

0.62

0.71

21.0503333

3

4

4

2

6

6

1

6

6

1

1

1

5

5

5

1

1

1

1

1

6

11722.5

211784

955.97

21S507.5

90.6525

15496.5

12125

519005

11175012

125.298

96.8

677.5

1934525

90659.39667

15374

1s0439

65104,5

236

136

152.125

14.8

27.242S3333

3794.s33333

49944

69.3

14.9

16.3316

16.7758

25.1406

20.067

26.9

23.2

24,8

32,4

3S65.795333

2

2

3

2

4

2

2

2

2

5

2

2

2

6

2

2

2

2

2

6

1

6

6

1

1

1

5

5

5

1

1

1

1

1

6
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Table 2-3. Average Concentrations of Radioactive Constituents in Groundwater
Samples from tbe Water Table During the Period 1990-1995 (Continued)

U & -

A.erare Average
-–—e–

Cone. Numk of Cone: Number of Average Cone. Numkr of

Well Name (Wfl) Analyses (pciiL) Analyses (pci/L) Analyses

Burial Ground Perimeter We&

BOO-26D

BGO-27D

BOO-2SD

BOO-29D

BGO-30D

BGO-31D

BW)-32D

BW-33D

BW-34D

BW-35D

BOO-36D

BW-37D

●
BW-38D

BW-39D

BW40D

BW45D

BW46D

BW47D

BW-4SD

BW49D

BW-50D

BW-51D

BW-52D

1.07733333

1.35366667

6.82S

4.7306

8.095

2.427

7.78583333

3.68283333

1.25283333

1.3s733333

1.67616667

0.87385714

2.141

2.16166667

1.891s

0,4526

1.s77

2.4632

11.365

0.1476

3.0024

0.47s5

0.001

@her Montioring Weti

FSS-lD

FSS-2D

FSS-3D

HfW-2D

HSB-138D

H8B-143D

H8B-147D

HSB-151D

ZW-5

1.61616667

2.6045

2.21583333

1.2

0.022142S6

0.s555

0.91133333

0.24766667

4.07466667

4

5

6

5

6

6

6

6

6

6

6

4

6

6

5

3

5

5

5

3

5

2

I

6

6

6

1

2

6

4

4

6

1.519

2.20633333

5.37216667

3.7042

7.07116667

2.05333333

6.136

4.93916667

2.43133333

1.753

2.00533333

0.506

2.39066667

2.46733333

26.3644

0.2794

1.2196

0.9796

6.S224

0.1354

2.468

0.47s5

0.001

2.4856

3.5122

3.2418

1.1

6.17S2S571

0.39

0.682S3333

1.60666667

4.6152

6

6

6

5

6

6

6

6

6

6

6

5

6

6

5

3

5

5

5

3

5

2

1

5

5

5

1

6

4

4

6

4

10.58316667

670.2933333

137071.3685

12.1636

35504.02917

229.4733333

2656.752833

63.!34416667

27.3

214.2883333

28.645

29.3825

30.1425

36.S9333333

5.6642

179.31s

77050.1554

1790.35

74952.429

22.5936

3534.95

24.9

20.4

10.41283333

149.3706667

96.662

22.075

579.0088333

11.5956

17.598

248.0516

39.54166667

6

6

6

5

6

6

6

5

5

6

6

6

6

6

5

5

5

5

5

5

5

1

1

6

6

6

1

6

5

5

5

6

C,ldvmluml.b
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Table 2-3. Average Concentrations of Radioactive Constituents in Groundwater
Samples from tbe Water Table During the Period 1990-1995 (Continued)

u ~ m

AveraSe Average

Cone. Number of Cone. Number of Average Cone. Number of

Well Name (pcfi) Analyses (pCiL) Analyses (pci/L) Analyses

Hydropunch $ampti

oFS-lA

OFS-lB

OFS-2A

OFS-2B

0FS-3A

OFS-3B

0FS4A

OFS-5A

Cone-PenetrOmder Samp14?s

sWC-2A

sWC-3A

sWC4A

sWC-5A

SWC-6A

SWC-9A

sWC-1 OA

sWC-11A

sWC-12A

SWC-13A

SWC-14A

SWC-16A

sWC-I ‘7A

sWC-15A

SWC-18B

SWC-I 9A

SWC-19B

SWC-20A

SWC-21A

SWC-22A

SWC-23A

SWC-23B

SWC-24A

SWC-25A

SWC-25B

SWC-26A

SWC-26B

100

5400

I00

42000

100

5goo

100

100

S20

I30

100

100

100

100

52000

350

100

100

100

100

1300

110

170

100

27000

100

100

100

190

100

100

I00

1400

100

3200

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

I

1

1

1

1

1

1

I

1

1

1

1

1

1

1

I

1

1

1

CIUJw.k.@l.dc=
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Table 2-3. Average Concentrations of Radioactive Constituents in Groundwater
Samples from the Water Table During the Period 1990-1995 (Continned)

w @ m

Averase Average--
Cone. Number of Cone; Number of Averase Cone. Number of

WelI Name (pciA,) Analyses (mfi) Analyses (@i/L) ~yses

COne-PeneSrOmder Sampk (cotiinue@ ~
SWC-27A 100 1

SWC-27B 62000 1

sWC-28A 2400 1

sWC-29A 100 1

SWC-30A

sWC-30B

sWC-31A

sWC-31B

sWC-32A

sWC-32B

sWC-33A

SWC-33B

sWC-34A

sWC-34B

SWC-35A

-.

.-

6000

120000

100

56000

4s0

130000

100

100

100

100

100

1

1

1

1

1

1

1

1

1

1

1

sWC-35B -. 4400 1

M8xbnum 670.25 6 524 6 11175012 6
-w 0.001 1 0.001 1 5.6642 1

Average 43.29 4.16 30.87 4.21 111985.65 2.62

count 63 63 63 63 154 I54

Notes

Nondetections =e noted as 0,001PCfi

no sample I

I
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e 3.0

3.1

Table

RESULTS

Nonradioactive Constituents of Interest

3-1 presents the results of an assessment of inventory data available for the

nonradioactive COIS. COBRA does not specifically track the nonradioactive COIS, but some

burial records casrbe associated with mercury and VOCS (WSRC, 1997). These records do

not indicate the quantity of the nonradioactive COIS, but can be compiled as location maps to

provide an idea of burial location.

3.1.1 Lead

10

COBMdoes notconttin records of burials conttiting lead (Table 3-l). Detailed recordson

lead disposal were not kept because lead was not considered hazardous during the period

when the ORWBGwas in operation. The estimated source term for lead is based on process

knowledge (WSRC, 1997). WSRC(1997) estimates thetotd invento~oflead placed in the

ORWBGbetween 1952 md1972at 100,000 pounds. Tlrisestimate isthought to be accurate

towithin +30percent(WSRC, 1997). Trace amounts ofleadmd other toticmetals mayhave

been concentrated to levels above regulato~ limits in the sludge phase of the OSTS, although

theamount ofleadinthe ttisistitimd relative totheother sources ~SRC, 1996a).

Relatively high levels of lead are present in the water table beneath the ORWBG (Figure 3-l).

Figure 3-1 shows tigherlevels tothesouth andwest of the OR~G, butthesmples t&en

during this period do not include samples from wells witbin the ORWBG. Figure 3-1

indicates that thehighest levels detected during 1990-1995 areinthe grid wells located in the

oldest parts (original burial ground area) of the ORWBG.

3.1.2 Mercu~

Theestimated inventovofmercu~, principally theelementd liquid, buried in the ORWBG

from 1952to 1972 is24,195pounds (Table 3-1). This estimate isthought to be accurate to

within +25percent and-10 percent (wSRC, 1997).

Theevaluation of the COBWdatabase presented in WSRC(1997) identifies 150 records as

probable mercury burials; 1360fthese have location data (Table 3-1). Specitic quantities of

mercury for these burials are not available. Figure 3-2 illustrates the locations listed in these

COBRA records and indicates the volume of waste recorded at each location. Known

a
mercury burials are widespread, but cluster in the eastern expansion area of the ORWBG
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(Figure 3-2). Measurements of elevated levels of mercury from the 1990-1995 period are also

concentrated in the eastern expansion area of the ORWBG (Figure 3-2); however, wells in the e

immediate vicinity of the cluster of mercury burials in the eastern expansion show

concentrations below 2 ug/L (Figure 3-2). A direct correlation between burials of mercury-

bearing waste and concentrations of mercury in the water table is not evident from Figure 3-2.

I 3.1.3 Volatile Organic Compounds

Detailed records do not exist for burials of organic compounds in the ORWBG, and burials of

VOCS are not specifically documented in the COBRA database. WSRC (1997) estimates the

source term for VOCs based on process knowledge and identifies 1,889 records in COBRA as

potential VOC burials (Table 3-1). Sources of VOCs in the ORWBG include the following:

● Drummed scintillation solutions

I ● Waste oil in absorbent materials

● Residual vapor and organic phases of spent PUREX solvent, waste oils, and

associated degradation products in the OSTS

e
h additional source of VOCS is residue from decontamination operations conducted in the

ORWBG. Decontamination included the use of ethylenediaminetetraacetic acid (EDTA, a

chelating compound) and phosphate detergents (Rysm, 1983). There are no records indicating

the amounts of decontamination solutions that may have been disposed of in this area of the

ORWBG, nor is it clear how or whether these chemical solutions came into contact with

buried wastes. However, because VOCS are highly mobile and volatile, and because more

than 40 years have elapsed since decontamination activities ceased, the amount of VOCS

remaining &om this source maybe limited (WSRC, 1997).

COBRA records associated with possible VOC burials plot in all parts of the ORWBG, but

are concentrated in the western expansion area (Figures 3-3 and 3-4) (WSRC, 1997). Acturd

quantities of VOCS cannot be ascribed to any of these records (WSRC, 1997).

Concentrations of PCE are restricted to samples taken outside of the ORWBG perimeter

@iWre 3-3). There are O~Y four locations inside the fence where samples were collected for
Vocs. These locations are grid wells MGC-9, MGE-21, MGG-21, and MGG-23

(Table 2-2), Each of these wells yielded one sample during the period from 1990 through

1995. Of these four samples from inside the ORWBG perimeter, one detected PCE, and two
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detected TCE. Well MGC-9 contained detectable levels of both PCE and TCE, and well

MGE-21 detected 6.32 ug/L TCE (Table 2-2). The patterns of theTCE and PCE contours are

similar. However, TCE is more widespread and is present in higher concentrations tharr PCE

at the same location @lgrrres 3-3 and 3-4). The shape of the contours suggests the VOCS in

the water table are currently concentrated in a plume southwest of the ORWBG. The overall

configuration of the contours in Figures 3-3 and 3-4 is consistent with the shapes of plumes

for TCE and PCE interpreted from data collected during recent field investigations in this area

(WSRC, 1995; WSRC, 1996b). The plumes are likely due to the release of VOCS from the

burials concentrated in the southern half of the western expansion @lgures 3-3 and 3-4).

3.2 Radioactive Constituents of Interest

Table 3-2 presents the results of an inventory analysis for the radioactive COIS. The COBRA

database provides location data for 57 percent of the estimated source tem for the COIS.

There are no documented burial locations for iodine-129 in the ORWBG (WSRC, 1997).

Because the groundwater monitoring data provide activity levels for tritium, gross alpha, and

non-volatile beta, the radioactive COIS are grouped as alpha-emitters, beta-emitters and

tntium in this report.

3.2.1 Gross Alpha Activi~

Figure 3-5 illustrates the distribution of burials of waste containing the COIS plutorrium-238,

plutonium-239, uranium-235, uranium-238, and nepturrium-237. The total inventory for the

alpha-emitting COIs is estimated at 22,006 curies (Table 3-2). Contours of gross alpha

activity in the water table are superimposed on the burial map. The higher levels of gross

alpha activity generally coincide with areas that contain trenches designated “B-Line Waste”

on the HP maps ~lgure 1-2). The higher levels tend to be located in wells in the original

burial ground area, The contours do not exhibit a pattern which clearly indicates the

association between burials of alpha-emitting COIS and the activity levels in the water table

(Figure 3-5).

3.2.2 Non-Volatile Beta Activity

Figure 3-6 illustrates locations of buried waste containing the COIs carbon-14, cobalt-60,

cesium-137, strontium-90, technetium-99, and iodine- 129. The total inventory for the beta-

emitting COIS is estimated at 2,081,515 curies (Table 3-2). Contours of non-volatile beta

activity in the water table are superimposed over the buri~s of the beta-emitting COIS.



38 WSRC-TR-97-O0330 Rev. 1.0, Summary of Water Table Monitoring for the ORWBG

Contour patterns in the east expansion suggest that some activity may correspond with beta-

ernitting waste buried in the same area ~lgure 3-6). For the most part, the non-volatile beta ●
activity is concentrated in wells located in the originrd burial ground area in the central

ORWBG @lgures 1-2, 3-6). Drawing correlations between the contour patterns and burial

locations is difficult because of the small number of data points within the ORWBG perimeter.

The general pattern does suggest that the highest activity levels for non-volatile beta are

concentrated in the eastern expansion area @lgure 3-6).

3.2.3 Tritium Activi&

Tntium was sent to the ORWBG as bulk waste (job control waste, waste oils and mercury,

and used equipment md components), spent melts, ad reactive beds (the latter two are

byproducts of the trhium production process). The OSTS are assumed to contain no tritium,

based on Health Protection and COBRA data. The COBRA database provides both quantity

and location estimates for tritium burials in the ORWBG and locates 67 percent of the

estimated inventory (Table 3-2).

The distribution of trhium activity according to the COBRA inventory is illustrated in

Figure 3-7. WSRC (1997) estimates 3,014,457 curies of tritium are contained in the ORWBG

(Table 3-2). Waste burials with locations recorded in COBRA are spread across the entire o

facility, but are concentrated in the eastern and western expansion areas. Tritium activity in

the water table is depicted in Figure 3-7. Locations of higher activity levels in the water table

generally correspond to large numbers of tritium burials. The relatively high values in the

southern half of the original burial ground area coincide with trenches labeled as “High Level

Box Waste” and “Graphite Trench” on the HP maps @lgures 1-2 and 3-7). The maximum

average tritium activity is from a well located in the southeast corner of the original burial

ground (Figure 3-7). The well is situated within a block of trenches labeled “High Level

Waste Scrap” and “B-Line Waste” on the HP maps (Figures 1-2 and 3-7). These

observations do not necessarily indicate that these areas are the only sources of the tritium.

Tritium is highly mobile, and activity measured in the water table may originate from areas

other than those in which the wells are located,
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Average Lead Concentrations in the water Table, 1990–1 995
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Figure 3-1. Average Lead Concentrations in the Water Table, 1990-1995
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AveraEe Mercury cOncentratiOns in the Water Table, 1990-1995
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Figure 3-2. Average Mercury Concentrations in the Water Table, 1990-1995
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Figure 3-3. Average PCE Concentrations in the Water Table, 1990-1995
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Figure 3-4. Average TCE Concentrations in the Water Table, 1990-1995
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Average Gross Alpha Activity in the Water Table, 1990-1995
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Figure 3-5. Average Gross Alpha Activity in the Water Table, 1990-1995
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Average Non-Volatile Beta Activity in the Water Table, 1990–1995
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Figure 3-6. Average Non-Volatile Beta Activity in the Water Table, 1990-1995
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Average Tritium Activity in the Water Table, 1990–1995
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Figure 3-7. Average Tritium Activity in the Water Table, 1990-1995
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Table 3-2. Summary of COBRA Inventory Data for Radioactive COIS
Estimated Applicable COBRA Total Number of No. of Percent of heated bcated “10

Total Codes and Search Applicable Records with Records with Znventory of Best

Constituent of Interest Znventory (
~, I Parameters COBRA Records bcations Z.Ocations (Ci) Estimate

Tritium (H-3)

Bei&EmiUers:

Carhn-14 (C-14)

Cobalt-60 (CO-60)

StrOntium-90(Sr-90)

Tecbnetiu-99 (Tc-99)

Iodiie-129 (I-129)

Cesiutn-137 (Cs-137)

Alpha EmitIers:

Neptunium-237@P237) 3

uranium-235(U-235)

Uranium-238(U-238)

Plut.nium-238(Pu-23S) 3

PlutOnium-239(Pu-239) _

3,014,457.0

3,778.0

1,960,400.0

58,657.0

12.0

10.6

58,657.0

1.99

0.6

14.8

20,514.0

1,475.0

Variety cede “87”

Searchedkeywords related

to deiotirs

Searchedfor “induced
activity”; w cede “3”

Variety de “FP”

Variety code “FP”

Prccess knowled8e

PIWSS knowledg%

searched variety “FP”

Vtiety codes “82”

Variety des “1O”and

Variety cedes “IO”, “2P,
md “81”

Variety code “83”

Variety code “50”

3.579

147

4,449

24,1652

24,1652

da

24,1652

354

394

4,199

1,465

2,778

3,307

141

4,133

22,599 2

22,599 ‘

22,599 2

343

368

4,016

1,422

~

Totals 5,117,978.0 41,530 z 3s,999

Notes:

i
‘ EstimatedinventoIYfrom (WSRC, 1997)

E 1Source-terncalcdation for theseCOIS& samerecordsGom COBRA
g

3Probably less thanthisqmtity
&

92.4% 2,023,601.4

95.9% 3,603.4

92.9% 824,910.6

93.5% 17,471.0

93.5% 5.s

93.5% 18,621.7

96.9% 1.96

93.4% 0.3

95.6% 12.8

97.IY. 20,434.9

96.l% 1,051.0

93.9% 2,909,715.0

67.1%

95.49/0

42.17,

29.S%

48.7%

31.7%

98.3%

54.3%

86.6V0

99.6%

71.3%

56.9”/o
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● 4.0 CONCLUSIONS

The more mobile COIS (tritium and the VOCS) demonstrate reasonably good correspondence

between burial locations and groundwater concentrations, Plumes of TCE, and PCE are .

located incloseproximhyto anddowngradient fiomthe area withlnthe OR~G with the ~

Iargest number of buridsassociated with these mdytes. Thegross geometry of these plumes

inconsistent whhinterpretationso frecent field investigations. Theplumesof PCE and TCE

may emanate from the large volume of waste believed to contain VOCS, which is concentrated

in the southwest comer of the ORWBG.

Local maxima of tritium activity in the water table generrdly correspond with areas contairring

large quantities of tntium-bearing waste. The contour pattern suggests that waste buried in

the southeast comer of the 0RWJ3G is releasing tritium to groundwater.

Maps of mercury, gross alpha, and non-volatile beta fail to demonstrate clear correspondence

between burial locations associated with these constituents, and concentrations observed in

the water table. Correlating concentrations of lead in the water table with specific areas of the

0RWJ3G is problematic due to the absence of burial location data for this COI.

● This report uses data from groundwater anrdyses of various levels of qualhy that were

collected using a variety of sampling methods. The data for a five-year period were averaged

before processing with EarthVlsion@. For this reason, the results arrd conclusions should be

considered qualitative, This report presents general correlations between the buried COI

inventory at the ORWBG and key constituents detected in the water table beneath the facility.

Specific contaminant sources, if they exist in the ORWBG, cannot be identified without the

application of flow and transport analYsis. Future modeling work could provide a clearer

understanding of how the waste buried in the ORWBG may contribute to the presence of

these aoalytes in the groundwater.
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Appendix A. Summary of Source Term for COIa at the ORWBG

COI INVENTORY~ FORM OR3GIN NOTf3S
>dmiurrs beatestimateburi~ a-w k 20%. corrtrelrods 2 large shipments Scrap metaland rodswereput into disassembly

in trarrchs 3,500 safetyrods of eorrtrolrods basins for de~y of short-livedisotopes,then eot
b AmountfromL and R Cd sh=ts fromR (1964) into piecesand placed in msks.

Reaetorais accuratewithin and L (1970)
2,000 lb fmm 10??. Reaetora(2,000

Inducedactivitywaste.

eontrolrods lb). COBRAdoesnotkq trackofu andno
+ Cdsheetmrramnption mrds in COBRA@rddbe iderrtifiti as
75 nrlyearofcd amte within 30Y0. Cd sheet (1,000 eontml roda,safetyroda,and neutronshielding
sh- eomed to 2,000 lb). sheets. All estimatesfor the cadmiumsnum
Over2oyeara (1,500 term are basedon p~ss knowledge.
lb) The two large shipments of eontml rodawere

OSTSnegligible
buried in tie areas of the W groundthat
wereactive in 1964and 1970(during the
shutdownsof R and L reactors).

tid W eadmateburied accom~ k 30%. shielding Mairdy Buried either &ause it was mntarrdmted and
in trench=. 50 tona qoipment (e.g. Separations. wired disposal or it was used to shield buried

Amount from reaetoraand to junior roves) sad waste.
separationa shieldoffaitewasteis shot Smalleramoun~
eti@l.5 Urrktrnwn. bricks frommctora and

COBRAhas less than 12referencesto Pb.

to* Over20 sh- to shieldoffsite Becauseof the use of lead to shield certainhigh-

yeara. in OSTS waste. levelwasteburials, the primary Ioeationfor
buried leadwouldbe in the high-levelwaste

Alsotim reaeto~ trenches.

and to shieldoffaite
-e.
OSTSnegligible

tiereruy beatemintateburied aoarra~ 2 or 3 one-liter Tritiunrfacilities Hg was storedafter 1968and not sent to
in Srerrchs. +25%to -10% polyethylenebottles 232.H ORWBG.
24,195lb wpped in two PE 234-H Hg was Sritiated.

Pnssiblemechardealrupture bagaand pIaeedin 5- 232-F Usedaa a dam in pumps, as a eatalyatfor
OSTS negligible of themntainera. gaflonsteel lard

Separations
dissolvingPo-Al in Separationsoprations, and

Hgiaafanin ash ofburned earra. 221-H
as a componentof la~ratory ~rations

solvent. tir 100shipments 221-F COBRAshowsburial Ieeationsof mercmy.
of 2 MS each
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Appendix A. Summary of Source Term for COIS at the ORWBG (Continued)

3NVENTORY
buriedin mchw

7100kg tolrrene

7100kg
tcimethy-e

12,000kg xylene

4056 gaf orsarricphase
+ 3483 gal aqueous
phase =
7539 gaflona

tin 1996 provides
@cal data ofvapr
~haae(Table2-5).

UNCERT~
{volatilization

)ST tank
timenaionaand
nclitrstiosra

FORM
Scintillationsolutionsand
tritiatedpump oils are
drummed.

Liquidscintillationsolution
wastesare in small
polyethylenevials which,
from 1965,werepacked
withoil-dryin 55-ga310n
drumsand buried.

Wasteoils wereboth stored
in the OSTSand absorbed
on an oil-drycompound.,
placedin drums, and buried
aasolidifiedwaste.

vOO in OSTSare in
residueof spentPUREX
solventand associated
degradationproducts.

03UG~
Drummed scintillation

solutions

Wasteoils in abao*nt
mattials (from reactorand
tritiumfaci[itieainchrding
pumpoils, cutting oils, and
dieoils)

Residnefrom
decontamimtionoperations
priorto wasteburial

Spnt PUREX solvent was

generated in Separations in

a chemical p~ for

removing plutonium and

uranium from *nt rods.

Plant@rda showthat
‘mm1956through 1964,
!8%of the wastesolvent
~ipta were from F-.4res.

:rom 1965 to 1972, 86% nf

he wastesolventwaa
;eneratedin H-Area.

NOTES
Shipments of organics are not

dmmented in the COBM database

perse, though there m some
indirect referenmsto possibleVOC
sources.Noquantity or specific
VOC constituent information is
contained in any COBRArecord.

VOCSaaswiated with liquid
scintillationsolutionsand wasteoils
are present in the trenchesof the
ORWBG.

The OSTSnot ordycontainedwaste
PUREXsolventbut afaomntainti
contaminatedwaste solventsof orher
sorts.

MnatPm solventwas
transferredto 643-7G around 1980.
The OSTS& empty ex~t for
rmpumpableh=l, which contains
someVOCain vapr, and orgardc
phases. Mirroramounts of VOCS

are present in the aqueousphase,
Tireamount of VOCSin the sludge
;olidsphasesare negligible.

I

o
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Appendix A. Summary of Source Term for COIS at the ORWBG (Continued)

d- tO 1997(in
trenches):467,889Ci

OSTSne#lgiile

+

decayedto 1997 (in
tithes): 26,838Ci

OSTS1.30Ci

Tritircmcontent
eatisnateain waste
forms(Samtsred
eorrstsntqrrantitiesof
tritirmsina given
wasteform).

original eatirnatesof
moo predocta
smeonts (baaedon
externaldose rate).

Variations in isotopic

distriitions.

Useof6xedageain
decaycalculations.

FO~
Jobemrtml~ste

Westeoils and Hg

Usedequipment &

Spentmelts

Thiswastew buried in
~boxes, plastic
bs~ and metal

The fissionpmduct-
bearingwastewasburied
in low-levelrmdhigh-
Ievelmnch% depending
on the doserate fromthe
psckage.

OfUGIN
232-H
234-H
238-H
232-F

Thebolk of tritium was
p~inthe&H-
Areabuildin~, 232-F
operatedorilybrieflyin the
late 1950s,

~mduct of reactors

Fissionproductsare a
wmponent ofjob wntml
wasteend otherwaste
~ bm apentreactor
fiel and targetsor high-
level Iiqoid~es. These
includereaetors,
Separations~- and H-
-), and aamiated tardr
farms, and processcnntiol
and experiments
laboratories.

NOtiS
Half-life 12.3y-

COBRApmvidcaboth quantity
and locationestimates.

Half-1ife:30 years

COBW recorded“fission
products”,not CS-137~ se.

<50- wasteawerebaried
in low acdvitybf.ta-gamma
trenches.

>50 * wasteswemburied
in intermediatelevel (ska high
level)trenches.
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Appendix A. Summary of Source Term for COIS at the ORWBG (Continued)

3NVENTORY
beat*mate
buried in
tranch%
1192.7grams
(20,514Ci)

decayedto 1997
(ii trenches):
16,825CI

OSTS:1.24
- (21.4 Ci)
best estimste
buriedin
trench=
24,188 grams
(1,475 cl~
D-to 1997
(ii tichea):
l,474Ci

0STS1351 g
(82.4 Ci)
best~mate
buriedin
trench= 58,657
Ci
Beateadntate
d-to 1997
(in trenches):
26,216Ci
OSTS:1.28 Ci

IfNCF,RTA3N~
validitvof COBRA

vslidity of COBRA
estirmrtes

original astilnates
of fissionproducts
smormta(baaedon
externaldose rates
sod assumed
isotopic
diatriition).
Useoffixedages in
decaysalco2ationa.

FORM
Uncontsinerizedin
plastic bags and
@srd hxes

Concreteculverts
containing dmmmedor
boxedwaste

Encapsulatedwaste

Uncmrtainerized in
plasdcbagsand
cardboardbxes

Concreteculvem
containingdrummedor
boxedwaste

EncapmIatedwaste

~s wastewasburied in
mrtiard boxes,plastic
bags, and metal

mntsiners,
Ilre fission product-
ting wsste wasburied
in low-leveland high-
Iml @riches,d~nding
m the dosesatefrom the
!ackage.

0R3G~
Thermionicheat sourcesfor
pwer generation

Separations,reactorareas, and
researchfacilities like SRTC

Specialnuclear material

Separations,reactorareas, and
researchfacilitieslike SRTC

ByproductOf ~CtOSS

Fission productsare a
componentofjob controlwaste
and other wastestreamsfrom
apentreactor fuel and targets or
high-levelliquid wastes. These
includereactors,Sepamtions@-
and H-Areas),and associated
W farms, and PHS control
andw rimentsl laboratories.

Inventory estimate based on

COBRA, pre-COBR4 brrriti

recordsand burned solvent
residues.

COBRAshowshuris3lUC8tiOllS
of phrtoniunr-238.

Half-life: 24,360 years

Inventoryestimatebasedon
COBRAdatabasetotal, which
includesplutonium-239in
specialburials, pri-COBRA
brnisl records,and burned
solvent residues.

Cobra showsburial locationsof
plutOnium-239.
Half-1ife29.12 yeara
COBRArecorded“fission
products”, not Sr-90per se.

<50 nrRfhrwasteswereburied
in low acdvity beta-gamma
trenches.
>50 nrR/hrwasteswereburied
in intermd]ate level (aka high
level)trenches.
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Appendix A. Summary of Source Term for COIS at the ORWBG (Continued)

COI INV33NTORY~ FORM 03UGM NOTES
Jmnimn-235 best tinsate Variableisotopic Generally,U-235bearing Aarding to the COBRA Half-life:7,1X108years

buriedin ratiosof enrichedU- wastes,primarilyscrap datab=, U-235,as enriched
trench= 273,185 235 fim fiel ~rication uranium,was sent to UmOBG

natural U 0,72% U-235

m +rations, wereburiedin fromM-Area,A-Area,F-Area, enrichedU 93% U-235
(0.6Ci) alpha activitywaste H-- and from ofikite

trenches,tithout any faeilitiea. Normal,or natural,
COBRAshowsthe burial

OSTS 0.11 Ci @d containerization.
locations of enriched and nonnaf

uranium was sent to sheOBG
The wastewouldhmIS fromM-Area,A-Area,H-Area, ‘mnium”
kn buriedin cardboard and F-Area, OSTSesdmate is baaedon
buxes,plasticbags,and assi@ng U-235an arbi~
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Appendix A. Summary of Source Term for COIS at the ORWBG (Continued)
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EXECUTIVE SUMMARY

Purpose and Objectives

This report identifies potential “hot spots” that may require special feasibility assessment in the

development ofafind remedy forthe Old W&oactive Waste Burid@ound(OR~G). The

identification of potential “hot spots” is based on the following criteria:

. High concerrtiations and/or highlevels ofradioactitity

. Persistence ofhighradioactitity levels thfoughtime

. Burirdtype

● Waste fomr

● Mobility

Both radioactive andnomadioactive Constituents of Interest (COIs) have been considered.

●
Table ES-l summarizes the COIS for the ORWBG, and the rationrde used to select them.

Radioactive COIS have been analyzed in terms of radioactivity levels and their persistence

_@ time. Identification of potential “hot spots” for nonradioactive COIS has been based

primarily on waste form, and the density of burials at a given location.

Methods

Znventoy Analysis

h this study, available inventory data (WSRC, 1997) were compiled and analyzed for

applicabilhyto deterrniting quantity and Iocation of the COIS. The recent source-term study

conducted by WSRC (1997) estimates the inventory for each COI at the ORWBG.

Appendices A-P of WSRC (1997) provide explanations for the basis of each source-term

estimate. The estimated inventory is compared with available documentation in the

Computerized Burial Record Analysis (COB~) database ~d other resources. Many records

in COBRA refer to the same grid coordinates, md many intlvidual burial records are

associated with morethanone COI. Forthis inventow an~ysis, the COBWrecords for each

COI were sorted and combined to create a data set containing the tot~ quantity of each COI

for each burird location.

●
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h accurate inventory analysis for the radioactive COIS must include a calculation of changes

to the inventory due to decay. A forecast of temporal changes to the COI inventory is key to

determining which radioactive constituents remain at high concentrations over long periods of

time. In general, radioactive COIs with short half-lives have high activity. These COIS create

the majority of the total radioactivity during a “nem-term” period, but their relative

contributions to the inventory will decrease over time. Analysis of temporal changes to the

inventory of individual constituents determines which radioactive COIs may be considered

principal contributors. To accomplish this, standard decay constants were used to calculate

the percentage of each COI that remains after certain periods of time. The OR~G received

approximately 300,000 to 500,000 cubic feet of radioactive waste per year from 1951 through

1973 (WSRC, 1997). For the purposes of this analysis, the time of burial for the entire COI

inventory is set at 1973, the last year the ORWBG received waste.

e

I
Spatial Analysis

Spatial anrdysis combines the inventory estimates for the COIS with location information from

COBRA to determine if any areas within the ORWBG exhibit pronounced levels of COI

concentration or activity. In this method, spatial data for the COI inventory are derived

through queries of COBRA. The data are compiled into maps to illustrate the distribution of ●
COI burials with locations recorded in COBW. To create the maps, COBRA data are

downloaded into Excel spreadsheets and saved in comma-separated variable (CSV) format for

lodlng into spatial-analysis sofiware. The study utilized EarthVision@ sofiwme to plot maps

of the distribution of burirds related to the COIS.

Maps of COI distribution were examined to ascertain whether any specific areas possess

relatively high concentrations of COI burials. In such areas, the distribution of the constituent

COIS of the group were reviewed, individually if necessary, to identfi which individurd COIS

contributed significantly to the potential “hot spot.”

Potential “hot spots” for the inventory of radioactive COIS areas were then selected, and their

coordinates recorded. The coordinates of the boundaries of the potential “hot spots” were

used to queV the COBRA database, generating a list of burial records included within each

potential “hot spot”. The lists are summarized to determine the physical attributes of the

potential “hot spot”, such as the quantity, types, and volume of buried waste.

Because this type of analysis relies on location information, it can otdy be performed for those

“ COIS that have COBRA records with grid coordinates. Because the original burial ground ●

h-.rl.o.h
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● received the bulk of its contents prior to the implementation of COB~ its assessment is

restricted to inventory analysis ordy.

Results

Potentird “hot spots” were analyzed in three categories based on the types and quantity of

available data: Old Solvent Tanks (S 1-S22) (OSTS), nonradioactive COIS and radioactive

COIS. Figures ES-1 and ES-2 illustrate the locations and arerd extent of the “hot spot” areas.

Potential “Hot Spots” for Radioactive Constituents of Interest

Potential radioactive “hot spots” have been identified in areas of the ORWBG where the COI

activity level exceeds 60 curies within a single grid cefl. The 60 curies per cell criterion

represents two standard deviations above the mean of the data (total COI radioactivity in the

ORWBG) at 100 years. This method essentially identifies the highest 5 percent of the COI

activity in the ORWBG.

At the time of burial, COI-bearirrg waste contributed approximately 5.1 million curies of

● activity to the total COI inventory. Approximately 58°/0(3,014,457 curies) of the activity is

attributed to tritium and 37°/0 (1,960,400 curies) is attributed to cobalt-60. Both of these

COIS are relatively short-lived isotopes. ~er 100 years, the total activity will decay to less

than 1% (36,634 curies) of the original level.

Mer 500 years, the total activity will drop to O.1% (5,440 curies) of the originrd level and be

associated primarily with carbon-14 (3,556 curies), plutoNum-238 (390 curies), and

plutorrium-239 (1,454 curies)(Table 3-8). Of the COI activity remaining after 500 years of

decay, approximately 80% (4,370 curies) will be contained within eight “hot spots” @lgure

ES-2).

Spatial analysis of the burial locations and activity levels for the radioactive COIS indicates 21

potential “hot spots” tier 100 years of burial @lgure ES-1). Radioactive decay reduces these

to ordy eight potential “hot spots” aher 300 years of burial. These potential “hot spots” are

shown in Figure ES-2. The configuration of the hot spots at 300 years is identical to those

delineated for 500 years after burial (Figure ES-2). The potential “hot spots” identified at 300

and 500 years should be considered the “principal” potential “hot spots” because of their

“o--
persistent, high activity_levels. The configuration of these principal “hot spots” is due to the

-=1.O.*
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~

persistence of carbon-14, plutonium-238, and plutonium-239. The waste forms associated 1
with these principal COIS are deiofizer units that conttin carbon-14, and retrievable TRU ●
waste and concrete-encapsulated burials that contain plutorrium-238 and plutonium-239.

Potential “Hot Spots” for Old Solvent Tanks S1-S22
I

Volatile organic compounds (VOCS) are the primary COI associated with the OSTS and are

contained in solvents, sludge, and their degradation products.

.4rr operational history and data for waste form and inventory of the OSTS are presented in

WSRC (1996) and WSRC (1997). Solvent Tanks S1-S22 are considered a potential “hot

spot” because remediation of liquid and sludge in the underground ttis could be substantially

different &om remediation of the waste in the “landfill style” burials in the remainder of the

ORWBG. Potential “hot spots” for the OSTS are represented by unshaded polygons in Figure

ES-2.

1 Potential “Hot Spots” for Nonradioactive Constituents of Interest

The data for burial locations of mercury and VOCS were extracted from COBRA and sorted

to determine the number of individual burials recorded at each grid cell. Maps of these data ●
were used to delineate potential “hot spots” by examining the distribution and number of

burials recorded at each grid cell location.

Figure ES-2 indicates one area that contains a large concentration of burials associated with

mercury. The potential mercury “hot spot” (HS-Hg- 1) is located in the southern half of the

eastern expansion area of the ORWBG. The pattern of burials within this potential “hot spot”

is consistent with the reported configuration of trenches in this part of the ORWBG

—. ——.
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Summary of Potential “Hot Spots”

‘fHot Spot’’ for the Old Solvent Tanks (S1-S22):

● 7,539 gallons of VOCs in 22 individual tanks

. Radioactive COIS include:

Strontium-90
Cesium-137
Uranium-235 and -238
Plutorrium-238 and -239

Hot Spot HS-Hg-l (mercu~):

. 122,500 square feet in area

● Contains an estimated 5,325 pounds of mercury in71 recorded burials

● Hot Spot HS-500-1:

. 23,000 square feet in area

. 18,339 cubic feet of waste in 754 burials

. Primary waste forms (by volume):
Job control waste 56%
Capital equipment waste 29%
Irradiated scrap metal 15%

. Activity (curies):
11,316 at time of burial
5,550 tier 100 years
1,754 after 300 years

968 after 500 years

● Persistent COIS:
Carbon- 14 in deionizer units
Plutonium-239 in retrievable TRU waste
Plutonium-23 8 in retrievable TRU waste

WI1.o.da
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Hot Spot HS-50&2:

● 4,500 square feet in area

● 49,743 cubic feet of waste in 645 burials

. Primary waste forms (by volume):
Job control waste 98%
Capital equipment waste 1%
Irradiated scrap metal 1%

● Activity (curies):
16,010 at time of burial

165 after 100 years
107 after 300 years
106 tier 500 years

● Persistent COIS:
Plutonium-239 in retrievable TRU waste

Hot Spot HS-50b3:

. 4,500 square feet in area

● 33,256 cubic feet of waste in 237 burials

. Primary waste forms (by volume):
Job control waste 94%
Naturally Radioactive Material 3%
Capital equipment waste 1%
Irradiated Scrap Metrd 1%
Oil 1%

. Activity (curies):
571 at time of burial
77 after 100 years
74 after 300 years
72 after 500 years

. Persistent COIS:

Carbon-14 in deionizer units

I

L h-al.o.ti
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● Hot Spot HS-50&4:

. 13,700 square feet in area

● 33,702 cubic feet of waste in 685 burials

c Primary waste forms (by volume):
Job control waste 97%
Naturally Radioactive Material 3%

. Activity (curies):
5,761 at time of burial
2,805 after 100 years

872 after 300 years
474 tier 500 years

9 Persistent COIS

Plutonium-23 8 in retrievable TRU waste

Plutonium-239 in retrievable TRU waste

Hot Spot HS-500-5:

. 23,000 square feet in area

● 35,o19 cubic feet of waste in 880 burials

● Primary waste forms (by volume):
Irradiated Scrap Metal 75%
Job control waste 22%
Capital equipment waste 3%

● Activity (curies):
140,862 at time of burial

1,102 tier 100 years
649 after 300 years
630 tier 500 years

. Persistent COIs:

Carbon-14 in deionizer units

Hot Spot HS-500-6:

● 65,000 square feet in area

-*- “‘“““”“o 196j226 cubic feet of waste in 3,629 burials

-.l.o.ti
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. Primary waste forms (byvoiume):
Irradiated Scrap Metal 50%
Job control waste 40~o
capital equipment waste 9%
Naturally Radioactive Material 1Yo

. Activity (curies):
511,437 at time of burird

4,148 after 100 years
1,868 tier 300 years
1,707 after 500 years

● Persistent COIS:

Carbon-14 in deionizer Urdt8

Hot Spot HS-500-7:

4,500 square feet in area

14,230 cubic feet of waste in 516 burials

Primary waste forms (by volume):
Irradiated Scrap Metal 81°h
Job control waste 19%

Activity (curies):
99,660 at time of burial

664 after 100 years
428 tier 300 years
417 &er 500 years

Persistent COI:

Carbon-14 in deiorrizer units

Hot Spot HS-500-8:

. 22,000 square feet in area

. 21,406 cubic feet of waste in 767 burials

● Primary waste forms (by volume):
Irradiated Scrap Metal 90%
Job control waste 1o%

● Activity (curies):
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154,581 at time of burial
536 after 100 years
105 after 300 years
96 after 500 years

. Persistent COI:
Carbon- 14 in deiorrizer units
P1utonium-238 in job control waste

m,l.o,dcc
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0
Table ES-1. Constituents of Interest (COIS) for the Old Radioactive Waste Burial

Ground (ORWBG)

hng-
Hazardous Hi@ Lived Large

Nonradioaedve Material Mobility (> 25 yr) 3nventory

1.

2.

3.

4. =rg.ccompo. :C)=

Radioati”ve

5. liitiulu

6. CaIbOn-14

7. Cobalt-60

8, Stmntium-90

9. Tecbnelium-99

10. iodine-129

11. Cesium-137

12. Neptnnium-237

13. UI’aniW-235

14. UraUium-238

15. Plutonium-238

16. PlutOniuIu-239

(H-3)

(C-14)

(CO-50)

(Sr-90)

(Tc-99)

(f-129)

(CS-137)

(N,-237)

(U-235)

(U-238)

@-238)

(Pu-239)

I ● .
● lolc

1

I ● 10

. ..-.
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● 1.0 INTRODUCTION

The Old Radioactive Waste Burial Ground (ORWBG) (643-E) occupies approximately

76 acres within the General Separations Area in the central Savannah River Site (SRS) (Figure

1-1). It is part of the Burial Ground Complex, which includes the ORWBG and othef

operable units such as the Mixed Waste Management Facility, the Low Level Radioactive

Waste Disposal Facility, Solvent Tanks S1-S22, Solvent Tanks S23-S30, and Solvent Tank 32

(Westinghouse Savannah River Company [WSRC], 1997).

1.1 Description of Unit

The ORWBG encompasses an area approximately 3,700 feet in length that is 1,100 feet wide

at its west end, and 700 feet wide at its east end. The area lies between Road E and the

F-Area railroad @lgure 1-1). An 8-foot-high cyclone fence surrounds the area. A paved road

leads to the entrance of the facility and unimproved dirt roads inside the fenced area provide

access to bunai sites @lgure 1-2).

The ORWBG received waste on a regular basis from 1952 until 1972, when the site was

● essentially filled and the prim~ dlsposd operations shified to the adjacent site, 643-7E

(Figure 1-1). The ORWBG received small quantities of waste (primarily in retrievable form)

during 1973 and 1974. The ORWBG area was dso used for storage of contaminated

equipment. The area included severrd related facilities and operations, includkrg underground

solvent storage tanks, areas used to incinerate organic solvents, and a sandblasting facility for

decontamination of equipment.

The ORWBG contains solid radioactive waste produced at SRS, and waste shipments from

other United States Department of Energy and Department of Defense facilities. The

operationrd Configuration of the ORWBG included different areas to accommodate various

levels and types of radioactive waste. The ORWBG inventory consists of transuranic (TRIJ),

low-level, and intermediate-level radioactive waste including the following:

I ● Incidental waste from laboratory and production operations, including small

equipment, used air filters, clothes, analytical waste, decontamination residue,

plastic sheeting, gloves, soil, and construction debris

. Contaminated waste including obsolete or failed tanks, pipes, jumpers, and other

~o’ -

process equipment from separations facilities in F and H Areas

. Lead, as protective sbieldlng, in equipment, lead shot, bricks, and lead sheets
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0 The recent source term investigation (WSRC, 1997) analyzes the HP maps, construction

drawings, and aerird photographs to clarifi the burial history of the ORWBG. These data

indicate the ORWBG can be subdivided into three burial grounds (WSRC, 1997): (1) the

ongind burird area of the ORWBG that was opened in 1952 and filled by the early 1960s;

(2) a 15-acre eastern expansion that was opened around 1961 and closed in 1972; and (3) a

26-acre western expansion that was opened in 1961 and closed in 1974. Figure 1-2 illustrates

the approximate boundaries between the three areas. Delineation of the sections is somewhat

arbitrary, because burial records indicate that waste was buried concurrently in the original

burial ground and in the east and west expansion areas as the central area was filled and

phased out of service (WSRC, 1997).

1.2.1 Original Bun”al Ground

Theoriginal burial area in the central ORWBGcovers approximately35 acres ~lgure 1-2).

In the following discussions, this part of the ORWBGis simply referred to as the origirud

burird ground. Theotigind buridground contains 2201dundergound solvent storage ttis

(OSTs)and approximately 85trenches(WSRC, 1997). Theoriginal burial ground received

waste throughout theperiodfiom 1955 through 1973, but wasphased outofservice when the

eastern and western expansion areas opened in 1961 (WSRC, 1997). Most of the waste

buried in the original burial ground predates the detailed records of the Computerized BuriaI

Record Analysis (COBRA) database, and ordy general estimates of waste volume are

available. HP maps provide the most useful information on the locations and types of

disposals in this part of the ORWBG (WSRC, 1997).

l.z.2 Solvent Tanks S1-S22

The 22 OSTS lie within three areas in the central pti of the originrd burird ground

(Figure l-3). Some of these tanks served as fielstoragetrmksat SRS and other federal

facilities prior to their emplacement inthe ORWBG between 1955 and 1968 (WSRC,1994

and 1996). Prior to 1980, these tdsheld hundreds ofthousands ofgdlonsofspent P~X

solvent horn Separations facilities and smaller amounts of tritiated pump oil. Solvent was

aIlowed to “age” for six months whereupon itwas pumped from the tatis and burned in

shallow, open pans.

Solvent was pumped horn the storage tanks to a 1,400-gallon above-ground feed tank. The

solvent moved via gravity feed through a device to prevent flash-back and into the burning
..-o._

h-1.o.h
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prms, A line valve was used to regulate the solvent flow to yield a slow, continuous flow to

the burning pan (Tharin, 1965).
●

Burning pans varied in design and composition. The earliest configurations were

6 to 12 inches in depth and made from mild steel and stainless steel, the former material being

the most common, The pan design eventually took the form of the longitudinal half of 400-

gal]on, mild steel cylindrical tanks. The pans rested at the bottom of trenches excavated to

widths and depths of 20 feet @lgure 2 in Thfin, 1965). The solvent-burning process lefi a

thick, tar-like residue in the pan. when the pan became approximately half-filled with residue

(approximately 100 gallons in the later pan designs), it was emptied by crane into the ditch

bottom and covered with a layer of soil. The practice of covering the dumped residue with an

“umbrella” layer of bentorrite was developed in 1961-62. When the pm reached the end of its

serviceable life, it was buried in the ditch with the residue (Tharin, 1965).

The burning of solvent and burial of the residue took place within trenches arrd pits east of the

OSTS within the original burial ground @lgure 1-3). More than 380,000 gallons of solvent

were burned on a virtually continual basis from Februq 1956 up until the practice was

suspended by Executive Order 11507 in February 1972 (WSRC, 1996). The contents of the

OSTS, except for “unpumpable heel”, were transferred to new storage tanks in the New Burial ● ’
Ground (643-7E) in the late 1970s smd early 1980s (WSRC, 1996).

1.2.3 fipansion Areas of the Old Radioactive Wrote Bun-al Ground

The eastern expansion area of the present ORWBG covers 16 acres and contains

approximately 48 trenches @lgures 1-1 and 1-2). It was phased into service as the original

burial ground was filled, and received waste horn 1961 until 1973. The COBRA database

records contain most of the burials in the eastern expansion @SRC, 1997). Review of HP

maps indicates that contaminated equipment and vessels were temporarily stored on the

surface at several locations within the eastern expansion (WSRC, 1997). The eastern

expansion area included several notable features which are indicated on the HP maps @lgure

1-2). Among these are trenches designated for encapsulated plutonium and an oil drum

trench.

The western expansion area of the present ORWBG covers 26 acres and contains

approximately 32 trenches @igrrres I-1 and 1-2) (WSRC, 1997). It was opened as the original
burial ground reached capacity, and received waste on a regular basis from 1961 until 1973.
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● Encapsulated plutonium waste was placed in the western expansion until 1974. The COBRA

database records most of the waste in the western expansion (WSRC, 1997).

The western expansion contains several notable disposals: five 234-H special project disposal

areas, Charleston Navy Shipyard disposals, a “bunker” with failed equipment tiom F-Area,

and encapsulated plutonium and uranium disposal areas. These burials are discussed in

WSRC (1997). HP maps indicate that contaminated equipment and vessels were temportily

stored on the suface at several locations within the western expansion (WSRC, 1997).

1.3 Computerized Burial Record Analysis

The most extensive source of information on the ORWBG is the COBRA database, which

contains records of waste disposed from 1952 through 1974. The database started in the first

quarter of 1961, and historical data were entered for the years horn startup through 1960.

COBRA is based on information contained on “Radioactive Solid Waste Burial Ground

Record” forms (OSR 7-375), also referred to as “burial slips”. The forms were required for

shipments of radioactive waste sent to the ORWBG. COBRA only contains information from

●
these forms. It should be emphasized that radiological waste is the primary focus of COBRA.

Information entered on the burial slips did not generally list other material that may now be of

concern, such as lead, cadmium, mercury, or volatile organic compounds (VOCS). Where

references to nonradioactive materials appear in COBRA, they are incidental comments.

The COBRA database is a valuable aid in determining the operational history of the ORWBG

and developing reasonably accurate source term calculations for the radiological

contaminants. COBRA ia useful for ident@ng shipments of waste originating from specific

buildings, especially tier 1961. WSRC (1997) describes and discusses COBRA in detail and

draws the following conclusions regarding use of the data

(1) From 1961 to 1971, monthly waste volumes typicrdly ranged from 25,000 to 50,000

cubic feet. Yearly waste volumes were fairly uniform, averaging about 300,000 to

500,000 cubic feet (WSRC, 1997).

(2) Many COBRA records do not include the coordinates of the burial location, The

burial locations which appears in the COBRA database cover ordy a part of the

operational life of the ORWBG. Location information is generally not available from

COBRA for burials prior to 1961 (WSRC, 1997).
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(3) COBRA indicates significant overlap of trench type and waste type both within ●
indltidud trenches and across trench groups. Individual trenches appear to contain

waste assigned to multiple trench types (different COBRA burial codes). For

example, a single trench may, over a short distance (or even within a single

20 foot x 20 foot grid cell), contain burials recorded in COBRA as low-level

beta-gamma trench, low-level alpha trench, high-level beta-g-a trench, or a

combination of the five burial codes that are actually used in COBRA. Most trenches
I

likely contain a variety of waste types. Idedlzed “grouping” of trenches into “waste

areas”, such as clusters of low-level, beta-gamma trenches, should be viewed with

caution (WSRC, 1997). The trench designations recorded on HP maps are only a
I

general description of the material buried within these areas.

(4) The ORWBG coordinates recorded in COBRA are not “survey grade”, and in most

cases are probably ordy accurate to within 20-60 feet of actu~ buri~ locations

(WSRC, 1997). Burial containers (potentially retrievable TRU) and concrete pours

have a relatively high degree of organization within the ORWBG, and their plotted

locations are limited to certain trenches (WSRC, 1997).

(5) Individual trenches and/or active parts of trenches can be tracked through time, ●
with moderately good agreement between burial locations and trench boundaries

(WSRC, 1997). Operations personnel often approximated the rectilinear ORWBG

grid coordinates for burials in trenches with long =es which were obh.que to the grid

system (Figure 1-2). This is common, particularly in the western part of the burial

ground ~SRC, 1997).

1.4 Constituents of Interest and Recent Source Term Investigations

Constituents of Interest (COIS) are drawn from the list of hazardous substances known to

exist within waste contained in the ORWBG. The COIS for the ORWBG were identified

through evahration of previous characterization and monitoring data, the COBRA database,

process history, and historical documentation (WSRC, 1997). The list of COIS includes those

radioactive and hazardous substances considered to be the most mobile, those considered to

have a large inventory, long-lived radioactive isotopes, and other hazardous materird either

recorded in COBRA or known to be buried in the ORWBG (Table 1-1).

WSRC (1997) presents the results of a recent source term investigation for the ORWBG. The

source term investigatioii supports the Resource Conservation and Recovery Act (RCRA) ●

bwl.o.dcc
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.0 Facility Investigatiofiemedial Investigation (RFI/RI) of the ORWBG by expanding the

understanding of the facility and its contents, and represents a detailed evsduation of over

300 key documents. WSRC (1997) integrates the literature review with aerial photographs,

construction drawings, burial maps prepared by ~ staff, the COBRA database, and

interviews with current and former SRS stti to refine itiormation regarding waste volumes

and their source; the location and time of burials; waste type, form and Ieachabilitfi trench

type and disposal characteristic and the variety of contamination. COBRA data were used to

determine the inventory and burial locations of each COI. The waste inventory was also

estimated independently of the COBRA database, and the present form of the waste was

ascertained. Appendices A through P of WSRC (1997) include a summary of burial history,

inventory estimate, leachability evrduation, and assumptions used to develop source terms for

each of the 16 COIS identified for the ORWBG RF~. A summary of source terms for the

COIS as reported in WSRC (1997) appears in Appendix A to this document.

1.5 Purpose and Objectives

This report presents an inventory analysis of the concentration of COIS and a spatird amdysis

●
of their distribution in the ORWBG in order to identify potential “hot spots” for discussion in

the RF~ work plarr/report. This study uses COBRA data to provide information regarding

the location and concentration of 16 COIS in waste materifds recorded by the database. This

report identifies areas containing relatively high concentrations of COIS that are persistent

over an extended time span as potential “hot spots”. The study compiles activity levels at the

time of burial (ea. 1973), at present (ea. 1997), and at intervals in the fiture to forecast the

temporal changes in radioactivity associated with the COIS in the ORWBG.

The locations of potential “hot spots” for radioactive COIS are used to extract COBRA

records for burials located within the areas. These data are sorted and analyzed to

characterize the attributes of the waste buried within each potential “hot spot”. This spatisd-

ansdysis approach to identification of potential “hot spots” applies only to the eastern and

western expansion areas because there is virtually no burial Iocation information for the

original burial ground.

‘“”o
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Locations of Solvent Tanks S1 -S22 and Solvent Burning Trenches
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Figure 1-3. Locations of Solvent Tank S1-S22 and Solvent Burning Trenches
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●
Table 1-1. Constituents of Interest (COIS) for the Old Radioactive Waste Burial

Ground (ORWBG)

Long-
Hazardom High Lived Large

Nonradioactive Material Mobility (> 25yr) 3nventory

1.

2.

3.

4, ‘: ‘=VolatileOrganicCompunds (V@S) ●

Radioti”ve

5. Tritium

6. Carbun-14

7. Cobalt-60

8. StrOntium-90

9. Technetium-99

10. I&e-129

11. Cesiurn-137

12. Neptunium-237

13. Urmim-235

14. Uronium-238

15. Plutonium-238

16. PlutOnirun-239

(H-3)

(C-14)

(CO-60)

(Sr-90)

CC-99)

(I-129)

(CS-137)

(NP-237)

(U-235)

(U-238)

(Pu-238)

(Pu-239)

● ●

● ● ●

●

e ●

● ●

● ●

● ●

●

●

●

● ●

I ● 10 I
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● 2.0 METHODS

2.1 Inventory Analysis

The inventory analysis consisted of evaluating available inventory data (WSRC, 1997) to

determine the quantity and location of the COIS, then calculating the changes due to

radioactive decay. The recent source-term study conducted by WSRC (1997) estimates the

inventory foreach COI at the ORWBG. Appendices Atbrough P of WSRC (1997) provide

explanations forthebasis ofeachsource term estimate. Theestimated inventory is compared

with avtilable documentation in the COBRA database and other resources. Many records in

COBRA refer to the same grid coordinates, and many individud burial records are associated

with more than one COI. Fortksinvento~ analysis, the COBWrecords foreach COI were

sorted and comblnedto create a data set containing the total quantity of each COI for each

burial location.

h accurate inventory amdysis for the radioactive COIS must include a calculation of changes

totheinventory dueto decay. Aforecast oftemporal chmgesto the COIinventofy is key to

determining which radioactive constituents remain at high concentrations over long periods of

● time. Ingenerd, radioactive COIstith shofihdf-hves have hlghactitiv. These COIs create

the majority of the total radloa~ivity during a “near-term” period, but their relative

contributions to the inventory will decrease overtime. Analysis of temporal changes to the

inventory of individual constituents determines which radioactive COIS may be considered

principal contributors. Understanding changes in the total radioactivity is usefil when

assessing potential “hot spot” areas.

To accomplish this, stmdaddecay constmts were used tocdculate thepercentage of each

COI that remains &er certain periods of time. For this anrdysis, the time of burial for the

entire COI inventory was set at 1973, the last year the ORWBG received waste. The

ORWBG received approximately 300,000 to 500,000 cubic feet of radioactive waste per year

from 1951 through 1973 (WSRC, 1997). The COI activity levels derived from this analysis

should therefore be considered conservative estimates.

2.2 Spatial Analysis

The spatial arudysis combined the inventory estimates for the COIS with location information

from COBRA to determine if any areas within the ORWBG efibit pronounced levels of COI

“o
concentration or activity. Using this method, spatial data for the COI inventory were derived
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through queries of COBRA. The data were compiled into maps to illustrate the distribution ●
of COI burirds with locations recorded in COBW. TO create the maps, COBRA data were

dowrdoaded into Excel spreadsheets and saved in comma-separated variable (CSV) format for

loading into spatial analysis software. The study utilized EafthVlsion” software to plot maps

of the distribution of burials related to the COIS.

Maps of COI distribution were examined to ascertain whether any specific areas possess

relatively high concentrations of COI burials. The distribution of the constituent COIS in these

areas were reviewed, individually if necessary, to identifi which individual COIS contribute

significantly to the potential “hot spot.” It is possible that a potential “hot spot” may result

horn a cumulative effect if many relatively small quantities of COIS are buried witbin a small

area,

Potential “hot spots” for the inventory of radioactive COIS areas were selected, and their

coordinates recorded. The coordinates of the boundaries of the potentird “hot spots” were

used to query the COBRA database, generating a list of burial recofds included within each

potential “hot spot”. The lists were summarized to determine the physical attributes of the

potential “hot spot”, such as the quantity, types, and volume of buried waste.

Because this type of analysis relies on location inforrnatio% it can ordy be performed for COIS ●
that have COBRA records with grid coordinates. Because the origirrrdburial ground received

the buk of its contents prior to the implementation of COBM it was assessed using

inventory arudysis ordy.

I

●
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0’ 3.0 RESULTS

Analyses of the potential “hot spots” fall into three categories based on the types and quantity

of available data: (1) the original burial ground; (2) the OSTS; and (3) the remainder of the

ORWBG. The original burial ground was analyzed separately (Seetion 3.1) because this part

of the ORWBG pre-dates COBM available data are general, and burial location data are

virtually non-existent (WSRC, 1997). The OSTS were considered separately (Section 3.2)

because their physical characteristics and operational history set them apart from the rest of

the complex. The remainder of the ORWBG was analyzed (Seetions 3.3, 3.4, and 3.5) using

results of the source term investigation (WSRC, 1997) and the data available horn COBRA.

Tables 3-1 and 3-2 present estimates of the COI inventory for the original burird ground and

the entire ORWBG. The COI inventory for the originfd burial ground was estimated using

assumptions about production rates and process knowledge, as well as the pre-1961 data

contained in COBRA. The estimated COI inventory for the entire ORWBG is taken from the

source terms calculated in WSRC (1997). Tables 3-1 and 3-2 summarize search criteria and

key words used in querying COBRA for burial records associated with each COI, and lists the

e

total number of burial records found for each. Because COBRA does not specifically track all

of the COIS, many records were located “manually” by searching on key words and by

association with waste types. This methodology, as applied to individual COIS, is described in

detail in the appendices to WSRC (1997). Tables 3-1 and 3-2 dso compare the estimated

source terms from WSRC (1997) with the inventory recorded in the COBRA database.

3.1 Inventory Analysis for the Original Burial Ground

The origirud burial ground within the ORWBG received waste on a re@ar basis until 1961,

when the eastern and western expansion areas opened (WSRC, 1997). COBRA began

systematically recording bunrd data during the first quarter of 1961 (WSRC, 1997). At that

time, historicrd data for waste buried before 1960 were also entered into COBRA

(WSRC, 1997). WSRC (1997) indicates that ordy 54.7% percent of COBRA records with

dates from 1961 include grid coordinates and that the majority of those plot within the eastern

and western expansion areas @igure 2-4 in WSRC, 1997). Table 3-3 summarizes this data in

terms of the percentage of COBRA records with grid coorilnates for each year of operation

for the ORWBG. The dates for opening of the eastern and western expansion areas, initiation

of COB~ and the opening of the new Burial Ground expansion (643-7G) are indicated for

~ *-r- eference.
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Table 3-3 indicates that COBRA burial records dated from 1961 are “poorly located” when

compared with the same information for subsequent years. For each year afier 1961, up

through the opening of 643-7G, the located percentage for OR~G burials exceeded 990A,

and did not drop below 90% until the facility was closed to routine burials in 1973

(Table 3-3). This is probably because the COBRA system requires the use of burial slips, thus

encouraging recording of grid coordinates in the process. The very small percentage of non-

located burials in the years following the implementation of COBR.4 supports this argument.

The trend indicated by Table 3-3 suggests that burial records dated from 1961 that do not

have grid coordinates represent waste buried in the original buri~ ground prior to 1961 and

the start-up of COBRA.

The majority of the COBRA records that date from 1961 and lack burial locations are

probably not the result of poor record-keeping or clerical errors, but are likely data for waste

buned prior to 1961. The inventory amdysis of the original burifd ground presented in this

report assumes that the records from 1961 that do not have coorilnates represent waste

buried in the original burifl ground prior to 1961. These records were used in calculating the

COI inventory for the original burial ground. The inventory assumes that all waste received

prior to 1961 was buried in the original burial ground.

Most of the burials in the original burial ground that are recorded in COBRA do not have grid

coordinates; therefore, the contribution of COIS buned in this area cannot be used in spatial

analysis for delineating potential “hot spots”. In order to estimate the relative contribution of

the origirud burird ground, separate inventones were calculated for each CO1. The results of

this estimate and a summary of the assumptions used in the process are presented in

Table 3-4. Tables 3-1 and 3-2 compare the estimated inventory for the original burial ground

with the total ORWBG inventory.

Table 3-5 presents a summary of the effects of radioactive decay to the radioactive COIS. The

table shows what percentage of the original quantity of the COIS will remain tier tie

indicated time intervals. Table 3-6 summarizes the result from applying the percentages in

Table 3-5 to the estimated inventory of radioactive COIS in the origirud burird ground given in

Table 3-4. The estimated inventory of radioactive COIS in the original burird ground decays

from over one million curies at burird to approximately 9,000 curies tier 100 years, and

decreases to ordy 1,800 curies tier 300 years (Table 3-6).

—.—..—.
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3.2 Potential “Hot Spots” for Solvent Tanks S1-S22

The estimated inventory for the OSTS is presented in Table 3-4. Volatile organic compounds

contained in the solvents, sludge and their degradation products are the primary COI

associated with the OSTS (Table 3-4).

Locations of individual solvent tanks are presented in Figure 1-3. These locations are taken

directly from the survey results presented in WSRC (1996). An operatiorud histo~ and data

for waste form and inventory are presented in WSRC (1996) and WSRC (1997). Solvent

Tanks S1-S22 are considered a potential “hot spot” for the purposes of this report by virtue of

the specific information about waste form and inventory, and the well-documented locations

of the individual tanks. The polygons (dashed line) in Figure 3-1 represent potential “hot

spots” for the OSTS within the ORWBG.

3.3 Invento~ Analysis and Potential “Hot Spots” for Nonradioactive Constituents of

Interest

Table 3-1 presents results of an assessment of inventory data available for the nonradioactive

●
COIS. Although COBRA does not specifically track the nonradioactive COIS, some burial

records can be associated with mercury and volatile organic compounds (WSRC, 1997).

3.3.1 Cadmium

Cadmium was used at SRS as neutron absorbing material. Its primary use was in reactors as

control rods, safety rods, and neutron-shielding sheets (WSRC, 1994). When a reactor was

shut down, the control rods and shielding sheets were disposed of in the ORWBG. Control

rods were put into disassembly basins for decay of short-lived isotopes and then cut into

pieces with m underwater saw. The pieces were placed in a cask, shipped to the ORWBG,

and buried in trenches designated for scrap metal (WSRC, 1997).

The total inventory of buried cadmium in the 0RWJ3G is estimated at 3,500 pounds

(Table 3-1) (WSRC, 1997). This estimate is based on process knowledge and records of

ammrd cadmium purchases. Most of the inventory (approximately 2,000 pounds) originated

from two burials of control rods that were removed from the R and L Reactors when they

were shut down in 1964 and 1970, respectively (oblath, 1985). AII adtiltional 1,000 to 2,000

pounds can be attributed to cadmium sheet that was used at SRS and may have been disposed

~.-. of in trenches in the ORWBG (Oblatk 1985).

hmtrl .o.&
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There are no detailed records on cadmium burials in the ORWBG. Cadmium would have

been buried as scrap metal and induced activity waste (WSRC, 1997). No specific COBRA

records from Buildlngs 105-R or 105-L (the R and L Reactor buildings) can be associated

with control rods wSRC, 1997). The buried control rods tie probably in areas of the

ORWBG that were active in 1964 and 1970 (afier shutdowns of the reactors) (WSRC, 1997).

3.3.2 Lead

Lead waspfimanly used foritsradiation-sfieldlngpropefiiesinsepmationsoperations at the

SRS. Its principal use was to shield Personnel from high levels of beta-gamma radiation

associated with fission products. Small amounts of lead in the ORWBG probably originate

horn reactors and shielding used during burial of off-site waste (WSRC, 1997).

WSRC (1997) estimates the total inventory of buried lead in the ORWBG at 100,OOOpounds

(Table 3-1). Ttisestimate isthought to beaccurate towittin *3 Opercent~SRC, 1997).

Detailed records were not kept on lead disposal because lead was not considered hmardous

during theoperational histor’yof the ORwBG. Theestimated source term forleadis basedon

process knowledge (WSRC, 1997). COBRA does not contain detailed records for lead;

therefore locations for lead-related burials are not available (Table 3-l).

3.3.3 Mercury

The inventory of mercury, principally the elemental liquid, buried in the ORWBG is estimated

at 24,195 pounds (Table 3- 1) (WSRC, 1997).

Detailed disposd records do not exist for mercury and burials of mercury are not specifically

documented in the COBRA database. WSRC (1997) estimates of the source term for

mercury are based onprocess knowledge. WSRC(1997) identified 150 COBRA records that

can be associated with burials of mercury at the ORWBG. Of these, 136 include grid

coordinates (Table 3-l). These records do not indicate the quantity of the nonradioactive

COIS, but can be compiled in maps to illustrate the distribution and number of burials at a

given location.

The data for burial locations of mercury were extracted from COBRA and sorted to determine

thenumber ofindlvidusd burials recorded at eachgnd cell (Table 3-7). This information was

used to determine how to plot the data, Symbols were chosen to represent the niunber of

_burials within ea.chgrid<ell. Maps of these datawere used todehneate potential ``hot s~ots''

by examining the distribution and relative concentrations of the number of recorded burials.

WI.o.h
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0 &easinthe ORWGwith relatively large numbers of burials that plot close to one another

aredefined aspotential’’hot spots”. Figure 3-2illustrates thelocations from these COBRA

records and the number of burials recorded at each grid location. Specific quantities of

mercury forthese burials arenotavailable (WSRC, 1997). Figure 3-2 ilhrstrates the locations

of COBWrecords thatmaybe associated tithbufied mercu~(WSRC, 1997).

Figure 3-2 indicates one area that contains a large concentration of burials associated with

mercury. Thepotentird mercury ’’hot spot” (HS-Hg-l) islocated inthesouthem halfofthe

eastern expansion area of the ORWBG. Thepattem of burials whhinthis potential’chot spot”

inconsistent with therepotied cofi@ration oftrenches inthspafi of the OR~G@i@re 1-

2). ~spotentiaI’’hot spot’’ includes severaI trenches, which arealigned inanorth to south

direction and labeled as “High-Level Waste” on the HP maps @lgure 1-2).

3.3.4 VolatiIe Organic Compoun&

Sources of VOCs in the ORWBG include the following

● Drummed scintillation sohrtions

● Waste oilsin absorbent materials

. Residual vapor and organic phases of spent PUREX solvent, waste oils, and

associated degradation products in the OSTS

● Residue fiomdecontafination operations atthe OR~Gpfior towastebund

VOCS associated with scintillation solution and waste oil are present in the ORWBG.

Estimates of the amount of liquid scintillation waste range from 10,OOOto 11,000 gallons

(WSRC,1997). Ttiswaste isptimtily contained insmdlpolyethylene tialswtich, be@fing

in 1965, were packed with “oil-dry” in 55-gallon drums and buried. Waste oil was either

stored in the OSTS, or absorbed on an “oil-dry” compound, placed in drums, and buned as

solidified waste @SRC, 1997).

VOCsarepresent inresidue inthe220STs @lgure l-3). Large amounts ofspent solvent and

smdlermounts oftritiated pump oilwere stored in220STs pnortothel98Os. Most of the

solvent was pumped tiom the OSTs and relocated to Building 643-7Gin the late 1970s and

early 1980s (WSRC, 1996). Residual “unpumpable heel” in the OSTS is present in vapor,

organic, aqueous, andsludge solid phases. Theremainirrg material is vapor, organic, aqueous,
..* . .._. ~., dg.

art su e residue” that was unpumpable. VOCS from the spent solvent and associated

-1.0.-
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degradation products are primarily concentrated in the vapor and organic phases. The ●
concentrations of VOCS in the vapor phase are know from a recent vapor phase survey the

amount of the organic phase is approximately 4,056 gallons (WSRC, 1997).

The best estimate for the total residue in the OSTS is 7,539 gallons (4,056 gallons organic

phase and 3,483 gallons aqueous phase). The best estimate for organic compounds that were

buried in trenches is based on Cook (1987). Approximately 7,100 kilograms of toluene, 7,100

kilograms of trimethylbemene, and 12,000 kilograms of Xylene horn liquid scintillation

solutions are buried in trenches (WSRC, 1997). The amount of VOCS present in residue from

decontamination operations is not known (WSRC, 1997).

VOCS are present in residue from decontamination operations conducted in the nordrwest

comer of the western expansion area of ORWBG prior to its use for trench burial.

Decontamination included the use of ethylenediarninetetraacetic acid (EDT~ a leachating

compound) and phosphate detergents (Ryan, 1983). There are no records indicating the

amounts of decontamination solutions that may have been disposed of in this area of the

ORWBG, nor is it clear how or whether these chemical solutions came into contact with

buried wastes. However, because VOCS are highly mobile and volatile, and because more

than 40 years have elapsed since decontamination activities ceased, the amount of VOCS ●
remaining from this source is probably limited (WSRC, 1997).

Detailed records do not exist for burials of organic compounds in the ORWBG, and burials of

VOCS are not specifically documented in“the COBRA database. WSRC (1997) estimates of

the source term for VOCS are based on process knowledge. WSRC (1997) identified 1,889

COBRA records that can be associated with burials of VOCS at the OR~G. Of these,

1,655 include grid coordinates (Table 3-l). These records do not indicate the quantity of the

norrradloactive COIS, but can be compiled in maps which provide a rough idea of the

distribution of the burials and the number of burials per grid cell.

I The data for burisd locations of VOCS were extracted horn COBRA and sorted to determine

the number of individual burirds recorded at each grid cell location (Table 3-7). This

information was used to determine how to plot the data. Symbols were chosen to represent

the number of burials located witbin each grid cell. Figure 3-3 illustrates the locations of

COBRA records that may be associated with buried VOCS ~SRC, 1997).

COBRA records associated with possible VOC burials plot in all parts of the ORWBG, but

most tie concentrated in the western expansion area. Actual quantities of VOCS cannot be . .

L
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0 ascribed to any of these records (WSRC, 1997). Flach et al. (1996) presented preliminary

results of transport simulations for tetrac~oroethylene and tricbloroethylene at the ORWBG.

Their results corroborate a concentration of potential VOC burials in the western expansion

area as shown in Flgrrre 3-3.

3.4 Analysis of COBRA Inventory for Radioactive Constituents of Interest

Table 3-2 presents the results of the inventory analysis for the radioactive COIS. The COBRA

database provides location data for 57 percent of the estimated source term for the COIS.

There are no documented burial locations for iodine-129 in the ORWBG (WSRC, 1997).

Table 3-2 indicates that higher percentages of located inventory are associated with COIS

having specific COBRA codes and relatively few burial records (e.g., plutonium, uranium-

238).

Application of radioactive decay to the estimated total inventory of COIS is summarized by

constituent in Table 3-8 and illustrated in Figure 3-4. Figures 3-5 through 3-13 present

summaries of the COBRA inventow of radioactive COIS at the time of burial, and at 25, 50,

100, 300, 500, 1,000, 5,000, and 10,000 years after burial. Mer 300 years, tntium and

● cobalt-60 have decayed to essentially zero @lgure 3-9) and the total activity decreases from

greater than 5,000,000 curies to approximately 7,000 curies @igures 3-4 and 3-9). Mer 500

years, strontium-90 and cesium- 137 have decayed to zero, and the total activity falls to 5,44o

curies, approximately 0.1 percent of the total COI activity at the time of burial (Figures 3-4

mrd 3-13).

For the purposes of this “hot spot” analysis, principal COIS are considered to be those which,

at any given time, together constitute greater than 99 percent of the total activity within an

area. As radioactive decay causes highly radioactive, short-lived COIS, such as tntium and

cobalt-60, to diminish, the longer-lived COIS increase in terms of their relative abundance. In

this manner, constituents which are considered principal COIS at burial may decay to low

levels &er a relatively short period of time, and the constituents which contribute a smrdl

percentage of the activity at burial may constitute a majority of the activity and be considered

principal COIS ordy after a petiod of decay.

A summary of the activity in the COI inventory at 500 years fier burial indicates that greater

than 99 percent of the activity at 500 years can be attributed to carbon-14, plutonium-238,

and plutonium-239 (Table 3-9). These three constituents are considered the principal COIS

“-~ forth e entire ORWBG inventory at 500 years &er burial. Mer 10,000 years, the plutonium-
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238 has decayed to zero, and the principal COIs include carbon-14, plutorrium-239, uranium-

238, and technetium-99 (Table 3-9).
●

3.4.1 Tritium

Trhium was sent tothe ORWBGas bulk waste~ob control waste, tritiated waste oils and

tritiated mercury, and used equipment and components), spent melts, imd reactive beds (the

latiertwo are b~roducts of thetritium production process). Based on Health Protection and

COBRA data, WSRC (1997) estimates 3,014,457 cufies of tritium are contained in the

ORWBG(Table 3-2). The OSTsare assumed tocontain notritium. The COBRA database

provides both quantity and location estimates fortfitium bufidsin the ORWG and locates

67 percent of the estimated inventory (Table 3-2).

3.4.2 Cesium-137

The best estimate for the original cesium- 137 inventory buried in trenches in the ORWBG is

58,657 curies (Table 3-2). These estimates were based ontheetiernd dose rate fiomawmte

package and an assumed isotopic distribution in the waste (WSRC, 1997).

Fission product waste with a dose rate less than 50 @ per hour was buried in low-activity ●
beta-gamma trenches. Fiasion product waste with dose rates of50mRper hour or greater

was buried inintemediate level (dsohown astigh-level) trenches (Cook, 1987). No special

containerization requirements existed. Thewaste was bunedin cmdboard boxes, plastic bags,

andmetal containers inlow-level andhigh-level trenches, depending onthedose rate from the

package (WSRC, 1997). COBWlocates 32percent of theestimated source term forcesium-

137.

3.4.3 Plutonium-238

Waste containing plutonium-238 originated primarily in the separations areas, reactor areas,

and research facilities like the Savannah River Technology Center (SRTC). Inventory

estimates for phrtonium-238 are based on data contained in COBRA and burial records

predating COBRA.

WSRC (1997) estimates the plutonium-238 inventory at the ORWBG at 20,514 curies

(Table 3-2). TMsestimate isthesum oftwosources: the COBWdatabase totdandave~

small quantity associated with spent solvent residues. COBRA locates virtually 100 percent

‘of the estimated source-term for plutonium-23 8 (Table 3-2). e

..—
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0 3.4.4 Plutonium-239

Waste containing plutorrium-239 in the ORWBG originated primarily in SRS separations

areas, reactor areas, and research facilities. The best estimate for the plutonium-239 inventory

in the ORWBG is 1,475 curies (Table 3-2) (WSRC, 1997). The inventory estimate for

plutonium-239 uses data contained in COBRA and records predating COBRA

(WSRC, 1997). The COBRA database records locations for 71 percent of the plutonium-239

source term (Table 3-2).

3.4.5 Strontium-90

The process used in the five SRS reactors generated fission products, such as strontium-90, as

byproducts. These byproducts became a component of job control waste and other waste

streams that were disposed at the ORWBG (WSRC, 1997). Burial records report activity

Ievelsof fission products as agroupsent tothe ORWBG but do not specifically record the

amount of strontium-90. The fraction of the fission products that can be strontium-90 is

detetined using repofied isotopic ratios andprocess howledge. WSRC (1997) estimates

the strontium-90 inventory at the ORWBG to be 58,657 curies (Table 3-2).

3.4.6 Uranium-235

The SRS operated five production reactors, which used fuel rods containing enriched

uranium-235. Other facilities at SRS manufactured fuel elements for the reactors and

extracted uranium-23 5 from spent firel elements.

Waste containing uranium was buried in rdpha activity trenches without special containers.

The waste was buried in cardboard boxes, plastic bags, and possibly, metal containers. WSRC

(1997)places thetotal estimated invento~of uratium-235 at0.6curies (Table 3-2). The

COBRA database contains locations for 56 percent of the uranium-235 inventory (Table 3-2).

3.4.7 Uranium-238

The SRS reactors were fueled by highly-enriched uranium fiel rods. Urrmium-238 slugs

(depleted ornaturd urtium) wereused astargets toproduce plutofium-239. The depleted

uranium used in SRS reactors as target material to produce phrtonium-239 consisted of at

least 99.5 percent uranium-238 (WSRC, 1997).

-*_ .
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Uranium-bearing waste was buried in alpha activity trenches without specird containers. The

waste was buried in cardboard boxes, plastic bags, and possibly, metrd containers. Inventory
*

estimates for urarrium-238 are based on data contained in the COBW database and records

indicating burials prior to COBW records. COBRA incfudes the butids of enriched uranium,

normal uranium and depleted uranium. Therefore, estimates can be extrapolated to a

uranium-23 8 inventory assuming that urarrium-238 is 100 percent of the depleted uranium,

99.274 percent of the normal uranium, and 7 percent of enriched uranium.

The COBRA estimate for the uranium-238 inventory in the trenches in the ORWBG is

14.8 curies. It is assumed that the COBW database captures dl of the Health Protection data

related to uranium (WSRC, 1997). The COB~ database provides locations for 87 percent

of theurarrium-238 buried in the ORWBG (Table 3-2).

3.4.8 Carbon-14

Carbon-1 4 was produced at SRS primarily in moderators in the five production reactors. To

maintain moderator purity, carbon- 14 was removed using ion-exchange resins br

demineralizing units. When a deminerfllzing unit was exhausted, the resin was removed and

buried (WSRC, 1997). During the first ten years of operations, deiotizer resins were dumped

in slurry form direct!y into ORWBG trenches (WSRC, 1997). Later, the resins were disposed e

in stairdess steel vessels. The normrd practice was to displace the heavy water with light

water, seal the stairdess steel columns with blank flmges, and bury the whole unit in trenches

(WSRC, 1997).

The best estimate for the total carbon-14 inventory at the ORWBG is 3,778 curies

(WSRC, 1997). COBRA burial records provide the date, location, and volume of disposals of

deionizer resin waste packages. From COBRA records, approximately 4,377 cubic feet of

spent resin is present in the ORWBG. The best estimate for the activity of carbon-14 in spent

resin is the volume of the resi~ in cubIc feet, multiplied by 0.86 cubic feet (yieldlng

3,764.2 curies). COBRA records locate more than 95 percent of the burials of carbon-14

(Table 3-2).

3.4.9 Cobalt-60

Cobrdt-60 at the SRS was produced primarily as a byproduct of irradiating cobalt-bearing

stairdess-steel components in SRS reactors. Irradiation of cobalt in stainless-steel components

~-formed cobalt-60. Operations at the reactor disassembly basins generated excess stairdess

●
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● steel components which were disposed as scrap metal. The scrap metal was placed into casks

and buried in the ORWBG (WSRC, 1997). The amount of cobalt-60 produced by other

sources (cobalt-59 wafers, Savamah River Ecology Laboratory, and SRTC) and disposed in

the ORWBG is relatively small compared to that horn the induced activity (WSRC, 1997).

The best estimate of the activity from buried cobalt-60 in the ORWBG is 1,960,400 curies

(Table 3-2). This estimate assumes an average disposal rate of 98,020 curies per year of

cobsdt-60 from startup of the original burial ground through 1972 (WSRC, 1997).

The COBRA database was used to identifi burials of cobalt-60 by searching the description

fields for terms associated with induced activity. This process is described in Appendix M of

WSRC (1997). The best estimate of the activity due to cobalt-60 associated with any

particular burial of “induced activity” waste can be determined by multiplying the recorded

activity of the burial (from COBRA) by 0.85. COBRA includes locations for more than

42 percent of the burial records which are presumed to contain cobalt-60 (Table 3-2).

3.4.10 Iodine-129

Radioiodine is a fission product that originated predominantly in the fiel and targets that were

● irradiated in the nuclear materials production reactors at SRS. The predominant

radloiodlne-containing material buried in the ORWBG is spent ceramic chips coated with

silver nitrate (“Berl saddles”). the saddles were used to adsorb radioiodine (principally

iodine- 129 and iodine- 131) during the dissolution of fiel and targets in F and H Areas.

Essentially dl of the iodine-129 in the burial ground is from Berl saddles used in the process

sir filters (WSRC, 1997).

The best estimate of the amount of iodine-129 in the ORWBG is determined by multiplying a

scaled production amount of 35.45 curies produced during the operationfd history of the

ORWBG by the fraction of the total that was sent to the burial ground (30 percent). This

yields 10.6 curies (Table 3-2) (WSRC, 1997). The estimate assumes that 39 curies of

iodine- 129 was produced at SRS from st~p to 1974 and that 30 percent of this amount was

buried in the ORWBG. The number of spent charges of Berl saddles in the ORWBG,

assuming a constant disposal rate, is estimated to be 34 (WSRC, 1997). Each container held

approximately 20 cubic feet of Berl saddles.

There are no references to Berl saddles in the COBRA database, nor is there any specific

iodine-129 constituent information. Because Berl saddles are not identified in the COBRA

-
— - database, the locations of the iodine-l 29 burials cannot be determined. The Berl saddles were
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bufied without containment or encapsulation in earthen trenches. Their locations are probably

distributed randomly among the intermediate-level beta-ganuna waste trenches (WSRC, ●
1997).

3.4.11 Technetium-99

Technetium-99 is a fission product produced by the fission of uranium-235 and phrtonium-239

(Cook and Helton, 1989), Most of the technetium-99 in the ORWBG is present in burials of

fission product waste.

I

The best estimate of the amount of technetium-99 in the ORmG is 12 curies (Table 3-2).

Shipments of technetium-99 are not documented in the COB~ database. Technetium-99 is

assumed to have been disposed with other fission product waste, ~d to have been identified

in the COBRA database as “fission products”. COBRA records locate approximately 50

percent of the estimated source term (Table 3-2).

3.4.12 Neptunium-237

Neptunium-237 is produced as a byproduct dufing the nucleaf fuel cycle. It is produced by

two primary sources at SRS. One source is alpha decay of americium-241; the americium-241 ●
is produced by the beta decay of plutorrium-241 in weapons-grade plutonium. The other

source is via a side reaction during the irradiation of uranium-238 targets to eventually

produce plutonium-239, Neptunium-237 is also the target material used to produce

plutonium-23 8 in SRS reactors.

The primary waste fom of neptunium-237 in the ORWBG is very similar to that for

phrtonium-238. Nepturrium-237 contaminated waste was buried in plastic bags rmd cardboard

boxes, in concrete culverts containing drummed or boxed neptunium-237-beting waste, and

in drums and other waste forms (equipment, waste in wooden boxes, etc.) encapsulated by

concrete on aII sides, top, and bottom.

The best estimate of the amount of neptunium-237 originally buried in the ORWBG is

1.99 curies (Table 3-2). The amount of ingrown neptunium-237 is conservatively calculated

as 0.004 curies. The amount lost to radioactive decay is negligible due to the long half-life of

the constituent (WSRC, 1997). The COBRA database provides both quantity and location

estimates for nepturrium-237 buriaIs in the ORWBG, COBRA records locate approximately

.____98percent of the estimated inventory (Table 3-2),

●

-1.o.h
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3.5 Potential “Hot Spots” for Radioactive Constituents of Interest

Delineation of potential “hot spots” for the inventory of radioactive COIS combined results of

the inventory forecast with burial locations available from COBRA. The COBRA data were

compiled into maps to ascertain the spatial distribution and concentration of radioactivity for

the COI inventory. Selection of potential “hot spots” for the radioactive COIS requires more

than knowledge of the location and number of burials. The selection process must rdso

consider the levels of activity associated with the burials, and how those levels will change

over time. The process by which this was accomplished is oudined below. The results are

depicted on maps representing tie COI invento~ at 100, 300, and 500 years after the time of

burial.

● Step I

Activity levels for each COI were extracted from COBRA and saved to individual data

tiles. Each COI data file contains all burial locations (grid cell coordinates) which

appear in COBRA and the total activity of the COI (in curies) in each grid cell. The

local burial ground grid system was used for the grid cell coordinates in the data sets.

Data horn multiple COBRA burial records having the same grid coordinate were

summed in this process. Orid cells without applicable burial records were posted with

“0” activity.

The appropriate decay percentages are applied to the COI inventory data to create

files which represent the levels of activity within each burial cell at 100, 300, and

500 years after burial. This is accomplished by multiplying the initial activity at each

grid cell by the percentage of the COI which will be remaining at the end of the decay

interval. Table 3-3 includes the decay percentages used in these calculations.

Data files were uploaded into EarthVlsiorr@ spatial-analysis so~are and the

EarthVlsion@ data file was created from each of the COI data files.

● Step 2

A composite data file was created for each time interval. The “interval” composite

data file is the sum of the activities contributed by each COI at each grid cell. The

result is a data file where each record consists of an X,y grid coordinate, and the total

number of curies created by the COI invento~ at the coordinate. The statistics of

these interval data sets were reviewed to establish a “threshold” value which would
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I
identi$ grid cells with relatively high levels of radioactivity. Statistics for the intem~

data files are presented below.
e

Decay Number
Intervaf of Grid Average Mfnimum Maximum Standard
@ears) Cells (Cllcell) (C1/cell) (CticeD) Deviatiun

100 9883 2.49 0 1065.90 28.91

300 9883 0,65 0 427.88 10.31

500 9883 0.49 0 416.98 8.18

The 100-yew decay intewdapprofimates theendof institutional control of the SRS

andthe ORWBG. Avalueof60 curies (approtimately twice thestmdard deviation of

thedata) wasselected asthe``theshol& value based on the IoO-yeafintefval. This

threshold was used to identifi grid cells with relatively high levels of COI activity tier

the end of institutional control and at 300 and 500 years after burial.

. Step3

The interval composite data are plotted to illustrate the spatial distribution of the burird

locations wbichcontain actitity levels exceeding the’’threshold” value of 60curies. ●
Symbols were chosen to identify burial locations which fall above and below the

threshold value of60cuties. Mapswere compiled toillustrate thedisttibution of COIs

exceedlrrg the threshold value at 100, 300 and 500 years tierburid. Areas on the

maps containing burials in excess of the threshold value were delineated as potential

“hot spot” areas. The EarthVision@ Graphic Editor was used to draw polygons

around these potential “hot spots.” The maps showing the burial distribution and

potential “hot spots” are presented as Figures 3-14 through 3-16. The grid

coordinates of the vertices of the polygons were downloaded from EarthVision” as

text files.

. Step4

The grid coordinates from polygon files were used to query COBRA for burial records

located inside of the potential “hot spot.” Data from the COBRA records were

compiled intabular form to summarize the physical attributes of waste buried within

each potential’’hot spot.” Attributes of thewaste inthefour potential “hot spots” are

discussed below. This knowledge of theattfibutes ofwaste inpotentid ``hot spots” ●
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will be usefbl when determining available options for remdlation of the potential “hot

spots” and the ORWBG in generrd.

The polygon coordinates were used as query criteria on the individual COI data files

generated in Step 1 of the process. The activity level at each grid cell within the

potential “hot spot” polygon was extracted from each COI data file. These data were

aggregated to create a composite data file of the total COI inventory for the potenti~

“hot spot”. This file is similar to those created in Step 2, but specific to each potential

“hot spot”. An inventory analysis was then performed on each potential “hot spot”

composite file in a manner similar to that pefiorrned for the entire COI inventory of the

ORWBG. The inventory was examined in terms of how the levels of COI activity

within each potential “hot spot” change over time.

The activity-distribution maps of the prirrcipal COIS at 300 and 500 years after burial indicate

eight areas that could be considered potential “hot spots” ~lgures 3-15 and 3-16).

Tables 3-10 through 3-67 summarize the potential “hot spots” by presenting summary

statistics and a decay forecast for the COBRA inventory of each potentird “hot spot.” The

o

inventory analyses present the effects of radioactive decay to the COI inventory in each

potential “hot spot.”

3.5.1 Potential <’HotSpots’’ atlOOYears After Burial

3.5,1,1 Potential’’Hot Soot’>l

Potentird’’hot spot’’ number HS-l0O-l encompasses anareaofapproximately 50,000 square

feetinthe westempart of the ORWBG@lgure 3-14). Table 3-10 presents summary statistics

forall COBRA records located within thepotentird’’hot spot.” Table 3-11 summarizes the

COI inventory within this area and forecasts the effects of radioactive decay up to 10,000

years &er time of burial.

COBRA lists atotalvohrme of358,581 cubic feet ofwaste as3,099individual burials intbis

area. The burials within this area average 116 cubic feet in volume. COBRA indicates that

the majority of burirds contain job control waste, with subordinate amounts of naturally

radioactive materials.

The potential “hot spot” contains a COI inventory which contributes approximately

_.-@_. 231,252 curies of radioactivity at the time of burial. The principal COIS include tritium,

cesium-137, plutonium-238, and strontium-90at thetime of burial. The total activity decays
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to 1,758 curies after 100 years of burial, and drops to 255 curies after 300 years. This ●
potential “hot spot” shri~s in area to become potential “hot spot” 2 on the 300 and 500 year

maps.

3.5.1.2 Potential “Hot Suet” 2

Potential “hot spot” number HS- 100-2 encompasses an area of approximately 3,000 square

feet in the southwestern part of the ORWBG (Figure 3-14). Table 3-12 presents summary

statistics for all COBRA records located within the potential “hot spot.” Table 3-13

summarizes the COI inventory within this area and forecasts the effects of radioactive decay

up to 10,000 years after time of burial.

COBRA lists a total volume of 42,961 cubic feet of waste as 317 individual burials in this

area. The burials within this area average 136 cubic feet in volume. COBRA indicates that

the majority of burials contain job control waste, with subordinate amounts of naturally

radioactive materials.

The potential “hot spot” contains a COI inventory which contributes approximately

32,350 curies of radioactivity at the time of burial. The principal COI is tritium at the time of

burial. The total activity decays to 118 curies afier 100 years of burial, and drops to e

O.O9curies afier 300 years. The potential “hot spot” is not persistent and drops horn the 300

and 500 year maps (Pigures 3-15 and 3-16).

3.5.1.3 Potentird “Hot Suet” 3

Potential “hot spot” number HS- 100-3 encompasses an area of approximately 3,000 square

feet in the northwestern part of the ORWBG (Figure 3-14). Table 3-14 presents summary

statistics for all COBRA records located within the potential “hot spot.” Table 3-15

summarizes the COI inventory within this area and forecasts the effects of radioactive decay

up to 10,000 years afier time of burial.

COBRA lists a total volume of 879 cubic feet of waste as 23 individurd burials in this area.

The burials within this area average 38 cubic feet in volume. COBRA indicates that the

majority of burirds contain irradiated metal scrap waste, with subordinate amounts of job

control waste.

The potentird “hot spot” contains a COI inventory which contributes approximately

-57,480 curies of {adloactitity at the time of burial. The principal COI is tritium at the time of ●

hohpairl.o.ti
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~

burial. The total activity decays to 207 curies tier 100 years of burial, and drops to O curies

after 300 years. The potentird “hot spot” is not persistent and drops from the 300 and

500 year maps @lgures 3-12 and 3-13).

3.5,1,4 Potential “Hot Soot” 4

Potential “hot spot” number HS-100-4 is an area of approximately 2,400 square feet in the

western part of the ORWBG @lgure 3-14). Table 3-16 presents summary statistics for all

COBRA records located within the potentird “hot spot.” Table 3-17 summarizes the COI

inventory within this area and forecasts the effects of radioactive decay up to 10,000 years

after time of burial.

COBRA lists a total volume of 33,256 cubic feet of waste as 237 individual burials in this

area. The burials within this area average 140 cubic feet in volume. COBRA indicates that

the majority of burirds contain job control waste with subordinate amounts of naturally

radioactive materials and capital equipment.

The potentird “hot spot” contains a COI invento~ which contributes approximately 570 curies

o
of radioactivity at the time of burial. The principal COIS include tritium and carbon-14 at the

time of burial. The total activity decays to 76 curies after 100 years of burial, and drops to 73

curies after 300 years. The potential “hot spot” is persistent and appears as potential “hot

spot” number 3 on the 300 and 500 year maps (Figures 3-12 and 3-13). The persistence of

this potential “hot spot” is due to carbon-14, which accounts for essentially all of the

radioactivity after 300 years.

3.S, 1.5 Potentird “Hot Spot” 5

Potential “hot spot” number HS-1 00-5 encompasses an area of approximately 4,500 square

feet in the central western part of the ORWBG @lgure 3-14). Table 3-18 presents summ~

statistics for all COBRA records located within the potential “hot spot.” Table 3-19

summarizes the COI inventory within this area and forecasts the effects of radioactive decay

up to 10,000 years &er time of burial.

COBRA lists a totrd volume of 35,858 cubic feet of waste as 298 individurd burials in this

area. The burials within this area average 120 cubic feet in volume. COBRA indicates that

the majority of burials contain job control waste, with subordinate amounts of irradiated metal

-0
scrap and capital equipment.
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The potential “hot spot” contains a COI inventoV which contributes approximately
@

59,243 curies of radioactivity at the time of burial. The principal COI include tritium at the

time of burial. The total activity decays to 214 curies after 100 years of burial, and drops to

~

0.87 curies after 300 years. The potentird “hot spot” ia not persistent and drops from the 300

and 500 year maps @lgures 3-12 and 3-13).

3.5.1,6 Potential “Hot Soot” 6

Potentird “hot spot” number HS-11313-6encompasses an area of approximately 36,000 square

feet in the central western part of the ORWBG @lgure 3-14). Table 3-20 presents summary

statistics for all COBRA records located tithin the potential “hot spot.” Table 3-21

summarizes the COI inventory within this area and forecasts the effects of radioactive decay

up to 10,000 years tier time of burial.

COBRA lists a total volume of 18,708 cubic feet of waste as 762 individual burials in this

area. The burials within this area average 25 cubic feet in volume. COBRA indicates that the

majority of burirds contain job control waste, with subordinate amounts of capital equipment.

The potential “hot spot” contains a COI inventory which contributes approximately

157,649 curies of radioactivity at the time of burial. The principal COIS include tritium,

plutonium-238 and plutonium-239 at the time of burial. The total activity decays to

6,384 curies afier 100 years of burird, and drops to 1,813 curies fier 300 years. The potentiaI

“hot spot” is persistent and appears as potential “hot spot” number 1 on the 300 and 500 year

maps (Figures 3-15 and 3-16).

3.5,1.7 Potential “Hot Spot” 7

Potential “hot spot” number HS-1OO-7 encompasses an area of approximately 39,000 square

feet in the southwestern part of the ORWBG (Figure 3-14). Table 3-22 presents summary

statistics for all COBRA “records located within the potentiaI “hot spot.” Table 3-23

summarizes the COI inventory within ths area and forecasts the effects of radioactive decay

up to 10,000 years after time of burial.

COBRA lists a total volume of 311,364 cubic feet of waste as 2,183 individurd burials in this

area. The burials within this area average 143 cubic feet in volume. COBRA indicates that

the majority of burials contain job control waste, with subordinate amounts of naturally

radioactive materials. ..-

61.0.h =

●
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0 The potential ‘<hot spot,> contains. COIinventO~wtich contributes approximately 181,206

curies of radioactivity at the time of buriai. The principal COIS include tritium, cesium- 137,

and strontium-90 at the time of burial. The totrd activity decays to 919 curies afier 100 yews

of burial, and drops to 5 curies afier 300 years. The potential “hot spot” is not persistent and

drops from the 300 and 500 year maps @igures 3-15 and 3-16).

3.5.1.8 Potentird “Hot Suet” 8

Potential “hot spot” number HS-100-8 encompasses an area of approximately 3,OOOsquare

feet in the western part of the ORWBG @lgure 3-14). Table 3-24 presents summary statistics

for all COBW records located within the potential “hot spot.” Table 3-25 summarizes the

COI inventory within this area and forecasts the effects of radioactive decay up to 10,000

years tier time of burial.

COBRA lists a total volume of 5,228 cubic feet of waste as 35 individual burials in this area.

The burials within this area average 149 cubic feet in volume. COBRA indicates that

100 percent of the burials contain job control waste.

9
The potential “hot spot” contains a COI inventory which contributes approximately

58,o53 curies of radioactivity at the time of burial. The principal COI is tntium at the time of

burial. The total activity decays to 209 curies after 100 years of burird, and drops to O curies

tier 300 years. The potential “hot spot” is not persistent rmd drops from the 300 and

500 year maps (Figures 3-15 and 3-16).

3.5.1.9 pOtentid “~Ot SDOt” 9

Potential “hot spot” number HS-1OO-9 encompasses an area of approximately 3,100 square

feet in the northern part of the ORWBG @lsr.rre 3-14). Table 3-26 presents summary

statistics for all COBRA records located within the potential “hot spot.” Table 3-27

summarizes the COI inventory within this area and forecasts the effects of radioactive decay

up to 10,000 years tier time of burial.

COBRA lists a total volume of 3,880 cubic feet of waste as 1 individual burird in this area.

The burials within this area average 3,880 CUbiC feet in volume. COBRA indicates that the

burial contains capital equipment waste.

The potential “hot spot” contains a COI inventory which contributes approximately

9- 1,788 curies of radioactivity at the time of burird. The principal COIS include cesium-137 and



36 WSRC-~-9740329 Rev. 1.0,Delineationof Potmtial “Hot Spots” for the ORWG

I strontium-90 at the time of burial. The total activity decays to 172 curies after 100 years of e

burial, and drops to 2 curies after 300 years. The potential “hot spot” is not persistent and

drops from the 300 and 500 year maps (Pigures 3-15 and 3-16).

3,5.1.10 Potential “Hot Suet” 10

Potential “hot spot” number HS-1OO-1O encompasses an area of approximately 3,000 square

feet in the southern part of the ORWBG ~lgure 3-14). Table 3-28 presents summary

statistics for all COBRA records located within the potential “hot spot.” Table 3-29

summarizes the COI inventory within this area and forecasts the effects of radioactive decay

up to 10,000 years after time of burial.

COBRA lists a total volume of 13,786 cubic feet of waste as 123 individual burials in this

area. The burials within this area average 112 CUKICfeet in volume. COBRA indicates that 96

percent of the burials contain job control waste. The remaining 4 percent of the burials

contain oil, irradiated metal scrap, and naturally radioactive materials.

The potential “hot spot” contains a COI inventory which contributes approximately

2,441 curies of radioactivity at the time of burial. The principal COIS include tritium and

plutonium-238 at the time of burial. The total activity decays to 112 curies after 100 years of @

burial, and drops to 20 curies after 300 years. The potential “hot spot” is not persistent and

drops from the 300 and 500 year maps @lgures 3-15 and 3-16).

3.5.1.11 Potential “Hot Spot” 11

Potential “hot spot” number HS- 100-11 encompasses an area of approximately 5,000 square

feet in the southern part of the ORWBG (Figure 3-14). Table 3-30 presents summary

statistics for all COBRA records located within the potential “hot spot.” Table 3-31

summarizes the COI inventory within this area and forecasts the effects of radioactive decay

up to 10,000 years tier time of burird.

COBRA lists a total volume of 2,388 cubic feet of waste as 25 individual burials in this area.

The burials within this area average 95 cubic feet in volume. COBRA indicates that

approximately 100 percent of the burials contain job control waste,

The potential “hot spot” contains a COI invento~ which contributes approximately

53,864 curies of radioactivity at the time of burial. The principal COI is tritium at the time of
—.

I burial. ‘-The total acti~lty-dec~ito 194 curies after 100 years of burird, and drops to O curies ●
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* afier 300 years. The potential “hot spot “ is not persistent and drops from the 300 and

500 year maps @igures 3-15 and 3-16).

3.5.1.12 Potential “Hot Suet” 12

Potentisd “hot spot” number HS-1OO-12 is an area of approximately 2,800 square feet in the

central part of the ORWBG @lgure 3-14). Table 3-32 presents summary statistics for all

COBRA records located witbin the potential “hot spot.” Table 3-33 summarizes the COI

inventory witbin this area and forecasts the effects of radioactive decay up to 10,000 years

after time of burial.

COBRA lists a total volume of 104 cubic feet of waste as 10 individual burials in this area.

The burials within this area average 10 cubic feet in volume. COBRA indicates that

100 percent of the burials contain job control waste.

The potential “hot spot” contains a COI inventory which contributes approximately 154 curies

of radioactivity at the time of burial. The principal COIS include plutonium-238 and

plutonium-239 at the time of burial. The total activity decays to 72 curies tier 100 years of

●
burial, and drops to 19 curies tier 300 years. The potential “hot spot” is not persistent and

drops from the 300 and 500 year maps (Pigures 3-15 and 3-16).

3.5.1.13 Potential “Hot Suet” 13

Potential “hot spot” number HS-1OO-13 encompasses an area of approximately 18,000 square

feet in the eastern part of the ORWBG @lgure 3-14). Table 3-34 presents summary statistics

for all COBRA records located within the potential “hot spot.” Table 3-35 summarizes the

COI inventory within this area and forecasts the effects of radioactive decay up to 10,000

years after time of burial.

COBRA lists a total volume of 54,498 cubic feet of waste as 885 individual burials in this

area. The burirds within this area average 62 cubic feet in volume. COBRA indicates that

98 percent of the burials contain job control waste and the remaining 2 percent contains

naturally radioactive materials and capital equipment.

The potentird “hot spot” contains a COI inventory which contributes approximately

5,957 curies of radioactivity at the time of burial. The principal COIS include phrtorrium-238

and plutonium-239 at the time of burird. The total activity decays to 2,835 curies Aer

s--””-– 100 years of burird, and drops to 876 curies after 300 years. The potential “hot spot” is
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persistent and appears as potential “hot spot” number 4 on the 300 and 500 year maps
@

@igures 3-15 and 3-16).

3.5.1.14 Potential “Hot Suet” 14

potential ‘“hot spot” number HS-1OO-14 is an area of approximately 2,400 square feet in the

eastern part of the ORWBG @lgure 3-14). Table 3-36 presents summary statistics for all

COBRA records located within the potential “hot spot,” Table 3-37 summarizes the COI

inventory within this area and ~orecasts the effects of radioactive decay up to 10,000 years

after time of burial.

COBRA lists a total volume of 7,654 CUbiCfeet of waste as 63 intilvidual burials in this area.

The burials within this area average 121 cubic feet in volume. COBRA indicates that the

majority of burials contain job control waste, with subordinate amounts of oil and naturally

radioactive materials.

The potential “hot spot” contains a COI inventory which contributes approximately

46,873 curies of radioactivity at the time of buriaJ. The principal COIs include tritium at the

time of burial. The total activity decays to 170 curies fier 100 years of burial, and drops to

0.15 curies after 300 years. The potential “hot spot” is not persistent and drops from the 300 ●
and 500 year maps @lgures 3-15 and 3-16).

3.5.1.15 P~

Potential “hot spot” number HS- 100-15 an area of approximately 2,400 square feet in the

southeastern part of the ORWBG @lgure 3-14). Table 3-38 presents summary statistics for

all COBRA records Iocated within the potential “hot spot.” Table 3-39 summarizes the COI

inventory witbin this area and forecasts the effects of radioactive decay up to 10,000 years

tier time of burial.

COBRA lists a total volume of 18,079 cubic feet of waste as 147 individual burials in this

area. The burials within this area average 123 cubic feet in volume. COBRA indicates that

the majority of burials contain job control waste, with subordinate amounts of naturally

radioactive materisds.

The potential “hot spot” contains a COI inventory which contributes approximately

41,484 curies of radioactivity at the time of burial. The principal COI is tritium at the time of

burial. The total activity decays to 174 curies after 100 years of bunsd, and drops to 5 curies *

btipc.tll.o.du
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0
afrer 300 years. The potentifd “hot spot “ is not persistent and drops from the 300 and

500 year maps (Figures 3-15 and 3-16).

3.5.1.16 Potential “Hot Soot” 16

Potential “hot spot” number HS-1 00-16 an area of approximately 2,100 square feet in the

northeastern part of the OR~G (Figure 3-14). Table 3-40 presents summary statistics for

all COBRA records located within the potential “hot spot.” Table 3-41 summtizes the COI

inventory within this area and forecasts the effects of radioactive decay up to 10,000 years

after time of burial.

COBRA lists a total volume of 5,416 cubic feet of waste as 51 individud burials in this area.

The burials within this area average 106 cubic feet in volume. COB~ indicates that the

majority of burials contain job control waste, with subordinate amounts of irradiated metal

scrap.

The potential “hot spot” contains a COI inventory which contributes approximately

38,522 curies of radioactivity at the time of burial. The principal COIS include cobalt-60 and

●
tritium at the time of burial. The totrd activity decays to 77 curies after 100 years of burial,

and drops to 42 curies afier 300 years. The potential “hot spot” is not persistent and drops

from the 300 and 500 year maps (Figures 3-15 and 3-16).

3.5,1.17 Potential “Hot Soot” 17

Potential “hot spot” number HS- 100-17 an area of approximately 32,000 square feet in the

eastern part of the ORWBG @lgure 3-14). Table 3-42 presents summary statistics for rdl

COBRA records located within the potential “hot spot.” Table 3-43 summarizes the COI

inventory within this area and forecasts the effects of radioactive decay Up to 10,000 years

afier time of burial.

COBRA lists a totsd volume of 72,181 cubic feet of waste as 519 individud burials in this

area. The burials within this area average 139 cubic feet in volume. COB~ indicates that

the majority of burials contain job control waste, with subordinate amounts of oil irradiated

metal scrap.

The potential “hot spot” contains a COI inventory which contributes approximately

275,839 curies of radioactivity at the time of bufid. The pfincipd cOI is tfitium at the ~me of

● ’” ‘“”
burial. The total activity decays to 1,030 curies after 100 years of burial, and drops to 1 curie

til.o.du
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after 300 years. The potential “hot spot” is not persistent and drops from the 300 and 500 ● I
year maps (Figures 3-15 and 3-16)

3.5.1.18 Potentird “Hot SDot” 18

Potentird “hot spot” number HS-1 00-18 is an area of approximately 26,000 square feet in the

northeastern part of the ORWBG ~jgure 3-14). Table 3-44 presents summary statistics for

all COBRA records located within the potential “hot spot.” Table 3-45 summarizes the COI

invento~ within this area and forecasts the effects of radioactive decay Up to 10,000 years

tier time of burial.

COBRA Iists a total volume of 35,054 cubic feet of waste as 881 individual burials in this

area. The burials within this area average 40 cubic feet in volume. COBRA indicates that the

majority of burials contain irradiated metsd scrap waste, with subordinate amounts of job

control waste and capital equipment.

The potential “hot spot” contains a COI inventory which contributes approximately

140,908 curies of radioactivity at the time of burial. The principal COIS include cobalt-60 and

tritium at the time of burird. The total activity decays to 1,102 curies tier 100 years of burial,

and drops to 649 curies atter 300 years. The potential “hot spot” is persistent and appears as

potentird “hot spot” number 5 on the 300 and 500 year maps (Figures 3-15 and 3-1 6).

3,5.1.19 F’otentid “Hot SDot” 19

Potentisd “hot spot” number HS-I 00-19 encompasses an area of approximately 100,000

square feet in the eastern part of the ORWBG ~]gure 3-14). Table 3-46 presents summary

statistics for all COBRA records located within the potential “hot spot.” Table 3-47

summarizes the COI inventory within this area and forecasts the effects of radioactive decay

up to 10,000 years after time of burial.

COBRA lists a total volume of 199,271 cubic feet of waste as 4,302 individual burials in this

area. The burials within this area average 46 cubic feet in volume. COBRA indicates that the

majority of burials contain irradiated metrd scrap waste, with subordinate amounts of job

control waste and capital equipment.

The potential “hot spot” contains a COI inventory which contributes approximately

644,238 curies of radioactivity at the time of burial. The principal COIS include cobalt-60 and

tntnrm>-t the tirni of btifial. The t~t~-actitity decays to 4,871 curies tier 100 years of burial,
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● and drops to 1,986 curies after 300 years. The potential “hot spot” is persistent and appears

as potential “hot spot” number 6 on the 300 and 500 year maps (Figures 3-15 and 3-16).

After 300 years of burial, cobalt-60 and tritium have decayed to almost zero, and carbon-14

accounts for more than 90°/0of the activity.

3.5.1.20 Potential “Hot Suet” 20

Potential “hot spot” number HS-1 00-20 encompasses an area of approximately 6,800 square

feet in the northeastern part of the ORWBG @igure 3-14). Table 3-48 presents summary

statistics for all COBW records located within the potential “hot spot.” Table 3-49

summarizes the COI inventory within this area and forecasts the effects of radioactive decay

up to 10,000 years after time of burial.

COBRA lists a total volume of 17,089 cubic feet of waste as 620 individual burials in this

area. The burials within this area average 27 cubic feet in vohrme. COBRA indicates that the

majority of burials contain irradiated metal scrap waste, with subordinate amounts of job

control waste.

● The potential “hot spot” contains a COI inventory which contributes approximately

121,175 curies of radioactivity at the time of bufird. The principal COIS include cobalt-60 and

tntium at the time of burial. The total activity decays to 698 curies tier 100 years of burial,

and drops to 428 curies fier 300 years. The potential “hot spot” is persistent and appears as

potential “hot spot” number 7 on the 300 and 500 year maps ~lgures 3-15 and 3-16).

3.5.1.21 Potential “Hot Srrot” 21

Potential “hot spot” number HS-1 00-21 is an area of approximately 22,000 square feet in the

eastern part of the ORWBG (Figure 3-14). Table 3-50 presents summary statistics for aIl

COBRA records located within the potential “hot spot.” Table 3-51 summarizes the COI

inventory within this area and forecasts the effects of radioactive decay up to 10,000 years

tier time of burial.

COBRA lists a total volume of 21,406 cubic feet of waste as 767 individual burials in this

area. The burials within this area average 28 cubic feet in volume. COBRA indicates that the

majority of burials contain irradiated metal scrap waste, with subordinate amounts of job

control waste.
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The potential “hot spot” contains a COI inventory which contributes approximately ●
154,581 curies of radioactivity at the time of burial. The principal COIS include cobrdt-60 and

tritium at the time of burial. The total activity decays to 536 curies after 100 years of burird, I

and drops to 105 curies afier 300 years. The potential “hot spot” is persistent and appears as

potential “hot spot” number 8 on the 300 and 500 year maps @ignres 3-15 and 3-16).

3.5.2 Potential “Hot Spots” at 300 and 500 Years After Burial

3.5.2.1 Potential “Hot S~ot” 1

Potential “hot spot” 1 on the 300 and 500 year maps encompasses an area of approximately

23,000 square feet in the western part of the ORWBG @lgures 3-15 and 3-16). Table 3-52

presents summary statistics for all COBRA records located within the potential “hot spot.”

Table 3-53 summarizes the COI inventory within this area and forecasts the effects of

radioactive decay up to 10,000 years atter time of burial.

COBRA lists a total volume of 18,339 cubic feet of waste as 754 individual burirds in this

area. The burials within this area average 24 cubic feet in volume. COBRA indicates that the

majority of burials contain job control waste, with subordinate amounts of capital equipment

and irradiated metal scrap. The burials of job control waste include “deionizes”, “concrete

casks”, and “concrete vessels”. Ninety-six percent of the waste is contained in TRU waste.

COBRA records indicate that 10 of the burials are ‘{deionizes”.

Potential “hot spot” 1 contains a COI inventory which contributes approximately

11,316 curies of radioactivity at the time of burial. The principal COIS include plutorrium-

238, plutorrium-239, and carbon-14 at the time of burial. The total activity decays to

1,754 curies tier 300 years of burial, and drops to 968 curies tier 500 years. Principal COIS

tier 300 years include plutonium-238, plutonium-239, and carbon-14.

3.5.2.2 Potential “Hot S~ot” 2

Potential “hot spot” 2 on the 300 and 500 year maps encompasses an area of approximately

4,500 square feet in the western part of the ORWBG ~lgures 3-15 and 3-16), Table 3-54

presents summary statistics for all COBRA records located within the potential “hot spot.”

TabIe 3-55 summarizes the COI inventory within this area and forecasts the effects of

radioactive decay up to 10,000 years after time of burial,
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● COBRA lists a total volume of 49,743 cubic feet of waste as 645 individual burials in this

area. The burials within this area average 77 cubic feet in volume. COBRA indicates that the

majority of burials contain job control waste and215 of the burials are listed as TRU waste.

potential “hot spot” 2 contains a COI inventory which contributes approximately

16,010 curies of radioactivity at the time of burial. The principal COIS include tritium and

phrtonium-239 at the time of burial. The total activity decays to 107 curies tier 300 years of

burial, and drops to 106 curies afier 500 years. Principal COIS tier 300 years include

plutorrium-239.

3.5.2.3 Potentird’’Hot Suot”3

Potentird’’hot spot”3 onthe300and 500 year maps encompasses anarea of approximately

4,5oO square feet inthewestern part of the ORWBG~lgures 3-15 and 3-16). Table 3-56

presents summary statistics forrdl COBRA records located within the potential “hot spot.”

Table 3-57 summarizes the COI invento~ within this area and forecasts the effects of

radioactive decay up to 10,OOOyearsafter time of burial.

o

COBRA lists atotrd volume of33,256 cubic feef ofwaste as237individua.1 burials intbis

area. The burials within tbis area average 140 cubic feet invohrme. COBRA indicates that

the majority of burials contain job control waste, with srrbordinate amounts of naturally

radioactive materials, capital equipment, oil, and irradiated metal scrap.

Potential’’hot spot” 3 contains aCOIinventory which contributes approximately 571 curies

ofradloactivity at the time of burial. Thepnncipd COIsinclude trhiumrmd carbon-14 at the

time of burial. The total activity decays to 74 curies after 300 years of burial, and drops to

72curies after 500 years. Carbon-14 contributes over 99 percent of the total activity afrer

300years (Table 3-57). Thecarbon-14 iscontained in’’deionizers”.

3.5.2.4 Potentird’’Hot Soot”4

Potential “hot spot” 4 on the 300 and 500 year maps encompasses an area of approximately

13,700squwe feet inthecentrfl pafiofthe ORWG@iWres 3-15ad 3-16). Table 3-58

presents summary statistics for all COBRA records located witbin the potential “hot spot.”

Table 3-59 summarizes the COI inventory within this area rmd forecasts the effects of

radioactive decay up to 10,OOOyearsafter time of burial.

.-*.
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COBRA lists atotdvolume of33,702 cubic feet ofwasteas 685 individual burials in this ●
area. The burials within this area average 49 CUbICfeet in volume. COB~ indicates that the

majority of burials contain job control waste, with subordinate amounts of naturally

radioactive materials and capital equipment. COBRA indicates 410 bufials are contained in

retrievable TRU waste.

potential “hot spot” 4 contains a COI inventow which contributes approximately 5,761 curies

of radioactivity at the time of burial. The principrd COIS include plutonium-238 and

plutorrium-239 at the time of burial. The total activity decays to 872 curies after 300 years of

burial, and drops to 474 curies afier 500 years. Principal COIS &er 300 years include

plutonium-23 8 and plutonium-239.

3.5.2.5 Potential “Hot Spot” 5

Potentird “hot spot” 5 on the 300 and 500 year maps encompasses an area of approximately

23,000 square feet in the eastern part of the ORWBG (Figures 3-15 and 3-16). Table 3-60

presents summary statistics for all COBRA records located within the potential “hot spot.”

Table 3-61 summarizes the COI inventory within this area and forecasts the effects of

radioactive decay up to 10,000 years after time of burial.
o

COBRA lists a total volume of 35,019 cubic feet of waste as 880 individual burials in this

area. The burials within this area average 40 cubic feet in volume. COBRA indicates that the

majority of buriais contain irradiated metal scrap waste, with subordinate amounts of job

control waste and capitrd equipment. COBRA records indicate that 29 of the burials are

“deionizers”.

Potential “hot spot” 5 contains a COI inventory which contributes approximately

140,862 curies of radioactivity at the time of burial. The principal COIS include cobalt-60 and

tritium at the time of burial. The total activity decays to 649 curies tier 300 years of burial,

and drops to 630 curies fier 500 years. The principal COI after 300 years is carbon-14.

3.5.2.6 Potential “Hot Spot” 6

Potential “hot spot” 6 on the 300 and 500 year maps encompasses an area of approximately

65,000 square feet in the southeastern part of the ORWBG ~lgures 3-15 and 3-16).

Table 3-62 presents summary statistics for all COBRA records located within the potential
‘{hot spot.” ___ _Table 3-63 summarizes the COI inventory within this area and forecasts the

effects of radioactive decay up to 10,000 years after time of burial. @

h.aUml.0.&c
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* COBRA lists a total volume of 196,226 cubic feet of waste as 3,629 individual burials in this

area. The burials within this area average 54 cubic feet in volume. COBRA indicates that the

majority of burials contain irradiated metal scrap waste, with subordinate amounts of job

control waste and capital equipment. COBRA records that 74 burials are “deionizes” and

206 burials are TRU waste.

Potential “hot spot” 6 contains a COI inventory which contributes approximately 511,437

curies of radioactivity at the time of burial. The principal COIS include cobalt-60 and tritium

at the time of burial. The total activity decays to 1,868 curies tier 300 years of burial, and

drops to 1,707 curies afier 500 years. The principal COI tier 300 years is carbon-14.

3.5.2.7 Potential “Hot Sr30t”7

Potential “hot spot” 7 on the 300 and 500 year maps encompasses an area of approximately

4,5oo square feet in the northeastern part of the ORWBG @lgures 3-15 and 3-16).

Table 3-64 presents summary statistics for all COBRA records located within the potentird

“hot spot.” Table 3-65 summarizes the COI inventory within this area and forecasts the

effects of radioactive decay up to 10,000 years tier time of burial.

● COBRA lists a total volume of 14,230 cubic feet of waste as 516 individual burials in this

area. The burials within this area average 28 cubic feet in volume. COBRA indicates that the

majority of burirds contain irradiated metal scrap waste, with subordinate amounts of job

control waste. COBRA records indicate that nine of the burials are “deionizers”.

Potential “hot spot” 7 contains a COI inventory which contributes approximately 99,660

curies of radioactivity at the time of burial. The principal COIS include cobrdt-60 and tritium

at the time of burial. The total activity decays to 428 curies after 300 years of burial, and

drops to417 curies afier 500 years. The principal COI afier 300 years is carbon-14.

3,5,2,8 Potential “Hot Suet” 8

Potential “hot spot” 8 on the 300 and 500 year maps encompasses an area of approximately

22,000 square feet in the eastern part of the ORWBG (Pigrrres 3-15 and 3-16). Table 3-66

presents summary statistics for all COBRA records located within the potentird “hot spot”,

Table 3-67 summarizes the COI inventory within this area and forecasts the effect of

radioactive decay up to 10,000 years after burial.

_.@..-
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COBRA lists a total volume of 21,406 CU~C feet of waste as 767 individual burials in this

area, The burials within this area average 28 CU~lCfeet in volume. COB~ indicates that the

majority of burials contain irradiated metfd scrap waste, witi subordinate amounts of job

control waste. COBRA records indicate four of the burials are “deionizes”.

o

Potential “hot spot” 8 contains a COI inventory which contributes approximately 154,581

cuties of radioactivity at the time of burial (Table 3-67). The pfincipd COIS include cobalt-60

and tritium at the time of burial. The tot~ actitity decays to 105 curies after 300 years, and

drops to 30 curies tier 10,000 years. Principal COIS afier 300 years include carbon-l 4,

plutonium-23 8, cesium-137, and strontium-90. Carbon-14 and technetium-99 are the ordy

COIS remaining ~er 10,000 years (Table 3-67).

●

. 0
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COI Mass(E) % Total Mass Activity (Ci) Activity (pCi) % Total Activity ●
Tritium 311 0.00% 3.0Et6 3,OE+I8 58.90%

Carbon-14 845 0.00% 3.8E+3 3.8E+15 0.07%

Cobah-60 1,732 0.00Y. 2.OE% 2.0E+18 38.30%

Smmti.m-90 430 0.00% 58.7E+3 58,7E+15 1.15%
Technetium-99 707 0.00% 12.OEtO 12.0E+12 0.00%
ldine-129 60,023 0.13% 10.6E+0 I0,6E+12 0.00%
C=ium- f37 674 0.00% 58.7E+3 58.7E+15 1.15%
Nepmnium-237 2,823 0.01% 2.OE+O 2,0E+12

Umnium-235
0.00%

269,767 0.60% 580.OE-3 580.0E+9 O.OQ%

Umium-238 44,311,377 99.19% 14.8EW 14,8E+12 O.oo%
Plutoni.m-238 1,193 O.m% 20.5E+3 20.5E+15

PlulOni”m-239
0.40%

24,180 0.05% 1.5E+3 I,5E+15 0.03%

Totals 44,674,062 1000% 5,117978 5.1E+18 1007.
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COI Mass(g) % Totsl Mass Activity (Ci) Activity (pCi) O/.Total Activily

Tritium 76 0.00% 737.0E+3 737.0E+15 82.12%
carb-14 843 0.00% 3.8E+3 3.8E+Is 0.42%
Cobalt-do 65 0.00% 73.1E+3 73.1E+15 8.lSOh
Stmntium-90 237 0.00Y. 32.4E+3 32.4E+15 3.60%
T=bneti.m-99 707 0.00% 12.0EU3 12.0E+12 0.00%
Iodine-129 60,023 0.13% 10.6EW 10.6E+I2 0.00%
Csium-137 378 0.00%
Nqtunium-237

32,9E+3 32.9E+l 5 3.67oh
2,829 0.01% 2.OEW 2.0E+12 O.W/m

Umium-235 269,767 0.60% 580.OE-3 580.0E+9 0.00%
Umium.238 44,311,377 99.19% 14.8EU2 14.8E+12 0.00%
PlumtiLIm-238 978 0.00% 16.8E+3 I6.8E+15 1.87%
Pl”tOnium-239 24,163 0.05% 1.5E+3 1.5E+15 0.16%

TotalB 44,671,444 100% 897,S43 S97.5E+15 100%

u-235

U.2%

PU.230

Figure3-6. Summawof COBWInventoV for RadioactiveC01sat25Years AfterBurial
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Col Mass(E) % Total Mass Activity (Ci) Activity (PCi) % Total Activity ●
Tritium !9 0.00% 180.3E+3 [80.3E+15 75.6 1%
Car60n-14 840 0.00% 3.8E+3 3.8E+I 5 1.58%
Cohlt-60 2 0.00% 2.7E+3 2.7E+15 1.15%
SuOnti.m-90 131 0.00% 17,8E+3 17.8E+15 7.4PA
T~hnetium-99 707 O.00% 12.OEtO 12,0E+12 0.01%
[cdine-129 60,023 0.13% 10.6EH 10.6E+12
CSi.m- I37

0.00%
212 0.00% x8.5E+3 18.5E+15 7.75%

Nqmnium-237 2,835 0.01% 2.0Eu2 2.0E+12 O.lxl%
Umnium-235 269,167 0.60% 580.oE.3 580.0Ei9 0.00%
Urani.m.238 44,3 I1,377 99.213% 14.8E@ 14.8E+12 0.01%
P1.toni.m-238 802 0.00% 13.8E+3 13.8E+IS 5.79%
P1.omium-239 24,146 0.05% 1.5E+3 1.5E+15 0.62%

Totals 44,670,S63 100% 238,409 238.4E+15 100%

Figure 3-7. Summary of COBRA Inventory for Radioactive COIS at 50 Years After Burial ●
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o
COI Mass(g) % Total MasS Activity (Ci) Activity (pCi) % Total Activity

TritiiIm 1 0.00%
Carh- I4

10.9E+3 10.9E+15 29.62%
835 0.00% 3.7E+3 3.7E+15 10.19%

C.bait-60 o 0.00% OM.OE@ 000.0Eii3 0.00%
SlrOntium-90 40 0.00% 5.4E+3 5.4E+15 14.83%
Tccbnetium.99 707 0.00%
lcdine-129

12.OEtO 12,0E+12 0.03%
60,023 0.13% 10.6EUI

Ccsi.m- I37
10.6E+12 0.03%

67 O.m% 5.8E+3 5.8E+15 15.90%
Nepmnium-237 2,847 0,01% 2.oE+O 2.0E+12 0.01%
Urani.m-235 269,767 0.60% 580.oE-3 580.oEi9 O.00%
Uranium-238 44,311,377 99.20% 14.8EW 14.8E+12 0.04%
P1.toni.m-238 540 0.00% 9.3E+3 9.3E+15 25.34%
P1.IOni.rn-239 24,113 0.05% 1.5E+3 1.5E+15 4.02%

Totals 44,670,316 100% 36,634 36.6E+15 100%

●
Figure 3-8. Summary of COBRA Inventory for Radioactive COIS at 100 Years After Burial

-1.o.d.x
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Col Mass(g) % Total MIISS Activity(Ci) Activity (pCi) % Total Activity ●
Tritium o 0.00Y. 000,OEW 000.oE+O
cab 14

0.00%
815 0.00% 3.6E+3 3.6E+15 50.93%

Cobalt-60 o 0.00% 00i3.OE+O 000.OE+O 0.00%
Skontium-90 <1 0.00% 46.9EW 46.9E+12 0.66%
‘technetium-99 707 0.00% 12.OE@ 12.0E+12 o.17%
ltii.e- 129 W,023 0.13% 10.6EU2 10.6E+12 0.15%
Cc5ium-137 <1 0.00% 58.7EW 58.7E+12 0.82%
Nm.In;I,m.237 2,885 0.0 [% 2.oE+O 2.OE+t2 0.03%... .. .... . .
Utanium-235 269;767 0.60% 580.OE-3 580.0E+9 0.01%

I Umi.m-238 44,3 I I,3?7 99.20% 14.8Eiil 14.8E+12 0.21%
Plutonium-238 111 0.00% 1.9E+3 1.9E+15 26.59%
Plumnium-239 23,975 0.05% 1.5E+3 1.5E+15 20.45%

Totals 44,669,6S9 100% 7,153 7.2E+15 100%

I u-m

Figure3-9. Summary of COBRA Inventory for Radioactive COIS at 300 Years After Burial

hobFOul.O,du
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● COI Mass(g) % Total Mass Activity (Ci) Activity (pCi) O/.Total Activity

Triti.m o 0330% 000.OEW ~.OEW 0.00%
carbon-14 795 O.00% 3.6E+3 3.6E+15 65.37%
Cobalt-60 o 0.00% 000.OE+O 000.OEW 0.00%
StrOnti.m-90 o 0.00% 000.OEUI WO.OEW 0.00%
Technetium-99 706 0.00% 12,0Effl 12.0E+12 0.22%
IMine-129 60,023 0.13% lo.6Effl 10.6E+12 o.I9V.
Cesium-137 0 0.00% 000.0En2 000.0En3 0.00%
Nepmni”m-237 2,913 0.01% 2.lEW 2. IE+12 o.04%
Uranium-235 269,767 0.60% 580.OE-3 580.0E+9 O.ol%

Urani.m-238 44,31 I,377 99.20% !4.8E+0 14.8E+12 0.27%
Plutonium-238 23 0.00% 389.8EW 389.8E+12 7.17%
P1.tonium-239 23,839 0.05% 1.5E+3 1.5E+15 26.73%

Totals 44,669,444 100% 5,440 5.4E+15 100%

tEW

u-238

C-?4
IE+15

~... %239 I
m

B! TM9 1-129 ..- ‘“’a @

1-1 .:,, .:,,., “.. ,,. ,<, ,..,,
,E~ J ““- ‘+’4 t

Figure 3-10. Summary of COBRA Inventow for Radioactive COIS at 500 Years After Burial
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Constituent of Interest Mass (g) % Total Mass Activity (Ci) Activily (pCi) ‘/oTotal Activi@ ●
Triti.m o O.00% 000.0Eu2

cOrbn-14

000.0Eii2 0.00%
749 O.oo% 3,3E+3 3.3E+15 69.3 1%

Cobalt-60 o 0.00% 000.OEM 000.oEW 0.00%
SuOntium-90 o 0.00% 000.OEti 000.oEW 0.00%
Technetium-99 705 O,oo% 12,0E+0 12.0E+12 0.25%
Iodine-129 60,023 0.13% 10.6E+0 10.6E+12 0.22%
Cesium-137 o O.00% 000.oEti 0i30,0Effl O.00%
Nepmnium-237 2,953 O.OIY. 2.1EtO 2. IE+12 0.04%
Uranium-235 269,767 0.60% S80.OE-3 580,0E+9 0.0 1%
Uranium-238 44,31 I ,377 99.20% t4.8E+0 14.8E+12 0.31%
Pl”conium-238 <1 O.00% 8.2Et0 8.2E+12 0.17%
PlntOnium-239 23,503 0.05% 1.4E+3 1.4E+15 29,69%

Totals 44,669,077 100% 4,828 4.8E+15 100%

I

Figure 3-11. Summary of COBRA Inventory for Radioactive COIS at 1,000 Years After Burfal
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● Constituent of Interest Mass(g) % Total Mass Activi&(Ci) Acti”ity (~,) % Total Activity

Triti.m o 0.00% 000.OEti 000.oE+O 0.00%
Carh”- I4 461 O.mv. 2.IE+3 2. IE+15 60.97%
C.bait-60 o 0.00% 000.OE+O 000.oEW O.m%
Stiti.m-90 o O.W% 000.OEM 000.oE+O O.00%
T~heti.m-99 696 0.00% I 1.8Eio 11.8E+12 0.35%
Icdine-129 60,01 I 0.13% lo.6E’to 10.6E+12 0.3 1%
Cesium-137 o O.00% 000.OEW 000.oE* 0.00%
Nepmnium-237 2,986 0.01% 2.IEUI 2.IE+12 0.06%
Uranium-235 269,767 0.60% 580.OE-3 SSO.0E+9 0.02%

Umnium-238 44,31 I,377 99.21% 14.8EM 14.8E+12 0.44%
Pl”tini.m-238 o 0.00% 0i30.0Eu3 000.oE+O 0.00%
P1utOni.m-239 20,974 0.05% 1.3E+3 1.3E+15 37.85%

Totals 44,666,272 100Y. 3,380 3.4E+1S 100%

1E*

u-238

lE.18

C.14 b23Q

● Figure 3-12. Summary of COBRA Inventory for fidioactive COIS at 5,000 Yea~ After Buria}
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Constituent of Interet Mass (~) % Total Mass Activity (a) Activity (pCi) % Total Activity ●
Tritium o 0.00% 000.OEM
Carhn-14

000.OEti O.oo%
251 0,00% 1.1E+3 1.IE+15 49.43%

Cobalt-60 o O.00% 000.oEW 000.OEM 0.00%
Shvnti.m-90 o 0.00% 000.oEW 000.OEW 0.00%

Techuedum-99 685 O.m% 11.6E+0 11.6E+12 0.51%
iodine-129 60,01 I 0.13% 10.6E+0 10.6E+12 0,47%
Cesium-137 0 0.00% ~,oEW 000.OEH 0.00%
Nepmnium-237 2,986 0.01% 2.IE+O 2.IE+12 0.09%

Urenium-235 269,767 0.60% 580.OE-3 580.0E+9 0.03%
Urani.m-23S 44,311,377 99.21% 14.8Eiil 14.8E+12 0.65%
PlutOni.m-238 <1 0.00% 000.OEM 000.OEW 0.00%
PlutOnium-239 18,193 0.04% I,IE+3 l,lE+t5 48.82%

Totals 44,663,270 100% 2,273 2.3E+15 100%

I
Figure 3-13. Summa~of COBm Invento~for Radioactive COIsatlO,OOO Yearn After Butial ●

I h-l .O.h
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Table 3-1. Summary of COBRA Inventory Data for Nonradioactive COIS

Estimated Applicable Total Number Estimated No. of

Constituent Estimated

Pereent of
Total COBRA Codes of Applicable Inventory Records Records

of OBG* Inventory and Seareh COBRA from with with

Interest Inventory WSRC,199~ Parameters Records from COBRA f.ocations Imcations

cadmium(Cd) 600 3,500 lb Estimates based o
on prmw

knowledge

kd @b)

Meremy(Hg)

40,000 100,000 lb Estimatesbased o
onprocess
knowledge

8,285 24,195 lb Process

knowledgq
searches
included facility

150 n/al 136 91”h

Volatile Organic
Compounds (VOCs)

VOC - OST Residue 7,539 gal Searched waste n/a

~ and
wntainer ~

VOC- Trenchsa 6,480 26,200 kg Searched waste 1889 1655 88%

@ and
container tvue

Nntes

1 COBRAd titi tifh m- &ed olhmtic, tie exactquti ofmmry c~ot bedeimnin~



~

;
Table 3-2. Summary of COBRA 13zventory Data for Radioactive COIS

Estbnated Estimated AnnlicableCOBRA Totat Numberof No. of Percent of Located bated % of—r.—– .—.
Codw and *arch ApplicableCOBRA Records with Records with Inventory Best

Par8meter9 Records hcatiow L4Jcations (Ci) Estfmate
oBG* Totaf

Comtituent of hterut fnvelltory 3nvcnt0ry (q’

3,014 ,457.0

3,778.0

1,960 ,400.0

58,657.0

12.0

10.6

58,657.0

1.99

0.6

14.8

20,514.0

881,224.00

1,511.00

784,16000

20,774.00

4.80

4.20

20,774.00

0.053

0.11

2.40

304.003

Vticty de “87”

ScarchKIk~ords related
to deimtirs

ti~ for “induud
activity”;m de “3”

Valictycode “FP”

3,579

147

3,307

141

4,133

22,5992

22,5992

22,5992

343

368

4,016

1,422

~

92.4%

95,9V.

2,023,601.4

3,603.4

67.1%

95.4%

42.1%

29.8%

48.7%

31.7%

98.3%

54.3%

S6.6%

99.6%

71.3%

56.9%

Tritium(H-3)

C8rb0n-14(C-14)

Malta (m)

Stnmtium-90(Sr-90)

Techneti.m-99 (Tc-99)

Icdinc-129(1-129)

Cesium-137(C*137)

Neptunium-237(Np237)

Uranium-235(U-235)

Urani.m-238 (U-238)

Plutonium-238(Pu-238)

Plutoni.m-239 (Pu-239)

Totats

4,449 92.9% 824,910.6

24,1652

24,165 %

93s%

93.5%

17,471.0

5.8Vtiety &e “FP”

Press knowledge

Prmss knowlcdgq
searchedvariety“W”

Varietycedes“82”

da

24,1652 93.5% 18,621.7

96.9%

93,4%

1.96

0.3

354

394
VarietyAes “1O”and “20”

Vticty ~es”1 O“,“20”,
and“81”

Varietyccdc ‘“83”

4,199

1,465

95,6%

97.1%

12.8

20,434.9

Vane* cede“50” 2,778 _ 96.1%

93.9%

1,051.0

2,909,715.0

255.00 1,475.0

1.709.013.6 5,117 ,978.0 41,330 ‘ 38,999

‘ Estimatedinventoryin(WSRC, 1997)

1 SOUW-kIIIIcalculationfor theseCOISud wc -rds fromCOBRA

‘ ProbablyICSS than this quantity

● OriginrdBurial@und
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Table 3-3. Summary of Location Data in COBRA by Date of Butial Slip

Number of Burial Records

Yearl Mcated Total % heated

1952-55

1957-58

1959

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

0

0

1

0

2452

4989

479Q

4895

3936

3797

3770

3579

3417

2680

28%

375

76

156

9s

58

49

4488

50Q4

4W7

5of24

3952

3806

37W

3593

3431

2718

Zwl

390

88

o%

6%

1.7%

o%

54.6%

99.7%

99.6%

97.8%

99.6%

99.s%

99,5V0

99.6%

99.6%

98.6%

99.8%

96.2%

86.4%

Significant Events

3M be~ remivins waste

20BRA stid, ewim areas b- receivin8 waste

New Btial Ground (W3-7E) besan receim waste

ORWBGclosed to routine buriafs

●

howrl,o.du



66 WSRC-TR-97-O0329 Rev. 1.0,Delineationof Potential “Hot Spots” for the ORWBG

Table 3-4. Summary of Estimated COI Inventories for the
Original Burial Ground and Solvent Taaks S1-S22

~onradioactive
Cadmim (Cd)
Lead @b)

M.ury (Hs)
Volatile ~ganic
C0m~md5 (VOCs)

Radioactive
Tritium (H-3)
Cesiu -137 (Cs-137)

●
Putonium-238 (Pu-238)
Putonium -239 (Pu-239)
StrOntium-90(Sr-90)
Uranium-235 (U-235)
Uranium-238 (U-238)
CarbOn-14(C-14)
Cobalt-60 (CO-60)
Technetium-99 OC-99)
Iodine-129 (1-129)

AmoantBuriedinTrenches
(Throu@ 1960)

600 lbs
40,000 I&

8,285 Ibs
2,840 kg tolume

2,g40 kg trirnetbyltime
4,800 kg xylene

unkno~ amount of waste oil

881,224 Ci
20,774 Ci

<304 Ci
255 Ci

20,774 Ci
0.113 c1

2.4 Ci
1,511 Ci

784,160 Ci
4.8 Ci
4.2 Ci

Currmt 3nvent0ry in
OSTS (199~

ne#l@ble
negligible

negligible
7,569 gal

(4,056 gal organic
phase md 3,483 gal

e.queam phase)

negligible
1.30Ci
21.4 Ci
82.4 Ci
1.28 Ci
0.11 Ci

1.1 Ci
negligible
negligible
negligible
negligible

Uncertfdntiea

a

G

a, c

a, e

a, b
b
b, d, e, g
b, e, g
b
b, e, f
b, e, f

a, E
a
a, f
a, f

Neptune-237 (N;237) <0.046 Ci negligible b, d, f

1 Notes: Assumes all burials tbrou@ 1960OI%un’edin the 0ri8inal burial ground, and that no burials
occ.ti in the original burial ground ak 1960.

I a.

b.
G.

d.

e.

I f

Invento~ is based on m average prcductio~dis~sal rate, which is applied to the y=rs
1953-1960 (incluive).
Based on burial remrds, which are incomplete prior to 1961.
Based on an unsubstitiated estimate.
Es~te includes some burials afier 1960, which probably were in the eastern and/or westi
expamiom.
Based on an estimated isotopic ratio.

Due to their long Mlf-lives, the -t inventories are assumed to b tie sme as the original

mouts btid.
The c-t invmtory assumes no radioactive *Y prior to JanuaI’Y1, 1961.



Table 3-5. Radioactive Decay of COIS to 10,000 Yearn After Burial

Persent of Buried 3oveotory Remaining

CO1 Half Life @r) Bu3id 25 F 50 yr 100 yf 300 yf 500 yf 1,000 y 5,000 yf 10,000 y

Tritimn 12,3 100% 24,5% 6.0% 0.4% o% Ovo Ovo Ovo o%

cafbon-14 5,715 100% 99.70% 99.4070 98.79% 96.43% 94,12% 88,587. 54.54% 29.74%

Colmlt%o 5,27 100% 3,73Y. 0.14% o% Ovo o% o% o% 07.

StrOntium-90 29,12 100% 55,16% 30.43% 9.26% 0.08% o% 0% o% o%

Twhetium-99 213,000 100% 99.99% 99.98?? 99.97% 99.90% 99.84% 99.68% 98.39% 96,80%

Iedine-129 15,700,000 100% 100,00% 100.00% 100.00% 100.00% 100.0070 100.00% 99.98% 99,98%

Cesium-137 30 100% 56.13% 31.51% 9.93% o. 10% o% 070 o% 0%0

Neptium-23 1 2,140,000 100% 100.23% 100.45% 100.86% 102.21% 103.19% 104.62% 105.78% 105.78%

Utium-235 710,000,000 100% 100% 10070 100% 100% 100% 100% 100% 100%

UraIIium-238 4,510,000,000 100% 100% 100% 100% 100% 10070 100% 100% 100%

P1utonium-238 87,4 1007. 82,02% 67,27% 45.25% 9.27V0 1.90% 0.04% 0.00% 0.00%

Plut013ium-239 24,360 100% 99,93% 99.86V0 99.72% 99.15% 98.59% 97.20% 86.74% 75,24%

Notes
llnVUQOIYofNp.Z37inclub *wA bmn-Y of.41n-241wed 60MPu-241(WSRC,1997)
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Table 3-6. Decay Forecast for Inventory of Radioactive COIS in tbe Original Burial Ground

COI Activity (Ci)

COI At Bu3ifl’ 25 F 50 yf 100 y 300 y3 500 y 1,000 y 5,000 y 10,000 yf

Tritiu

Carbon-14

Cobatt%O

strontiu231-90

Technetiufn-99

IOdine-129

Cesium-137

Neptunium-23 2

UrsniIun-235

UraniunI-238

P1utoniurn-238

Plutooium-239

881,224

1,511

784,160

20,774

4.8

4.2

20,774

0.050

0.11

2.4

304

255

215,459 52,697

1,506 1,502

29,249 1,098

11,459 6,322

4,8 4.8

4.2 4.2

11,660 6,546

0.050 0.050

0.11 0.11

2.4 2,4

249 205

255 255

3,172 0 0 0 0 0

1,493 1,457 1,422 1,338 824 449

0 0 0 0 0 0

1,924 17 0 0 0 0

4,8 4.8 4.8 4.8 4.7 4.6

4.2 4,2 4,2 4,2 4.2 4.2

2,063 21 0 0 0 0

0,050 0.051 0,052 0.052 0,053 0.053

0,11 0.11 0.11 0.11 0.11 0,11

2.4 2.4 2.4 2.4 2,4 2.4

138 28 6 0 0 0

254 253 251 248 221 192

Totals 1,709,014 269,850 68,635 9,055 1,787 1,691 1,598 1,057 653

Note*
1aied inv&oIYfromTable3-1 ofthism

2 OCCayF-asi forNP237 includ- in-wti fromtiy ofb-241 hyed fr~ ~-241 (WSRC.1997)
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a

Table 3-7. Summary of Distribution of Burial Locations for Mercury and VOCS

No. of Burisls Mercury Vocs

per Grid Cell No. Cells Total Burials No. Cells Total Burials

1 59 59 126 126

2

3

4

5
6

7

s
9

10

11
12

13
14

15

16
17

1s
19

20

21
22

23
24

25
26
27
28
29
30

31-38
39

4041
42
43
44
45
46

47-50
51

52-74
75

76-79
80

S1-92
93

19
7
1
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

3s
21
4
0
0
14
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

36
20
11
4
2
5
4
2
1
1
1
3
1
2
1
5
3
3
1
0
1
1
1
2
0
3
1
2
3
0
1
0
2
0
1
0
1
0
1
0
1
0
I
o
1

72
60
44
20
12
35
32
1s
10
11
12
39
14
30
16
S5
54
57
20
0
22
23
24
50
0
S1
28
5s
90
0
39
0
84
0
44
0
46
0
51
0
75
0
so
o
93

Total heated Burials 136 1655
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Table 3-8. Decay Forecast for Total Inventory of Radioactive COIs in tbe ORWBG

COI Activity(Ci)
COI At Btiall 25 F 50 y 100 y3 300 p 500 y2 1,000 ~ 5,000 y2 10,000 yf

Tritium 3,014,457 737,035 180,265 10,852 0 0 0 0 0

Wn-14 3,778 3,767 3,755 3,732 3,643 3,556 3,347 2,061 1,124

Cobalt-60 1,960,400 73,123 2,745 0 0 0 0 0 0

SIronti22m-90 58,657 32,355 17,849 5,432 47 0 0 0 0

Technetimn-99 12.0 12.0 12.0 12.0 12,0 12.0 12.0 11.8 11.6

Iodine-129 10.6 10.6 10.6 10,6 10.6 10.6 10,6 10.6 10.6

Cesi222n-137 58,657 32,924 18,483 5,825 59 0 0 0 0

Neptunimn-23 2 1.99 1.99 2.00 2,01 2.03 2.05 2,08 2.11 2.11

U2’snium-235 0.58 0,58 0.58 0.58 0.58 0.58 0.58 0.58 0.58

Uranium-238 14.8 14.8 14,8 14,8 14.8 14,8 14.8 14.8 14.8

Plutonium-238 20,514 16,826 13,800 9,283 1,902 390 8 0 0

Plutonium-239 1,475 1,474 1,473 1,471 1,462 1,454 1,434 1,279 1,110

Totals 5,117,978 897$43 238,409 36,634 7,153 5,440 4$28 3,380 2J73

Notes:
‘-ti intiw fromwSRC (1997)

2 DecayForecastforNp237 tiludes in-groti b by ofAM-241~@ km W-241 (WSRC,1997)



Table 3-9. COI Activity in tbe ORWBG at 500 and 10,000 Years After Bnrial

500 Years 10,000 Years

COIAstivity COIAstivii
at 500 yr % of Total Cumulative at 10,000yr %ofTotd

COI (Ci)’ COIActivity]
Cumulative

% COI (Ci)’ COI Activityl “/0

Priflcipal

Csrbon- 14

PlutOninm-239

Plutonirmr-238

Subor&ate

Urtinm-238

Tecbnetiunr-99

Icdine-129

NePhmium-237

Uraniu-235

Cesiurn-137

StrOntim-90

Tritinm

Cobslt-60

3,555.85 65,37%

1,454.20 26.73%

389.77 7.17%

14,80 0.27%

11.98 0.22%

10.60 o.19%

2.05 0.04%

0,58 0.01%

0.00 o%

0.00 0%

0,00 o%

0.00 o%

65.37%

92.10%

99.26%

99.54%

99.76%

99.95%

99.99%

100.00%

Principal

Carbon-14 1,123.58 49.43%

PlntOnim-239 1,109.79 48.82%

Urarrinm-238 14.80 0.65%

Teclnretirnn-99 11.62 0.51%

Subordirmte

Icdirre-129 10,60 0.47%

Nqtnniunr-237 2.11 0.0970

Urarriunr-235 0.58 0.03%

Plutnrrinm-238 0.00 o%

C=ifmr-137 0,00 o%

Stfnntim-90 0.00 o%

Tritirurr 0.00 o%

Cobalt-60 0.00 o%

49.43%

98.25%

98.90%

99.42°/0

99.88%

99.97%

I00.0070

Tot* 5439.84 10070 Totsb 2~73.07 10070

Notes

‘ F.sltid invti.ny (WSRC,1997) d=yed P Table3-5 ofti WII

[

$
4
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Table 3.Io. Summary Statistics for COBRA Inventory of Potential “Hot Spot” HS-1OO-1
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Table 3-11. Decay Forecast for COBRA fnventory for Potential “Hot Spot” HS-1OO-1

C.nstitu,nt of l“teleIt T.td Actiw (cl) Peme.t of TotalActMIy

A,TimeelB“rlak
-“-14

0.w

awl-m
25?.65

c4m.137
628.W

0,17
N~n7
PhItOniImI.238 1,572.56

mtiu,n.239
IM.S7

Su.nuiun-w
589.21

T.h&m
0.20

Ttilium
228,1W.47

0.08
--235 . ,.
ljInniuIn.238

TOTAL

A* so Y,,I. s-r BIIr18k
W-14

coma

aaillnl-137

N-.237

PIut.mi-238

Pbt&-239

Smtim.w

T&tim-B
T*

ul.Jni,nn.235
-.23*

ma

*, ,00 Yea” mm, B.rl.k

-.14

COwta

ccaium.137

N-.237

Pbk-.l38

P-.239

mtiunl.w

Tcchn&m-99
T*

tiu.11.n>

tim.238

ma

*, ,00 Yea” mm, Buti.k

cti-14

co~a

~wI-137

N@m-231

P1.tiutr-238

n--239

Samltiuln.sw

‘caum-m

TtiUIII

-.235

u,811im-238

TOTAL

..,.
131.2s2.ol

O.w

0.35

157.@8

0.17

1,057.%

IC6.42

179.30

0.20

13,640,41

O.as

2.10

1S,184.77

O.w

o.w

62.36

0.11

711.58

IW.27

54,56

0.20
821.16

0,08

2.10

1,758.49

0. w

O.w

0.63

0.17

145.78

!05.67

0.47

0.20

O,w

0.08

O.m

o. 1%

0.3%

O.m

0.7%

0.%

0.3%

0,0%

B.6%

0,0%

0.0%

lm

O,w

0,%

1.3%

0.0%

7,0%

0.7%

1.2%

O,w

W.w

O.w

0.0%

I CQ%

O.m

0.0%

3.5%

0.0%

40.5%

6.0%

3.1%

0.0%

46.7%

0.0%

0.1%

~

O,w

0.0%

0.2%

0.1%

57. 1%

41.4%

0.2Y.

a. [%

O,m

O.G%

0.8%

Im

At 500 Y“” .Wr BIII’ISh
carbnn-14

O.m O.G%

Cnwta
0, w O.m

O.m
cuiull-137

O.m
0.1%

N-.237
0.17

Plutiunl-238
29, w 21.7%

-.239
105.07 76.4%

O,Gn
Smtim-w

am

T&etin_
0.20 0.1%

_ O.ca O.Lm

-.7.35
0.08 0.1%

wuln.7.38
2.10 1.5%

TOTAL
137.>0 Im
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Table 3.11. Decay Forecast for COBRA kventory for Potential “Hot Spot” H51OO-1 (Continued)

A, 5.000 Y“m mfter Burl.k

--14

Total Actlvi@(Cl)

O.w
O.w

O.ca

0.18

0.63

103,59

0, w

0.20

O.c’l

O.m

2.10

1M,77

O.w

0,00

0.03

0.18

O.w

92.44

O.ca

0.19

0.00

0.08

2.10

94.m

0.00

O.ca

O.w

0.18

O.ca

m.19

O.cil

0.19

0, w

0.08

2.10

=.74

Pcment .f TM ActMty

0.0%
0,%
0,0%
0.2%

0,6%

97.0%

0.0%

0,2%

0.%

0.1%

2.W

~

O.w

O.w

0.0%

0.2%

0.0%

97.3%

O.w

0.2%

0,0%

0,1%

2.2%

~

O.m

0.0%

0.0%

0.2%

0.0%

%.5%

0.0%

0.2%

O.G%

0.1%

2.>%

IW
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Table 3-13. Decay Forecast for COBRA Inventory for Potential “Hot Spot” HS-1OO-2

-.14

C.awa

cedum-137
NcpumiuIn-231

nti.238

PI--239

.stinti.m

Ttim93

Tntium

urOnim-235

Utium-238

TOT&

A, 30 Y-” stir Bwlsb

--14

mdta

&unl-137

NePti-737

&*238

Mm.139

s-m

Tcclm.tiunl-m

T&

Um.235

UtiInn.238

TOTAL

At I@ V-” ,flcr Bmd’k

-.14

coma

C8aium.137
N*m.n7

PI--238

Phi--239

S.m,lti.m

T&&.99

w

--235

-138

ToTAL

A, 300 Y..” S* BuriIt

--14

Cnmta

c&-137
N-.237

PIuOILm.238

P1.tOniuln.239

smtiw-w

T-uw.59

Tnti

--235

--238

ToTAL

At 5m Y“” .*. B“rlak

-.14

Cabti~

cMim.137
N~237

Pluti-238

PNcmiulll-239

O.m

O.w

6,33

0. w

0.=

O.cm

5.94

O.m

37.337,83

0. M

O,m

32,350.98

O,cm

O.C$J

1,9

O.w

0.>9

O.w

1.81

O.ca

1.933.m

O.w

O.w

1,9%.20

O.w

O.oa

0.63

O.w

O.w

O.m

0.s5

O,w

116,42

O,w

O.w

I 17.59

O.ca

O.w

0.01

O.MJ

O.w

O,CQ

O.m

O.w

0. w

O,CQ

O.w

O,w

O,m

O.w

O.w

O,w

0,02

O.w

0,0%

0.0%

0.0%

0.0%

O.m

O.w

0.0%

0.0%

Iw, w.

O.m

0.0%

lm

0.0%

O.m

0.1%

O.m

0.0%

0.0%

0.1%

O.m

W.s%

0.0%

O,w.

Im

0.0%

O,w

0,5%

0.0%

0.3%

O,G%

0,5%

0.0%

%.m

O.w

0.0%

Iw%

O.VA

0,0%

b,l%

O,m

=.2%

O.Q%

S.m

2.1%

O,w

O.w,

0.0%

Iw

S-.W 0, w

T.hMtim- O,w

,..>”” O.w..
--235 O.w

-.238 O.m O.m

l’OTAL 0.02 Im

O.m

0,0%

0,0%

0.0%

m.4%

0.0%

0,%

10,6%

O.m

0.0%
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Table 3-13. Decay Forecast far COBRA InventoIy far Potential “Hot Spot” HS-1OO-2(Continued)

co.stitueni of Inte-t TotalActivity(Cl) Pemnt of TmalAclhlty

,u I,moy~ri s~r B“riak
--14

O.w O.m
O.QI O.w

cnMa
-.,3, O.cm O,m

N-.237 O.CQ O.G%

Ph_.238 o.w 15.m

PI--239 0.w O.Lm

sduln-5a O.w 0.0%

TmhMtiuu-w 0,w so%
~h O.m O.w,

-.235 0.00 O,w.

tire-238 0,w 0,0%

TOTAL
0.00 Iw

At5,0W Ye.” .*. Bluhb

--14
O.cm 0.0%

tibnlt~
O.c.l O.w

ctiulll.137
o.w 0,0%

N@m.237
O.m 0.%

-IMI.238
O.o1 0.%

Flulanim-239
o.w O.m

s— m
O.c.l 0.0%

T&.tiulr-99
O.m lw.m

Ttiti~
0. w 0.0%

--235
O.ca 0.0%

MUM-238
O,m 0,0%

TOT~
0, w Im

A, ,o,ow Ys,m .*. Burl.h

--14
0, w O.m

CObalta
O.w O,wh

-137
O,m ON

NcFtiuu-237
O.CQ 0.0%

-.238
O.m O.w.

-.239 0, w 0.0%

s-w
O.m 0.%

Ttibw o.w Iwo%

~k O.cm O.cm

U--235
O.m 0,0%

-.238 O.ca O.w

WTAL
0, w 1(Q%
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o

Table 3-14.

—

1

—

2

—

3

—

4

1

5

6

7

Summary Statistics for COBRA Inventory of Potential “Hot Spot” HS-1OO-3

1 1 --

I
:<U I

2 I 314151617

382 - - 282 I 43.5

4-,41 w - - - - - ;“
m % - - -

v- (m] % - - - - =

m) 27. - z
. .

-

Iv-(m) I I - I I I I I I I m
... (M).-. ---- .,

-.” ..”

~1 - I I I I IT

Vculm(cwn)l -1-l. 1- 1 I 1 I I h
.OIK- 1 0[010 [010 10101[

IW.* v- (m) I I
,Mdvm(w)-- ---- .

“ -

h

la I r“” I I I I I I *
Nnma(vcum(wn)l .1. 1-1.1-1. l-. *

Vm(m)l-l. l- l-l.!- 1 I I h I
. . . . . .,,, .,” ,

73.9 I 0.0 1 0.0
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Table 3-15. Decay Forecast for COBRA fnventory for Potential “Hot spot” HS-loo~

co.,”,.,., of I.ln”t Toll tidtily (CO

A, T,m. .,f B..’hk .-
-.14

. ..-

C.b.lta
O,w

c&.!37
O.w

O.w
N-137

O.m
tit,,,,in,n.238

O.m
QlulGnm.n9

O.w
titi.m O.w
T&..9 ,,4,..=

-ml-
C*.,37

Nw&.237

Ph_.238

PI-.239

Smtimn.so

Tam*

O.m

O.W

S7,4SU.8S

O.w

O.w

o.m

O.ca

O.m

o.m

O,w

O.m

3.431.35

O.m

O.ca

3,,37.3s

O.W

o.m
O,w

O.W

O.o1

O.m

O.w

O.w

2W.93

O,w

O.CC

~

O.w

am

O.m

O.oa

O.m

o.m

O,w

O.w

O,m

O,ca

Pew., .,?.”1 AcUtiW

am

O,m

O.&

O.rm

am

O,W

O.m

0.0%

1W.m

O.m

0.%

~

O.m

O,w

o.m

O.w

0,%

O.m

O.M

O.m

1W.9%

O.w.

O..m

,W

O.w

0.0%

0.0%

O.m

0.%

0.0%

O,m

O.M

Im,w

O.W

O.m

~

O.w

O.w

O,m

O.m

0.0%

O,m

O.W

0,%

O.m

O.w

O.m

m

At W Y- fir Bmtib

c.,bml-14
O,w 0.%

O.ca OW
C.wa
cti-117

O.w O,m

N+m-z37
O.m 0,%

Pti.ns
O,w O,m

m&.n9
O.m 0.%

Sb.m
O.W O.w

T&m.m
O.w O,m

titim
O.m 0.0%

utim.21J
O.w O.m

utim-m8
O.m 0,%

‘lurAL
O.w w

●✎

hmrat.rl .O.da
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Table 3-15. Decay Forecast for COBRA fnventory for Potatial “Hot Spot” HS-100-3 (Continued)

I

o

‘rtime

mtim

MW.135
-.23*

‘lulti

Al 10,MO Y..” .* B.ri.t

Toti Atitily(Cl)

*W
O.m
o.m
O,w
O.m
o.m
o.w
o.m
O.W
O.w
O,m

O,w

O.w

O.m

O.W

o.ca

O.W

O,w

O.W

O.w

O.m

O.W

O.w

o.m

O.W

O.m

O.w

o.m

O.cc

O,ca

O.u

O.m

o.m

O.m

O.m

O.w

Pemnt ofTotalActivity

0.0%
O.w
0.0%
O,w

0.0%

0.0%

O.m

0.%

O.W

O.w

O.w

o.m

O,w

O.m

O.M

O.W

0,%

0.%

O,m

0.0%

O.w

O.W

o.m

O.w

O,W

0.%

0.%

O,w

,.am

0,0%
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Tghle 3.16. Summary Statistics for COBRA Inventory of potential “Hot Spot” HS-1OO-4------
, !

N1213 141=
. . . . . . . “

I “210101010 lo

2241-1- I-l z+ , “.(

l)l~~zl.1.l. I I 112 I h
1 1 4< I . .

m(m]llml-l- 1 1 I t , !=. , ,..

m(~) IM IMI*

I 013101010 101013113
(m).1-1~391. 139 I 0.4

!)l.l-l- 1 1 ! 1 1 I ..
. . I

m(m) l-1-l. I I I I I I

!
*

! I I 1

k)l-l. l. I ! 1 1 , . .
r . . I
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Table3-17. DecayForecast for COBRA3nvent.rYf.r Potential “Hot Spot” HS-1OO.4

C..,”,.,,, d !.1..”1 Toll AcU41Y [Cl) Percent ., Toll AcUtity

A, Tlma of .“rlth

cti.14

coma
ctim.,37

N+m.n7

Ptiu,”.238

*-.239

Stitiw.w
T-,E,I.*

Ttitiw

Wm-ns

“h-238

Turti

1s.=

O.ca

O,w

O.W

O.m

O.CM

O,m

O.w

494,>2

O.W

0.C6

570,21

13.3%

am

O,m

O.W

O.m

O,m

O.W

am

86.7%

0,%

O.w

lm

,S.u

O.ca

O.W

O,m

O.CC

O.w

0.51

am

29.57

o,m

74.16

O.w

O,m
o.ca

O.w

o.m

O.w

O.m

! .78

am

71,98

O.M

O.w

O,w

,.m
O.w
o.cm
O.m

o.m
O.w

O.M
~

7,.=

O,ca

O.m

O.w

O.w

O.m

O.m

Om
O.m

O.m

1! .7%

0,0%

o.nn

O,w

0.%

am

O,m

o.m

28.2%

0.%

0., %

,m

97.m

O,m

0.%

O.OU

O.W

O.m

O.m

O.m

2.3%

O.m
0.,%

*W

w.%
o,m

O,m

0.%

0.%

O.m

o.m
O.m

0.0%

OL%

0,1%

Im

*.W

o.m
O.m

0.0%

O.m

0.0%

O.m

O,w

0.0%

O.w
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Table 3.17. Decay Forecast for COBRA fnventory for Potenlial “Hot Spot” HS-1OO-4(Co”linued)

constituent.f Interest
*, ,,m Y“” .*, B.d.k

‘ToWA&tY (Ci)

67.M
O,w
O.w

O,m

O,w

O.w

O,w

O.W

O,m

O.W

o.Lm

67.10

41,18

O.w

o.m

O.w

o.m

O.m

O.C.I

o.ca

O,w

O.w

0.06

4134

22.51

O.W

O,W

o.ca

O,w

O.ca

o.m

O,w

o.ca

O,w

Percent orTotalAdvlly

59,%

O.m

o.cm

0.0%

O,m

0.0%

O.W

O,m

O.W

0,0%

0.1%

Im

w.m
O.m

O.w

O.m

O.on

O.W

O,w.

O.w

o.m
o.m
0.2%

,m

9,7%

O.m

O.w

O.m

O.W

O.W

O.m

o.m

O,m

O.m

0.1%

ma
21.57 lm

*

Ilw.1.o.dc=



Table 3-18.

1

2

3

4

5

6

1

1.”1.

Summary Statistics for COBRA Invento~ of Potential “Hot Spot” HS-1OO-5
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Tab!, 3.I9. Decay Forecast for COBRA hventoIy for Potential “Hot Spot” HS-1OO-5

c..,”,.,., d Im”r”t T.hlti.tiw (co
AIT,-, o, Bmti?b

-.14
O,w

coma
0,77

ti.nn.,37
2.s9

N-.l37
O.m

PI-.238
O.w

-“M.239
O,w

Smtim.w
2.71

T- .99
O.W

Tdtim
5513s.91

uti.ns
O,w

“,.”j.Ml.ms
O.w

mAL
,9243,15

Percent dTol.! Ac..ily

o.m
O.w

on%

O.nm

o.m
o.mi
O.w

0.%

rW.m

0.%

At 100 Ye.” .~r Burl.k
--14

&wta
C-137
N~237

mh.ms

PMWW9

Sti.w

T- .$9

Mtim
-.2,$

u&.238

?vTL

o.m
O.w

0.91

O.m

o.m

O.m

0,83

O.DI

3342.31

O.m

0.86

3,544.91

O,w

O.W

0.29

O.w

O.w

O.W

0.25

O.w

113.15

O.w

0.86

2!4.65

O.w

O.w

O,m

O.W

O.m

O,w

o.m

O,m

O.W

O.cm

0.=

O.m

0,0%

0,0%

0.3%

0.0!4

0,0%

O.w

0.3%

0.1%

O.w

0,1%

59.2%

Im

0.0%

O.m

am

O.m

0.0%

O,w

am

0.1%

O.w

*

h-!.O&
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@

Table 3-19. Decay Forecast for COBRA fnventory for Potential “Hot Spot” HS-1OO-5(Continued)

TdtiuI”

-MI-235

timI-238

At 10.W Y-m .ik. B.ri.k

--14

ToWAcUVItY(CO

O.ca
O.w
o.m
O,m
O.w
o.m
o.m
o.m
O.m
O,m
o.m

0,%

o.m

O,m

,.m

o.m

O.W

O.w

O.w

o.m

O,w

O.m

0.S6

0.s

O.W

O.cm

O,w

O.W

O.c”a

O.ca

o.m

O.ca

O,m

,.m

0.86

Percentof Total Activity

O.m

O.m

O.w

0.0%

O.w

o.m

0.0%

0.,%

O.m

0,1%

W.m

lM%

0,0%

O.W

O.m

o.m

O,w

O.m

O.m

O.1*

O.w

0., %

59,m

,Ccm

O.M

0.0%

O,m

O.M

O.M

0.0%

0.0%

0,1%

O.W

0,1%

S9,m

ma 0.86 IC.m

-1.O.dw
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I

Table 3.20. Summary Statistics for COBW Inventory of Potential “Hot Spot” HS-1OO-6
, , 1 I 1 I 1

l-l

~ 17172415101 017531~

~.. I s,D52 235 I - 10.7m 57.:

m w.. I I
..-

dvti(m) I - [ m

4vcur.a(mt) I I . . -m
2 0 0 0 0 0 2 I 0.3

2,7
.

,1Vcura (m] - I 1,350 [-1-1-1 .I. lf

171 Ow m

! 1“ I I I 1 3 I 0.0
. —,.I

,.. . ---5

I I I I I I I I I

Olvti (m] 1..4” .1-1 -1-1 -[.1- Iti

010101010 10101.
I

.- 1 0[1
I

11-1-1-/.!. !-!.:-!y i
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Table 3-21. Decay Forecast for COBRA Inventory for Potential “Hot Spot” HS-1OO-6

cen,”tuent or Inkr-1 TM.1 tilldty (CO

At Time or Buri,k

cti-14 >35.40

-Wlm O.m

c&.137 131.61

N-.2,7 1.07

PI-.,38 11151.81

P1ti.239 4S8,67

12347s-.
Thdm.w
. ..—

O.w

145447,50Imw
. .—:. - . . . O.w

At 100 Y..” *r B.rl.k

c“4m.14

W14
-.1,7

N~237

&*.238

-.239

smhm

T.l”wk.w
_

Wnm.23>

ti.138

TUIN.

A, am Y“,, .* B.rhb
c“ta”.14

333.39

O.(”I

4 I ,47

1.08

7,5,1.=

458.03

37.57

O.M

8,6V,76

O.cm
o.m

!7,071 .16

3,,.34

O.m

13.07

, .m

5,046.19

457.39

*,.43

0.04

523.61

O.w
O.CO

~

32).43

O.w

0.!3

I.1O

1.033.77

“4$4.77
0.!0

0,04

O.W

O.m

O,ca

,,8!3 ,34

,“.ent of TM.I Ac.i.ily

0.2%

0,0%

0.!%

O.W

7.1%

0.3%

0,1%

0.%

92.3%

O,w

,.m

0.0%

0.,%

O.W

4,.%

2,7%

0.2%
0.0%

S1.m

o.m

5,2%

0.%

0.2%

o.cm

79.M

7,M

0.2%

o.m

8,2%

am

O,m

lc.m

,1.m

0.0%

cm
0,)%

S7.W

25.1%

0.%

O.w

,.M

0,%

O,w

Im

At W Y-” .ll.r B.rkb

C+.,4 31>.60

Cob.lt+ O.ca

Cdm.,,1 O.w

Ndm.237 ,.11

&hm.138 211.88

mh.239 ,,,,20

S-w O,ca

Tmti.W O.M
~ti O.w

-.235 o.m O.w

ti.13s O,w O,w

ma 980.9! Ic.a%

32.2%

0.0%

O,m

0.1%

2! .6?4

46.1%

o.m

0.%

O.m

-1.o.dm
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Tp,ble3.21. Decay Forecast for COBRA Inventoq for Potential “Hot Spot” HS1OU (Continued)

Toti AcOVIIY (Cl)

Z91.10

O.m

O.m

1,12

4.46

445.83

O,c.1

O.M

O.m

O.W

O.w

748.55

181.93

O.m

O.m

!.13

O.CC

397.m

O.W

O,M

O.w

o.ca

O.m

5s1.95

59.7>

O.w

urn

1.13

O.W

34S,10

o.m

O.M

O.m

O.w

O.m

446,03

Percent of Toti ActltitY

39.7%

O.w

O.m

B.,%

0.6%

59,6%

O.m

0,%

O.W

O.m

31,4%

o.m

0.%

0.2%

,.W

a.4%

O.W.

O.w

0.0%

O.W

0.%

teem

22.4%

o.m

0.%

0,3%

O.W

,,.,%

,.W

O,mi

O.m

o.m

O.W

]M



90 WSRC-TR-97-O0329Rev. 1.0,Delineationof Potential“Hot Spots” for the ORWBG

Table 3-22. Summary Statistics for COBRA Inventory of Potential “Hot Spot” HS-1OO-7

—

1

—

2

—

3

—

4

—

5

—

6

r

>t.1.

0!1 F
SmMti [

MtiMWd V-(ti)

Mm- ma Vcum (U) o 6 8 - “ :
Nti to 0 0 0 Q o 0 lo

Tmal 527 - - 522 0

A- ll) 52 - - 52 .

43 n

m) %40 - - - - - ~: “
m] 3 n

0 24 0 0 0 0 Q 24 ~

8,6= - 8,629 2

m) 3W - - m n

7“011241110 lo1012~15

,,42,
— 4 +

I
.

am mat r

‘~’~~~evm,m)l,l.,, , .,.,.,.,!,%..- 1 O]O! 01010 lol QIOl -
,(m) - - . .
Ww(m).l. l. 1 / ! ! I .*

-IO.*



WSRC.~.97.00329 Rev. 1.0, Delineation of Potential “Hot Spots” for the 0RwJ3G
91

Table 3.23. Decay Forecast for COBRA Inventory for Potential “Hot Spot” HS-1OO-7

T- .59

%6UM
-.,,,

u*ns

WAL

At 3W Ym” stir Bmri.k

-.14

IOhl AC”*V (CQ

0,00

22S,16

i 482.79

O.m

0,11

O.w
1191.17

0.47

178105.31

O.oa

,.67

181,2S.78

O.m

0.32

4m.23

O.ca

O,m

o.m

41333

0.47

, 0.6S0,70

O,w

I .67

11,543.79

O.ca
O.m

147,24

o.m

0.03

O.m

128.67

0.47

M1.ls

O.m

O.m

0,w
1,4%

O.w

0.01

O.m

1,11

0.46

O.w

o.m

l.m

4,74

O,m

O.w

o.m

o.m
O.ca

O.m

O,m

0,46

O.m

O.(.I

! .m

Percent .1 T.1.l Aelhily

0,%

0.1%
O.W

0.%

O,m

O.m

0.8%
O.G%

%.3%

o.m

0.-

O,Gn

4.0%

O.w

O.M

O,w

1.%

am

92.3%

o.m

O.w

Icm%

O.m
O.m

,6.W

O.m

O.W

O.w

14,%

0.1%

69.7%

O.w

0.2%

[w

O.m
O.W

31.3%

o..m

0.2%

O.m

13.5%

9.%

O.W

O.m

33.2%

la

O,W

O.w

O.m

O.m

0,1%

O.m
0.%

,,.7%

0.0%
O.w

78,1%

ma
2.14 lm
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Table 3.23. Decav Forecast for COBRA fnventow for Potential “Hot Spat” Hs-100-7 (Condnued)

Total Actitily (Ci)

o.m
O,m

O.W

O.CO

O.w

o.ci

o.ca

0,46

O.CM

am

I.m

2.14

O.DI

O.m

O.m

o.m

0.03

O.m

O.ca

0.46

O.W

O.w

1.67

2,13

O.w

O.W

O.al

o.m

O,w

O.W

O.m

0.4s

O.W

O.w

1.67

1.12

PercentofTolalAcUvily

0,0%

am

O,w

O,Gm

0.0%

O.w

O.m

21.7%

O.m

o.m

7,.,%

Im

O.m

O,m

O.m

Q.m

O.m

0.%

O.m
2,,,%

0.0%

O.w

78.>%

,m

O.M

O,m

O.W

O.m

0,%

0,0%

O.M

21,2%

0.%

O.m
7,.7%

!C.m

h-1.O.&
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Table 3.24. Summary Statistics for COBM Inventory of Potential “Hot Spot” HS-1W8
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e Table 3-25. Decay Forecast for COBfZA fnventoIy for Potential “Hot Spot” HS1OO-S

,.”1 k.tity (Cil

O.w

O.w

0.12

O.w

O.CC

O.CO

0.11

O.m

5m2.95

O,w

O.W

58,053.18

O.W

O.(”I

O.M

o.m

O.W

O.ca

0.03

O.m

3.47,.57

O.m

O.m

3,471.M

o.cm

O.al

0,0,

O.W

O.ca

O.W

0.01

o.m

law

O.CO

am

2m.ol

O.m

O.m

am

O.m

O,w

o.ca

am

O.W

O.w

o.m

O,@

o.ca

O,ca

O,m

O.W

O,w

O.m

0.00

O.C.I

O,w

o.m

,,W

O.W

O.om

o.m

O.m

O.m

0.0%

o.lm

!W.m

O,m

O.m
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O.w

O.W
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O.W

0,%

O.nm

O,w

o.m

Im.cn

0.%

O.W

,Dm

O.m

o.m

O.W

O.m

o.m

O.m

O.G%

o.m

Ic.l,w

O.m

0,0%

Ic”m

O,w

o.m

38.7%

o.m

O.m

o,m

29.W

!2.1%

O,m

20,W

,.2s

,W

O,m

0.0%

0.%

O.w

0.%

0.%

o.m

37.5!4

0.%

6,.8%

0.7%

—Ws O,m

lJaN%,I.138 O,w

ma O.W Ic.m
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Table 3.25. Decay ForecfIst for COBRA Inventov for Potential “Hot Spot” HS-100-fI (COntiUd)

Constlt.e.t of Interest

A, 1,m Y*” .*, B.-k

Tti A~vitY (Ci)

O.ca

O.W

O.w

O.W

O.m

O.w

O.W

O.w

O.W

O.w

O,m

O.m

,,W

O,w

O.m

O.co

O.W

O.M

O.w

O.W

O.w

O.W

O.W

O.m

O.M

O,m

O.W

O.cc

am

o.ca

O,m

O,(U

O.w

O.W

o.m

PercentofTotalActitiIY

O.w

o.m

o.m

O,w

a.w

O.m

O.w

37.4%

O,w

,,.m

0.7%

Im

O.w

O.W

O,m

O,w

O.m

O,om

3;n

O,m

,2,,%

0,7%

1-

O.w

O.m

O.m

O.m

O.W

O.m

O.m

36.7%

o.cn

62.5%

0.7!4

‘K.TAL
o.m la
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‘o

Table 3-26. Summary Statistics for COBRA Inventory of Potential “Hot Spot” HS-1OO-9
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Table3.27. DecayF.recast for COBRAInventoryfor P.tentiaf “H.t Spot” HS-1OO-9

Conultm.ntof,.,,.-1 T.”1 AclhitY (CO

A, I’,me d Burhk

c=h-!4
O.w

C.wta
om

cti”,”.137
922.50

N~tiuM.D7
Q.W

Plu&m.238
O.m

PI.+.239
O.w

Smtiml-w
86S.50

Twhnti-%
0,29

~h O.W

-.,,, o.m

-.238
O.CC

lwrAL
1,788.29

O.G%

O.m
51,6%

O.w

0.%

O.W

48.4%

O.w

O.G%

O.m

At 100 Y..” .* Burl.h

-.14

C.b.lta

cti.137
N~137

*m”im.a38

mb0iw239

%mti.59

T-

titim”

Utiunl.m$

“tim,,.138

?Ol’AL

O.w

O,m
me

O.m

O,w
o.m

263,37

0,29

O.m

O,m
O.W

,,4.34

O.w
o.m

9i,a

O.w

O.c.l

O.m

KV,15

0.29

O.w

O.w

O.ca

172,M

O.m

O.w

0.92

O.!M

O.m

O.w

0.69

0.19

O.m

O.@
O.m

1,S.1

0.%

O.m

52.4%

O.W

O,w

O.m

47.5%

0.1%

O.W

O.mi
o.m

lwm

0,%

0,%
53.X

O.w

0.%

0.%

46.6%

0.2%

O.w

O.W

O.W

Im

O.W

O.m

48,4%

O,m

O.W

O.m

36.4%

15.2%

am

A, S00 Y“” .flor B.ri.k

cti14 O.m

Gut+ O.w
c&.137 O.w

NWW.Z37
O.w

Pltim-ma O.ca

P1”ti.139 O.w

Stitiw.w O.m

T- .$9 0.29
T* O,m

-.ns O,W

-.138 O,w 0.0%

?vrAL 0.29 Im%

O.W

0.%

0,%

O.m

O.w

*.W

O,w

1W,m

O,m

0.%
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Table 3.27. Dsay Forecast for COBRAfnventaryfor Potential “Hot Spot” Hs-1OO-9(Continued)

Constituentof lnte~t
Atl,COOY-” .*, Burl.ti

Totil Activity (Cl)

O.w

o.m
O,w
O.m

O,m

O.W

O.m
0.,9

O,w

O.CC

O.CC

0.,9

O.W

O,ca

O.W

O,w

O,m

o.m
o.m
0.28

O.m

O,w
O.CC

0.28

O.m

O.W

O.m
am
O.w

O.ca

O.W

O.m
O.w

O.ca

O.ca

O,la

am

o.m
O,G%

O.W

O,m

O.m
0,0%

Im.w

0,0%

O.m
O.OU

O.w

0.0%

O,m

0.0?4

O,w

o.nn
am

Im.w

0.0%

O.w

O.rm

Im

O.W

0.M6
O.W

O.m

O,w

0.%

O,w
,m.cm

O.m

O.m
0.%
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Table 3.28. Summary Statistics for COBRA Inventory of Potential “Hot Spot” HS-1OO-1O
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Table 3-29. Decay Forecast for COBRA fnwntory for Potential “Hot Spot” HS-1OO-1O

. ...,1,.,.,., ,.tem,t Tot.1 AcWty (Cl) ,“...1 M IOU! AcIMv

At Time of Bwhh

c&-14
o.m O.W

atm
O,w 0.0%

cti.!37
44.,1 1,8%

N@m.237
O.W O,m

Pl”ti””,.138
,,2.45 8.7%

P1.totiu-239
O,m 0.%

Stitium.w
4,.39 1,7%

l’*,6nu,m
0,0, O.W

T*W
2142.93 81.W

Udm.l?s
O.w 0.0%

tim.138
O,w O,m

~

TOT%
1-

O.al

O.W

13.90

O.W

,41,92

am

1>.a

0.0)

!Z8,1J

O.cm

O.w
4,38
,.W

96. !3

SW

>.83

0.01

7.7,

O.w

O.m

, ! 2.08

O.m

O.Gn

4,7%

O.nn

48.W

O,w
4.,%

O.W

43.1%

O.m

0.%

Im

O.G%

O.m
3.%

O.m

8>.=

O.m

3.4%

o.nm

6.%

O.m

A, 3W Ye-. .*, Buti.b

--14
O.w O.m

Cawta
o.m O.w

ctim-1>7
0.04 0.1%

N&m.237 O.w O.m

FIU-.238
!,.m w.,%

_m-2>9 O.m 0,%

stim.w 0,03 0.,%

TAm.w 0.0, 0.1%

mtim O.m 0,%

U*.235 O,w O.W

tim.z, O,w Om

?wr.4L
19.79 lam

At MO Ye.” .flcr Btiak

C+.14
O.m 0.%

.t.ua
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-.,,7 O.cn O.on

N4W.237 O.m O.m

PbM-138 4,04 W.7%

n&.n9 O.W O.w

Sbonti”m.w O.o1 0.%

Ttim.9 0.0 ! 0,3%
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Table 3.z9. &.aY fi’orecast for COBRA fnventory for Potential “Hot Spot” HS-1OO-1O(Continued)

‘rntim

-.13S
U-.238

Iwrti

At 10,OW Ye”’ .tir Burl.b
.-.14

C.w<.m

c.,im.,37

N-237

Pluti”,,,.,38

Pl”tium.139
Smrbma

T..--%

mtiu,ll
-.*,

-.D8

TotilActivity(Cl)

O,w

o.m
O.w

O,w

0.08

O.m

am

0.0,

O.W

O,w

o.ca

0,10

O.w

O,w

o,ca

O.W

O.w

O.W

O,m

0,01

O.W

o.cm
O.w

O.m

O,w

O.w

O.m

O.w

O.W

O,W

0,01

0.w

O.w

O.W

0.0%

0.%

O.w

O.W
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14.%

O.w
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Im%
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0.0%
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Table 3-30. Summary Statistics for COBRA Inventory of Potential “Hot Spot” HS-1OO-11
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Table 331. Decay Forecast for COBRA Inventory for Potential “Hot Spot” HS-1OO-11

C..,”,”,., d 1“..”1 T.1.l AclMty (CO mrcmt flT.tit tilhily

A, T,ma of B“d.h

C*. !4
O.w

C.tits
O,ca

o.m
e“m137

O.W
N&m.137

mu.238
O,m

PI-.,39
O.w

O.DI
S-*.W

T&&m
O,ca

_ 51,8W.05

-.23,
O.M

o,m
_.138 ~

mu

O,w

O,w

O.W

O.w

0,0%

0.0%

O.M

O,m

!m.o%

0.0%

O.w

!m

O.m

o.m

O,w

O.w

O.ca

O.w

O.M

o.m

31Z1.07

O.m

O,w

3,221.M

O.m

O.w

O.DI

O.m

O.w

O.@

Q.m

O.w

193.91
o.m

O.m

193.91

O.ca

O,w

o.ml

O.w

O.m

O.w

O.W

O,m

O.W

O.ca

O.W

o.m

O.w

0.%

O,m

O.w

0.0%

O.w

O.m

o.m
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-.218
O.w

m.4L
O.W

O.m

O.W

am

O.m

0.0%

0.0%

O,m

O,m

0.%

98.9%

1.1%

ICcn



Table 331. Decay Forecast for COBRA Inventory for Potential “Hot SFt” HS-1OO-11(Continued)

Constituent of Interest
At l,@O Y-m stir Barl.h

T.aulAcUvlly(Ci)

O.W

O.w

O.W

O,w

o.m

O,ca

O.W

o.m

O.M

O,w
O.CC

O.c.l

Percent of Toial ACUVOY

O,w

O.m

o.m

0.0%

O.w

0.%

am

O.W

0.M6

m.5n

,., %

Im

A, 5,C00 Y..” .* Burl.k

-.14 O,ca O.w

coma O.CO O.m

cem.137 O.w 0.0%

Nq*.n7 O.W O.w

n&.w8 o,m O.lm

-.239 o.m O.W

Sd.a O.ca

Twh&99

0.0%

O.W o.m

- O.m O.w

tin,”.133 o.m 98.%

tim,.138 O.W ,.1%

?wrAL O.W 1-

At 10,000 Y“” s*, B“rlak

C.,h-l 4 O.m 0.0%

C.bd.w O.m O,m

*“MII.,31 O.w om

NOQ&m.237 O,w O.m

Pltiua.238 o.m o.m

Pl&m.139 O.w O.m

,mtiu,”.w o.m

Tmh&m=

0.0%

O.m O.w
MU O.w O.W

tin,”.135 0.00 98.%

-.2,, O.W ,,,%

mAL O.m lm
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Table 3-32. Summary Statistics for COBRA Inventory of Potential “Hot Spot” HS-1OO-12

1

2

3

4

5

8

—

oil

m!”

dvm(cu.nl-l. l. 1 -1-1.1.1 .Im

mm.lvm(fl) I - I I I - ti
.- , .“”” “4. I

MldM

=. . . . . ., .,!.,” ,., .,!.

0.0 00 I 0.0 I IW.D I 0.0 I 0.0 [ 0.0 I Iwo

Ta Wativ- (m) o OIOI*041QIQ lQll~

%MB0x12Tti 0,0 0.0 I 0.0 I Im.o I 0.0 I 0.0 I 0.0 I Im.o
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Table 333. Decay Forecast for COBW Inventory for Potential “Hot SpOt”HS-1OO-12

Co.stit.ent of [.tir-t

At Time of Bud.k
mh.] 4

Cobdt~

C.”UI”.137
N~237

P1u6w-138
,l”lmli””,.239

Slm”tim.w

T&h.*

mti””,

“tiw,.235
-.238

KUTAL

A, w Y,,,, ,* B“rl,h

c“t.m.14

COb.lta

cti-1>7

Nwm-137

WUM.238

r.,u&m.n9

,m.,,*.5u

T,timn.59

mtimn

tim.l]s
W.n*

TOTAL

*, ,,m Y..” .*, B.rl.t

-.14

mwta

T.hl Acti”l,y (Cl)

o.m

O.W

O.W

O.M

148.1S

5.!9

O.w

O.w

O.m

O.w

O.m

153,61

O.W

O.w

O.w

0.04

59.m

5.,8

O.w

O.W

O.cu

O.ca

O,w

,05.04

O,w

O.W

O.w

O.w

67.14

5.!8

O.m

O.W

O,m

o.m

O.W

71,36

O,w

O.W

O,ca

O.M

,3,75

5.15

ORI

,.W

O.w

O.C.I

O,M

18,94

Percent of T.-l tidtily

0,0%

O.m

o.m

o.m

%.6%

3,4%

O.W

O.m

O,w

O.W

o.m

O.w

O.m

OH

95.W

4.%

O.m

O.mi

0.0%

O.w

am

1w%

o.m

0.0%

om

0.1%

=,m

7.2%

am

O.Gn

0,%

o.m

O.W

,m

O.W

O.m

o.m

0.2%

72..5%

27.2%

0.0%

0.%

O.m

At W Ye.” .*, Bwbh

c-. 14 O,ca O.m

COwta
0.w 0.0%

tim-1]1 O.w O.m

N@m-a37 O.M 0.5%

PI-.238 l,m 3>,3%

**..9 5.12 Ml%

,hurtiw.m O,ca 0.0%

T- .B O.W O.m

_ O.w o.m

tim.a3J O.w 0.G?4

M..238 O.w O.w

ma 7.98 tom
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Table 3.33. DecayForecast for COBRAInventory for Potential “Hot Spot” HS1OO.12(Coniinued)

Total ActlvIW(Ci)

O.w

O.w

O.w

O.M

0,C6

5.M

O,w

O.w

O.ca

O.o1

O.m

5.15

O.m

O,w

O,w

O.M

O.ca

4.50

O.w

O.m

O,w

O.CM

o.m

4.ss

O.m

O,m

O,w

O.M

O.LV

IN

O.W

O.w

O.ca

O,w

O,m

3.9s

Percent ofToW AcUvily

0.0%

O.m

O.m

0,%

1,2%

98.~

0.0%

o.m

O.m

O.w

O.W

lW%

O.m

O,w

O.m

1.M

0,0%

B.m

O.m

O.w

O,w

0.%

0.%

,m

O.w

O.on

0,%

,.,%

O,m

98,9%

o.m

o.m

O.m

O,m



108 WSRC-TR-97.00329Rev. 1.0,Delineationof Potential “Hot Spots” for tie ORWBG

●

Table 3-34. Summary Statistics for COBRA Inventory of Potential “Hot Spot” HS-1OO-13
(

‘o

—

t

—

2

—

3

—

4

—

5

—

6

—

7

—

—

-,1 ,0.dcc
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Table 3-35. Decay Forecmst for COBRA Inventory for Potential “Hot Spot” Hs-1130.L3

COwtit.emtorInkmst 1.”1 AcU”IIY (Cil

A, Tim. ti B“rlsh

C*- ,4
O,w

awt-50
O.w

ctim.,37
w.64

Nm..7
0.s

~otiw.238
5,385,82

w-.239
379.4s

Sm,,ti.w
92.55

T* .m
0.03

titiw
O.C.I

tim.ns
O.w

umaim.238
O.w

mti 5.957.16

A, ,Ca Y..” .ilar B.*,

-.14

O.@

o.m
,1.ns

0,67

3,6W,W

378.92

28.16

0.03

O.w

O.m

O,w

4,wl,5n

O.m
O.W

9,W

0.67

1.437.08

3n.39

8.57

0.03

O,w

o.m
o.ca

2,814.S3

o.m
O,m

0,10

0.68

459.27

376.22

O.m

0.03

O.ca

O,w

O,w

W63?

O.W

O.w

O.ca
0.60

102.33

374,10

o.m

0.03

0.00

Percent ., T.*, Actitity

O,w

O.m
1.7%

O.m

%,4%

6.4%

1.6%

O,w

0.0%

o.nn

O,w
O.m

0.%

0.%

89,2%

9.,%

0.7%

O.w

o.on

O.lm

O.m

,W

O.m

O.B

0.3%

O,m

U.W

,3.,%

0.3%

O.w

O.W

O,w

O.W

Im

O,m
o.m
0.0!4

0.,%

S7.W

42.%

O.m

0.%

0.%

O.w

O,w

,m

O.m

o.m
0.%
0.1%

11.4%

78.4%

0,0%

0.%

0.%

0.%W.DS O.w
-.238 O.w O,m

mA1. 477.,4 Im
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Table 3-35. Oecay Forecast for COBRA Inventory for Potential “Hot Spot” HS-1OO-13(Condnued)

o

Constituent or lnteti

M 1,m Ye.” .*, B.ri.k

To181 Actl”ltY (CO

o.m

O.w

O.C.I

0.69

0,03

O.W

O.m

371.70

O.CC

o.m

O.w

0.70

O.w

3,9.13

O,w

0.03

O.m

O.w

O,m

329.87

Percent of Toti Adivlly

O,m

o.m

O.w

0.2%

0..5%

59.2%

0.0%

o.m

0.%

O,m

0,0%

!w%

0.%

O.m

0.0%

0,1%

O.W

W,m

0.0%

0.0%

o.m

0.0%

O,w

Im

At f O,W Y..” *, B.rl.k

--14 O,cu O,m

COb.lt.ul O.W O.W

-.!,1 O,ca arm

N~237 0.10 0.2%

H“tim.zls O.W

P1.tiw-z39

0,0%

2W,50 W.7%

tib.m O.W O.w

T*dmw 0.03 0.0%
T* O.W O,m

-.2,, O.c.l O.w

ti.13* O.W O.w

mm Zs.n !C.m
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Table 3-36. Summarp Statistics for COBRA Inventory of Potential “Hot Spot” HS-1OO-14

i
4210” 101010 147174.5

1,132 ..- 4,w W.8 {

1 I 941 -1-1-1 .l=l~
I

MtiM Bui. V.

MNnwn W*I VCJ

Ttiw.mvm(m]l-l -1.1-1.1- 1- 1 I
.euialvm(ti) l-l .1 -1.1. - ~

.- .“
I m

m(m) I I NO

‘a(m)--- . . - - ~
. . “ . . . . .

I I I I I I 2,W I 38.5 J

I I PlmtEll”f-t

I 010101010 lol -

r+. Ma8m I I - - - ~
mmdvm(m) I - - - - ~

,Ivm(ml I - I - - - - d

:.* I o \ _o o 0 0 0 0 0 -

,,.

I I Mid- Suid V*

N-M Rwti 1 . . . . ..-

Totml. Acmu All 7 TYW Cc.dn %~w1~T~ 81,0 0.0 19.0 0.0 0.0 0.0 0.0 ~m.o

ToMIwa*vm (M) I 6,57.2 I o I 1132 I o 0 I 0 I 0 7,6%

%01 m 14 T.lnk I 85.2 I 0,0 I 14.8 I 0.0 I 0.0 I o.o I 0.0 i lm.0



Table 337. Decay Forecast for COBRA Inventory for Potential “Hot SpOt”HS-1OO-14

C.n.tit”..tor1.*rut 7.”1Actldty (CQ P“mat 0,1.”1 AcU.ity

A, Time of B“r18k

.-14 O.w O.Gm

C.b.lt.ul O.W 0.0%

Cmm.!]l 5.13 0.0%

N~~M”.237
O.Lm 0.0%

Ph,ldm.13n O.w O.w

Flubti-239 0.14 o.m

S*H.W 4.81 O.w

Thti.99 O.w 0.0%

ntim 46.863.18 Im.n%

“+-235 O.w O,w

uti-138 O.W O.W

ma 46,873.16 lm

At so Y..” SIlOr 8.6.1:

c=tOa.14

C.wta

ctimr.137

N-.237

fitim.138

Plub.2>9

Smtim

TM.-*

TUtimn

“*.135

lJd-238

ma

Burisk

O.W

O,w

1.62

O.Ln

o.ca

0,!4

1,46

o.(”1

Z802.41
o.m

O.C”I

2.WS.M

o.m

0.0%

0.1%

O.W

O.m

0.%

0.1%

o.m

w.%

0,0%

0.0%

Im

O.w o.m

O.w O,m

0.>, 0.3%

O.W O,m

O,ca O.W

0.14 0.!%

0.45 0,3%

O,m 0,0%

lm.71 59,4%

O.m am

O,w o,m

1S.80 lW%

O.W o.m

O.w O.w

0.0 ! 3.4%

O.w O.m
O.w O.m

0.,4 %.%

O.m 2.%

o.ca ,,lW

O,w O,m

o.ca o.m

o.ca o.m

0.15 !C.m
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TnbIe 337. DecaY F~r,c.dst for COBRA Invent.ry for Potential “Hot Spot” HS-1OO-14(Con~ued)

ToM Aclivity (Ci)

O,w

O.W

O,w

O.w

O.W

0.14

O,w

O.w

O.o1

O.w

O.w

0,14

O.w

O.c.a

O.W

O,m

o.m

0.12

o.ca

o.m

O.W

O.w

O,w

0.12

O.w

O.W

O,w

O.W

O,w

0.11

O.w

O.w

O.m

O.ca

o.m

Percentof Toti ActlvOY

O.m

0.%

O,m

O.m

0.%

98.8%

O.W

, .2%

O,m

O.m

0.0%

IW

O.m

O,w

O.m

0.0%

0.0%

98.m

O.w

1,3%

0.,%

O.W

O.m

O.Qm

0,G?4

O.m

O.m

98,5%

o.m

1,5%

O.m

0.%

O.W

?uTAL
0.11 1w%

●

b.ptrl.O.ti
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Table 3-38. Summa~ Statistics for COBM Inventory of Potential “Hot Spot” HS-1OO-15

—

3

—

2

—

3

—

4

—

5

6

7

01.1.

—

,,, ,.-, -
.,. . “00 r

m) 1481. ! I I I I I .“

flaum I I I I I I I I
dnuneui.!vti (fl) j.]- 1 -1.1.1.1 - I m

,.. -. I.,. .

:M) - -
“-4 m (M) - - - - m

#m . . - m

IV%(m) - - - - - - - ~
Vm (w) - h

.“7 , ..7 t o 0 0 147

h-l .O.ti
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Table 3-39. Decay Forecast for COBRA fnventory for Potential “Hot Spot” HS-1OO-15

co.,”,..., .[ I..re.t

A, Time or Bu,i.k

Tol=l Ac””ily (Cl)

O.W

O,m

10.31

O.m

50.s9

0.24

9.68

0,00

,,,4L,.7S
.-

utim.235
..-

O.ca
utiu,”.138

‘lvrAL
41.484.37

*, w Y,,” .*r Burl..

W-14

cob.lta

c.tim.137
N~7.37

Ptiu,a.238

F1.ti.139

Shv,ltim.sa

T- .59

Wti,”,

Mm.l?s

u*-138

mAL

O,m

O.W

3.25

O.W

34,03

0,14

2.95

O.m

2.476.54

O.w

O.m

O.cm

I .m

O,m

21.89

0.23

0.%

O.DI

149.W

O.w

O.m

O.w

0.01

O.m

4.69

0,13

0.01

O.w

O.W

O,ca

O,w
~

o.m

O.w

O.m

O,W

0.96

0.23

O,w

O.ca

,“,,., of T.-l Ad.ily

O.w

o.m

0.0%

O.w

0.1%

O,m

Q.w

o.m

9.6?4

0,0%

O.m

Im

o.m

0.%

0,1%

0.%

1,4%

o.on

0.,%

O,w

98.4%

O.Lm

O.w

,m

O.m

O,m

0.6%

O.w

,,.1%

0,1%

0.5s

O.w

W.6!4

O.m

am

Im

O.m

O.W

0.2%

O.w

94,8%

4.7%

0,2%

0.1%

O.mi

O.m

O.m

!m

O.Gn

0.%

O,m

O.m

80.3%

,9.4fi

O,m

0.,%

0.%

0.0%T&m
O.ca

u&”ln.135
000

ti”m.138
O,ca O.w

mAL
1.20 lm

●

ho.ptrl .O.ti
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Table 3-39. DecayForecast for COBW Inventoryfor Potential “Hot Spot” HS-1OO-15(Continued)

Constituent c.f I.tew

.,1.000 Ye-r, stir B“rl,t

Total Atitvity (CO

O.CO

O.m

O.W

O,m

O,m

0.23

O.w

O.m

o.m

O.w

o.al

O.M

O.W

O.W

O.W

O.w

O.w

0.20

O.W

O,w

O.W

O.w

O.ca

0.21

O.W

O.C”I

O.m

O.W

O,m

0.!8

O.m

O.m

O.M

O,w

O,w

PercentofT.181AcUvtly

O.m
o.m
O.m
O.W
8.W

W.7%
O,w
, .,%
O.m
O.W

,COn

o.m

0,%

O.W

0.0%

0.0%

%.s%

O.m

1.5%

O.W

O.m

O.w

IW

O,w

0.%

O.w

am

0.%

98.3%

O,w

, .7%

V.m

0.%

m. 0.18 ,Ca%



●

Table 3-40. Summary Statistics for COBRA Inventory of Potential “Hot Spot” HS-1OO-16

1

2

3

4

5

6

7

T.almls

-d Mm I I I I I I I 1 I m
W(M)I ..- .. 1-1-- 1*
-,. ,”,, 1 1 I I 1 1 1 I *

I 181W111210 1010151 INW al R.-

, m,.,. m,7 ,W cod.. %Of W16Ttik I 35,3 [ 58,2 I 2.0 I 3.9 I ““1”. 1””~

TamW.smVm (M) 3,5.2711,49D 13CJ 1391 ., .,.,?,.,.
%Mh16Tolak I E6.2 27,5 5.5 0.7 0.0 0.0 0.0 IWO

. . . . . . .. .
I “.. . . . . I
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● Table 3-41. Decay Forecast for COBRA Inventory for P.tenti.l “Hot sPOt” Hs-loo-lb

Con,uti”en,., IO,e,”t To”lAcU4Q (Cl)

At Time of Bull,

-.14 4,.CO

tib.n.fu 368,8.m

mdm.,,7 ,36.9

Nv&w-237 O.W

Plnti.238 8,M

Flutim.239

Mmtim.w

O.m

118.52

Tebdw.* O.M

T&m ,3u.m

u&.235 O.w

U-.238 O.w

IWTAL 38,521.75

At 1m Y-m*r B.rl.h

C*.,,

42.74

s 1,55

43. !6

O,w

3.38

O.w

,9.,1

0.04

82.%

O.w

O.w

2W.W

42,48

O.w

13.60

O.w

3.61

O,@

,1.m

O.M

4.*

O,w

O,w

76.M

41.46

O.w

0.14

O,w

0.74

O,w

0.10

O.W

O.w

O,w
O.W

42.49

40.47

O,m

O.W

am

0.,5

O.w

O.W

O.M

O.m

Percent or ToI.1 A.lititi

0.!%

95.6%

0.,%

0.0%

O.m

O,m
0,%

O.Gm

3,6%

0.0%

0.0%

Im

16.1%

,9.5%

16.>%

0.0%

2.M

Q.m

,4.8%

O,w

3!.3%

O,m

,w%

5,.4%

O.G%

,1.7%

O.m

4.7%

O,W

15.5%

0.!%

6.5%

0,0%

0.0%

lc.m

97.6%

O.w

0.3%

O.w

1.7%

0.0%

0.2%

0.!%

0.0%

O.Gn

O.m

Im%

9.$%

O,m

0.%

O.w

0.4%

O.m

o.m

0.1%

O.w
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Table 3-41. Decay Forecast for COBW fnventory for Potential “Hot Spot” HS-1~16 (Continued)

constituent ofInte=t
A,, ,W “,s” mtir Bari.k

ToMActivity(Cl)

38.W

O.W

am

,.m

O.w

O,m

O.w

0.M

O,w

O.m

O,W

38,14

23.43

O.w

O.m

o.m

O.w

O.w

O.w

0.M

O.ca

o.m

O.W

1349

12,79

0,00

O.CC

O,w

O.m

O.m

O,ca

O.M

O,m

o.m

o.m

PercentofTc.tilActivity

*.9%
0.0%
O.m
O.m
0,%
0.0%
O.w
0,1%
O.w
0.0%
o.om

Iw

*.sn

O,m

O.w

0,0%

O.w

O,w

O.W

0.2%

O.m

o.m

o.m

lW%

ma 11.83 lW

●

hawtil.o.h
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●

Table 3-42. Summary Statistics for COBRA Inventory of Potential “Hot Spot” HS-1OO-17
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1

I I I Z541m
4875 I *

I I 1 “I*-,-,, , . , . -- , “-

I 4010 1 0 0 0 0 ~1 79

) 2,328 I Im - 2,W8 3.5

~)lw[. ,en - - - 61 :

45

Im 460 m

<80 - - 0 h

I N-OfR~ 1 “ . . 0 0 0 0 0 ~ 7.31
961 - - %1 1,3

I 25 - 25 m

16 . IS *

80 m

lm(cwn l-141 - - - - 4 *
.,. , . . n “ o . “8

. Buial V* (w) 25 I I I I I I 2511

18 181ti

42 I I I I I I I 42[M

mBuiOlv,
W.lvcum[ti) I I I -
.“.. — .1”1.
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Table 3-43. Decav Forecast for COBRA Inventow for Potential “Hot Spot” HS-1OO-17

C.nmn”e.tofI.tire.t ,.k, k“tily (co
At Tim.ofBmd.h

c&.14 O,w

Cob.l,a ),*7.77

cMm.137 2!0.74

N-z, O.w

me.ns ,,.18

*-.X9 O.W

sh.n,tim.w lfl.72

T.tim.m am

- 273.751.59

uti”,”.l?s O.w

Mm.1), O.m

ma 275,839. !7

o.ca
2,33

a.4,

O.(m

7.>,

O.m

w.!,

O.m

,6370.34

o.ca
O.CO

,0 C4.91

O,w

O.W

10.93

o.ca

5,,1

O.m

,8.3 I

O.M

983,51

o.m

O.m

l,n19.91

O,w

0.00

0,11

O.ca

1.05
o.m
0.!6

0.07

O.W

O.w

o.m
,.U

AI s00 Y..” .* Berl.h

-.14 o.m

&m. O,w

tim137 O.m

N~137 O,w

Plhm.238 ,.21

-.Z9 O.m

Smmtim.so O.DI

T— .* 0,07

Ttiti O.W

utiw.233 O.w

=238 o.ca

mA1. 0.28

O.m
0.6%

0.!%
o.m
O.W

o.m
0.1%

0,0%

S9,2%

O.W

O.w

,C”m

o.m
0.%

0.4%

o.m
O.w

o.nn
0.4%

O.W

W.1%

O.m

o.cn

,W

O.G%

O.m

2.W

O,W

0,5%

o.om

).%

0.0%

9,.7s

O,m

O,w

lm

O,W

O,m

,4.2%

O.w

70.6%

o.m

I O.m

4.5%

O,m

O.W

0.0%

Im

O.w

O.W

0.%

O.w

76.4%

O.m

o.rm

23.6%

0.%

O.m

O,w

,m
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Table 3-43. Decay Forecast for COBRA fnventory for Potential “Hot Spot” HS-1OO-17(Continued)

constituent ofInlerest
A,,,m Y,,” ntir B“tiah

Toti Actltily(Cl)

O,m
O.W
O.lm
O.m
O.W
O,w
O.W
0,07
O.w
O.m
O.m

0.07

O,m

O.m

o.m
o.m

O.CC

O.w
O,w

O.W

O.U

O.W

O,m

0.07

O,m

O.m

O.m

O.m
O,w

O.w

O.m

O.W

O.w
O.W

O.w

PercentofTotalAclivily

O.m
0,0%
RD%
o.m
6,4%

0.0%

0.%

93 .m

O.W

O.w

O.m

Im

O,m
O.W

0,0%
0.0%

0.0%
O.nn

O.m

,W.m

0.%

o.m

Im%

O,w

0.0%

O.w

O,w

O.W

am
O.W

Im.m

O.m

O.W

0.0%
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Table 3-44. Summaw Statistics for COB~ Inventury of Potentisf “Hut Sput” HS-10fJ-18
1 , I

h..- BUla \

,,.”..” mtid “

R.& I OIOiOrO1O 1010 I 07

I
T&l WamV- (M] I -

2 on smwwvm(m)l.1 -1.1.1-1- l-1-1~

! ! l“- 1 I I I

Smti wan. I I I I I I I I I ti

- !,”*(M) -

IV*(M) I- I. I- 1-1.1-1- 1 I *
. . .“. . . . .

31231.1.1- i- 1 I X,123 74.

! I %Iti
.

Tm[m) l-111. 1.1- 1 I I Iti
.,. , “.. .“.

ulw(m). ~1-l -1-1.1- 1 I 3W 0!

D. . . . . . . Imti

! I I I I I Olti
. . .

m)l~= l-1-l- 1.1-I-11= 1“
.,. , .“” “.,,,, ,”, ., -,., -,-01

9KIII*I-I. I- 1.1. I 1,1C6[ 3

11. I. HIzII. I- l.~-~-1~1 r

l.—, I I 1 1 1 1 w.lr

,1W* V* (m) - -

amp eul.1 vc4n’d (m] - - - -

%* Cauaam m

Vti (~) - - - - - m

m] - - *
.,’, ,., 7 . “ . 0 m,

I MWnunM*I 1

Vwm Wd Vti (m
.,. —.. .—. . . . . .

1 ,., ,”,. ,., . ,., - ,---

$5.6 83.7 0.8 0.0 0.0 0.0 0.0 1W.O

T.la! W.* Vcura (m] I 7,8= I X,269 893 0 0 0 0 35.0%

%Mti18Tm I =.5 14,9 2.3 0.0 0.0 0.0 0.0 IW.O
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Table 3-45. Decay Forecast for COBRA fnventory for Potential “Hot Spot” HS.1OO.18

Com,ti.tid Im=lsk Tmtil AcUtitY (Cil

A, Time ti Bwlik

C911M”.14
S9.W

Cawta
103,016.26

cti””,.137
,,703.~

N@m.237
O.w

Rmtin,,I.238
1,62

-.139
O.W

Stitim.w
l,5ti.J2

T&etim.9
0.53

mtim
33,918.36

tim.23J
O,ca

Mm.138
O,m

‘lwrAL
! 40w. 16

Parun, tiTow1 AcU”IW

0,5%

73,,%

! .2%

0.%

O.W

0.%

1.1%

O,w

24.1%

O,W

0.%

tm

A, 100 Y-” .tir Burl.]:
--14

@ma

tim-1]1

N-.237

P1.tim-238

P-.139

sm.”tiu”l.w

T— w

-

tim.235

tim.z]s

~AL

-3.07

I 44.22

536.W

O.W

1,W

O,w

4m.43

0.,3

2,m832

O.ca

O,c.1

3@2.52

m.%

O.w

lw. t9

O.W

0,73

O.m

148.m

0.53

122.11

O.w

O.W

1,1OI.57

M5.19

O,oa

1,70

O.W

0.1s

O.w

1.28

033

O.w

O,cm

629,74

O.m

O.ca

O.w

0.03

O.m

O,w

0.s3

O,m

O.w

17.2%

3,7%

[3.%

O.m

on%

O.m

12,6%

o.m

52,5%

o.m

o.m

Im

m.%

O.m

15.4%

0.%

0,)%

o.ml

13.4%

o.m

,1.,%

O.w
O.W

Im

994%

O.m

0.3%

O.W

O.w

O.w

0.,%

0.1%

O.w

O.W

lccn

99.%

O.w

O.w

O.w

o.m

0.0s

O.w

0,1%

O.w

O.m

MM”.238 O.w O.W

TVTAI. 630.30 Im

a

IlOwl.11.o.ti
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Table 3-45. May Forecast for COBRA fnventory for Potentiaf “Hot Spot” HS-1OO-18(Continued)

Constituent or Intend Totil AcUVIIY(Cl) percentof ToM Aclitily

At 1,000 Y-” mtir Bud.k

-.14 ,9,.67 w.%

Cowta O,w O.m

C-.137 O.ca O,Gm

N&m.n7 O.m

?IuM-238

O.mi

,.W O.m

Plu*.n9 O.w O,w
-.x O,w 0.0%

T.tiw.59 0.s3 0.1%
~ti O.m O.m

wm.235 O.W O,m
-..8 O.W O.W

ma 593.20 !m

A, s,~ Y,.” smr BIuI.k

-.14 364.91 w.5n

-ma O.w o.m

ctim.117 O.W o.m

.-m.,,, O.m

_mI-138

O,m
o.m O.W

*&,””.139 O.m O,m

.sbw,timm O.ca O.W

T8chtim.W 0.53 0,1%

Tnb o.m O.W

tim.235 O,w O,m

Wm.11, O.W 0,0%

ma 365.44 Iw

M ,&m Y.ul .*. Bnrl.t

-.14 !98.m w,m

cow- O.m o.m

tim.137 O.cm 0.%

N4m.237 O.w

mnmti-138

O.w

O.m O.W

,htimm O.W

SQm,ti.w O,cm :%

‘rtih.w 0.5, 0.3%
~ti O,m O.w

“--.235 o.ca 0.0%

“+.238 o.m O.W

‘lwrL ,9,50 ,W
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Table 3-46. Summary Statistics for COBRA Inventory of Potential “Hot Spot” HS-1OO-19

1

—

2

—

3

.

4

—

5

—

6

—

7

—

I 7 I 251. [.1115 I
. . I . . I 1 ,m

1 I I I I I 82 j 0.0

.. -0. , ,,, .

I 1 1 1 I [ . . 1

mE’ulalvti(~) 171 -1 -1.1.1 .l-1~ I

17,887 3 13 I I I 1 11

meui.lv~~d] I - I - I - I I I I I I *
NuU4r MR.ti I 010101010 1010101. I
TOlalMti V- (M]

dvm(m) I - I - I
w ... . .... ..- ,

I I ! I I I I I
I I I I 1 1

“u. .m.”m I I m

, ! ! 1 1 1 1 . .
M-W. — ,WZ, -- - ,..

Mlrfnnln~al Vc4nm(d] - - m
N-d R=- 759 3,176 449 242 6 0 0 4.~

11.6 73.8 3.5 4.9 0.1 0.0 0.0 ~w.o

Tobl W.* Vm (U] #,499 13s,m 15,-7 2,859 176 0 0 199,271

%Mmlslollk 22.s m.z 7.9 4.5 0.1 0.0 0.0 *W.O
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Table 347. Decay Forecast for COBRA Inventory for Potential “Hot Spot” HS-1OO-19

Cmutmm%s<Im,sr.%< ,.”1 A,,I”IW [Cl)

A, mm, M 11.rl.h

cti.i4
1,885.12

abti~
455,456.97

*U,,I.L31
9s7,.89

N@m.231
O.w

P-.238
1,,6,.6,

PIuti”u-139
,3.4,

Smtim.w
8,7W.m

T4chwti-59
2.9,

%ti””,
167,439.16

tim.235
0,07

u&.138
0.16

ma
644,138.24

PercentofTM91A<tidly

0.,%
70.7%

1,4%

0.0%

0.2%

O.m

1.4%

0.%

16.W
O.GU

O.W

,m

At 1W Yam .- Burl.b

cubO=-14

CQM1-

ti”m.137
.-.2,7

P1vtiw.238
F-.lls

sQO,ltim.90

?eti”m~

Tdti”m
WU,,,.23J

~m.218

ma

_
u&.135
uh-1>8

1,873.81

07.a

Z922.1O

9.C9

W.94

13,43

2,S7.67

Z.91

10,012.86

O.M

,.16

19,M.7Q

1,862.31
O.W

Bo.m

O.m

W.20

,3.41

W5.70

2.91

m2.78

0.07

0,16

,,871 .45

1,8i7 .81
o.m

9.27

o.m

t35.m

13.34
6.%

2.91

,m

0,07

0.16

,5a6.40

9.%
5.3%

15.3%

0.%

5.2%

0.1%

13.5m

O.w

51.4%

O.w

O.m

,m

38.2%

O.w

18.%
O.W

13.%

0.3%

!6.5%

0.1%

,2.W

O.W

0.0%

,Ccn

91.3%

0.0%

0.5%

O.om

6.6%

0,7%

,,,%

0,1%

0.%

O,W

0.%

,m

A,* Y“” .* Bmrl.1:

-.14
,,7,A.17

awt.m
O.w

ctim.137
am

N-., O.W

Pluh.238 27.85

%-239 13.26

-*
O.w

‘c&ti.99 2.91

-
O.m

-.2,5 0.07

tim.13s 0.!6

mti
$,8,8.51

W.6%

O.Gn

O.m

O.G%

1,5%

0.7%

Q.m

0.2%

o,m

O.m

O.w

tom
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Table 347. DecayForecast for COBW Inventory for Potential “Hot Spot’r HS-1OO-I9(Contiud)

WI.r!.o.ti

TotalActivity(Cl)

!,*9.W

O,m

O,w

osm

0.59

,I,m

O.W

l,W

O.m

0.07

0,16

!,fsf .63

,,m8.14

O.cn

O,w

O.W

o.m

I! .67

,.W

2.86

O.w

0,07

0.16

1.0$2.91

5m.63

O.m

O.w

O,ca

O,m

,0, !2

O,w

2.M

o.ca

0.0,

Percent of Total ActivUy

W.w
O.w

am

O.m

0.%

0,8%

O.w

0,2%

O.m

O.w

0,%

Im

98.6%

0.0%

O,w

0.0%

0.0%

!,1%

0.0%

0,3%

O.rm

O.w

O,w

,CQ%

97.7%

o.m

O,nm

O.w

0,9%

1.%

O.W

0.5%

O.m

O.m

O,m

m.4L 573.81 ,m
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Table 3-48. Summa~ Statistics for COBRA Inventory of Potential “Hot Spot” HS-1OO-2O
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Table 3-49. Nay Forecast for COBHA fnventory for Potential “Hot Spot” Hs-1oo.2o

Cawtul
ti”m.1>,

N-.237

At 3W Y,.” .*r B.rl.i

c*.14
C.WIUJ

tire.,,,
N-.237

PIU*.238

Plti”.”.139

Smtimm

‘r&m”.*

wti”m

uti.ns

To1.1 Aclhiw (Cl]

442.m

72,668.29

4m.5d

O.CO

O,w

O.w

459.29

0.15

47.11s,2s

O.W

O.w

121,175.46

440.24

101.74

,54.2s

o.m

O.w

O.W

139.76

0,1>

1817.49

O.ca

O.m

3,6S3.M

437.54

O.w

48.61

O.w

O.W

am

41.53

0.15

169.61

am

427.M

om

0.49

O.m

o.m

O.ca

0,37

0.1s

O.w

am

-.238 O,w

mA1. 428, !0

At W Y,,” ,~r Burlmb

-.,4 4! 6.86

Mta O,w

tim.137 O.m

N@m.137 O.W

Pl”twim”.238 O.w

--139 O.w

I -.135 O.w

u&.238 O.w

Percent of1.”1 Acu.ily

04%

m.m

0.4%

O.m

O.W

O.W

0.4%

o.m

38.%

O.w

O,w

Im

,1.W

l.m

4,2%

o.m

0.0%

o.m

3.m

O.W

n.1%

O.m
0,0%

Im

62.6%

O.w

7.m

o.m

O.w

0.0%

6,1%

0.0%

24.3%

0.%

0.%

,Da%

9.%

0.0%

0.1%

0.0%

,.W

0.%

0,1%

0.0%

0,0%

0.%

1w%

lW.G?4

O,w

O.rm

O.rm

0.0%

0.%

O.c%

O.w

O,cn

0.%

O.m

ICC%I mti 417,01

I
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Table 3-49. Decay Forecast for COBRA fnventory for Potential “Hot Spot” HS-1OO-2O(Continued)

constituent@rInterest
A,l.OWYWI’I,*, B“rhh

Totnl ActivilY (Cl)

192.32

O.w
,,W

O.ca

O,M

O.w
O,W

0,15

O,M

o,m

O,m

392.47

141.56

O,sa

o.ca

O.m

o.m

O.w

O.m

0,15

0.00

O,m

O.ca

241.7!

133.72

O.ca

o.ca
O.ca

o.ca
O.ca

o.m
0.15

O,w

o.ca

Percent.1 TotIIActltitY

1m.m
o.m
O.w
O,w
0.=
O.m
0.0%
O,m
O.m
am

w.%

O.w

0.%

0.%

O.m

0,0%

O.W

0.1%

o.m
O.w

?urAL 131.W lc.m
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Table 3-50. Summary Statistics for COBM Inventory of Potentiol “Hot Spot” HS-1OO-21

1

2

3

4

5

6

7

on

R**bl

Olhw

L
Tti.,1. Acre.n NI 7 ,m. Cod..

I r“ 1-” I I I I

I e

-rl.o.ti
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Table 3-51. Decay Forecast for COBRA fnventory for Potential “Hot Spot,, HS-1OO-21

c.ltO”.14

-<a
-.,37

T.&l Aclhlly (C9

1W.62

9,,,s,55

,,0,3.41

O.W

58.67

o.ca

%1.0s

0,32

60,84s.54

o.m

O.ca

154>81. !6

Im.m
1S.22

3=.11

0,00

39.47

0.w

292.75

0,32

3.638.56

O.w

O.w

4,,22.45

9,60

O.m

101.=

O.ca

2635

O.m

S9.m

0.32

219.04

O.w

a.m

536.22

91,03

O.w

1.03

0.00

5.44

O.m

0.77

031

O.W

94.70

O.ca

O.c.l

o.m

1.11

o.m

O.cm

0.32

O.w

Per,.., .,1.*, A,Mly

0.1%

59.2%

0.7%

o.m

0.0%

O,m

0.6%

O.m

,9.4%

0.0%

O,m

lm

1.2%

2,m

7.1%

O.w

0.%

O.w

6.>%

0.%

80.,%

O.w

o.m

Im

18,5S

O.w

!9.W

O.m
S.w

a,w

)6.6%

0,1%

,0.m

O.w

am

Iw

92.W

am

, .%

O,m

,,2%

O,m

0.7%

0.3%

O.Gn

O,m

U..m

,W

%.5%

0.%

O.W

0.%

I ,2%

0.%

O.m

0.3%

O.on

O.’m

O,m

,W

--z]> O.w

WM,,.7,38 O.ca

mfi 96,14

h.abptirl.o.dm
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Table 3-51. Decay Forecast for COBRA Inventory for Potential “Hot Spot,, HS-1OO-ZI(Continued)

Constituent.f Iu-t
A,,.W Y“” .*r Bufisk

Total AcUvilY(Cl)

89. !3

O.@

O.w

O,w

O,m

O.ca

o,m

0.32

O.m

O,w

s4.Ea

o.m

O.CQ

am

O.W

O.m

O.c.l

0.32

o.m

O,m

O.w

5s. !9

19.91

am

O.W

O.m

O.w

O.W

O.m

0,31

O.W

O.oa

O.ca

30.24

Percent ofTolal Actltily

S9.6%

O.on

0.0%

O.m

O.W

O,m

O,w

0.4%

O.w

0.%

0.%

lm

9.4%

o.m
O.m

O.m

O,m

0.0%

O,ml

0.6%

o.m

0.%

O,w

,W

*.W

0.%

0.%

0.%

O.m

0.%

0.0%

1,W

O.W

0,%

O.m

la

I

o
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Table 3-52. Summary Statistics for COBRA Inventory of PotentiaJ “Hot Spots” HS-300-1
and HS-500-1
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Table 3-53. Decay Forecast for COI Inventory of Pcdentid “Hot Spots”
HS-300-1and HS-500-1

T“tiw

WUI”.233

-.238

At I@ Y“” .* B.rid:

c.,h-14

COldt.m

c..im.137

N&m.?37

Pluhm-138

,1”-.239

Stitimn.w

‘1.h&m.w

I.l,lti”,iw (cl)

313.40

O,M

am

1.07

10,52%.32

,51,s3

o.m

0.04

O.m

o.ca

o.ca

11,316.36

333.39

O,w

O.ca

! .W

7,m,31

456.-

O.w

O.M

O.W

O.w

O.w

7,w.76

331.34

O.m

O.m

1.m
,,76,.35

456,24

O.C.I

0,04

O.m

323,43

O.m
O.ca

1.10

‘?75.41

453.64

O.W

O.cd

O.m

0.0)

O.m

,.753.61

4,2%

0.%

0.0%

O,w

8,.,%

J.sn

0,0%

0.0%

O,w

O.nm

O.W

IC.m

6.M

O.m

O.m

0.0%

U.m

8.1%

0.0%

O.m

O.W

am

0.0%

Im

! 8.4%

O.W

O.G%

0.1%

35.6%

25.%

0%

O.m

O.m

0.0%

O.W

!W

At W Y..” stir Bum
Cti- 14 315.f8

COb.lta O.W

Ctim.137 0.w

N@uM.=7 1,11

ti-.l38 lB.51

-.n9 451.W

stimr..m O.m

T.-.99 O.M

Th O.m

U-D5 O.L-c

tin,,,.ns O.w

Tarti 967.83 InGn

31.6m

0.0%

O.m

0.,s

20.7%

46.6!4

O.m

O.w

O.W

0.%

O.W
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Table 3-53. Decay Forecast for COI Inventory of Potenfid “Hot Spots”
HS-300-1 and HS-500-1 (Continued)

Con,tit”ent or Intirf$t

At I,c.m Y-r. .n” B.d.h

aw.m

-.137

N-.D7

Total Aclivily(Cl)

2W.1O

O.m

O,w

,.12

4,21

444.72

O.w

O.M

0,w
“m

O.w

747.,8

,a,93

O.W

O.w

,.,3

O.tm

3%.=

O.m

O,M

O.w

o.m

O.W

,m.%

S9.7J

O.w

O.m

1.13

O.w

344.24

o.ca

O.w

O.m
o.ca

o.ca

445.,7

Pement orToW .AcUvitY

39.m

O.m

O.w

0,2%

0.6%

59.5%

0.%

O,m

o.m

0.%

O.W

tw

>,.>%
0,%

o.m

0,%

,,W

m.,%

O.&

o.m

O.om

o..m

22.4%

O.W

O.w

0,3%

O.w

77,3%

0.%

O,cn

O.W

O.cn

O,w

lm



~

138 WSRC-~-97-00329 Rev. 1.0,Delineationof Potential “Hot Spots” for the ORWBG

Table 3-54. Summary Statistics for COBHA Inventory of Potential “Hot Spots” HS-300-2
and HS-500-2

4 I . 1 1 . . 1

ne(culft) I 2i4 I . I 214 0,4

).. LM. I-I. - - - 54 .
23 Ma

,,, , ,.. , - I tw w.

I MInlmum B.*1 volume (cm) - . .,. I

1 ., ,mkr “f ..”,*.

II
i

., -,., -,- , I , !“.

...,,.-, . . . . . . 5I61OIOI 010[01?{1 1.7
TalalWa* VOl”tne(cuiit) I 193 I 62

eBurhlVO(”me(cm] J =. I ,-

II
I 255 0.5

I . . , . - - 23 Na

4s I 14 - - -[m Ma

‘O,u,ne (cm) 52 = - 52 m

“C.(.m)l ml-l .1 .1-!-1 -lx
lume(c~)L521-i. 1-1-1-1. 1521*

I I
..44 W.

1 1 I 1 ,,. I .,.
Mhlm”m B“*I V.!”,

Nu.k, ofRemrds
CVIWEq”l,mnmc.-1 T-I w** volumeI . . Sm 0.6

6 h -PMhd by. AvengeB.rhlVol.”,. ,.w>., , _ , - . a w.

PlantEqulme”t *ndam ‘m. I 621. m I Ma 1
T~& (PEV MtinmIm0“-1 Votume(~ lW I *(

.,”)”.,,. m,,a,““,,,,
Im I d.

, ..,,,,.,,.,,, . . . ..,.m. (cum) 3 - I I 1“ I I I 31*

Numb, of R~s I 01010 [010 1o1o1o1-

Ttil Wa5MVOIUW(cuM) I I I
e R&n AmngaBu*I Vvl,

Siandati~. !
MaimumB.*1 Voluma(cm -
MinimumButil Volume(zum)

II
Nub, MRCMtd, 0
.-, !,,.- ,,.,4,-.,., ,#,,.-..,

me(cm)

Zta”dald -tin

Maximum B“*I Volume (cM) -

Minimum B“*1 volume (cum]
N..,., d R=o,ds 375 6 49 215 0 0 0 MS

w. 1 0,9 7.6 33.3 0.0 0.0 0.0 1W.o

TMa( W.* VO(unm (cm) 43,ma 62 5,m2 l,62t 0 0 0 49,743

%ti M2Tti1, 88.5 0.1 10.2 3.3 0.0 0.0 0.0 Im.o

1“““”
hbPt.rl ,0.k
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Table 3-55. Decay Forecast for COI fnvento~ of Potential “Hot Spoti-’
HS-300-2 and HS-500-2

C..s,i,..m,.1 I.*-*

At Tim. of Bm..k

-.14

C.wta
c&.137
N-137

PI-.238

Plumni”,”.239

Sb.m-m
Ttih.59

=6”M
-.23,
-.=8

?wrAL

A, swV“” SW Burl.E

cmtO,l.!4

tiwt.fa
wm.,37

N--z,

-238

%-239

Skdmm
T4.-59
mh
-.Z,,
-.2,8

ma

O.c”l

0,01

4,39

0.17

1,57

,W.,,

4.12

O.w

0,67

16,O1O.W

O.CO

O.W

1,38

0,17

I .s

lW.42

,.25

O.m

950,38

Q.W

0.67

I,WI,34

O.W

O.ca

0,,4

0,17

0,71

lffl.27

0.,8

O,m

57.21

O.w

0.67

165,W

O.m

o,m
O.m

0.,7

0.15

103.67

O.W

O.m

O.w

O.W

0.67

lM.67

O.m

0, w
am

0.,1

0.03

1,s.07

am

O.CC

P.=.., ., T.I.1 ti.ily

0.%

0.%

O.m

0.0%

0.0%

0.7%

o.m

0,0%

59,3%

0.%

0.%

,CGn

o.m

O,w

0.1%

0.%

0.1%

10.%

0., %

O,m

w.,%

s.%

0.1%

Im

o.m

0.%

O.m

0.2%

O.w

W.,*

O.m

0.%
mm O,m O.w

-.%5 o.m o.m

-.238 0.67 0.6%

mu 105,95 Iw
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Table 3-55. Decay Forecast for COI Inventory of Potential “Hot SpOk”
HS.300.2 and HS-500-2 (Contiued)

—

Constituent of lntemt

At 1,~ Y,.” a-r Burl.h

ma

At 5,W Y..” .*, B.rl.k

c&.14

c.wta

cni””,.137

Nh”,n.n7

PIubuIII.238

nuti.239

SEOnti””,.w

Thtiu,n.w

%6W

-.235

tim-ns

TOTAL

At Io,m Ye.” .tir LIE*.L

C“ta.. 14

c.w#40

Ckm.l]?

Ntim.237

QIU6U.I-2,8

~tim.239

s--m

Ttim.59

Ttitiw

-.235

wm.238

ma

Tohl Aclitity(CO

O,m

O.ca

O.ca

0,18

O,m

103,s9

O,cn

o.m

O,m

o.m

0.67

,M.,,

O.w

,.W

O.W

0,,8

o.ca

92.44

O,m

O.W

O.M

O.m
0.6,

93,,0

O.m

o.m

o.ca

0.18

O,m

W,19

am

0,00

O.w

O.ca

81.W

Percent ofTotnlActlvily

0.0%

0.%

O.m

0.2%

0.%

$9.2%

0.0%

O.w

o.m

O.M

0,6%

,m

O,w

0.%

OM6

0.2%

0.0%

w,]%

O.m

O.w

O.G%

0.0?4

0.7%

1w-

O.W

0.0%

O.m

0.2%

O,m

fl.m

o.lm

O.w

O.w

o.m

o.sn

lW

*

W1.0.dm
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Table 3-56. Summary Statistics for COBRA Inventory of Potential “Hot Spots” HS-30@3
snd HS-500-3
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Table 3-57. DecayForecast for COI Inventoq OfPotential ‘qHotSpOb”
HS-300-3 and Hs-500-3

COm.tu..t of I.aerest TOI=l Actt.t, (Cl) ,,,cm, 0,10”, Aelltily

At Time of B“rlak

c&m-14
75.68 13,3%

Cobll,a O,ca 0.0%

tinn,.137 O.w

N-Iu”.237

O.m

o.m O.m

titiw.238
O.(”I 0.0%

n.tim-239
o.al 0.0%

Smtium.w
O.w 0,0%

Ttifi
O.w O.m

mlim” 496.52 86.6%

-.235
o.m O.om

“&””,.238 o.n 0,1%

?n’rAL
,,o.m 1w%

At IW Y..” .*c B..h.

cti.14

C.b.lt.tn

Mm.111

Ntim”.=7
Pl”ti.238

nutim.z]s

Sum,timw

T.*.*

*CUM

utinc-13s
“tiun,.238

ma

A, ,W y..” .-, Bar,.,:

-.14

-Mta

cti.,37

NWm.=7
P1”tim-138

Wm.239

Slm”tilu”.$u

T-””193

mti””,

tim.ns

ti””l-n8

?urAL

7S.23

O.w

0.w

O.ca

O,w

O.w

O.W

O,w

29,57

o.m

0.67

10s.<7

74,76

O.w

O.W

o.m

am

O.w

O.W

O.m

I ,78

O.W

0.61

77.22

72.%

O.w

O.ca

O.w

O.C.I

O.w

o.m

O.ca

O.c.l

O,w

0,67

73,65

71.,%

o.m

0.0%

am

O.m

O.M

O.m

O.w

18.m

O.w

96.~

O.w

o.om

am

0.0%

O.W

O.m

0.0%

1.>%

O.W

0,9%

Im

9.1%

O,m

o.m

0.%

o.m

O.w

O.Lm

O.Gn

0.0%

O,m

0,9%

lwm

At sw Y,.” .br Burls.

-.14 7,.13 s.!%

Cabalte O,w 0,0%

CM--,17

N-6uM.237

O.m O.m

O.W O.Gn

RwM”,,,.238 O.ca d.m

Plnkm.239 O,w O.w

stitim.5n O,m 0.%

TmMm.W o.m O.m

nitinm O.w o.m

utim.n3 O,w 0.%

timn.238 0.67 o.m

WAL 7,.W I mu

o

●

hobptil,o.m
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Table 3-57. Decay Forecast for COI fnventory of Potential “Hot Spots”
HS-300-3 and HS-500-3 (Cont3nued)

ToM AcUvily (Cl)

67.M

O.ca

O.W

O.w

O,m

O.w

O.M

O,w

o.m

O,ca

0.67

67,71

4,.X

O,ca

O.m

O.W

o.m

O.cu

O.DI
0.0)

O.CC

O,m
0,67

4,.95

22,51

O.W

O,m

O.m

O.W

O.w

O.m

O.W

O,m

O.W

0.67

2,. !8

PercentofTotalActivity

W.m
O.Gn
o.m
0.%
O.w
O.W
0.0%
O.W
0.%
o.m

98.4%

o.m

0.%

0.%

0,0%

o.m

O.w

O.m

O.w

O,m

97, I%

0.0%

am

0.0%

O.W

O.m

O.m

O.m

O.W

O.m

]COm

—
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I
Table 3-58. Summary Statistics for COBRA Inventory of Potential “Hot Spots” HS-300-4

and HS-500-4
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Table 3-59. Decay Forecast for CO1 hventory of Potential ‘“Hot Spots”
HS-300-4 and HS-500-4

T.1.l AcU.UY (CO

O.w

O.W

9.81

O.ffl

,,3M.W

376.80

9,20

O.W

O.w

Om
o.ca

,,,a.,s

O.m

0.w

3.W

0.67

>,-.42

376.11
,.m

O.m

o.m

O.ca

O,m

D.m

O,ca

0,97

0.67

2,427.25

375.76

0.8s

o.ml

O.ca

,.W

..m

2~5.49

O.w

O.m

0,01

0.68

4W.25

373,m

0.01

O,w

O.w

O.m

O.w

871.55

O.m

O,w

O.ca

O.a

101.92

37! .49

O.w

O.w

O.w

,.,.,., of T.*I kutily

O.W

O.w

0.1%

o.m

93.1%

6.5%

0,2%

o.m

O.w

O,w

O.m

Im

O.&

0.0%

0.1%

o.om

W,4%

,.,%

0,1%

O.w

0,0%

o.nm

o.m

Im

0.0%

0.%

0.%

0,M4

86.5%

13,4%

o.m

0.%

O.m

O.m

am

[m

O.W

O.w

O.m

O.,*

5,, 1*

42,9*

O.W

0.%

o.ml

O..am

O..am

]m

o.m

0.%

O.W

0., %

21,s%

78.4%

O,cm

O.on

O.w

O.W

O.m

Im

-!.O.*
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Table 3-59. Decay Forecast for COI Inventory of Potential “Hot Spots”
HS-300-4 and HS-500-4 (Continued)

Constituent of Interest
A, 1,m Y,,” ,u” Butiak

Totil Activity(Ci)

O.w

O.W

O.cm

0.69

,.!s

366.25

O.w

o.ca

O.w

O.w
O.W

369,W

O.m

O.cm

O.m

0,70

O.w

326.U

O.W

O,w

O.W

O.w

..03

317.54

O.W

am

O,w

0.70

am

283,>0

O.w

O.m

O.W

O.Lm

lull

Percentc.fToti Activity

am

O.m

0.0%

0.2%

0.6%

%.2%

O.m

O,w

O.W

0.0%

O,m

Im

O.w

am

o.m

0,2%

o.m

W,m

o.m

O.w

non

O.W

O.MI

,M%

0.0%

0.%

0.0%

0.2%

0.0%

59.m

O.w

O.m

O.m

0,0%

am

[w

a
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Table 3-60. Summm’y Statistics for COBRA Inventory of Potential “Hot Spots” HS-300-5
and HS-500-5

Zs,oea - m,... ,..

, ,..,,, , 36 - 36 m

[ 24 24 M

w(m) I 240 - - - 240 M

1 - 4 m

o 0 0 0 0 0 2 0.2

! m - m 0.9
. .

7 O*

Totals Acron All 7 Tw Cod”

— -1
m(ti) l-1. I I I I I I I *

., .1. 1.1.1” 1.1. i

—

Mtir

Mmeulmvcu
NW ti R- , !.. ,, -,, ,“, ., . . . . . .

%orw5Tmk t5.6 =,6 0.8 0.0 00 0.0 0.0 iW,O

TM WasM V*(M) [ 7,892 I m,234 I 8= I O I 0 I O I O I W,OIS

%0f&5Tm I 22.5 74.S 2,6 0.0 0.0 0.0 0.0 4W.O
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Table 3-61. Decay Forecast for CO1 Inventory of Potential “Hot Spoti”
HS-300-5 and Hs-500-5

Co.,lu.,.t .r ,.*r-t T.&ltilltity<Cl) PercentofTollActitiq
A,fin,,of8.,!,,
-.14 a9.m 0.s%

awa !Ol,f10.36 73.1%

ctim.137 1,703.79 1,2%
N*237 O.w am
PlutOnim.238 1,61 0.%
P.J6m-239 O.W O..m
Stitim-w 1,3,8.52 1.1%

T-.* 0.s3 O,w
mtim 33,91S.36 24.1S
tiw..s O.W 0.%
tiu,n.lls 0.00 O.w

ma !40362.16 !C.m

as,07

144.16

536.8f

O.w

1.m

O,m
4%,41

0.>3

2,028.>2

o.m

O.w

3,%2.46

W,98

O.w

10,19

O.CC

0,73

O.w

148.m

0.53

122.11

,.W

O.W

1,101.57

tis.19

O.cm

1.70

O.W

0.,5

O.w

(.28

0,53

0. w

O.w

O.w

a8.86

17,2%

3.7%

,3.9%

0.%

O.W

O.w

12,6%

O,w

52.5%

O.w

O.w
lm

m,o%

O.W

13.4%

O.m
0.1%

O,m
13.4%

O.M

11.1%

O,w

W.4%

0.0%

0.3%

o.m

O.W

O,w

02%

0.,%

O,m

o.m

0.0%

!Dm

Al *O Yam sti B.rl.k

--14 6?9.74 59,%

tiwa O.w 0.0%

c“im.!37 O,w O.m

Ntim”.137 O.W O,m

m.ti.a8 0.03 00%

P1.tin,”.z9 O.w O.W

Shtin,-% O.W O.m

T+ctiw.W 0.53 0,1%

mtim O.ca 0.%

Utimn$ O.w O,m

lhO,lim.23* o.ca O.w

‘lwrAL 630.30 lW%
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Tabfe 3-61. Decay Forecast for COI Inventory of Potential “Hot Spo@”
HS-300-5 and HS-500-5 (Continued)

C.anstttuentof 1.terf9t
M :,c.mYe.” .-r B.ri.t

.~.,
-.238
-..9

Total Actlnly (Cl)

5%.67

O.w

O.w

O.m

O.w

O.w

O.w

0.s3

O.m

O.m
O.m

S93.20

>M.92

O.w

o.m

O.m

O.W

o.ca

o.ca

0.53

O.cm

O.W

365.44

!5a98

Q.w

O.W

O.m

O.m

o.m

O.m

0.52

O.m

O.W

PercentofToWAtily

59,9%
o.m
O.w
o.m
O.w
O.Gn
0.0%
0.1%
O,w
O.W
O.G%

!-

w.%

O.m

0,%

O.ml

O.m

0.0%

0.0%

0,1%

O.m

am

0.0%

1w%

59.7%

O.m

O,w

O.m

O.w

O.m

0,0%

0.,%

0.0%

O.W
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Table 3-62. Summary Statistics for COBRA Inventory of Potential “Hot Spots” HS-300-6
snd HS-500-6

1
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Table 3-d3. Decay Forecast for CO1 Inventory of Potential “Hot Spots-,
HS-300-d and HS-50W

1.-1 Act,ti#y (Cl)

1,767.30

383,739,85

7.,29.10

O.m

,,45,.$,

13.4s

6.~.61

1,14

,,0,637.07

O.M

5, ,,*37.la

1,7>6.70

537.24

1.24638

O.w

981.87

13.43

2,03,.34

2,24

6.616.10

0.3%

75.0%

1.4%

O.m

0.3%

O.cm

, .3%

12.4%

].m

1s.s%

O.m

6.%

0,1%

,4.3%

O,m

,6.%

0.07 O.m

o.m O.rm

!4,18936 1%

[,74s.%

O,m

lW.92

O.W

w.,,

13.4,

6,9.36

2.24

398.29

0.07

,.m

4,,,7.=

1,7M.11

O.w

7,13

O.w

135.30

13.34

5.35

2,14

O.W

0.07

O.W

1.867.~

1.=3.38

O,m

O.W

O,m

27.73

13,26

O.W

2.23

O.W

O.m

.*.238 O.w

l’nrti 1,7W.69

42.1%

O,am

,7., %

O.W

15.%

0,3%

14.%

O.1*

9.6%

O.W

o.m

,m

9,.2%

O.m

0,4%

am
7,2%

0.7%

0.3%

0.,%

O.m

O.w

O,m

lc.m

97.s%

O.m

0.%

O.m

, .6%

O.sn

O.w

0.,%

O.w

0.0%

0.%

!C.m
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Table 3-d3. Decay Forecast for CO1 fnventory of Potentiaf “Hot Spots”
HS.3004 and HS-500-6 (Contiued)

Con,utuent of Interest

A, ,,OW Y..,, o*, Burl.k

Tohl Actlvlly(CO

1>65,47

O,w

o.m

O.w

0,58

1].m

O,m

2.23

o.m

o.m
o.m

,,581,44

Percent of ToM ActMIY

w,%

0.0%

O,w

O.w

O.w

0,8%

0.%

0.1%

O.m

O.w

O.mi

,W

At%WYe.” .%, B.rl.k
c&.14 %3.f9 98.6%

c.b.u-50 O,m

tim.1)7

O.w

OSa O.m

N~131 O,w o.m

--238 O.W

mtim.139

00%

I! .67 , .1%

S-.9O O.W 0.0%

T.&ti-59 2.20 0.%

-6.MI O.w am

U-.235 0.07 o,m

U4W.=8 o.m O.W

ma 9n,83 lW

At 10,~ Y*” mti B.rlil:

c“tO”.14 ,2S,6U 97.7%

COwa O.ca O.m

ctim.137 am O,m

N&w-=7
o.m O.w

_138 O,w O.w

H.--239 ,0.,1 l,%

Smtim O,w O.W

T&- 2.,7 0,4%

Ttitim O,w 0.%

udm.135 o.m ON

WH.238 O.CQ am

‘1’clrAL 517,96 ,W
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Table 3-64. Summary Statistics for COBRA Inventory of Potential “Hot Spots” HS-300-7
and HS-500-7
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Table3-d5. DecayForecast for COI fnvent.ry OfPotential “Hot SpO@”
HS-300-7a“d HS-SOO-7

TO1.1 Aumly (cl)

442,90

58,791.78

45039

O.w

O.m

o.m

422,56

0.,4

39s51.01

,.M

,(0.14

m.]1

14!.=

,.W

&w

0.00

128,$8

0.,4

2>6S.11

O,w
O.W

3.158,40

417.s4

O.w

44.7,

0.00

O.W

Pl&m.n9 O.w

Smtim.m 39,13

k--w .,4

,“tim 141.39

Utim.235 O.w

Uh.238

ma

A, 300 Yes” .*, Burl.k

-.14

W-

-.137

N&ml,.137

Plnh.lls
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_

tim.ns
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ma

O,m
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O.m
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O,w

O.W
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O,w
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416.W
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,.m
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O.w

O.w
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59.%
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O.W
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0,%
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0.%
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O,Gn

0.%
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0.0%
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O.W

0.%
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0.0%
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0.%
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O.G%
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O.m
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O.m
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*

Table 3-S5. Oecay Forecast for CO1 fnventory of Potential ‘“Hot SpOb”
HS.300-7 and HS.500-7 (Continued)

C,nlslltue”torlnterell
A,l,WO Y*s” .*,, Bmtisk

392.32

O.ca

O.w
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O,w

O.a

O.W
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O.W
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O.m
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0.14

O.W
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!W.G%

0.%
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O.W
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O,w
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Table 3-66. Summary Statistics for COBRA Inventory of Potential “Hot Spots” HS-300-8
and HS-500-8
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e

Table 3-d7. Decay Forecast for CO1 Inventory of Potential “Hot Spots”
HS-300-S and HS-500-8

,ca..32
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Table 3-67. Decay Forecast for CO1 fnvent.ry of Potential “Hot Spots”
HS-300-S and HS-500-S (Condnued)

constituent or 1.tere5t
Al i .~ Y-” stir B.rbk

Ttib

utiunl.2,5

wm.238

At 5,W0 Y-” .*, Burl.t

-.14
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N~137
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● 4.o CONCLUSIONS

The original burial ground contains an unknown quantity of the COI inventory. Indlvidud

“hot spots” cannot be delineated because the locations of individual burials are not known.

An estimated inventory of the original burial ground is summarized in Table 4-1. Standard

decay constants were used to calculate the percentage of each COI which remains after certain

periods of time. Tritium and cobalt-60 are the principal COIS in the original burial ground at

the time of burial. The principal COIS at 300 years tier burial are carbon-14 and plutonium-

239 (Table 3-6).

The Solvent Tanks (S1-S22) are defined as a potential “hot spot” because their inventory is

relatively well documented and their locations are known (Figure 4-1). Their inventory is

estimated at 7,539 gallons of VOCs (Table 4-l).

An analysis of the COI inventory recorded in COBRA indicates that tritium contributes the

majority of the radioactivity during the first 100 years after burial. After that time, the

principal COIS (in terms of total activity) are carbon-14, phrtorrium-238, and plutonium-239.

●
Spatial analysis of the burial locations and concentrations for the nomadloactive COIS

indicates one potential “hot spot” containing an estimated 5,325 pounds of mercury (Figure 4-

1, Table 4-1). Analysis of the COBRA database indicates 21 potential “hot spots” for the

radioactive COIS afier 100 years of bund which decrease to only eight potentisd “hot spots”

at 300 years after burial @igure 4-1). The configuration of potential “hot spots” at 500 years

after burial is identical to those delineated at 300 years. The configuration of the potential

“hot spots” delineated for 300 and 500 years is due to the persistence of carbon-14 associated

with buried deionizes and plutorrium-238 and phstonium-239 in TRU waste burirds and

encapsulated waste. The 300 and 500 year maps are virtually identical in appearance because

of the very long half-lives of the principal COIS at these time intervals.

At the time of burial, COI-bearing waste contributed approximately 5.1 million curies of

activity to the total COI inventory. Approximately 5So/O (3,014,457 curies) of the activity is

attributed to tritium and 370/. (1,960,400 curies) is attributed to cobalt-60. Both of these

COIS are relatively short-lived isotopes. Afrer 100 years, the totfd activity will decay to less

than I% (36,634 curies) of the ofigind level. After 500 years, the total activity will drop to

O.1% (5,440 curies) of the origimd level and be associated primarily with cmbon-14 (3,556

curies), phrtonium-238 (39o curies), ~d plutonium-239 (1,454 curies)(Table 3-8). Of the

l,obFOL,l.o.&
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COI activity remaining after 500 years of decay, approximately 813V0 (4,370 curies) will be

contained within eight radioactive “hot spots” (Figure 4-1). ●
The potential “hot spots” identified at 300 and 500 years for the radioactive COIS (Figure 4-1)

should be considered the “pr’incipd’ potential “hot spots” because of their persistence and

high activity levels. Most of the waste which contains the plutonium-238, pkrtonium-239, and

carbon- 14 is buried in casks or encapsulated in concrete. The majority of the waste forms

contributing this activity are not likely to release large quantities of the radlonuclides.
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Table 4-1. Summary of Estimated COI Inventory for the OrifirralBurial Ground, Solvent Tak (S1-S22).

Area of fnterest

OrigiaulBrrri& Grmrrd

Solvml TanAr(S1-S22)‘

Poterrtiaf “Hot Spo&”

N~
HS-HS-1(ma~)z

Mloactive COW.

HS-300-1

HS-300-2

HS-300-3

3fs-3oo-l

HS-300-5

HS-3004

HS-300-7

Notes

,.
and Potential “Hot Spots”

NonradioactiveCOIS I RadioactiveCOfs(Cl)
Va ~ w) *m) w@) H-3 C-14 c- Sr-w T.-w I-129 cd-137 NF-237 U-235 U-238 PU-238 Pu-239

r

10,J @ m 20,m

7,539 @ o 0

%285 3S1,224 1,511 7W,2~ 20.774 4.8 4.2 20.774 am o.]] 2.4 304 z*5

0 0 0 0 1.28 0 0 1.3 0 0.], ,.,0 21,4 n,,

5,325

0 335.4 0 0 O.w - 0 1.07 0 0 ,0.5Z2 .32 457.23

15,W3 O 0.01 4.12 0 4.39 0.17 0 0.67 1.31 1~,37

494.52 75,W 0 0 0 - 0 0 0 0.67 0 0

0009,200 .9.81 O,MOO 5,364,08 376.S

- 33,918.36 =9.W 1.?2,970,4 1,59SS2 0.53 - 1,703.79 0 0 0 1.62 0

I 10,.227.1 1,761.3 3S3,739.9 6,~.61 1.24 - 7,1 W. 1 0 0,07 0 1,459.29 13.45

39.552.01 442.9 S8,791,1S 422.fi 0.14 450.39 0 0 0 0 0

Estimatesare quantityat tie of buzialexcept tiere noted
O izzdicstesizzvento~is neti,tible for this COI(WSCR, 1997)

no dats

1 estimate in cuz’rmtti invento~ (WSRC, 1996)

2 estimate assumes75 pomds of mercuryper borisl (Oreba@ md Hale, 1976)
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Appendix A. Summary of Source Term for COIS at the ORWBG

~ ~NTORY UNCERTAINTIES FORM ORfGIN NOTES
:admium bt esdinate buried accuracy ? 20%. mntrol reds 2 large sbipmmts of Scrap metal and rti were.put into disassembly

in trenches: 3,5oo lb safetyrods control rcd.skm R basins for decay of shofl-lived isotopes, then cut
Amount horn L and R Cd sheets (1964) and L (197o) into pieces and placed in msks.

2,000 lb from con=ol Reacta is accwate R=ctors (2,000 lb),
rods within 1o%. fnduced activhy waste.

+ Cd sheet (1,000 to COBRA dws not kq track of Cd, and no
75 lbfiear of Cd sheet Cd sheet consumption 2,000 lb). records in COBRA muId & identified as mntroi
consumd over 20 accurate within 300/.. reds, safetyreds, and neutron shielding sheets.
Y~S (1,500 lb) All estimates for the cadmium source term are

based on process knowledge.
OSTS ne~lgible

The two large shipments of control reds were
buriti in tie ar=s of the burial gound that were
aCtiWti 1964and 1970(dting the shutdowns
of R and L rmctors).

fid best estimate buried accwa~ * 300A. sbieldmg Mainly Separations. Buried either huse it was contaminated and
in trenches: 50 tom equipment (e.g. m@d diSwsal or it was used to shield bfi~

Amount kom reactors and junior caves) Smaller amounts md waste.
Separationsdispsed to shield offsitewaste is shot kom reactors and to
1.5 tons~ear over 20 unknown bricks

COBRA has 1.ss than 12 refwences to Pb.shield offsitewaste.
yam. sheets Because of the use of lead to shield cetiin bigb-

in OSTS level waste burials, the prima~ Iwation for
Also k mcto~ buried I=d wodd & in the high-level waste
and to shield offsite trenches.
waste.

OSTS:negli~ble
dercluy bst estimate buried accuracy 2 or 3 onc-litm Tritium facilities: Hg WaSstored afler 1968and not sent to

in timches: +25Y0to -10% plyetbylme bottfes 232-H ORWBG.
24,195 lb wap@ in two PE 234-H Hg WaS tritiated.

Possible mecbanial bags and placed in 232-F Usd as a sealant in pumps, as a catalyst for
OSTS:negli~ble mphue of the containers. 5-gallon stwl lard

Separations:
dissolving Pu-AI in Separationso~ations, and

cam,
221-H

as a compnent of labomtory operations

Hg is also in ash of Over 100shipments 22,-F COBRA shows burial locations of mercuxy.
burned solvent. of 2 mns each
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Appendix A. Summary of Source Term for COk at the ORWBG (Continued)

COI 3NVRNTORY UNCERTA3NT3ES~ ORfGfN NOTES
Vocs btied in trenches: Volatilization Scintillation solutions ~ed scintillation Shipments of orgtics are not documenti in

and tritiated pump oils solutions the COBfL4 dntabaseper se, though thae
7100 kg toluene MigsatiOn are chummed. are same indirect refmences to pssible VOC

Waste oils in absorkt sour-. No quantity or spitic VOC!
7100 kg Liquid scintillation materials (hm reactor and constituent information is c.mhined in any
trimethylb~e solutionwastes are in titiurn facilities including COBRA record.

small Polyethylenetials pump oils, cutting oils, and
12,000kg xylme which, from 1965,wme d*eoils) VOCSassmiated with liquid scintillation

packed wiOIoil-dry in solutions and waste oils me present in the
55-gallon * and Residue from trenches of the ORWBG.
buried. decontaminationopatiom

prior to waste burial Tbe OSTSnot ody contaimd waste P~X
Waste oils were btb solvent but also contained mntaminated
stored in the OSTSand waste solvents of otha SO-.
absorbed on an oil-dry
com~und, plamd k
&s, and buried as
solidified waste.

Residue in the OSTS OST tank dmaions VOCSin OSTSue in Spmt Pwx solventwas Most PfJREX solvent was transferred to 643-
(s-1 OuOud s-22): and inclinations residue of s~nt generated in Separations in a 7G around 1980. The OSTSare empty except

PUREX solwt md chemiml process for for unpumpable heel, which contains some
4056 gal organic assffiiatd de~dation remotig plutonium and VOCSin va~r, and organic phases. Minor
phase + 3483 gal products. uranium hom spt rd. amounts of VOC5 are present in the aqumus
aqueous phase = phase. The amount of VOCSin the slud8e
7539 gallons Plant records show that from solids pkses are negligible.

1956 tbrougb 1964,88% of
Mason 1996 tie waste solventmipts
pmtides analytical were &omF-Area. From
datrtof vapr phase 1%5 to 1972,86% of the
(Table 2-5). waste solvent was generated

in H-Ar=.

L



Jesium-137

Appendix A. Summary of Source Term for COIs at the ORWBG (Continued)

~trenches:3,014,457 Ci estimates in waste

d-yed to 1997(i
trenches):467,889 Ci

OSTS:negligible

fom (assured
constant quantities of
hitillm in a given
waste form).

Migration (time is no
mmwtion fm such
unknown loss).

zkt estimate buried in tiginnl estimates of

Use of fixed ages in
demy calculations.

I

Fom
Job control waste

Waste oils and Hg

Used equipment &
mmponmts

~s waste was buried in
-dhard kxes, plastic
bags, and metal mntainas.

The fission product.tig
waste was btid in low-
Ieveland bigb-levei
trmches, dependingon tie
dose rate from tie package.

03UG3N
232-H
234-H
238-H
232-F

The bulk of tritium was
pr-ssed in the three H-
Area building> 232-F
o~ated onlybriefly in the
late 1950s.

Byproductof rmctors

Fission products are a
campnent ofjob control
waste and other waste
streams from s~nt reactor
fuel and targets or bigi-level
liquid wastes. These include
rmctors, Separations (F- and
H-Ar=s), and associated
tank farms, and process
control and experimental
Iakmtories.

NOTES
hJf-Jife: 12.3ym

COBRA pmtides both quantity
and lwtion estimates,

Half-life 30 years

COB~ recorded “fission
prcducts”, notCs-137 ~ se.

<50 mR/hr wastes were buried
in low activiv beta-g—
trenches.

>50 mRIJu wastes were buried
in intermediate level (aka high
level) trmches.
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Appendix A. Summary of Source Term for COIS at the ORWBG (Continued)

INVENTORY
~st esdmrde
buried in
trmches:
1192.7-
(20,514 Ci)

hyed to 1997
(i trenches):
16,825Ci

OSTS:1.24 -S
(21.4 Ci)
best estimate
buried in
trenches
24,188-
(1,475 Ci)

d-yed to 1997
(i trenches):
l,474Ci

0STS:1351 g
(82.4 Ci)
best estimate
buried in
trenches: 58,657
Ci

kst estimate:
dmyed to 1997
(in trenches)
26,216 Ci

UNCERTAINTIES
nfidity of COBRA
:stimates

miidity of COBRA
:s&tes

Original estimates of
fission products
amounts @seal on
external dose rates
and assumed isotopic
dishibution).

Use of fixd ages in
&y maculations.

FORM
Uncontiind in plastic
bags and wdboard boxes

Concreteculverts
containing dturnmed or
bxd waste

Encapsulated waste

Uncontainerized in plastic
bags and cardboard kxes

Concrete culverts
mntaining drummed01
boxed waste

Encapsulated waste

~s waste was buried in
wdm hxes, plastic
bags, and metal containers.

me fission prcduct-tig
waste was btied h low-
level and high-level
trenches, d-ding on the
dose rate born the package.

OSTS: 1.28Ci

0RIG3N
htiONC heat SO- fm
rowergeneration

leparatiom, reactor areas, and
~smrch facilities lie SRTC

Spcial nuclear material

Separations, reactor areas, and
resmrch facilities like SRTC

B~cduct of reactors

Fission prcdwts area mmpnml
of job mn~l waste and other
waste streams horn spt reactor
fuel and Mgets w high-level
liquid wasw. ~ese incltie
reactors, S-tions (F- and H-
Arms), and associated tank
fins, and process mntiol and
e- ental laboratties.

NOTES
flalf-fife 87.4 yWS

hventory estimate based on
GOBRA,pre-COBRA burial
[d and burned solvent
residues.

COBRA shows burial Imtions
of plutonium-238.

Half-fife 24,360 years

fnvmtory estimate based on
COBRA &tabase totul, which
inclties plutOnium-239in
special burials, pre-COBRA
burial rards, and burned
solvent residues.

Cobra shows burial l~tiom of
plutOnium-239.

Half-fife 29.12 years
COBRA recorded “fission
prcducts”, not Sr-90 per se.

<SO*wastes were buried
in low activity beta-gamma
trenches.

>50 MR13uwastes wae buried
in intermediate level (A high
level) trenches.
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Appendix A. Summary of Source Term for COIS at the ORWBG (Continued)

F
OSTS:0.11 Ci

&st estimate COBRA error of Ci
buried in units (shotid be kg).
trenches:
44,233 kg

OST value is

(14.8 Ci)
arbitrary, but based
on actual alpha

OSTS: 1.1Ci
activity in the tilnks

FOm
Generally,U-235 tig
wastes, primarily scrap
horn fuel fabrimtion
OPtiOm, W~ buri~ in

alpha activitywaste
Uenches,without any
s~ial containerization.
me waste would baw %
buried in Mdboard hxes,
plastic bags, and pssibIy
metal containers.

It is likely that U-238
btig wastes were
dispsd of in alpha
activitywaste trenches,
without any special
containerization. The
waste wodd have h
buried h mdbard hxes,
plastic bags, md pssibly
metal containers.

OR3GIN NOTES
According to the COBRA Half-1ife 7.1X108years
datibase, U-235, as enriched
uranium. was sent to the OBC. natural U 0.72% U-235

CornM-L, A-kea, F.ti, I enrichedU 93% U-235
H-Area, and from offsite
facilities. Normal, or “a~l, COBRA shows the burial

wanilun was sent to the OBG locations of enrichd md nOI.Ma

born M-AIea, A-AIW, H.Aim, ~~.
and F-kM. OSTSestimate is based on

assigning U-235 an arbhrary
activi~ fraction of 0,25 ~cent
for tanks that had indicated
uranium content

I
Awordmg to the COBRA I filf-life: 4.51x10gyears
database, U-238, as depleted
uranium, was sent to the OBG mtural U 99.3% U-238

from M-km, A-AI=, F-h, depleted U 100%U-238

H-Arm, G-Area and from off-site enriched U 7% U-238

facilities. COBRA shows the burial

Normal, or natural, uranium was l~tiom of tithed, normal,

sent to the OBG from M-Aim. and depleted uranium.

A-AI=. H-k. mdF-Area. ‘ I OSTs estimate is based..

Enriched uanium was sent to the assigning U-238 m arbitraty

OBG bm M-Area, A-h, F- actitity fraction of 2.5 percent

k, H-Area, and from offsite for tanks that had indi~ted

facilities. uranium content.
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Appendix A. Summary of Source Term for COIS at the ORWBG (Continued)

3NVF,NTORY
bestestimate
buriedin
trenches: 3,778 C

dwyed b 1997
(ii trenches):
3,767 Ci

3STS: negIiQble

Rst estimate
)U1’iedin
~enches:
1,960,400Ci

iecayed to 1997
:ti tithes):
17,568 Ci

ISTS negligible

UNCERTA~IES
Assunles
-15 %oftheamount
of C-14 prcduced in
the reactor was lost to
the atmospha.
-All other C-14
remained in the
deioti resin and no
other relmses
mmed.
- The avage
Productiodd[spsal
rate of C-14 from
Stil’t-llpto 1972and
tiom 1972 to 1988
was the same.

Annual disposal rates

The ~cmtage of
induced actiti~
asswiated with
CObalt%oin reactor
scrap metal

FORM
tig thefit tenyears of

SW o~ations, de;ok

resinswere dum~ in
slurryform directly into
3RWBG trenches. hter,
tie resins were disposed of
u stafiess steel vessels.

Scrapmetal was placed
nto msh and buried k the
3RWBG.

0RIG3N
?tious reactions in the fuel,
nderator, and care construction
naterial in the five prcdwtion
actors

;mall quantities were prcduced
~ythe test rwctors and neutron
Activationanalyses.

;obalt-60 at the SRS was
lrcdu@ ptily as a
~cduct of irradiating cobalt-
- stadess steel
omponents in SRS reactors.
le amount of cobalt-60
lrtiud by OtheISOWS
mbalt-59 wafers, SREL, and
;RTC)and dispsed in the
)RWRG is relatively small
ompard to that horn induti
Ctinty,

NOTES
%If-life 5,715 years

COBRA burial rards pmti&
tie date, lmation, and volumes
of dis~sal of deioti resin
waste packages. Most of the
soww term in the ORWBG is
likely due to the blcarbomte
anion (HC140q>that is sorti on
mixed-bed ion exchange resin
used to puri~ the ~ctor
mcderator.

Half-1ife 5,27 yws

COBRA recorded “induced
activity” not cobalt-60 w se.

Most of the cobalt-60 in tie
ORWBG is buried as stitiess
steel scrap metal in cask,

Cobalt-60 is not a fission
prcduct, but small quantities
amm@ed burials of fission
product waste in the ORWG.
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Appendix A. Summary of Source Term for COIS at the ORWBG (Continued)

~NTORY
best estimate
btied in
tienches:
12Ci

OSTS:negligible

best estimate
buried in
trenches: 10.6Ci

I OSTS:negligible

UNCERTAINT~S
Five-year@ldin-ti&
waste mntains
5.53E.04 curies of
t=hnetiutn-99 P
~llon, which
assumes an isotopic
distribution of fission
prcducts.
Assumes:
. 39 Ci of itie-

129W8S
produced at SRS
kom s~p to
1974

● 30 percent of Oli$
amount was
buried in the
ORWBG.

FORM
Most of the technetium-99

n the ORWBG is in

Jurials of fission product
waste,
&e most likely stateof

mhnetium-99 in SRS
,vastestreams and solid
,vasteis TC04”.

;Pt ~~c chips CQated
tith silvm nitrate (T3erl
]addles)

0RIG3N
rmhnetium-99 is a fission

product pradti by the fission
ofuranium-235 and plutonium.
239.

R8dloicdineis a fission Prcd”ct
It tie SRS that originated
predoktly in the til and
targetmattials.

3erl saddles were used to sorb
:adioiodine@principallyI-129and
[-131)during the dissolution of
fiel and targek in F and H -s.

NOTES
Half-1ife 213,000 yars

Shipments of technetium-99 we
not documented in the COBRA
database, Twhnetium-99 is
assumed to have kn d,spsed
with other fission prcduct waste

Half-1ife 1.57x1O’years

h the COBRA database here
are no refmenws to B~l
saddles, nor is there any s~ific
icdine-129constituent
information.

The number of spent charges in
tie ORWBG, assuming a
constant dispsal rate, is

estimated to& 34. Wch
container held approximately 20
CUf?of Berl saddles.

Essentially all of the icdiie-129
in the burial grounds horn Berl
saddles used in the pruss air
filters. Other sources
mntributed smaller amounts to
the invmtoq.

I
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Appendix A. Summary of Source Term for CO18 at the ORWBG (Continued)

3NVENTORY
bestesdmate
1.99Ci (originally
buried in the trenches)
The amount of
ingown neptunium-
237 is:
0.004 Ci (i trenches)

I C)STs:negligible

INCERTA3NTIES~
Iassitiedburials

FORM
Unc.mtained in plastic
bags and cardboardhxes.

Concrete culverts
containing bed of
hxed waste.

Enmpsulated waste.

Waste potentially
contaminated with
n~tunium-237 included
cabinet waste originating
from 221-HBL, Iabomtoty
glow hxes and radio
hches, waste originating
from 235-F, waste
eMuents from pr~ssing
in the Separation aras
and PUREX waste in
storage tanks (241-Fand
H-AIWST@ Farms),
and in the OSTSin the
ORWBG.

03UG3N I NOTES
Neutunium-237is mcd~ Mf-life 2,14X106years
as a @roduct during the fuei
cycle.
It is prcduced by two primary
sources at SRS:
.

●

alpha day of
americium-241 that is
prcduti by the hta
d=ay of plutonium-241
in Weapm-grade
plutonium
via a side rmction during
the irradiation of
uranium-238 targets to
eventuallypcduce
plutOnium-239

Neptunium-237 is also the
target material wed to
prcduce plutoniu-238 in
SRS rqctors.

The COBRA database provides
both quantity and location
estimates for neptunim-237
burials in the ORWBG.



APPENDIX D

Sampling and Analysis Plan for Old Solvent Tanks S1-S22 to Address Waste

Acceptance Criteria, WSRC-RP-97-O0770

a— .—



This page intentionally Iefi blank



Savannah River Site WSRC-RP-97-00770

Sampling and Analysis Plan for Old Solvent Tatis S1-S22 Revision 1.0

to Address Waste Acceptance Criteria (U) May 2000

a

Sampling and Analysis Plan for Old Solvent Tanka S1-S22
to Address Waste Acceptance Criteria (U)

P. E. Filpus-Luyckx

Unclassified
Does Not Contain Unclassified Controlled Nuclear Information (UCNI)

May 2000

Westinghouse Savannah River Company

I
Savannah Rhrer Site
Aiken, SC 29808

I

‘o

sAvANNAH RIVER SITE



Savmmah River Site WSRC-RP-97-O0770

Sampling and Analysis Plan for Old Solvent Tauks S1-S22 Revision 1.0

to Address Waste Acceptance Criteria (U) May 2000

I o
DISCLAIMER

This report wm prepared by Westinghouse Savannah River Comparry
(WSRC) for the Uuited States Department of Ener8y under Cuntract No. DE-
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1.0 INTRODUCTION

The EnvironrnentalRestoration Department (ERD) assumed custody of the Old Solvent Tanks
(Tds S1-S22) irrthe Old Radioactive Waste Burial Ground (ORWBG, 643-E) born Waste
Mesmgement in January 1991. The pu~ose of this Sampling arrd Analysis Plan (SAP) is to
collect and auelyze samples of tie sludge solids, orgauic rmd aqumus phases to determine the
level of radioactivity, the isotopic constituents, the specific gravity, rmd other physical
parameters. These data must be obtained to evaluate the process safety of remediating the
tardca,to determine the disposal path for the material in the tanks, and to determine the most
viable cIosure technology for the tis.

1.1 Objectives

Projectobjectives are:

s To update and supplementexisting compositional iuforruationregardingthe vapor phase,
liquid phase(s), and solid phase(s) in each tardr.

. To provide sufficient mmpositional informationto develop the safety envelope for waste
removalaud ti closure irra way thatwill not umecessarily eorrstrainoperations.

. To quantify the necessary mnstituents rmd physical parameters iu the solvent and aqueous
phases to meet the Waste Acceptance Criteria (WAC) at the Solvent Storage Facility’
(SST) operated by Solid Waste Division (SWD) rmd to meet the WAC for incineration at
the Consolidated Incineration Facility’ (CIF).

. To quantifi the necessary constituents mrd physical pamrneters in the slndge phase for
acceptmra at the 241-FM Td Farms3 operated by High Level Waste Division (HLWD).

. To quanti& the neeessary continents mrd physical parameters in the solvent, aqueous
and sludge phases to meet the Waste Acceptance Criteria (WAC) at the Mixed Waste
Storage Facilities” (MWSF) operated by SWD.

1.2 Scope

The scope of this SAP includes: collecting smnplcs of the liquid phase(s), arrd Solid phase(s)
(sludge) from specific tauks; analyzing the samples to determine compliarmc with the Waste
Aceeptauce Criteria of potential accepting SRS Waste Treatment Facilities; collecdng samples
of the vapor phase from specific tis; and malyzirrg the samples to provide the infommtion
required for environmental, safety and health considerations. ERD will develop criteria
specifying which *S will be sampled. ~ls criteria will be based on actual ti condhions
observed during previous video surveys.

2.0 BACKGROUND INFORMATION

2.1 Location

The ORWBG (Building Number 643-E) comprises approximately 76 acres located iu the
nofi-central portion of SRS, about five miles southeast of A-Area on the north side of Road E
between F- aud H-Areas (Separations). The ORWBG was a trench disposal area which
received radioactive waste from 1952 until 1972. A map showing the ORWBG io relation to
the locations of the major E-Area facilities is included in Figure 1.
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2.2 Site Description ●
The 22 Old Solvent Tanks are located in a “T’’’-shapedblock Srw the center of the ORWBG
about 400 feet northeast of the Burial Ground Administration Building 724-7E and 500 feet
north of Road E. A map showing the location of the Old Solvent Tanks S 1-S22 in relation to
the ORWBG is includd in Fi@re 2. The relative location of each tank is shown in Figure 3.

2.3 Operationrd History and Waste Characteristics

The Old Solvent TasrksS1-S22 were single-wallsteel tarrksinstalledbetween 1955md 1968
to receive spent PUREX solventfrom Separationsin F- and H-Areas. The tanks are all
cy~mrbical,single-wallcarbon <eel *S buri~ wifi tie longMS horizonti. Each ~ was
installed with assapproximateinclinationof six inches,

b tie P~X process, targets smd spent fuel rods were processed in Separations to recover
activation produds and to recover residual plutotim and uranium for recycling. The targets
and rods were clipped tito small pieces and placed in the fitr’ic acid dissolver solution to
dissolve the phstonimn and uranium. The PUREX solvent, which consisted of tri-n-butyl
phosphate dissolved in kerosene, was used to extract plutonium and uranium from the
dissolver solution. PlutoMum and uranium were recovered from the solvent and the solvent
was recycled. After a number of cycles, the solvent became degraded and was neutralimd
with causdc mmpounds and stord in Tanks S 1-S22 for aging. During the aging period,
generally about six months, most of the short-lived, high-gamma fission products decayed and

tke heavy alpha emitters settled out of the solvent. The solvent separated into three phases:
organic, aqueous, and sludge solids, consisting of alpha emitters in hydroxides and dibutyl
phosphate complexes.

Mer aging, the sludge solids accumulated in the bottoms of Tanks S 1-S22. The organic
phase was drawn out of the tanks mrd burned in shallow pans placed isrtrenches in the Old
Radioactive Waste Burial Gronnd. Approximately 382,750 gallons of spent solvent were
burned between 1956 mrd 1972.

Taoks S 1-S18 were prnnped out to “unpumpable heel” in the solvent relocation program
between March 1977 and May 1978. The solvent was placed in Tanks S 19-S22. Tanks S 19-
S22 were pumped out and the solvent was transferred to Tauks S23-S30 between November
1980 and January 1981. No additional waste was placed in Tmrks S 1-S22 after January
1981. The total vohnnes of the material remaining irrTmrks S 1-S22 is -8000 gallons of liquid
mrd up to 1250 Kg solids. These values are being confimed by rssnote camera smveillance,

Thus, one of the objectives of this SAP is to yield analytical results which can update ad
supplement existtig mmpositional information regarding the vapor phase, liquid phase(s), and
solid phase in each tank.

2.4 Dlspositinn Strategy

The material disposition strategy that this Sampling arrd Analysis Plan supports is shown in
Figure 4.

L.
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3.0 DATA QUALITY OBJECTIVES (DQO)

According to the United States Environmental Protedion Agency (EPA), “The DQO Process
was developed to help EPA persormel collect data that are important to decision making”. The
process allows decision makers to define their data requirements arrdacceptable levels of
decision errors while iu the plamsing stage (before data are collected). Application of the DQO
Process will result in the collection of data that yield results of appropriate qurdity for
“defensible decision recking”. The DQO process is desigued to errsurethat the appropriate
me, quality and quantity of envirorrmental data match the intended applications.

The Data Quality Objectives (DQOS) for this project represent the level of analysis needed to
quantifi the contents adequately to CI1OWevaluation of the process safety envelope and to
evaluate tmrrsfer to SWD aud/or HLW facilities.

3.1 Old Solvent Tank S1-S22 in the Old Radioactive Waste Burisd Ground 643-E DQO
Process

Old Solvcut T* S 1-S22 in the Old Radioactive Waste Burial Ground 643-E are
radioactively contaminated sites with the potential for commingled radiological and chemical
contamination. The intended application of the Sampling and Analysis Plan is to collect data
to support transfer to SWD and ~W Wcste Treatment facilities. Meeting the WACS of these
Waste Treatment facilities rcqrrires both radiological and chemical characterization.

a 3.1.1 Roblem

Determine the appropriate sampling scheme necessary to characterize solvent and sludge
phases of selected ti to identify disposal options for the solvent and sludge.

3.1.2 Key Decisions

● Determine the composition of tie vapor phase to provide design data ad support
environmental, safety and health considerations for the disposition of material irrthe tasdrs.

● Determine the chemical and radiological constituents in each liquid phase b determine
compliance with the SST WAC, the CIF WAC, the TRU Pad WAC5 autior tie MWSF
WAC.

. Determine the chemicrd arrd nuclide constituents in the sludge to evcluate the critidity
safety envelope for waste removfl mrd tardr closure activities.

. Detimrirre the chemical and radiological constituents isrthe sludge to dcterrnirre
compliance with the F/H Th Farms WAC, the TRU Pad WAC red/or the MWSF
WAC.

3.1.3 Identify the Inputs to the Decisions

. Definitive amdytical data will be used to determine chemi~ mrd radiological constituents
irrthe vapor phase.

● Definitive amdytical data will be used to determine the chemical and radiological

●
constituents isrthe liquid phase(s).
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. Defiltive mralytical data will be used to dctennine the chemical and radiological
constituents iu the sludge phase.

3.1.4 Define the Boundaries of the Study

The primarygoals of this sampling plmr are to quautify tie nature of the material within TA
S 1 through s22 to support evaluation of the safety envelope arrd to compare to the SST, CIF,
MWSF, F/H T* Farms, TRU Pad and the NSF WACS.

3.1.5 Decision Rules

●

✎

✎

✎

●

✎

✎

✎

●

✎

✎

IF the* has <50 gallons of solid phase, THEN no solid samples will be taken.

IF the as-received sample has both a solid AND liquid phase(s), THEN the sample will be
filtered by the Analytical Development Section (ADS) of the Savannah River Technology
Center (SRTC) to segregats the solid sludge from the liquid.

IF the liquid (or filtrate) shows both mr organic AND an aqueous phase, THEN the two
phases will be separated by ADS and analyzed separately.

IF the solid material shows more thmr one phase, THEN the phases will be separatsd by
ADS to the extent practicable and armlyzcd separately.

IF the liquid phase(s) meet the SST and CIF WAC, THEN the liquids can be transferred
to the SST facility. ELSE, the composition of the liquid phase(s) will be compared to the
TRU limit. me TRU limb is defined as waste contaruimted with alpha-emitdng
tmnsrsranic radionuclides with hslf-lives greater than 20 years in mncentrations greater
than 100 nCi/g of the waste matrix without regard to source or form. TRU radionuclides
have mr atomic number greater than 92.

IF the liquid phase(s) exceed the 100 nCi TRU/g AND the TRU Pad WAC is met, THEN
the liquids can be transferred to the TRU Pad. ELSE, the composition of the liquid
phase(s) will be compared to the MWSF WAC.

IF the liquid phase(s) meet the MWSF WAC, = the liquids can be transferred to the
MWSF. ELSE, stabilization in place will be evaluated.

IF the solid phase meets the F/H Tank Farm WAC, THEN the solids can be transferred to
the F/H Tsnk Farm. ELSE, the composition of the solid phase will be compared to the
TRU limit.

IF the solid phase exceed the 100 nCi TRU/g AND the TRU Pad WAC is met, THEN the
solids can be trmrsfemed to the TRU Pad. ELSE, the composition of solid phase will be
compared to the MWSF WAC,

IF the solid phase meets the MWSF WAC, THEN the solids cmr be trmrsferred to the
MWSF. ELSE, stabilization in place will be evaluated.

IF any WAC is not met, THEN the compositionaldata derived from this SAP will be used
to support a deviation request or evaluation for in place stabilization of the materiala.

01

—.—
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3.1.6 Tolerance for Uncertainty

The establishment of samplig protocol and use of definitive analyses will minimize potential

errors introduced during field operations.

Given tie nature, history, rmd inaccessibility of the material in the tanks, tirere exists tie
potential for the sranples to be non-representative due to non-homogeneity of the tank contents.
Any such additional uncertainties will likely cause the criticality safety controls to be more
restrictive than otherwise, duetothe conservative natrrre ofsuchmlculations.

3.2 Srrmrrraryof DQO Evsfrration

The solvent and sludge phsses for each tmrk will need to be rmrdyzedfor all chemical and
mdiologid constituents required by the respective WACSand to support evahrationof the
safetymvelope.

4.o F~LD SAMPLING AND LABORATORY ANALYSIS PLAN

4.1 Overall Sampling Strategy

The overall field smrrplirrgstrategywill, to the greatest extentpossible,obtain samplesfrom
the tsnks that will be representrdiveof dl phases present in the tmrk.

4.2 Liquid Phase Sampling

Organicphase md aqueous phase sampleswill be collectedusing a pumping system designed
rmd fabricated by the Engineered Equipment & Systems Section, SRTC. The sample will be
obtained at the lowest end of tie tank, direcdy below the tank riser pipe. Certain tmrks with
kuge qurmtities of liquids will be mnrpled at both ends of the tmrk. The mmpling devices must
limit sample volume to avoid risks of criticality when working with materials of unknown
comrrosition. Suecific volume limits will be documented in a Nuclear Criticd]W Safety..–

Evaluation to b; provided before snrnpling begins. The endre sample will be sent to ~S. If
the m-received sample has both a solid and liquid phase(s), then the sample will be filtered by
ADS to segregate the solid sludge from the liquid. If the liquid (or filtrate) shows both mr
orgsnic rmd rm aquecarsphase, the two phases will be separated by AOS rmd armlyzed
separately for the constituents and physical parameters shown in Table 1. The selected
pam.meters are tkose specified in tke SST, CIF and MWSF WACS.

4.3 Sludge

Sludge phase smnples will be collected using a system designed and fabricated by the
Engineered Equipment & Systems Section, SRTC. The system will be designed to wlleet a
core sample of tie dried sludge. The sludge sample will be obtained at the lowest cud of the
tmrk, below the tank riser pipe. Certairr tanks with large qrrmrtitiesof sludge will be sampled
at both ends of the tmrk. The sampling devices must limit smuple volume to avoid risks of
criticality when working with materials of unknown composition. Specific volume limim will
be dncrrmented in a Nuclear Criticality Safety Evaluation to be provided before sampliig
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begins. The entire sample will be sent to ~S. The selected parameters are those specified in
the F/H Tank Farm and the MWSF WACS.

@

4.4 Vapor Phase

Hydrogen samples will be collected by pumping % liter of tank air into a Tedlar@*. Three
hydrogen samples at three different elevations will be obtained from each tank sampled

The hydrogen samples will be taken at tank bottom (approximately 6“ above Iiquitisludge), at
mid-tank and at the top of the tank. One volatile/semi-volatile orgtic compound sample will
be collected by pumping 100 liters of the tank air duou@ an activated charcoaI cartridge, then

a silica gel cartridge using a Con~t F1OWAir Sampler. T’bis smple will be taken at mid-
tank elevation. The Tedlaro bags, acdvated cfmrmal cartridges, and silica gel cartridges will
be sent to Af)S and analyzed for the constituen~ shown in Table 1.

4.5 Analytical Methodologies

The analytical procedures that will be used by ADS are listed in Table 2, corresponding to the
list of the constituents ad physical parameters shown in Table 1.

Appendix A Iists the applicable AfJS procedure titles from the Sam River TecbnoIogy
Center ADS Analytical Operatirrg Procedures, Manual L16. 1.

5.0 FELD DOCUMENTA~ON RECORDS

5.1 Field Sample Chain-of-Custndy

Sanrples will be assigned utique numbers in the field that identi@ the specific tank and sample
type for each sample.

A formal quali~ control process (COC) will be used to emure tie integrity of the samples
from the point of origin through the sample analysis is implemented. This process will
demonstrate that the samples obtained irrthe field have been securely transported, and have
reached the analytical laboratory without alteration. The COC process has been established
by SRS Entirorunental Compliance proccdures6. Arrexample COC form is showrr in Figure
5. The COC within the ADS laboratories will be maintained in accordance with SRTC-Af)S
COC procedure’.

5.2 Holding Times, Sample Packaging, and Shipment

The time required for shipping samples to the laboratory will be minimized to the extent
possible. Smnple holdiug times shall be commemorate with EPA Guideliness. The shortest
holding time for the samples that will be collected is 14 days for volatiles in aqueous samples.
ADS will be responsible for ensuring that samples are amdyzed witbirr EPA specifid holding
times, as shown in Table 2. Samples will be packaged for shipment in accordarrw WSRC
Transportation Procedures (Radioactive Material Packaging Certification and Authorization
Requirements). Samples will be transported in accordanw with WSRC Transportation
Procedures (Radioactive Materials Transported fn Excepted Packages). The WSRC
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Trarraportstion Procedure demonstrate compliance with Departruent of Energy trarraportation
mfety starrdarda.

5.3 Investigation Derived Waste (IDW)

Peuding tie rcarrltaof laboratory arralyais,the aqueous mrdnon-aqueous IDW will be handled h
-rtiee with SRS Managmerrt Plan (WSRC-RP-91227) Rev. 29. The laboratory resrdtawill
bs wmpared te tie lirrritaset in tie -errrent Plan to determinetbe 6rIsI dispositionof the
wastes.

6.0 QUALITY ASSURANCE PROJECT PLAN (QAPJP)

WSRC Procedure Qutity AssrmureePlan (QAP) 21-1’0establishesquality aaanmrrwrequiremeata
arrdreapcmaibilitiesfor euvirouorerrtsldate mllffitiou and evaluationactivities. This Saorpling and
AordysisPlau (SAP) is dmiti to comply with QAP 21-1 guidelines. The eleru- for a Quality
Aasumee Prujcct Plan (QAPjP) dlcd for mrderdds SRS site @daIIce are addressedbelnw. Iftbe
elementhas b-previously addreaaedelsewhereiu this doernneutthe apprepristc acctionis
referenced.

6.1 Project Description

A brief description of the pmjti aud its obj~vfi is provided irrSeetion 1.

0
6.2 Project Organization and Responsibility

Tbe Amdytical Development Section (ADS) of the SavannaJrRiverTwlrnolngyCmter (SRTC)will
bethepointof wntaet snd willhaveoverallresponsibility6Jrirnplemeotationof this SAP.

Errtirrrnrmtal Restoration is reapouaiblefor the field collectionof dre aasuples

ADS will provide teebnieal assistance as reqd aud W errauredmt adequately qticd
personneland nmsary equipmeutare availabIeto complete the laboratory werk in a drrrely
rnarnrer.

ADS d be responsible for the tecbnid reviewof the data, tits, rmd Qrrality~rrtrol (QC)
irrforrrmtiorrobtained tbmughout the projcet.

6.3 Data Quality Objectives

Data Quality Objectives are described irr Section 3

6.4 Sample Collection, Control, and Trsrssport

Samplingmethodologiesareprotidedio Secdon4. Smnpling details and radiological coutrols will
be specifid in the SoIveutTank Speci6c Sampling Pr-ure and Radiation Work Permit.
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6.5 Analytical Procedures ●
The applicable atarrdrud operating procedm for mch measurement psnuneter is provided in
Appen& A, ~S Mults would be Level5 reardta,per WSRC MamIallQ, Prtiure 21-1.

6.6 Calibration Procedures

Calibration pruceduml steps are describd within the applicable atmrdardoperatirrgproi%drrrefor
each meaaument parameter as provided irrTable 2.

6.7 Waste Disposrd

The hrmdlii and disposal of @ materials rarrlting from field irwestigrrtiorrsia preaerrti in
Section 5.3. Waste retiting horn laboratory operations will be irraccordancewith AOS
proeedw.

6.8 Interrmf Quality Control Checks

ADS has in place a Qu&ty AasumrrceProgmnr Pkm that provides internal qurdity eorrtmlchecks
on mralyticalwork.

6.9 Perform~ce Assessments

SRTC has irrpb a Qmdity Assurance irrterrmlasseasmeotprogmm that provides irrdepsrrdcnt
review. Non@mplianw issues W be losgd d~- ad CO~ll~ ~OU@ msessm~
findings, which are attached tu eud becomeapart of the irrtenmlassessment report. These
msessmerrt -s will be directed to the appropriate supervisor for correctiveaction in a speeified
aud timely marmer.

6.10 Preventative Maintenance

Preventative maintenance pr~urel steps are dmcribed within the applimble atmrdardopemtirrg
prdure for each meaarrremeutparameter as provided irrTable 2. Servieeto W equipment,
inatmmenta, tooIs, gauges, etc., will be pefirrnd ordy by qmdifiedpersomreI. Non-cotiti
items wiObe mamsgedin accordance with the Progr’arnPlsrI.

6.11 Corrective Action

when a si@cant rendition adverse to qrmlity is noted, the cause of the mdition will ba
determined and eotive action will be taka to p~hrde repetition of the same cundidon.
Condition iderrtificationand cause, dwnments affq md cor’rdve action will be dmmmmted
mrdrepoti to ADS. ImpIemerrtationof eorrdve action will be veaifid by doerrmerrtsdfollow-up
action. All task peraomrelhave the rqorraibility, as part of the normal work duties, to promptly
iderr@ mrdreport eonditionaadverse to qrmlity. Norrarrfonuirrg items or setim will be
doemnented on an Nonmufonnarree Report Form.
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6.12 Repmts to Memagement

Fieldlogbook will be snaintaind for r-rding and reporting field aetitity. Aualytid results will

be compiled withissADS, includingthe QAstatusof measurementsystemsenddata.

7.0

1.

2.

3,

4.

5.

6.

7.

8.

9.

10.

11.
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Figure 1. Location of the ORWBG in relation to other E Areas.
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OLD SOLVENT TANK 643-E LAYOUT ●

1

1 1

● Riser Pipe wlstand pipe

0 Vent Pips

Figure 3. Relative locations of Tanks S1-22.

Tank No. T~ Dimension(ft.) Tti Capacity(gallons) Tank Volme (cu. R.)

s] 8.0 X 26.75 10,059 1344,6

S2 8.0X 26.75 10,059 1344.6

S3 S.0X 26.75 10,059 1344.6

84 8.o X 14.0 5265 703.7

S5 10.5X 38.5 24,940 3333.7

S6 10.5X 38.5 24,940 3333.7

S7 8,5 X 18.0 7641 1021.4

S8 8.5 X18.O 7641 1021.4

S9 8.oX 20.0 7521 1005,3

Slo 8.o X 20.0 7521 1005.3

Sll 8.oX 20.0 7521 1005.3

S12 8.o X 20.0 7521 1005.3

S13 10.0X 23.0 13,514 1806,4

S14 11.0X 38.0 27,016 3611,3

S15 7.5 X 32.0 10,576 1413,7

s16 7.5 X 32.0 10,576 1413,7

S17 8.o X 18.0 6769 904.8

S18 8.o X 18.0 6769 904,8

S19 10.5X 38.5 24,940 3333,7

S20 10.5X 38.5 24,940 3333.7

S21 10,5X 38.5 24,940 3333.7

S22 10.5X 38.5 24,940 3333.7

Figure 3A. Tank Dimensions, Capacity and Volumes

L.—
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Table 1. Analytical Constituents, Parameters, and Detection Limits

CorratituenUParameter WAC(s) Vapor Organic Aqueous Solid(s) Required Analytieid Typical Analytical
Liquid Liquid Detection Limit (Note 1) Detection Ltit

@ote 2)

Aluminate Alo2- F/H TardcFarms x

Aluminum Al SST, CIF x 42 mglL
SST, CIF x 0,083 mg/L
FM Tti Farms x 830 mfig

Ammooium NH4+ FM TardrFarms x s O.56wtOAin solution

Arrtimony Sb SST, CIF x 730 mg/Xg 100 mgJL
SST, CIF x 730 m~g 0.2 m@

FM Tank Farms x 2000 m~g

Arserric As SST, CIF x 50 mg/Kg 3 mglL

SST, CIF x 50 mg/Kg 0.005 mg/L

FM Tardr Farms x 50 mwg

Barium Ba SST, CIF x 100,000 mfig (CIF), 2 mg/L
<1000 mg/Kg (SST)

SST, CIF x 100,000 m@g (CIF), 0.004 mg/L
<1000 mg/Kg (SST)

FM Tank Farms x 40 mg/Kg

Beryllium Be SST, CIF x Detectable 2 mgiL

SST, CIF x Detectable 0.004 mg/L

FM Tti Farms x 40 mglxg

Boron B SST, CIF x 10 mgJL

SST, CIF x 0,02 mglL

F/H Th Farms x 200 mglKg

cadmium Cd SST, CIF x 20 mg/Kg 1 mglL

SST, CIF x 20 mg,iKg 0.002 ma

FM Tardr Farms x 20 mglKg (Note 3) 19 mg/Kg
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Table 1. AssalyticoiConstituents, Parsrmeters,and Detection Limits (cont.)

constituent/Pararnetsr WAC(s) Vapor organic Aquwus Solid(s) RequiredAnalytical T~ical
Liquid Liquid De@tion Limit(Nets 1) Analytical

DetectionLtit
(Note2)

Carbonate co3- F/H Tti Farms x

Cblonde cl- SST, CIF Noti 4
SST, CIF x 0,2 mglL
F/H TmdrFarms x SO.ll M= 3.8giL

Cbromiom Cr SST, CIF x 2500 mg/Kg 3 mgiL

SST, CIF x 2500 mg/Kg 0.006 mgiL

F/H Tank Farms x 63 mgiKg

Copper Cu SST, CIF x 4 mglL

SST, CIF x 0.009 m@

F/H T* Farms x 87 mg/Kg

Cyarride CN- SST, CIF, MWSF x

T* Farms, MWSF x

Fluoride F- F/H TmdcFarms x s 0.086 M n 1600 mgiL 0.2 mgfL

Hydroxide, OH- F/H Tarrk Famra x

Free

Iron Fe SST, CIF x 3 mglL

SST, CIF x 0.006 m@

F/H Tti Farms x 64 mflg

m Pb SST, CIF x 10,000 mfig 26 mgiL

SST, CIF x 10,000 mg/Kg 0.052 m@

F/H Tardc Farms x 520 mgiKg

Manganese Mn SST, CIF x 1 mgiL

SST, CIF x 0.001 mg/L

criticality x 13 mfig

●
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Table 1. ArralyticafConstituents, Parameters, and Detection L!mits (cont.)

Constituent/Parameter WAC(s) Vapor organic Aqueous Solid(s) Required Asml@ieal Typical
Liquid Liquid Detection Limit ~ote 1) Anal~id

Deteetion Limit
(Note 2)

Mercury m SST, CIF x 260 mfig 100 mg/L

SST, CIF x 260 mg/Kg 0.2 m@

F/H Tank Farms x 2000 mg/Kg

Nickel Ni SST, CIF x 600 mg/L 5 mgiL

SST, CIF x 600 mg/L 0.01 mg/L

Criticality x 96 mgiKg

Nitiate N03- SST, CIF x 1 mglL

F/H Tank Farms x s 8.5 M= 535,f)OCIm@,
Dependent on OH-ad N02 -
concentration.

Nitrite N02- F/H Tank Farms x Dependent on OH- and 1 mgiL
N03-eonwntration.

Oxalate C204- F/H Tmrk Farms x 1 mg/L

Phosphate (P04) -3 SST, CIF x 1 mfl

F/H TasrkFarms x

Potassium K FM Tank Farms x 400 m~g

Selenium Se SST, CIF x 0.1 mgil. 3 ma

SST, CIF x 0,1 mg/L 0.005 mm

F/H TasrkFarms x 50 mgiKg

Silver & SST, CIF x 7,300 mg/Kg 28 mgiL

SST, CIF x 7,300 m~g 0.055 mg/L

F~ Tank Farms x None detectable 550 m~g

sodium Na F/H Tank Fm x 700 mg/Kg

Sulfate (s04) -2 F/H Tank Farms x s 0.18 MZ 17,000 mg~ 0.5 ppm

Thallium T] SST, CIF x 730 mgiKg 30 ma

SST, CIF x 730 mglKg 0,06 mg/L
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Table 1. Analytical Constituents, Parameters, and Detection Limits (cont.)

corratituerrt/Pammeter WAC(s) Vapor Organic Aqueous Solid(s) RequiredAmdyticat Typical
Liquid Liquid DetectionLimit (Note 1) Analytical

Det~ion Ltit
@ote 2)

Titanium Ti F/H Tti Farms x 50 mfig

Uranium u SST, CIF x 18 mg/L

SST, CIF x 0.036 m@

zinc Zn SST, CIF x 1 mglL

SST, CIF x 0.002 mg/L

Critically x 16 mg/Kg

Crystallography None, to support grout x

formulation

TCLP None, to support grout x
formulation

Gas Constituents None, for entiromnental, x
safety and health.

Any known volatiles > F/H Tti FarOIS Note 5

20 mg/L
n-Butanol F/H Tank Farms

Phenollphenoxidti fitrop h SST, CIF>Fm T& FMMS Note 6 Note 6 Note 6

enols
Semi-Volatile Orgaoics SST, CIF lx Note 7 Note 7

Total Organic Carbon SST, CIF, FM T* Farms x x x
Volatile Y. Organics FM Tti Farms x <0.5 Vol%

Volatile Organics SST, CIF Note 5 Note 5 Note 5

PCBS SST, CIF, MWSF x x x <50 ppm

Kepone,p- SST, CIF Note 7 Note 7 Detectable(SST)

Nitropherrol
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Table L Analytical Constituents, Parameters, and Detection Limits (cont.)

Contituenflaramtier WAC(s) Vapor Orgarric Aqueous Solid(s) Required Analytical Typical
Liquid Liquid Deteetion Limit @ots 1) Anal~ical

Detection Llrnit
(Note 2)

Benzene SST, CIF Note 5 Note 5
MEK, PCE SST, CIF Note 5 Note 5
Acidi~ SST, CIF x
Boiltig Poiut SST, CIF x x z 135°F

BTU/lb SST, CIF x x ~ 5000

Flaah Point SST, CIF x x z 140”F

Freezirrg Poirrt SST, CIF x x s 40°F

Paiut Filter Liquids Test SST, CIF x x
pH SST, CIF, ~SF x 4< pH <12.5

F/H Td Fam’Is,MWSF x pH >9.5

Specific Gravity SST, CIF, F/H Tauk Famrs x x x ~1.ls

Total Dissolved Solids SST, CIF, F/H T* Farms, x x x
MWSF

Total SST, CIF, F/H Tti Farms, x x x <10 wt% Total Srrspendsd

Iusoluble/Susperrded MWSF Solids

Solids
Viscosity SST, CIF x x 0,002-0.045 Pas @ 25°C

Water,ti% SST, CIF x x 0,002 Wt%

AM-241 ES&H Note 8 None Specitied

SST, CIF, MWSF x x 1,00E-05 pCi /cc Wote 9) 9E-6 ~Ci AnL

MWSF x 1,00E-05 pCi /g (NOte9)

Am Series, Total F/H Tti Farms Note 10



SavasrnabRiverSite WSRC-RP-97-O0770
Sampling and Analyais Plan for Old SolventTaoka S1-S22 Revisinn 1.0
to AddressWasteAcceptanceCriteria (U) May 2000

Table 1. Analfical Conatituenta, Parameters, and Detection Limits (cont.)

Corrstituent/Parameter WAC(s) Vapor OrganicAqueous Solid(s) RequiredAoalytiA TWical
Liquid Liquid Detection Ltit mote 1) Analytical

Detection Limit
(Note 2)

C-14 SST, CIF, MWSF x x 1.00E-05 pCi /cc ~ote 9) lE-5 pCi /rnL
F/H Tardr Farms, MWSF x 1.00E-05 pCi /g mote 9)

Ce-144 ES&H Note 8 None Specified
SST, CIF, MWSF x x < 1% Total Activity (Note lE-5 pCi /fi

11)
F/H Td Fare, MWSF x <1 ‘ATotal Activity mote

11)
Cm Series F/H Td Farms Note 12 lE-5 pCi /mL
CO-60 ES&H Note 8 None Spwificd

SST, CIF, MWSF x x 1.00E-04 pCi /cc (Note 9) 3E-6 pCi /mL
F/H Tank Fares, MWSF x 1.00E-04 pCi /g (Note 9)

CS-134 FiH Tardr Farms x 2E-6 pCi /mL

CS-137 ES&H Note 8 None Specified
SST, CIF, MWSF x x 1.00E-05 pCi lee (Note 9) 4E-6 pCi /mL
F/H Tank Farms, MWSF x < 3.48E+03 dprrr/cnl

Eu-154 F/H TardcFarrns x 3E-6 LCi /mL

Oross Alpha ES&H x None Specified
SST, CIF, MWSF x x 5 nCi/g= 5E-3 pCi /g 9E-6 pCi /mL
F/H TardrF&s, MWSF x

H-3 ES&H x None Specified
SST, CIF, MWSF x x 1.00E-04 pCi lee (Note 9) lE-4 yCi /cnL
F/H Tardr Farms, MWSF x 1.00E-04 pCi /g (Note 9)
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Table 1. Analytical Constituents, Parameters, smdDetection Limits (cont.)

cOnatituentiPammcter WAC(s) Vapor Organic Aqueous Solid(s) RequiredAnalytical T~ical !
Liquid Liquid DeteetionLimit (Note 1) Analytical

1

1

Detection Lmit
(Note 2)

129 SST, CIF, MWSF x x 1,00E-06 yCi /cc (Note 9) lE-6 WciId
FiH Td Famra, MWSF x 1.00E-06 LCi /g (Note 9)

>-94 F/H Td Farms x 3E-6 ~Ci /mL

i-5 9 SST, CIF, MWSF x x 1.00E-04 pCi /cc (Note 9) lE-4 pCi /mL

F/H Td Fm’ms,MWSF x 1.00E-04 pCi /g (Note 9)

i-63 F/H Tank Farms x lE-7 pCi /mL

ross Beta ES&H x None Speeified
SST, CIF, MWSF x x 2600 nCi/g = 2.6 pCi /g 9E-6 pCi lmL
F/H Tank Famrs, MWSF x

p-237 ES&H Note 8 None Specified

SST, CIF, MWSF x .x 1.00E-06 pCi /cc (Note 9) 5E-6 pCi lmL

F/H Tti Farina, MWSF x 1.00E-06 pCi /g (Note 9)

Iutosrium,Total F/H T~ Farina Note 13

lutonium-238 SST, CIF, MWSF x x 1.00G06 ~Ci Icc Wote 9) lE-6 pCi Id

F/H Td Famra, MWSF x 1,00E-06 pCi /g (Note 9)

lutorriom-239 SST, CIF, MWSF x x 1.00E-06 pCi /cc (Note 9) lE-6 pCi Id

F/H Td Farms, MWSF x 1.00E-06 pCi /g (Note 9)

lutOtium-240 SST, CIF, MWSF x x 1.00E-06 yCi /cc (Note 9) IE-6 pCi lmL

F/H TardcFamrs, MWSF x 1.00E-06 pCi /g (Note 9)

lutOrrium-241 SST, CIF, MWSF x x 1.00E-05 pCi /cc or lE-6 pCi /mL
1% Total Activity (Note 14)

F/H Trmk Farms, MWSF x 1.00E-05 pC1/w or
17, Total Activity @ote 14)
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Table 1. Analytical Constituents, Parameters, and Detection Limits (cont.)

Coaatitommammeter WAC(s) Vapor organic Aqueous Solid(s) Rsquired Ana~Yiml T~id

Liquid Liquid Dcteetion Limit mote 1) Analytical
Detection Limit
mote 2)

Tc-99 SST, CIF, MWSF x x 1.00E-06 pCi /cc mote 9) lE-6 pCi lmL

F~ T* Farms, MWSF x 1.00E-06 pCi /g mote 9)

Urmrium-233 SST, CIF, MWSF x x 1.00E-06 pCi /cc.or lE-6 pCi /rnL
1% Total Activity mote 14)

F/H T* Fare, WSF x 1.00E-06 pCi /cc or
l% Total Activity (N ote 14)

Uraniurrr-234 SST, CIF, MWSF x x 1,00E-06 pCi I ec (Note 9) lE-6 pCi /mL

F/H Tti Far’ms,MWSF x 1.00E-06 pCi /g (Note 9)

Uranimn-235 SST, CIF, MWSF x x 1,00E-06 uCi /cc or lE-6 pCi /mL
1% ToM Activity (Note 14)

F/l-l T* Farms, MWSF x 1.00E-06 uCi /cc or
17. Total Activity (Note 14)

Ursnium-236 SST, CIF, MWSF x x 1.00E-06 pCi /ee or lE-6 pCi AnL

I% Total Activity mote 14)

F/H TA Fsr’ms,MS F x 1,00E-06 pCi /ee or
l% Total Activity (Note 14)

Urarrium-238 SST, CIF, MWSF x x 1,00E-06 pCi /cc or lE-6 Vcl /mL
1% Total Activity @ote 14)

FM Td Fm, WS F x 1.00E-06 pCi /cc or
l% Total Activity (NOte 14)

Table 1Notes:

1, Required detection limits are from tbe respective WACS
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2.

3.

4.

5.

6.

i’.

8.

9.

10
11

12

13
14

15

Typical detection limits are listed for informatioml purposes, the aetud detection limits obtained are
sample-specific and may be higher or lower than tkose shown. The ~ical detection Iiita for the
elemental analyses of the organic liquid assumed a 1 MI sample digested and diluted to 50 rnL, with a 10-
fold dilution prior to the speetrosmpic measurement. The typid detection limits for tie elemental
analyses of the solid assumed a 0.25 g sample digestd and diluted to 250 ML, with a 10-fold dilution
prior to the spectroscopic measurement.
The required detection limit for these RCRA metals in the solid sample is assumed to be
20 times the Ieachate limit from the TCLP. The planned analyaes will be total metal
digestiona, not leachings, these vahres account for the 20-fold excess used in tie TCLP.
Chlorine in the organic phase will be determined by surrmringthe chlorinated
hydrocarbons identified in the VOC and SVOC analyses.
The Volatile Organic Compound amdysis addresses these specific WAC rcquirsruenta:
benzene, methyl ethyl ketene, percidoroetbykme, n-butanol, any known volatiles >20

m@. It dws not address metharroI.
The addition of nitric acid to Uine wastes may create nitrated organic mmpomrda that
did not originate in the sample.
The Semi-VoIatile Organic Compound analysis addresses these specific WAC
requirements: kepone and p-rritrophenol.
Gamma spectroscopy of the vapor phase cartridges will identify CS-137 and other
gamma emitting radionuclides in tie vapor phase.
WAC 2.02 in the WSRC 1S Manual requires documentation of the technical justification
for exceeding these Maximum Allowable bwer Limit of Detection values.
Total americium will be the sum of any identified Am-241 and Am-243.
WAC 2.02 in the WSRC 1S Manual defines a significmu%Icvelof 1 CiY. for nuclides
that do not trave speeifIc limits in WAC 3.17.
Total curium will be the sum of Cm-244 and any other Cm isotopes iderrtifiedby alpha
spectrometry.
Total plutonium will be the sum of all idsrrtified Pu isotopes.
The required detection lit is assumed to be the greater of 1 Ci % or the Maximum
AllowabIe hwer Limit of Detection value.
Sr-89 will not be analvd for due to the show ~lf-life (50.5 ~YS) ad the age of the
materialin the tanks. -

a
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Table 2. Analytical Methods and Hold Times

ConstimentiPammeter Tecfilque L 16.1 Procedure Hold Time (per SW-
8468)

Aluminate, Carbonate, AIOi, CO;, Titration ADS-23 12

ad Free Hydroxide OH-
AIuMiII.m, ~tiony, Al, Sb, Ba, Be, ICP-ES ADS-1509 6 months

Barium, Beryllirun, B, Cd, Cr, Cu,
Boron, Cadmium, Fe, Pb, Ma, Ni,

Chromium, Copper, Ag, Na, Tl, Ti,
Iron, La, Maagaaese, U, Zn
Nickel, Silver, SodiUM,
Thallium, Titanium,
Umnium, Ziac
ASSMSoairun, chloride, W+, c1 ‘, F ‘, Ic ADS-2306 Not specified in SW-

Fluoride, Nitrate, NOS-,NO*-, 846

Nitrite, Oxalate, C,04-,(F’04) -3,

Phosphate, Sulfate 1(s0,)-’ I
O...”; ,ia IrN- ADS-2278

nyonae ma MS-1557 1<. ..A...r.”
Uyall.u. -. .

Arsenic, Selenium As, Se
... .,..” An, “ ,,Ivllul.

Mercury Hg CVAA ADS-1556 28 days

Potassium K Flame AAS ADS-1549 6 months

Crystallography Xm ADs-llol

TCLP Modified TCLP ADS-2512

Gas Constituents GC, GC/MS ADS-1600

Phesrol/phenoxidc/~~ap HPLC Task Techaical Pkm Extract witbirr 14

hcnols days, Ssmlyzewithin
40 days of extraction

Semi-Volatile Orgaaics GCIMS ADS-2657 Extract withisr 14
days, rmalyze withisr
40 days of extraction

Total Orgrmic Carban TOC ADS-1200 Not specified ia SW-
846

Valatile Y. Orgaaics Oil Canteat ADS-2213 Not specified ia SW-
balyzr 846

Volatile Orgaaics GCIMS ADS-2656 14 days

PCBS GC, GC/MS ADS-2659 Extract witbisr 14
days, aaalyze witlrin
40 days af extraction

Acidity Titration ADS-2301

Bailing Point ADS-2280

BTUllb ADS-2277

Flash Point ADS-2250
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Table 2 Analytical Methods and Hold Times (cont.)

ConstituerrWarameter Technique L 16.1 Procedure Hold Time (per SW-
846s)

Freezing Point ADS-2279

paint Filter Liquids Test ADS-2275 Not specified in SW-

846

pH ADS-2309 Not specified in SW-

846

Specific Gravity
Total Dissolved, Standard Method

Insoluble/Suspended 254011

Solids
Viscosity ADS-2276

Water, wtYo Karl-Fischer ADS-22 10

Arn-241, Ce-144, CO-60, CS-134, Cs- Garnrna PHA ADS-2420

137, Eu-154, Nb-94, NP-237, Ru-1 06,
Sb-125, Sn-126
Am Series, Total Gamma and ADS-2420, ADS-

Alpha PHA 2402

C-14 Separation &
LSC

Cm Series Alpha PHA ADS-2402

Gross Alpha Gross Alpha ADS-2405 Not specified in SW-
846

H-3 Distillation & ADS-2444
LSC

1-129 Separation &
LEPS

Ni-59 Separation & ADS-2452
XRS

Ni-63 Separation & ADS-2452
LSC

Gross Beta LSC ADS-2424 Not specified irr SW-
846

Plutonium, Total Sunrrnation
Pu-238, Pu-239, Pu-240, Pu-242, U-233, ICP-MS & Alpha ADS-1551, ADs-
U-234, U-236, U-238 PHA 2402

PlutOniurn-241 Separation &
LSC

Pm-147 Separation &
LSC

Se-79 Separation &
LSC

e

a
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Table 2 Analytical Methods and Hold Times (cont.)

ConstituerrWamrneter Technique L16. 1 Procedure Hold Time (per SW-
846s)

Sr-90 Separation & A13S-2447
LSC

Tc-99 Separation & ADS-2445
LSC

Urmrium-235 ICP-MS, Gamma ADS-1551, ms-
PHA, Alpha 2420, ADS-2402
PHA
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APPENDIX A. LIST OF ANALYTICAL PROCEDURES
●

—
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Appendm A (cnnt.)

L16.1 Revision Title Year

Prwedure
ADS-25 12 Rev. 2 Modified Toxic Characteristic Leaching Procdure 1996

~S-2655 Rev. 2 High Performance tiquid Chromatography Operating Procedure (U) 1996

Af)S-2656 Rev. 1 Gas ChromatographyMass Speetrometry for Volatile Orgtics: 1996
Contract Laboratory Program Methods (U)

~S-2657 Rev. 1 G= ChromatographyM’laas Spectrometry for Semi-Volatile Organics: 1997
Contract Laboratory Program Methods (U)

~S-2659 Rev. O Gas Chromatography arrdGas Chromatography~ass Spectromctry for 1995
PolychforirratcdBiphenyls Arralysis: Contract Laboratory Program
Methods (U)
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Workplan/RPI/Rl Report for the Old Radioactive August 2000
Waste Burial Ground 643E, S01-S22

●
1.0 INTRODUCTION

A Workplan/RCRA Facili@ InvestigatiodRemedial Investigation Report for the Old

Radioactive Waste Burial Ground 643-E, S01-S22 (U) was submitted to the South

Carolina Department of Health and Environmental Control (SCDHEC) and the United

States Environmental Protection Agency (US EPA) in November 1998 (WSRC 1997a).

That document summarizes the known or suspected inventory of primary source material,

results of previous characterization investigations, and identification of potential “hot

spots’’ that may require special feasibility assessment in the development ofa final remedy

for the Old Radioactive Waste Burial Ground (ORWBG). The data quality objectives

(DQOS) and unit assessment evaluations concluded that asingle data gap remained to

complete the characterization of the ORWBG. That data gap was the sampling and

arralysis of theremainiig contents of the Old Solvent Treks SOl through S22(OSTs).

This document is an addendum to the Workplarr/RCRA Facility Investigation/Remedial

Investigation Report forthe Old Radioactive Waste Burial Ground 643-E, S01-S22 (U)

● (WSRC 1997a) and presents the results of the old solvent tank investigations conducted in

1997, 1998, and 1999. Abriefoverview of thesolvent t&smdprevious waste disposd

practices areprovided below. Thedescription andresults ofchmactertiation activities me

provided in Sections 2.0and3.O. Section 4. Odescribes uncertainties msociated with the

characterization process. Concessions are presented in Seetion 5.0, and references are

given in Section 6.o. Attachments 1 and 2 contain detailed reports of the characterization

activities. Attachment 3 provides an estimated inventory of Constituents of Interest. An

evacuation of criticrdity concerns for waste material handling and tank closure is provided

in Attachment 4..

1.1 Summary of Unit Description

The 22 OSTS are located in a ‘T-shaped” block near the writer of the ORWBG, approximately

122 m (400 ft) northeast of the Burial Ground Administration Building (724-7E) and 152 m

(500 ft) north of Road E (Figore 1).

Solvent, consisting of tri-n-butyl phosphate (TBP) dissolved in ,keroscne, was used in the

●
plutonium and uranium extraction &UREX) process in the F-Area separations facility. The

1 OSTADD,dw
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H-Area Modfied (HM) process utilized TBP dissolvd ~ Ultracenem for uranium extraction.
●

The PUREX and HM processes were chemical methods for removing residual plutonium

and/or uranium from spent fuel rods and activation products from target rods. The solvent was

reused in extraction processes until it kcame laden with organic and metallic contaminants

(i.e., degraded). Nitric acid was recovered from the degraded solvent, which was then

neutra~ed with caustic solutions (sodium hydroxide).

The OSTS were installed in the ORWBG between 1955 and 1970 to receive degraded solvents

generated from the P~X and HM processes, as well as smaller amounts of tritiated pump

oif. The waste was “aged” in the solvent tanks, allowing the short-lived fission products to

undergo decay and the suspended solids and precipitates to settle out of the solvent. The

“aging” period ranged from six months to 12.4 years, with an average “aging” time of 4.6

years. During “aging”, the solvent separat~ into three phases: organic, aqueous, and sludge

solids. The organic phase likely consisted of TBP, naphthdene, toluene, ttithylbcrrzene,

xylene, and n-paraffii hydrocarbons (i.e., kerosene). Degradation of the solvents and TBP also

produced various organic compounds wSRC 1997a). Once “aging” was complete, the

organic phase was pumpd to a surface holding tank. The organic phase then flowed via

gravity through sufiace piping to oprr pans, located in nearby trenches, where it was ●
incinerated. Open burning of the solvent was d~ontinued in 1972 under Executive Order

11507. Approximately 1.5 to 1.6 million liters (382,750 to 425,800 gallons) of s~nt solvent

was burned between 1956 and 1972.

The 6rst tk solvent tanks (S01, S02, and S03), irrstafledin July 1955, were previously used

as fuel storage tanks during the corrstmction of the Savannah River Plant. Solvent tanks S04

through S22 were irrstalfed between late 1955 and late 1970. Little information on the

eonstrnction of the tanks is availabl~ however, it is tiought that a8 tanks were constructed of

thin-wafled (1.9 cm [0.75 inch]) milledstml (WSRC 1997a). All the tanks are cylindrical and

were buried witi the long axis slightlyinclinedfrom the horizontal. It is known that two mats

of bhmnastic were applied to tanks S10 through S22 during installation.

In the early 1970s, the Savannah River Site (SRS) discontinued use of solvent tanks S01

through S22. New solvent tanks S23 through S32 were installed in the Low Level

Radioactive Waste Disposrd Facility during the mid- to late 1970s to receive solvent

remaining in the old tanks. From 1976 to 1978, the solvent in tanks S01 through S18 was

pumped into tanks S 19 through S22. The solvent in tanks S19 through S22 was later ●
OSTAOD.doc 2
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●
transferred in 1980 and 1981 to the new solvent tanks, S23 through S30. No additional

wastes have been placed in solvent tanks SO1 through S22 since that time. Only residual

liquids and/or solids remain.

In 1987, solvent tanks S01 through S22, located in the ORWBG, were designated as

underground storage tanks (USTS) under RCRA and reported on the SRS RCRA UST

lists. The SRS Environmental Restoration Department assumed custody of the OSTS in

January 1991. In August 1992, solvent tanks S01 through S22 were removed from the

SRS RCRA UST list because they were determined to be inactive. The OR~G, which

includes the OSTS, has been identified as a RCMComprehensive Environmental

Response, Compensation and Liability Act (CERCLA) operable unit (OU). As such,

remediation activities at this OU are being coordinated per the Federal Facility

Agreement negotiated between the United States Department of Energy, SCDHEC, and

US EPA.

2.0 PREVIOUS CHARACTERIZATION HISTORY OF OLD SOLVENT

TANK (S01 THROUGH S22) WASTES

Prior to December 1994, solvent tanks S01 through S22 were open to the environment.

Vapor phase samples were collected from the headspace in tanks S01 through S22 in

December 1994 and March 1995. The vapor phase samples were anafyzed for volatile

organic compounds (VOCS), semivolatile organic compounds (SVOCS), and

radionuclides. No VOCS were detected in the vapor phase samples from solvent tanks

S01, S07, S08, and S 11. VOCS detected in the vapor phase samples from other solvent

tanks included afkyl hydrocarbons, acetone, beune, xylenes, methyl ethyl ketone,

methyl butyl ketone (2-hexanone), and tetrachloroethy lene. No SVOCS or radlonuclides

were deteeted in any of the vapor phase samples (WSRC 1997a).

In 1996 and 1997, a detailed literature review and evaluation of ORWBG operations was

integrated with available characterization data, aerial photographs, construction

drawings, hersftb physics burial maps, the computerized burird record anafysis data base,

and interviews with SRS staff WSRC 1997b). The integrated dab were used to estimate

waste volume in the 0RWJ3G and their sources; the location and time of dlsposaf; waste

type, form and potential leachability; disposal methods; and variety of contamination.
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The estimated potential contaminant inventory in the OSTS was discussed in the Source
●

Term for the Old Radioactive Waste Burial Ground (ORWBG) Savannah River Site

(WSRC 1997b) and the Workplarr/RCRA Facili@ InvestigatiotiRemedial Investigation

Report for the Old Radioactive Waste Burial Ground 643-E, S01-S22 (U) (WSRC

1997a). These documents identified VOCS and radionuclides (strontium-90, cesium- 137,

uranium-235, uranium-238, plutonium-238, and plutonium-239) as constituents of

interest for solvent tanks SO1 through S22. Total residual volumes of waste in the OSTS

were estimated at 28,530 liters (7,539 gallons) – 15,349 liters (4,056 gallons) organic

phase and 13,181 liters (3,483 gallons) aqueous phase. The OSTS were identified as a

potential “hot spot” in the ORWBG because they contain liquid waste, their locations are

precisely known, and potential remedlation of waste in the solvent tanks may be

substantially different from that of waste in the “landfill style” burials in the remainder of

the ORWBG (WSRC 1997a).

OSTAOD,dw 4

The WorkplarrlRCR.4 Facility Investigation/Remedial Investigation Report for the Old

Radioactive Waste Burial Ground 643-E, S01-S22 (U) indicated that the characterization

of the 0RWJ3G was adequate for evaluation of risk (WSRC 1997a). However,

additional data were required to assess remedial options for waste remaining in the OSTS. ●
Additional characterization of the solvent tanks was conducted from late 1997 until early

1999.

3.0 1997/98 AND 1998/99 OST CHARACTERIZATION ACTIVI~S

In the fafl of 1997, a strategy was developed to evahrate the most viable closure

technology and process safety for remediating the solvent tanks and to determine disposal

rdtematives for the waste in the OSTS. Specific project DQOS included the following

● Update and supplement existing compositional information regarding the waste

phases (vapor, liquid, and solid)

● Provide sufficient compositional information to develop a “safety envelope” for

waste removaf and tank closure
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● Quantify the concentration of constituents and physical parameters to evaluate

compliance with Waste Acceptance Criteria at SRS treatment, storage and

disposal facilities

Once the DQOS were established, a sampling and analysis plan was designed to collect

vapor phase samples from specific tanks; determine the condition of the tanks; collect

samples of liquid and solid phases; and analyze the samples for appropriate parameters.

The workplan was implemented in two stages: a remote video survey conducted

concurrently with vapor phase anafyses and subsequent sample analysis of solid and

liquid phases present in the OSTS. Details of the characterization efforts can be found in

Attachments 1 and 2 of this document. The following sections provide a summary of the

chmacterization activities and results. An evaluation of nuclear criticality WN conducted

to address potential safety concerns associated with closure of the tanks. Results of the

evah.ration are summarized in Section 3.3 and provided in detail in Attachment 4 of this

document.

●
3.1 Summary of 1997/98 Video Survey of Solvent Tanks S01 through S22

—

A video survey was conducted to determine the condition and inclination of the storage

tanks and to estimate the volume and remaining contents of the solvent tanks.

Attachment 1 is a survey report and includes photographs of the tank interiors.

Air monitoring was performed prior to the video survey to determine if combustible

gases were present. The atmosphere in each tank was tested with a Mine Safety

Appliance Model 261 Combustible Gas and Oxygen Indicator immediately before the

video camera was inserted into the tank. All tanks (except tanks S 12, S 19, and S20) had

combustible gases less than 107o of the Lower Explosion Lhnh. These tanks were

surveyed and videotaped. Tanks S 19 and S20 were visuafly inspected, and tank S 12 was

surveyed with a flberscope and light source.

The video surveys of 19 tanks revealed the tanks had maintained their stmctural integrity

and showed no signs of tank penetration. Heavy corrosion was apparent on the ceilings

of most tanks. Because of their construction, tanks S15 and S16 are thought to have been

old railroad tank cars. Several of the tanks contain unanticipated interior structures.
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Because the Lower Explosion Limit detected in the headspace of tanks S 12, S 19, and
●

s20 exceeded acceptance criteria for camera insertion, these tanks were inspected by

alternate means. A fiber scope and fiber optic cable were used to survey the interior of

tank S 12. Neither liquid nor sludge were identified in this tank. Tanks S 19 and S20

were visually inspected at both ends through the riser pipes. Liquid was identified at the

east end of tank S 19. Only sludge was present at the west end of the tank. Liquid was

identified at the east and west ends of tank S20.

Table 1 provides the tank specifications and volume estimates obtained from the video

survey inforruation. The total volume of all tank contents was estimated at 21,325 liters

(5,635 gallons) liquid and 3,376 liters (892 gallons) sludge. The results of the video

survey were used to design a tank-specific sampling plan.

3.2 Summary of 1998/99 Characterization of Samples from Solvent Tanks SOI

through S22

The organic, aqueous, and sludge wastes in OSTS were sampled and analyzed to obtain

sufficient data for assessing closure options. The par-ters chosen to characteti the tank ●
contents were based upon the waste acceptance criteria of potentiaJ SRS treatment, storage,

and dwposal facilities (WSRC 1997a). Tables 2 through 5 list the pmruneters and analytical

techniques used to characterize the solvent tank waste. In som instances, sample quantities

were very sti. Ordy limited and/or qualitative analyseswere perfoti on these samples.

Actuaf sampfitrg of the tanks’ mntents was conducted in three ptis (1) 9 liquid sarnpla

obtaimd from 7 tti, (2) 6 fiquidsamples obtained from 6 additional tanks; and (3) 14 sludge

samples obttid horn 12 tanks and an additional 2 liquid sampfes obtaimd from 2 tanks not

previously sampled. A total of 17 liquidsampl= from 15 different tanks and 14 sludge samples

from 12 ~erent tanks were collated for anafyses. Seven tanks were essentially dry,

containing 38 fiters (10 gaffons)or less of liquid. Ten tanks were not sampled for sludge. Of

these 10 tanks, nine had 114 liters (30 galfons)or less of sludge. Tank S05 was estimated to

contain approximately 424 fiters (112gafforts)of sludge, but intemaf stmctrrre of the tank, such

as piping and bmeing, prohibited sampling of this rnateriaf. organic phase s~les were

obtaimd from 2 tanks, S11 and S20. Tables 2 through 5 provide results for each anal-

parroter by tank and rmdirrm Table 6 provides the maximum results for eaeh anaf~
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●
par-ter by *Irrm. Attachment 2 is a detailed report on the characterization of the samples

obtained from solvent tanks SO 1 through S22.

3.3 Summary of Criticality Evaluation of Old Solvent Storage Tanks S01

through S22

Fission occurs when a neutron strikes the nucleus of a heavy element (U-235, Pu-239 or

U-233). The neutron is absorbed or captured by the nucleus, which then becomes

unstable. The unstable nucleus then splits into two Iigbter parts, called fission products,

and releases radiation (energy) and approximately 2.5 neutrons. The newly released

neutrons (second generation) can &come absorbed by other nuclei, which in turn can

produce more fission products, radiation, and neutrons. When the number of fissions

produced by these second-generation neutrons is equal to the fissions produced by the

preceding generation neutrons, the system is called “critical”.

To produce “criticality,” several conditions must be present including sufficient mass and

density. Mass relates to the total amount of fissionable material present. If there are

● relatively few atoms of fissionable material present in a given location, fewer reactions

can occur. Because 2.5 neutrons are produced during each fission, 40% or more of these

neutrons must also produce fissions or the reaction will stop. The density of the

fissionable material determines the amount per unit volume. Enrichment increases the

amount per unit volume (density) by removing other neutron-absorbing materials (i.e.,

U-238). Therefore, if the atoms of fissionable material are diluted with other materials

(lowering the density of fissionable materird), it is less likely that tie released neutrons

will strike fissionable nuclei.

The effective enrichments for comblrred U-235, Pu-239 and U-238 and calculated fissile

mass of U-235 and Pu-239 were evaluated for the Old Solvent Tanks S 1 through S22

(Attachment 4). Where amdytical data were not available, very conservative

calculations, based upon available sample data, were conducted to provide estimated

quantities of radionuclides in unsampled tanks. The criticality evaluation indicates that

severrd tanks approach or are at the ANS 8.1 limiting enrichment of 0.93 weight percent

U-235. The limiting efichment is not exceeded in any tank. The mass (grams) of U-

235 in each of these tanks is also significantly lower than the 8,000 grams that would

● cause a criticality concern at an enrichment level of less than 2.0 weight Yo (per ANS 8.1
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criticality safety standards). Therefore, as long as the weight percent or effective ●
enrichment of the fissionable material is not increased, the solvent tanks will not present

a criticality concern. The only processes that would increase the weight percent or

enrichment of the U-235 would be addition of U-235 to the solvent tanks or removal of

nonfissile isotopes through the separations process, respective y. Since no remedial

action for the tanks will involve these processes, criticality is not a concern for closure of

the solvent tanks.

4.0 UNCERTAINTIES ASSOCIATED WITH CHARACTERIZATION

ACTIVITIES

Uncertainties are anticipated during field characterization activities and laboratory

sample analyses. A discussion of uncertainties associated with the characterization of the

waste in the OSTS is provided below.

4.1 Uncertainty in Video Survey and Sampling

One purpose of conducting the video survey of the tank interiors was to determine the ●
geometry of the waste body and location of sludge. The sludge typically rests on the

floor of the tank under the liquid wate. The sludge thickness was estimated using the

dimensions of objects, such as tapes, ropes and sample tubing, observed on the tank

floor. Since the solid residue is usuafly beneath the liquid phase, a high degree of

uncertainty exists in estimating the volume of this material. Where there is no liquid in

the tank, the sludge volume was estimated by visual estimation of tilckness multiplied by

the known dimensions of the tank. The density of the sludge phase has not been

measured. Based on the density of the burning pan residue and modeling of paraffin-

actinide complexes, a density of 2.0 grarn/cubic centimeter was estimated. Thts density

was found to be consistent with the measured density of similar waste at the Oak Ridge

Nationaf Laboratory.

The totaf volume of waste (liquid and sludge) was estimated by scafing the width of the

liqnid at each end of the tank. Using the known diameter of the tank to provide scafe on

the video, accurate liquid measurements at each end of the tanks were achievable.

Tank-specific computer models were produced using this data and the known diameter

and length of the tank to establish the totaf volume of waste materiaf. The total vohrme ●
OSTADD,doc 8
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●
of liquid was estimated by subtracting the estimated sludge volume from the total

volume. A high level of confidence exists with the total volume of waste estimates.

Given the nature and history of waste material in the OSTS, there exists the potential for

non-homogeneity of the contents within each tank. Because criticality conditions were

unknown, the waste material could not homogenized. In addition, limited sample

volume was obtained from each phase due to inaccessibility of the material in the tanks.

Therefore, uncertainty exists in the representativeness of samples obtained from the

OSTS. Any such uncertainties will likely result in more conservative criticality safety

controls and assessment of disposal options.

4.2 Uncertainty in Sample Analyses

When samples have complex matrices, as do those from the solvent tanks, the accuracy

and precision of the analytical data are a matter of concern. To counter this problem,

daily calibration check standards, blind standards, inter-laboratory comparisons, quafity

●
control charts, and spikes of known concentrations are routinely used to monitor the

analytical laboratory methods. These activities are performed as part of the laboratory’s

quality assurance program.

Overafl, analytical uncertainties associated with the solvent tank samples were estimated

to range from 1 to 25%, depending upon the analytical method. Greater uncertainties

result when analytes are found at or near the method detection limits. For example, for

low activity levels of a radionuclide, the statistical counting error will dominate the

overafl uncertainty. The precision of these measurements can be dlreetfy estimated by

comparing data from multiple samples from the same phase in one tank if the phase is

assumed to be homogeneous. Under this assumption, the samples can be treated as

replicates.

5.0 CONCLUSIONS

Characterization of the residual contents in the OSTS was identified as a data gap for

assessing remedial options for the ORWBG OU wSRC 1997a). A strategy was then

developed to evaluate the most viable closure technology and process safety for

● remediating the OSTS and for determining disposal aftematives for the waste in the
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OSTS. The subsequent characterization activities included a video survey of the interior
o

of tbe OSTS and sampling and analysis of the vapor, liquid, and solid phases present in

the OSTS. The video survey provides a means for more accurately estimating liquid and

solid waste volumes and the condition of the tank interiors. The analysis of vapor,

liquid, and solid phase samples obtained from the OSTS characterizes the waste streams

and provides data for evaluating potential safety issues. These data are adequate for

determining the appropriate disposition of the solvent waste and closure of the OSTS as

part of the ORWf3G remediation process.

●
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Table 1. Old Solvent Tank Specifications from Video Survey

Tank Year
ueptn
to TOP

Installed .– r
Diameter 1

1 ----- - I I
,——.

I955 I ~,,q,, 8.0 26.75 I 10.059 I 398 I 3.957 I 4 I 0.0401

I Dimensions (ft) Liquids-., . Solids
Capacity

1 Length
Waste 90 of Waste % of

(gal) Volume Tank Volume Tank
01 ‘1’anK

(~ )al Filled (gal) F]llcd

1 1955 1’10” 8.0 26.75 10,059 117 1.163 5 0.050

2 I 1q<< I ~,~,, 8.0 ?.6.75 I0.059 112 1.113 33 0.328

3 . ..- -.

4 1955 2’3” 8.0 27.0 ;10059 369 3.668 6 0.060

5 1955 2’U’ 10.5 38.5 24,940 92 0.369 112 0.449

6 1956 2’5” 8.0 24.0 8,790 275 3.129 0 0

7 1956 S,e, 8.5 18.0 7.f,41 317 4.149 2 0.026

8 1956 3’11” 8.5 18.0 .,---

9 1959 5’3” 8.0 20.0 7,521 0 0 13 0.173

10 1959 ~,y 8.0 20.0 7,521 10 0.133 31 0.412

11 1959 5’2” 8.0 20.0 7~91 1A n1R6 13 0.173

12 1959 3’3” 8.0 20.0 ,,.-. , - ----- 1 5 0.066

13 1960 5’5” 23.0 23.0 13,514 218 1.613 43 0.318

14 1960 4’9” 11.0 38.0 27,016 367 1.358 118 0.437

1< 1Qf,l ~,&, 7.5 32.0 10.576 0 0 145 1.371

, ., _.. I I
7.641 137 I 1.793 6 I 0.079 I

I ,,. -. . 1 . . .“- 1
7571 I 5 n 066

B
,“

17

18

19

20

21

22
.

,~ml,
1, ,.. —..

,,”,

1962

1962

1968

1968

1968

1968

*

E
5’2”

3’2’

3’Y E
,.. J*. ”

8.0 18.0

8.0 18.0

10.5 38.5

10.5 38.5

10.5 38.5

10.5 38.5

II I \ 294,308 ] 5,635 I 189211

●
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Table 5. Detected Constituent Concentrations in Filtered Organic Phase
of Old Solvent Tanks

S20(organic S20(filtered S11(organic 511(filtered
Analvie AnalviicalTechnia.e. “ liquid) sohd) liquid) solid)

Radbnucltdes(DClk)
Americium(TOta!) Gammaand blphaPHA,ICP.MS 6.40E+05 o.L?UEm O.CQE~ <,76E&
Amerlci”m-241 13ammaPHA 5,77E+05 < 1.71E+05 < 3.71E+06 7,59E+06
Amedcium.243 GammaPHAandlCP.MS
cam-l 4

6,26E+04 < 9,95E+05 < 1,45E+06 1.74E+05
SeParalio”andLSC 3.08E+05

Ce6um-144 GammaPHA < 2.62E+04 < 1.71E+05 < 5.77E+06
TotalCuriumSeries Aloha PHA and lCP-MS 1.07E+07 1.2$E+c6
c“rium244

5.mE49 6.81 E+07
Abha PHA and ICP.MS 1.07E+07 1.26E% 5.0SE~9

C.d.m-245
6.S1 E+07

ICP.MS < 7.88E+05 < 8.49Et05 < 1.20E+08 < 4.i4E+05

Cuflum-246
,Cr ..-

.1 E+66 < 1.51Em 2. 14E+08 < 7.wE+05
CO@aii.r ‘Gal

E

4.45E43 < 4.85E& 6.31 E+05 < 9.01 E+03
:esium Gal 5.86E+03 < 3.20E+64 < 2.40E+05 < 1.4SE+M

Gamn - 13E+03 < S.93E+M 9.82E+08
~

6.40E&
Gamma vnA 4./7E65 < 6.74E+C4 1,08E+C6

E.roplum., 3. Gamma PHA
7.70E45

4.82E+04

Grms AIPha LSC 1.27E+67 2.30E* 1.WE+1O
TM.m

7.S4EiQ1
Distill.liin and LSC 1.89E+08 < 4.94Ew 6.12E&
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Nickel.59

3.26E+04
Seoaratio” and Counting < 1.68E+03

Nickel- SewraUon and Co.ntinq
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Gamma PHA < 2.44E+05 < 2,S4Et@4

Nmwo!alib *I. WC i .02Et08 1.20E& 1.sE+l 1
Neptunlufn.237

1,11 E+08
Gamma PHA and lCP.MS 1.20E+04 < 3.51 E+03 4.95E+03 < 1.70E+03

Pltionfum.2s AIPb PHA ad ICP-MS 1.41 E+06 8.63E+05 2.52Ei09
Pltimdum.23:

2.45E+07
AWa PHA and ICP-MS 3.1OE45 < 3.08EW5 4.WE+G7 1.~E+06

Pltionlu ~~ AIPha PHA and !CP-MS < 1.05 E&6 < 1.13E+W 1.59E~ 8.S6E+05
Pltioni.m-zc - >aradon and LSC 4.77E+05 1.6~+G5 1.14E+09
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9.46 E+ffi
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Gamma PHA < 1.61 E+04

Selenlum.79

< 6.17E+04 < 5.14E+06 < 9.37E@4

Seuaratim and LSC < 1.80E+05
Tirt126 Gamma PHA < 1.72E+04 < 6.06E& < 1.82E+06 < 6.NE+W

slrmmJnl-90 separation and LSC 1.71 E+0d 6.27E+05 1.S1E47

Techneli.m-99 Separation and LSC 7.78E+05 < 6,12E+03 2.93E&

Thori.m.=z ICP.MS < 5.05E.01 3.03E~ 9.55E+0i
uranl.m-2%

4.41 E+02
Aloha PHA and ICP-MS 1.62E+05 < 3.03E+C4 < 6.76E+c4 < 2.32E~4

u~.r.mz~ Alpha PHA and ICP-MS 1.13E+05 < 3.08E& 4.xE+04

Uranium.235

< 1.~E~
Gamma and ~ ha PHA, lGP-MS 2.1 1EiI)3 2.26Et01 2.02E+03

Umnlum236
5,54E@1

Wha PHA ati ICP-MS 2.1 5E+63 < 3.21 E+02 4.55E42 < 1.5%E+02

Umnlum-236 Alpha PHA P,4 ICP-MS 9.23Ed3 6.05E+02
TRU

< 4.S6EW 1.50E~3
2.37E& S.63E+05 2.S4E& 2,s6Ed7

Wtiti Erny Ketone G~S
n.md GC/MS <,.,
Tebnddoromhwn. Qci?As 0.054(1)
~M*~ ems 4 <Im
PNHrwhati G~S a
Kev

<lW
G~S a <100

T,!bW Phowhate ~SPl GWS ~ 61S030
Smcm AUmati H@r-- G~S w
Oaw enated ofwn~ GWS lm
P8rafiins GWS m
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-

mm

I

1 “.,,”, 1
7.3 1 1. . I

I <1[

n IIcv-ts I <4 [ 1 I

( IICP-ES <4

, IICP-ES I <1 I I I
1,-. . . . . 1

19 OSTADD.d~c



I Addendum to the WSRC-RP-99-4023, Rev. 1.1
Workplan/RF~ Report for the Old Radioactive August 2000
WasteBurial Ground d43E, S01-S22

Table 5. Deteeted Constituent Concentrations in Filtered Organic Phase of Old
●

Solvent Tanks (Continued)

. see Attachment 2

. Itiicates balow method detection Iimitlacliviw
blank ititiles not anaiyzOd

I = VralUOk kw tin methcd’s Wsltive quan~tiUon Iimti bti aknve the insbument detecllon limit, Md detected in chmm?.twmphk dak

●
OSTAOD,dbc 20

.

—



I
Addendum to the WSRC-RP.99-4023, Rev. 1.1
Workplan/RFI/RI Report for the Old Radioactive August 2000
Waste Burial Ground 643E, S01-S22

Table 6. Maximum Constituent Concentrations in OSTS above the Method Detection
Limits/Activities

Filtered Filtered
Solid Organic Solid

Analyte Aqueous (Aaueous) Sludge Liquid (Organic)
‘-’’: --., -’:A-- ‘-m” “-..’4 ‘A---”- ‘N’- [solid phasel)

tdA I NA I 9 51 F+031 NA I NA
nuulul Iuulluea \l.luuL IIILJUIU PI Ia>el UI PVULI

Actinium-228 . . -.-. —..-

Americium-241 1.39E+08 4.09E+07 5.32E+06 5.77E+05 1.59E+06
Americium-243 1.01 E+06 1.21 E+07 6.98E+05 6.26E+04 1.74E+05
Bismuth-212 7.79E+04 ~A NA ~A NA
Carbon-14 8.60E+05 7,7C
Cerium-144 <MDL <h
Curium-244 2.76E+08 ‘-
Curium-245 7.88E+05
Curium-246 1.41 E+06
Cobalt-60 3.35E+05
Cesium-134 1.44E+04 <
Cesium-137 1. I4E+1O 4.1
Europium-154 1.62E+07 1.7
Europium-155 1.77E+06 1.6
Gross Alpha 2.49E+I 1
Tritium 4.82E+06
Iodine-1 29 2.23E+05

0E+06 NA 3.08E+05 NA
MDL <MDL <MDL <MDL

1.77E+09 1.37E+08 5.09E+09 6.81 E+07
2.26E+04 6.35E+03 <MDL <MDL
1.15E+06 <MDL 2.14E+08 <MDL
3.56E+04 7.84E+02 6.31 E+05 <MDL

MDL 3.59E+02 <MDL <MDL
5E+07 1. IOE+08 9.82E+08 6.40E+06
6E+07 4.86E+06 1.08E+06 7.70E+05

, .-OE+06 3.04E+05 4.82E+04 NA
1.87E+09 1.59E+08 1.02E+I0 7.84E+07
9.28E+06 5.00E+07 1.89E+08 2.30E+07
1.41 E+05 NA NA 3.26E+04

Nickel-59 <MDL <MDL NA NA <MDL
Nickel-63 1.11 E+07 2.13E+06 NA NA <MDL
Niobium-94 <MDL <MDL <MDL <MDL <MDL
Nonvolatile Beta 3.93E+1 O 7.16E+08 1.98E+08 1.50E+II 1.11 E+08
Neptunium-237 8.02E+05 9. IOE+05 4.77E+03 i .20E+04 <MDL
Lead-21 2 1.1 9E+06 3.31 E+03 NA NA NA

3E+09 8.20E+07 2.52E+09 2.45E+07
8E+07 3.96E+06 4.34E+07 1.49E+06

..-2E+07 2. IOE+06 1.59E+08 8.06E+05
1.90E+08 1.48E+07 1.1 4E+09 9.46E+06

3E+04 <MDL <MDL <MDL
NA NA <MDL NA

Plutonium-238 3.28E+09 1.1
Plutonium-239 2.27E+08 6.5
Plutonium-240 2.24E+08 59
Plutonium-241 8.11 E+08 3
Plutonium-242 <MDL 9.2
Promethium-147 6.31 E+05
Radium-226 4.59E+06 9.1
Ruthenium-106 <MDL
A‘*’---./-l 25 8.60~A n= +:

1.7s7 e

1-99 I 3.:
12 Il.!

-ZULI 14.:
-233 Il.’

,nlum-zau I Z.UUC+U3

-
A NA t

--.”. . . . . . . . . . . . .

MDL <MDL <MDL I <MDL
n,,,llll”l,y ,..-. , .v2E+05 5.05E+03 <MDL <MDL
Selenium .- :MDL <MDL NA <MDL I NA
Tin-126 I <MDL 1.83E+06 <MDL <MDL <MDL
Strontium-90 I 6.26E+08 1.25E+08 NA 1.81 E+07 6.27E+05
Technetium ‘- - 29E+07 8.20E+04 NA 2.93E+06 I <MDL
Thorium-23L .57E+03 5.05E+03 3.31 E+OI 9.55E+01 4.41 E+02
Thorium-234 I 3.96E+08 NA NA NA NA
Thallium---- - 55E+04 1.1 9E+03 1.1 7E+03 NA NA
Uranium- 12E+07 1.92E+06 9.23E+08 1.62E+05 <MDL
Uranium-234 I 1.26E+07 7.66E+05 1.32E+05 1.1 3E+05 <MDL
Uranium-235 I 3.36E+05 1.67E+04 3.57E+05 2.11 E+03 5.54E+OIUmr:..-. ---

‘------ 2.28E+04 3.04E+03 2.1 5E+03 <MDL
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Table 6. Maximum Constituent Concentrations in OSTS above the Method Detection ●
1,imit.s/Act.ivities (continued)

,LGB,= v,”” ,.-

..,.,;hyl Ethyl Ketone 3.6 NA , , .._

n-Butanol 2.2 NA NA <MDL
Tri,-hlnrnethvlene 1.7 NA I NA I NA 1

,“! I I I ,.Y I ,“n I
in td[

5391 N/
ide 3402 NA 1 NA I 149
It 1 NA 6 2.5

t
Pp er

,22. . .

snide <Ml
tluoride <Ml
Formate 17t

Hydroxide 2565 I NA I
33.6 NA

Ianese 9.2 ! NA !
:kel 11

rate I 24
.. .-
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Addendum to the WSRC-RP-99-4023, Rev. 1.1
Workplan/RF~ Report for the Old Radioactive August 2000
Waste Burial Ground 643E, S01-S22

Table 6. Maximum Constituent Concentrations in OSTS above the Method Detection
Limits/Activities (Continued)

Inorraanics (mg/L or me/kg) (Continued)
Oxalate 2431 N/

Phosphate 9666 NA I
Sodium 38206 NA
Sulfate 336 NF

Thallium 1.6 NA NA I <h

Uranium 16455 NA NA <h

Zinc 2 NA NA 6 I NA

RCRAMetals (riiq/L or mg/ka)
,. ,J?!!~. ..r. .s..,,.,

Arsenic 16,6 NA

Barium 1.3 NA

Cadmium 1.7 NA

Chromium 38 NA

Lead 6,6 NA

Mercury 97.18 NA 460 11.61 NA

Selenium 0,9 NA 4 2.4 NA
Silver 0.1 NA 61 0.6 NA

PhViiochemical Parameters
Acidity (molarity) <MDL I N/t A NA NA NA

Boiling Point (“F) 185 NA NA 159.6 NA

Flash Point ~F) I 209 I NA NA 160.9. NA

, ,“UL,, ,=, “,, ,, , , , 1 .,,, UL I ,.

organic Carbon (mg/L) 46

I “,~t urganic Carbon (mg/L) 79s=” , ,“a , ,Nm , <,”,0 , ,Nm
Ash Content (%) 7.9 I NA I NA I 1.35 NA

cMDL indicates present below method detection limif/activity

NA indicates not analyzed in any sample
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‘o
1.0 INTRODUCTION

The WSRC Environmental Restoration Department (ERD) assumed custody of the Old Solvent Tanks

(Tanks S 1-S22) located in the Old Radioactive Waste Burial Ground (ORWBG) from Waste Management
in January 1991. Little was known about the existing structural condition of these tanks, tank installation,
the waste residue that remained and the radiological and chemical contaminates in the waste residue. fn an
effort to fill these information gaps and support the development of a characterization plan for the waste
residue in the tanks, ERD developed a video survey program. The purpose of this program was to:

1.
2.
3.
4.
5.

determine the presence of combustible gmes,
establish the condition of tbe tanks,
determine tank inclination,
identify the quantity, type (i.e. liquid/sludge) and location of the waste material,
support the development of a tank specific sampling plan.

2.0 BACKGROUND/OPERATIONAL HISTORY

The following discussion of the operational history of Tanks S 1-S22 is based on review of available
historical internal memos, correspondence and procedures.

Five production reactors were operated at the SRS from 1953 until the lsst reactors were shut down for
safety upgrades in 1988. Beginning in 1953, reactor-produced materials were processed in the F- and H-
Area chemical separations facilities. The process required the use of solvents to remove residual
plutonium and uranium from spent fuel rods and activation products from target rods. After use, the
solvent wm introduced into a solvent recovery system where the solvent was washed alternately with
sodium carbonate and dilute nitric acid. This system removed radioactivity and solvent degradation
products, maintained acceptable qtmfity, and returned the washed solvent to the extraction cycle. The
solvent was reused until it became laden with organic and metallic contaminants. Nitric acid was
recovered from the spent solvent and was then wzshed with caustic solutions (sodium hydroxide) to
nerrtrafize the spent solvent. The spent solvent and the aqueous phase (decontamination solution and
pmeess water) was then stored in waste holding tanks located within the F- and H-Area facilities. Solvent
from F-Separations, consisted of 30% tri-n-brrtyl phosphate (TBP) dissolved in kerosene. Solvent from H-
Separations contained 3.5 to 7.5% TBP dissolved in Ultracenem.

By July 1955, the degraded solvent temporarily stored in the F- and H-Area facilities had reached a
volume of 28,000 gallons and the Separations Department recognized the need for additional storage
capacity and a viable disposal technology. The solution to the first need was underground storage of the. . .
spent solvent in small tanks inside a secured rsreawith limited potential for direct exposure of personnel.
The most fezsible disposal technology was determined to bc incineration, speeiticafly burning the solvent
in open pans. A site was selected in undisturbed soil near the center of the old Radioactive Wzste Burial
Ground (ORWBG). The fi~t three tanks were installed in July 1955. The first solvent was placed in these

●
tanks in August 1955. Tanks S4 through S22 were installed between late 1955 and late 1970, bringing the
total available storage capacity in Tanks S 1-522 to 305,667 gallons. Some of these tanks are known to
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●
have had a previous history as fuel storage tanks at SRS and other Federal sites. Tanks S 1-S3 were surplus
fuelstorage tanks fromthe constmction of the SRP, which began in 1951. Tanks Sl-S22are a11believed
to be conventional thin walled, mild steel tanks. The tanks are all cylindrical, buried with the long axis
slightly inclined from the horizontal. Very little information on the installation of the tanks is available.
Generally nodocuments areavailable which repofied coatings, saddles andtiedowns, bedding, depth of
burial, and compaction of backfill. Two coats of Bitumastic were applied to Tanks S19-S22 during
installation. Appendix A summarizes tank specific installation dates, tank volumes and quantity of solvent
sto~d. solvent comprised most (88%) of thesolvent placed inthese tanks through 1964, After 1964, HM
solvent was dominant (86%).

Between August 1955 and theendof 1974, approximately 606,080 gallons ofsolvent wmcycled through
the solvent tanks. While the solvent was stored in Tanks S1-S22, the short- lived fission products
undewent decay andsuspended solids andprecipitates settIed outof the solvent. This decrease inactivity
during storage was referred to as “aging” the solvent. Theaging period ranged from one year to 12.4
years, the average aging time was 4.6 years. After aging and settling, the solvent was periodically checked
foractivity level inpreparation forincineration. In 1956 when solvent was first burned, anmbitrar’y limit
of 100 c/rrr/ml of gamma in the solvent was adopted. Initially, the solvent was processed through two large
scale carbon bed units buried west of Tank Sl toreduce theradiological concentrations before the solvent
was burned. This process was discontinued by the end of 1956 due to a decline in performance of the units
mdwwnever remmed. Astheprogrm progressed, thelimit ofactivity wmrelmedmdby 1957, solvent
having up to 10,000 c/m/ml was burned. Thesolvent wmpumped toasufiace holding tank md~avi

9flowed through surface piping to open pans and other burning equipment in trenches, located east o
Tanks S1-S22. Approximately 425,800 gaI1ons of solvent were burned in open pans at the ORWBG
between February 1956 and February 1972 when the practice was suspended under Executive Order
11507.). There isnorecord ofanysolvent being placed in Tanks Sl-S22titerl974.

In 1974, Waste Management began formulating plans to discontinue use of Tanks S 1-S22. Tanks S23-S28
and S29-S32 were installed in 1975 and 1979 respectively inthe Low Level Radioactive Waste Disposal

. .. . Facility @WDF) to the north of the ORWBG. The purpose of Tanks S23-S30 was to relocate tie
solvent inventory from Tanks S 1-S22 to the newer tanks and abandon Tank S 1-S22 in place. Tanks S23-
S30 were afso used for new receipts of solvent after 1974. Tank31 never received waste and Tank 32 was
used exclusively for tritiated oil. The solvent stored in Tanks S 1-S18 was pumped into Tanks S 19-S22
from early 1976 to May 1978 leaving unpumpable heels remaining in those 18 tanks. The solvent stored in
Tanks S 19-S22 was transferred to Tanks S23-S30 in late 1980 to early 1981 leaving unpumpable heels
remaining in those four tanks. A total of approximately 173,753 gallons of solvent was transferred to
Tanks S23-S30 leaving 6,527 gallons of solvent and sludge in Tanks S 1-S22. Appendix A summarizes
tank specific calculated quantities of solventisludge remaining.
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●
3.0 REGULATORY BASIS

The solvent tanks (S 1-S22) in the ORWBG, were designated as underground storage tanks (USTS) under
RCRA and reported to SCDHEC on SRS RCRA UST lists beginning in 1987. In August 1992, Tanks S 1-
S22 were removed from the SRS RCRA UST list due to a determination that the tanks were inactive
(since January 1981), Currently, Tanks S 1-S22 are being addressed as part of the larger ORWBG facility
under the Federal Facility Agreement.

4.0 CA~RA DEVELOPMENT

The WSRC Engineered Equipment and Systems Department, working in conjunction with ERD,
developed an inspection system that could be deployed into the solvent tanks. This inspection system was
developed with a color video camera with a zoom lens and a high intensity light. The camera was
mounted in a housing which enabled it to be tilted up and down remotely by safety cables once inside the
tank. The system was afso designed to be panned by rotating a steering plate on top of the riser. The light
demanded a special deployment due to the narrow access riser along with the need for the light to be
parallel to the camera. The light was mounted to a springed door in the side of the system housing and
secured with an electromagnet. Once the inspection system penetrated the inside of the tank, the
electromagnet was released, allowing the springed light panel to rotate out of the camera housing and into
position.

● Insertion of the inspection system into several of the tanks was prevented due to obstructions in the riser
.. . pipes. The obstruction consisted of flat barstock made of stainless steel with a cross section of

approximately 1-1/4 inch by 1/4 inch. The flat barstock stood on the floor of the tank and projected Up

into the riser pipe. The top end of the barstock was severaf feet down in the riser. Multiple pisees of
barstock were also found in the same riser. The barstock was previously used by Waste Management
during the Tanks S1-S22 operational period and again during the mid 1980s to measure aqueous levels in
the tanks. Inspection of the tanks with blocked risers could not continue without the development of a
second, smaller system or removal of the barstock.

To accelerate the inspection process, a second system was developed with a black and white video camera
with a wide-angle lens and a high intensity light. The camera was mounted in a smaller housing which
would pass by the barstock and enter into the tank. The operation and capabilities of the second system
was the same as the first.

WSRC procedures require that final acceptance inspection is made before new equipment is placed in
service. Based on the final acceptance inspection of the cameras, both systems were classified by WSRC
Industrial Hygiene (IH) and Safety Departments as being non-intrinsically safe. The cameras were
approved for use but with safety controls in p]ace.
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●
5.0 TANK ENVIRONMENT

Prior to December 1994, Tanks S 1-S22 were open to the environment facilitating atmospheric exchange and
the loss of volatiles from within the tanks. Vapor phase samples were collected from the headspace in Tanks

S1-S22 in December 1994 and March 1995. Thevapor phase samples were analyzed for Volatile Organic

Compounds (VOCS), Semi-Volatile Organic Compounds (SVOCS) and radionuclides. Ahbome SVOCS and

radionuclides were not detected in any of the vapor phase samples. No VOCS were detected in the vapor

phase samples taken from Tanks Sl, S7, S8, and S1.1. The VOCs that were detected inthe vapor phase

samples from the remaining tanks is shown in the Table below with units in ppm.

TankNo. alkyl Acetone Bem~ Xylenes MEK MBK ~E
hydrocdons

52 0.03 0.2 0.04 0.007

S3 0.02

S4 0.C09

S5 o.m7 0.009 O.(XI4

S6 0.03

S9 o.a4 O.w

Slo 0.1 0.C07

S12 0.004

S13 0.02 0.14 0.01 O,w

S14 0.03 0.s04

S15 0.4s 1.1 O.w 0.14 O.w

S16 0.08 0.02 O.m

S17 0.0 I 0.2 0.03 0.007 0.007

S18 0.1 0.08 0.01 0.05 0.C07

S19 0.47 1.5 2.1 0.47

S20 0.23 0.05

S21 0.05 0,06

S22 0.14 0.07

●

Based upon review of this analytical data, Industrial Hygiene end Fire Protection Engineering determined
that it is unlikely that any of the tanks had contained combustible atmospheres at the time of sampling.

Prior to sampling, glove bags with HEPA filters were placed over all riser pipes to prevent personnel
exposure to potentird airborne radiological releases during the sampling process. Upon completion of the
sampling, ERD elected toleaveplestic sleeves with HEPA filters overall riser pipes to prevent attyfttture
potential airborne radiological releases and the infiltration of precipitation into the tanks. These sleeves dso
prevented atmospheric exchange and the loss of volatiles. Since December 1994, all riser pipes have
remained continually covered with the plastic sleeving. The sleeves are currently inspected on a monthly
basis and replaced when required.

Based on the potential build-up of combustible gases in the tanks and the plan to insert non-intrinsically safe
cameras into the tanks, a combustible gas testing program in conjunction with the camera survey program
was developed. This program was developed by ERD, WSRC Industrial Hygiene and WSRC Fire
Protection Engineering. The atmosphere in each tank was tested immediately prior to insertion of the
camera into the tank using a Mine Safety Appliance (MSA) Model 261 Combustible Gss and Ox

*

—

. ..’
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Indicator. An MSA air sample hose was lowered into each tank, stopping at three foot intervals to test the
atmosphere. Testing began at the top of the riser pipe and continued to within two feet of the bottom of the
tank. The final two feet was not tested due to potential contact with the tank solvents and the MSA air
sample hose. The atmosphere in all 22 tanks was successfully tested. The air sampling hose that was
inserted into each tank was constructed to provide the ability to measure the tank from the top of the riser
pipe to the floor of the tank. This measurement provided the means to verify tank burial depth. The results
of the combustible gas testing and tank burial depths are shown in Appendix A.

IH established the acceptance criteria for placing the camera into a tank ats 10% of the Lower Explosion
Limit (LEL). All tanks with the exception of Tanks S 12, S 19 and S20 met this criteria and were successfully
surveyed and videotaped. These 19 video tapes are current] y controlled m records in ERD Document
Control.

6.0 RESULTS/ FINDINGS

Review of the video tapes indicate that none of the 19 tanks surveyed have structurally failed. There was
no visible signs of tank penetration on any of the tanks. Heavy corrosion was seen on the ceiling (above
the liquid level lines) of most of the tanks. Another video finding is the nature of the tank construction.
Tanks S 15 and S 16 are riveted construction and have a considerable amount of interior piping, bracing,

●
and a large man way with a vertical ladder. Review of the video tapes of these two tanks with members of
the SRS Railroad Department have determined the tanks are probably railroad tank cars. Several other

.,

tanks contain unexpected structural members which are described in Appendix A. The video afso
provided tbe direction of tank inclination. Tank inclination is shown on Flgnre 1 and Appendix A. Afl
tanks contain some quantity of residue. The total estimated quantity of liquid & shrdge in each tank is
shown in Appendix A.

7.0 TANKS S12,S19,AND S20

The Lower Explosion Limit detected in the headspace in Tanks S 12, S 19, and S20 was 20%. This exceeded
the acceptance criteria for camera insertion into these tanks. Tanks S 19 and S20 were subsequently visurdly
inspected, looking into tbe tanks at both ends through the riser pipes of each tank. Liquid was identified at
the east end of Tank S 19 and sludge only at the west end. Liquid was identified at the east and west end of
Tank 20. An intrinsically safe camera (Fiber Scope) and light source (Fiber Optic Cable) wem used to
survey Tank 12. Both ends of Tank S 12 were surveyed with no liquid or sludge identified. The fiber scope
camera was not compatible with the video unit so the survey of Tank S 12 was not video taped. The
headspace in these three tanks was resampled in mid 1998 and analyzed for the same parameters as
previously performed, but with the addition of totaf hydrogen. The VOC, SVOC and radionuclide analytical
results were consistent with the results previously found. However, the hydrogen detected in the tank
headspace samples taken from these three tanks was is the range of 0.3% to 0.5% by volume. This would
explain tbe elevated LEL reading and may indicate radlolytic degradation of solid materiaf in these three
tanks.
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1.

2.

3,

4.

5.

. . .. .

●
6.

7.

8.

9.

APPENDIX A

‘Tank Installation Dates” were obtained from historical documentation related to Tanks S1-S22.

‘Tank Sizes” were initially obtained from historical documentation related to Tanks S1-S22. Tank sizes were verified hy
Ground Penetrating Radar in 1993.

“Tank Capacity” was calculated using the tank dimensions.

“Lifetime Quantity of Solvent Stored” was obtained from historical documentation related to Tanks S1-S22.

“Estimated Total Volume of Waste Remaining” waa estimated by approximstin8 the width of the liquid pond (relative to
the diameter) at each end of the tank as seen on the video tapes. Tank specific computer models were produced using this
data to establish the total volume of waste material in each tank. The fiber scope camera survey psrformed in Tmk S12 was
inconclusive due to the limited visual range of the fiber scope and light source. The survey indicated that liquids and sludge
were not present dirsctly beneath the riser pipes, however, the lowest point in the tank was beyond range of the fiber scope.
The total volume of waste material in this tank is based on tbe worst case scenario. R has been assumed that liquid and
sludge exist in the lowest end of the tank just beyond the visible area. A computer model was produced using this
assumption. The computer model produced for Tanka S19 was based on the visual inspection of the tank discussed in
Section 7.0 and the liquid measurement performed in the east end of the tank in late 1995. The computer model for Tank
20 was baaed on the liquid measurement performed in the east end of the tank in late 1995 and the known inclination of the
tank (shown in Appendix A).

“Estimated Liquid Currently Stored in Tank” was obtained by subtracting the estimated sludge from the total volume.

“Estimated Sludge Currently Storsd in Tank” was estimatsd by tbe relative percentage of sludge material fiat was visible
compared to the liquid phase. Since the solids reside beneath the liquid in most cases, a high de~ee of uncertainty exista
with these estimates. Where there was no liquid in the tank, the sludge content was approximated by estimating the
thickness of the dried residue from visual observations, and multiplying it by tbe estimated area.

“LEL Tank Survey Readings” have been documented by WSRC Industrial Hygiene. These documen~ are controlled as
rscords and storsd in the SRS Records Retention System.

“Tank Features” ars bassd on review of the video tapes. All tanka had at least one measwe rod (discussed in Section 4.0).
All measure rods have bsen cut in bdf and laid on tie tank floor. All tanks with the excsption of S6 and S8 bad one stand
pips. Thestand pips is a 2“ diameter pipa that was ussd to add solvent to the tank and rsmove solvent from the tank during
the MS operational period. All stand pipes have been cut in half and laid on the floor of tbe tank.

10. “Elevation View” tank inclination is bassd on the tank spscitic computer models producsd. Burial depth is based on
historical documentation and confirmed by measurements (top of riser pipe to tank floor) obtained during the combustible
gas t&ting progmm discussed in Section 5.

11. Photos have bsen taken from the video tapes for tanks S1 to S22, not including S12, S19, and S20. These photos where
selectsd to give a representative view of the tanh’ and the type of visual data that was gathersd during the video survey. In
general, the selected photos shown are designed to provide an indication of tank incline and the approximate quantity of
waste remaining in the tanks. Some photos were selected that show unique features of some tanks.. . .
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●
TANK S1

-

Lifetime uantit of Solvent Stored ( al)
Estimated Total Volume of Wnste Remainin ( al)
Estimated LI uid Currentl Stored in Tank ( al)
Estimated Slud e Cumentl Stored in Tank ( al)

LEL TANK SURVEY READINGS

TESTING INTERVALS

8’-0” I G’-w I 9’-0” 12’-0” 1s-r 18-0”

5% 790 790 8% NIA I NIA

Tank Features:

~Is tank has two capped drain plugs located at the base of tbe tank wall (one at each end of the tank). ●

Cmnsrewon

GroundElevation

y

i

SolventTank S1

3“
RemaininsLiqtid/Sludse

i~
1“

ELEVATfONVfEWLOOXfNGSO~

1: ..+,

L.
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●
Appendix A

Tank S1

.<.

●

!,_.

V]ew of liquid waste at east end of tank

View of liquid waste at w-t end of tank
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Appendix A Tank S2

LEL TANK SURVEY READINGS

TESTING INTERVALS

3-o” 6-o I 9-o” 12-0” 15’-0” 18’-0”

I

...- 0% I 0% I 0% I 0% NIA NIA

Tank Features:

~is tank has two capped drain plugs located at the base of the tank wall (one at each end of the tank).

Carom -on

OrOundE1evtion

t
~
h

I

..
SLEVATfON~W LoORINGSOUTR
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AppsndixA

Tank S2

V]ew of liquid waste at west end of tank

View of liquid& sludge waste at east end of tank
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TANK S3

-

Lifetime uant]t of Solvent Stored ( al)
Estimated Total Volume of Waste Remainin ( al)
Estimated Li uid Cumentl Stored in Tank ( al)

Estimated Slud e Currentl Stored in Tank ( al

LEL TANK SURVEY READINGS

TESTING INTERVALS

3-G” I 6-o I 9-0” 12’-0” 1s-r I 1 ~.o”

I

2% 3% I 3% I 3% NIA I NIA

Tank Features

~Is tank has two capped drain plugs located at the base of the tank wall (one at each end of the tank).

ELSVATfON~W LGGIGNGSOGTR
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●
AppendixA

Tank S3

View of liquid and sludge waste at east end of tank

View of liquid waste at west end of tank Appendm A
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.-. ●
TANK S4

-

Lifetime Quantit of Solvent Stored ( al)

Estimated Total Volume of Waste Remainin ( al

Estimated Li uid Currentl Stored in Tank ( al
Estimated Slud e Currentl Stored in Tank ( al

~
LEL TANK SURVEY READINGS

TESTING INTERVALS

Y-o” ~-o I q-o” 12’-0” 15’-G” 16’-0”

I I I I

o% 2% I 29. 2% NIA NIA

I ‘“
Tank Features

This tank hss one 2“ diameter pipe at the fsr end of the tank. This pipe stands vertically and spans between kc floor and the
ceiling of the tank. This pipe appears to be a structural support member.

●

Camus ktion
3*RiserPipe

-d Elbn

YAVA f%&

i

SolventTankS4

~ LiquidlSfudge

iL 6.5”
3“. . . .

SLRVATION VfSW -RING SOGT33
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●
Appendix A

.-

...

Tank S4

View of liquid waste& 2“ + pipe at east end of tank

L-----– - ,,, -.

V:ew of liquid and sludge waste at mid tank
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Tank Installation Date 9/55
Tank Size (ft) 10.5 X 38.5
Tank Capacity (gal) 24,940
Lifetime Quantity of Solvent Stored (gal) 96,230
Estimated Total Volume of Waste Remaining (gal) 204
Estimated Liquid Currently St[.ored in Tank (gal) I 92

I Estimated Sludge Currently Stored in Tank (gal) 112

WSRC.RP-98-04225
Revision No. O
Page 18 of 50

LEL TANK SURVEY READINGS

TESTING INTERVALS

3-0” I 6’-0 I 9-o 12’-0” 15-0” I 18’-0”

I
2% I 9% I 8% I 8% 8% I NIA

This tank contains several structural members, including a metal ladder. There are four horizontal structural members which
appem tObe 1‘ above the floor of the tank. One member appears to be a 6“ wide structural beam which spans the length of the
tank. The other three appea to be 4“ diameter pipes that are perpendicular to the beam. There is one pipe located at each end
of the tsnk snd one at mid tank. The is one vertical 2“ diameter pipe at mid tank that is attached to the top of the beam and ●
stops approximately 1‘ from the ceiling of the tank. mere are two, 2“ diameter pipes (standing side by side) at one end of the
tank that project into the tank approximately 3’ through the ceiling of the tank.

Camas hrdon

Gmwd Elevadon

t
%
.

i

. ..
SolventTaukS5

i
L

1’-0.125” 8“

!

ELEvA330N VISWLOORINGNOR~

Appendix A
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●
Tank S5

●

✎✎✎✎

View of tank internal structural members at mid tank

View of liquid waste at west end of tank
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●
Tank S6

-

Lifetime Quantlt of Solvent Stored ( al)
Estimated Total Volume of Waste Remainin ( al)
Estimated Li uid Currentl Stored in Tank ( al)
Estimated Slud e Currentl Stored in Tank ( al)

LEL TANK SURVEY READINGS

TESTING INTERVALS

3’-0” 6-o” I 9’-0” 1P-o” 15’-0” I 16-0”

I

2% 2% 2% 2% NIA I NIA

Tank Features:

None

GroundElevation

I
SolventT* S6

*,@,
Rr,_ Liquid L

-

em brdon
Si.urPipe

...’

ELEVATION~W LGGIGNGNORTR
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●
Appendix A

●
. .

. . . .

0

Tank S6

View of liquid waste at west end of tank
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●
TANK S7

‘Tank Installation Date 4/56
T.. b Q;.. /f,\ I R5Xl Xll

Tank Capacity (gal) I 7,641

L,fetime Quantity of Solvent Stored (gal) 23,944

Estimated Total Volum(
Estimated Liquid Currently Stored in Tank (gal) I 317

Estimated Sludge Currently Stored in Tank (gal) 2

[eof Waste Remaining (gal) ! 319 I

LEL TANK SURVEY READINGS

TESTING INTERVALS

3-o” I 6-o I 9’-0” 12-0” 15-0” I 18-0”

I I

o% I 2% I 2% 2% NIA NIA

This tank contains one 2“ diameter pipe at the far end of the tank. ~Is pipe stands vertically and spans between the floor and
the ceiling of the tank. This pipe appears to be a structural support member. ●

.
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Appendix A

Tank S7

,.s.

View of liquid waste& 2“ $ pipe at east end of tank
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TANK S8

-

Lifetime Quantit of Solvent Stored( al)

Estimated Total Volume of Waste Remainin ( al)

Estimated Li uid Cumentl Stored in Tank( al)

Estimated Slud eCurrentl Stored in Tank( al)

. . .
LEL TANK SURVEY READINGS

TESTING INTERVALS

3-0” I 6’-0 1 9-W 12-0” 16’-0” I 18-0”

I I

o% o% I o% o% tilA I NIA

Tank Features:

~Is tank contains one 2“ diameter pipe at the far end of the tank. ~Is pipe stands vertically and spans ktween the floor and
the ceiling of the tank. ~Is pipe appears 10be a structural support memhar.

●

C9ma ticm

OmundE-on

7m
. . . ..

SolvenlTaukS8

1.5”

J
6“

SLSVATIONVISWLQOKINGNORTH
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●
Appendix A

Tank S8

View of liquid and sludge waste at weat end of tank
. . . ..

●
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Page 26 of 50

LEL TANK SURVEY READINGS

TESTING INTERVALS

3-o” I 6-o” I 9’-0” 12’-0” 15-0” 18-0”

I I I

o% o% I o% o% o% o%

Tank Features:
...,

This tank contains two capped man ways in the tank ceiling located at mid tank.

F 4“RiserPips 4“RiserPiw
GnnmdEkvadOn

t
~ kvhvhvhvhvhvhvhvhvl YAVA
.

SOlvaIITaakS9

i
2“

. . . .

SLEVA~ONVD!WLOOKINGEAST
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●
Appendix A

●

,.

Tank S9

View of dried sludge at south end of tank

View of dried sludge& air sample hose at north end of tank

.s, .,
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-

tifetime uant,t of Solvent Stored ( al)
Estimated Totsl Volume of Waste Remainin ( al)
Estimated U uid Currentl Stored in Tank ( al)
Estimated Slud e Currentl Stored in Tank ( al)

. . LEL TANK SURVEY READINGS

TESTING INTERVALS

3-O” I 6-o I 9-o” 12’-0” 15-0” I 18-0”

I I

o% o% o% 0% o% o%

Tank Features:

~Is tank contains one, 1“ diameter by approximately 10’ long pipe laying on the tsnk floor. This pipe is lying loose and is not
attached to the tank. There are also two capped man ways in the tank ceiling located at mid tank. ●

/ 4n W Pipr. 4“ e Pp
GroundEtcvadOn

J
y AVAVAVAVAVAVAVAVAVLWAVA.

J.
I

~
DE~

BYG.P.R. =VATION VISW~RIt4G sAST
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●
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Tank S1O

View of liquid waste at south end of tank

●
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TANK S11

~~~~~ -

Lifetime uantlt of Solvent Stored ( al)

Estimated Total Volume of Waste Remainin ( al)

Estimated Li uid Cumentl Stored in Tank ( d)
Estimated Slud e Currentl Stored in Tank ( al

LEL TANK SURVEY READINGS

TESTING INTERVALS

3’-0” I 6-o I 9-o 12-0” 15-0” I 13’-0

I

o% o% o% o% 0% I filA

Tank Features:

This tank contains two capped man ways in the tank ceiling located at mid tank.

r Carom Wrdon
. .. . . . /

4“ Ri5u Pipe 4“b Pp
OmlmdElN8d0n

t,
g
.

I

I SalvcntT8nkSll

o“

i
~ Liqui~ludge

1.5” k

L
1.5”

-1-

SLSVATIONVISWLOORU413sAST

.

I
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●
Appendix A

Tank S11

. . . ..

●

I . . . .

View of liquid waste at south end of tank
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●
Appendix A Tank S12

Tank Installation Date 3159

Tank Size (ft) 8.0 X 20.0

Tank Capacity (gal) 7,521

Lifetime Quantity of Solvent Stored (gal) 19,206

Estimated Total Volume of Waste Remaining (gal) 10 Based on conservative assumptions

Estimated Liquid Currently Stored in Tank (gal) 5 Based on conservative assumptions

Estimated Sludge Currently Stored in Tank (gal) 5 Based on conservative assumptions

LEL TANK SURVEY READINGS

TESTING INTERVALS

3-o” I 6’-0 I 9-o 12-0” 15’-0” I 18-0”

I
8% I9% I 21% x x x

X = sTOPPED, EXCEEOING RAC310LOGICALLIMITS

....

. .
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APPENDIX A TANK S13

-

tifetime uantit of Solvent Stored( al)
Estimated Total Volume of Waste Remainin ( al)
Estimated Li uid Cumentl Stored in Tank( al)
Estimated Slud eCumentl Stored in Tank( al)

LEL TANK SURVEY READINGS

TESTING INTERVALS

3’-0” 6’-~ I 9’-0 12-0” 15’-0” I 18-0

I

8% I 890 8% 8% 4% NIA

Tank Features:

~Is tank contains one capped man way in the tank ceiling located at mid tank.

Cmuua3n9ution

t
~
.

i

SOIVCIlt Tank S]3

1.5”

i
9“

ELEVATIONVISWLOOKINGSAST

I
....
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●
Tank S13

View of liquid and sludge waste at mid tank ●

View of liquid and sludge waste at north end of tank
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APPE~M A TANK S14

-

Lifetime uantlt of Solvent Stored ( al)
Estimated Total Volume of Waste Remainin ( al)
Estimated LI uid Cumentl Stored in Tank ( al)

Estimated Slud e Currentl Stored in Tank ( al)

LEL TANK SURVEY READINGS

TESTING INTERVALS

3-o” I 6-W 9’-0 1z-o” 15’-0” I 18’-0”

I I I
o% 090 89. 8% 6% I 6%

Tank Features:

~Is tank contains one, approximately 3“ diameter pipe projwting diagonally through the side of the tank. This pipeprojects
approximtel y U into the tank. The tank also contains four 2“ diameter by approximately 15’ long pipes laying on the tank
floor. These pipes we lying loose and not attached to the tank.

i 3.5”
5.5”

ELSVATtON VISW LOGKINGSAST
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●
Tank S14

View of liquid waste and four 2“ $ pipes at north end of tank

1.....
View of liquid and crystalline waste at south end of tank

●
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APPENDLX A TANK S15

-

Lifetime Quantit of Solvent Stored ( al)
Estimated Total Volume of Waste Remain in ( al)
Estimated Li uid Currentl Stored in Tank ( al)
Estimated Slud e Currentl Stored in Tank ( al)

LEL TANK SURVEY READINGS

TESTING INTERVALS

3’-0” 6’-0 9-o 12’-0” 15’-0” I 18’-0”

4% 8% 8% 8% 9% I 9%

Tank Features:

Thers are several, 2“ diameter pipes attached to the floor of the tank with steel braces. These four pipes travel tie length of the

● tanks. It is unknown if these pipes penetrate through the walls of the tank. The tank also has a lerge man way with a vertical
ladder that spans from the ceiling to the tank floor.

4“ &r Pipe
Cmnm 3nsud0n

4. Ri8u P~
GroundElevtiOll

VAVAPWAVAVAVAVAVAVAVAVVAVAt$.,..,.
i

SolventTankS15

k- Studge

4L 2“
3“

SLEVA~ONVISWLOOKINGNOR~
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Tank S15

View of sludge waste, ladder and ladder supports at weat end of tank ●

View of sludge waste, internal piping& piping supporte on tank floor at mid tank
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●
APPE~IX A TANK S16

~

Lifetime uantit of Solvent Stored ( al)

Estimated Total Volume of Waste Remainin ( al)

Estimated U uid Currentl Stored in Tank ( al)

Estimated Slud e Currentl Stored in Tank ( al)

.,. .
LEL TANK SURVEY READINGS

TESTING INTERVALS

3’-0” I 6-W I 9’-0” 12’-0” 15’-0” I 1w-o”

I I

o% I 090 3% 390 3% NIA

Tti Features:

Them sre several, 2“ diameter pipes attached to the floor of the tank with stsel braces. Thew pipes travel the length of the

●
tanks. It is unknown if these pipes penekate through the walls of the tank. The tik also has a lmge man way with a vertical
ladder that spans from the ceiling to the tank floor.

. . . ..

~-on

f

$

i

Solvmt TnnkS16

Re_ Sludge

tL 4“
3“

ELEVATfONVmWLGG~G NOR3H



.—

Tschnicai Report on the ORWBG WSRC-RP-98-04225

Solvent Tanks Revision No. O

Video Survey Summary Page 40 of 50

●
Appendix A

Tank S16

--,.

V]ew of sludge waste, internal piping& pipe supports on tank floor at east end of tank

..,.

View of sludge waste and ladder at w-t end of tank
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●
APPENOIX A TANK S17

-

~lfetime Uantlt of Solvent Stored ( al)

Estimated Total Volume of Waste Remainin ( al
Estimated Li uid Currentl Stored in Tank ( al)
Es[imated Slud e C.rrentl Stored in Tank ( al)

LEL TANK SURVEY READINGS

TESTING INTERVALS

3’-0 I 6-o” I 9’-0 12’-0” 1 s.~ I 1 w-w

o% I o% I 090 I 090 I N\A I NIA

Tank Features:

~Is tank contains one capped man way and one capped penetration in the tank ceiling located at mid tank.

●✎✎✌

COmera fnsetion

4“ RiserPipe
GroundElevu.don

4“Bi9cfpipe

t
5 AVAVAVAVAVAWVAVA.

i
1“

DE~
BYG.P.R. ELEVA~ONVISWLOOKfNGNOR~

●
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●
Appendix A

Tank S17

View of sludge material at east end of tank ● I

View of tank floor with measure rod& chain at west end of tank
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APPE~Lx A TANK S18

~

Estimated Total Volume of Waste Remainin ( al)
Estimated LL uid Currentl Stored in Tank ( al)

Estimated Slud e Cumentl Stored in Tank ( al)

LEL TANK SURVEY READINGS

TESTING INTERVALS

3’-0 I s-o I 9-0” 12’-0 15’-0” I 1 8-W

o% 090 0% o% NIA NIA

Tank Features:

~Is tank contains one capped man way in the tank ceiling located at mid tank.
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Tank S18

View of liquid waste and measure rod at east end of tank ●

L------
View of tank floor and support brace at w-t end of tank

.0
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Appendh A TANK S19

-

Lifetime Quantlt of Solvent Stored ( al)
Estimated Total Volume of Waste Remainin ( al)
Estimated L, uid Cumentl Stored in Tank ( al)
Estimated Slud e Cumentl Stored in Tank ( al

LEL TANK SURVEY READINGS

TESTING INTERVALS

3’-0 I 6-o” I 9’-0” 12’-0” 1S’-o” I 18-0”

4% 12% 207. I 209. I 20% 2070

●
-m Inserdon

t

5.

J

Solvm Td S19

~#4”

i
L

1’-2.5”
1,.1”

k

ELSVATfON ~W LoOKING NORTH

o
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TANK S20

-

Lifetime Quantlt of Solvent Stored ( al)
Estimated Total Volume of Waste Remainin ( al)
Estimated Li uid Currentl Stored in Tank ( al)
Estimated Slud e Cumentl Stored in Tank ( al)

LEL TANK SURVEY READINGS

TESTING INTERVALS

3’-0” I 6-U I 9-W 12’-0” 15’-0 16’-0”

12% I 18% I 20% 20% 20% NIA

solventTankS20

-i ~ MI*

i
1,.2”

6“

SLEVA2TON~W LOORINGSOUTR
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APPE~lX A TANK S21

~

Lifetime Quantit of Solvent Stored ( al)
Estimated Total Volume of Waste Remainin ( d)
Estimated L, uid Cmentl Stored in Tank ( al)
Estimated Slud e Currentl Stored in Tank ( d)

LEL TANK SURVEY READINGS

TESTING INTERVALS

3’-V 8’-0 I 9-o” 12’-0 1s-o” 18’-0

I

490 4% 4% 4% 4% NIA

Tank Features:

~Is tank contains one caDDedman way in the tank ceiling located at west end of the tank

●
✎✎

SLEVA~ONVIEWLOOIGNGSOUTR
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Tank S21
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View of liquid and sludge waste at east end of tank

I

L
View of liquid& sludge waste and air sample hose at west end of tank
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●
APPENOIX A TANK S22

LEL TANK SURVEY READINGS

TESTING INTERVALS

3-o I 6-o” I 9-o 12-0” 15’-0” I 18’-0

I I

4% 4% 4% 4% 4% 470

Tank Features:

~ks tank contains what appears to be a galvanized stsel trash can with lid. The trash can is approximately 30 gallon in size

●
and is resting on the floor of the tank at the west end. Inert debris that was probably contained in the trash can is also seen on
the tank floor.

Carom fnscrdon
4“ Riser Pipe

GroundEkvadon

tVAVAh-mi
SolventT8nkS22

L ~ LiquidiSl&e L

i
4.5”

3“



Technical Report on the ORWBG
Solvent Tanks
Vtdeo Survey Summafy

I Appendix A

WSRC-RP-98-04225
Revision No. O

Page 50 of 50

●
Tank S22

View of liquid waste and trash can at west end of tank

I

L.
View of liquid waste, trash can and debris at west end of tank
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DISCLAIMER

This report was prepared by Westinghouse Savannah River
Company (WSRC) for the United States Department of Energy

under Contract No. DE-AC09-96SR1 8500 and is an account of work
performed under that contract. Neither the United States Department

of Energy, nor WSRC, nor any of their employees makes any
warranty, expressed or implied, or assumes any legal liability or

responsibility for the accuracy, completeness, or usefulness, of any
information, apparatus, or product, or process disclosed herein or
represents that its use will not infringe on privately owned rights.
Reference herein to any specified commercial product, process, or
service by trademark, name, manufacturer or otherwise does not
necessarily constitute or imply endorsement, recommendation, or

favoring of same by WSRC or by the United States Government or
any agency thereof. The views and opinions of the authors

expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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LIST OF EPA/DHEC HAZARDOUS WASTE CODES

Section 261.24 of the South Carolina Hazardous Waste Management Regulations (May
28, 1993) defines “toxicity characteristic” as follows:

“a) A solid waste exhibits the characteristic of toxicity if, using the Toxicity
Characteristic bathing Procedure, test Method 1311 in Test Methods for Evaluating
Solid Waste, Physical/Chemical Methods,’ EPA Publication SW-846, as incorporated by
reference in 260.11, the extract from a representative sample of the waste contains any of
the contaminants listed in table 1 at the concentration equal to or greater than the
respective value given in that table. Where the waste contains less than 0.5 percent
filterable solids, the waste itself, after filtering using the methodology outlined in Method
1311, is considered to be the extract for the purpose of this section (revised 12/92; 12/93;
12/94)

b) A solid waste that exhibits the characteristic of toxicity has the EPA Hazardous Waste
Numkr specified in Table 1 which corresponds to the toxic contaminant causing it to be
hazardous (revised 12/92).”

Table 1 is entitIed, “Maximum Concentration of Contaminants for the Toxicity
Characteristic (amended 11/90).” A section of Table 1, containing five entries is shown

●
below.

Regulatory Level
EPA HW No. Contaminant CAS NO. (mg/L)

DO04 Arsenic 7440-38-2 5.0
DO06 Cadmium 7M0-43-9 1.0
DO07 Chromium 7440-47-3 5.0
DO09 Mercury 7439-97-6 0.2
DOlO Selenium 7782-49-2 I .0

●
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LIST OF HAZARDOUS WASTE CODES ACCEPTABLE AT THE ●
HAzARDOUS/MIXED WASTE STORAGE FACILIT~

Partial reproduction of Attachment 3, Table 5 from the Mixed Waste Storage Buildlng
Waste Acceptance Criteria with associated contaminant names’s.

EPA HW NO

DO04
DO05
D018
DO06
D019
D020
D021
D022
DO07
D023
D024
D025
D026
D016
D027
D028
D029
D030
D012
D031
D032
D033
D034
DO08
D013
DO09
D014
D035
D036
D037
D038
DOlO
DO11
D039
D015
D040
D041

Contaminant

Arsenic
Barium
Bertzene
Cadmium
Carbon tetrachloride
Chlordane
Chlorobenzene
Chlorofom
Chromium
o-Cresol
m-Cresol
p-Cresol
Cresol
2,4-D
1,4-Dichlorobenzene
1,2-Dichloroethane
1,l-Dichloroethylene
2,4-Dinitrotoluene
Endrin
Heptachlor (and its epoxide).
Hexachlorobenzene
Hexachlorobutadiene
Hexachloroethane
Lead
Lindane
Mercury
Methoxychlor
Methyl ethyl ketone
Nitrokuzene
Pentrachlorophenol
Pyridine
Selenium
Silver
Tetrachloroethylene
Toxaphene
Trichloroethylene
2,4,5 -Trichlorophenol ●
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D042
D017
D043
FOO1

FO02

FO03

FO04

FO05

FT)06
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2,4,6-Trichlorophenol
2,4,5-TP (Silvex)
Vinyl chloride
The following spent halogenated solvents used in degreming:
Tetrachloroethylene, trichloroethylene, methylene chloride, 1,1,1-
trichloroethane, carbon tetrachloride, and chlorinated fluorocarbons;
all spent solvent mixtures/blends used in degreaxing containing,
before use, a total of ten percent or more (by volume) of one or more
of the above halogenated solvents or those solvents listed in FO02,
FO04, and FO05; and still bottoms from the recovery of these spent
solvents and spent solvent mixtures.
The following spent halogenated solvents: Tetrachloroethylene,
methylene chloride, trichloroethylene, 1,1,1-trichloroethane,
chlorobcnzene, 1,1,2-trichloro- 1,2,2-trifluoroethane,
ortho-dichlorobenzene, trichlorofluoromethane, and
1,1,2-trichloroetharte; all spent solvent mixtures/blends containing,
before use, a total often percent or more (by volume) of one or more
of the above halogenated solvents or those listed in FOO1, FO04, or
FO05; and still bottom from the recovery of these spent solvents and
spent solvent mixtures.
The following spent non-halogenated solvents: xylene, acetone, ethyl
acetate, ethyl benzene, ethyl ether, methyl isobut yl ketone, n-butyl
alcohol, cyclohexanone, and methanol; all spent solvent
mixtures/blends containing, before use, only the above spent non-
halogenated solvents; and all spent solvent rnixturesfilends
containing, bfore use, one or more of the above non-halogenated
solvents, and, a total of ten percent or more (by volume) of one or
more of those solvents listed in FOO1,FO02, FO04, and FO05; and
still bottoms from tbe recovery of these spent solvents and spent
solvent mixtures.
The following spent non-halogenated solvents: Cresols and cresylic
acid, and nitrobenzetre; all spent solvent mixtures/blends containing,
before use, a total of ten percent or more (by volume) of one or more
of the above non-halogenatcd solvents or those solvents listed in
FOO1,FO02, and FO05; and still bottoms from the recovery of these
spent solvents and spent solvent mixtures.
The following spent non-halogenated solvents: Toluene, methyl
ethyl ketone, carbon disulfide, isobutanol, pyridine, benzene, 2-
ethoxyethanol, and 2-nitropropane; all spent solvent mixtures/blends
containing, &fore use, a total often percent or more (by volume) of
one or more of the above non-halogenated solvents or those solvents
listed in FOO1,FO02, or FO04; and still bottoms from the recovery of
these spent solvents and spent solvent mixtures.
Wastewater treatment sludges from electroplating operations except
from the following processes: (1) Sulfuric acid anodizing of



Savannah River Site WSRC-RP-98-01486
Characterization of Samgles from Old Solvent Tanks Revision 2
S 1 ~rough S22 “ 6/8/W

FO07
F027

PO05
PO09
Polo
Poll
P012
P015
P016
P017
P018
P020
P022
P023
P024
P028
P030
P037

P045

P048

P051

P054
P059

P060

P063

Page x

aluminum, (2) tin plating on carbon steel; (3) zinc plating
(segregated basis) on carbon steeb (4) afurninum or zinc-aluminum

●
plating on carbon steel; (5) cleaning/stripping associated with tin,
zinc and aluminum plating on carbon steel; and (6) chemical etching
and milling of aluminum.
Spent cyanide bath solutions from electroplating operations.
Discarded unused formulations containing tri-, tetra-, or
pentachlorophenol or discarded unused formulations containing
compounds derived from these chlorophenols. (This listing does not
include formulations containing Hexachlorophene synthesized from
prepurified 2,4,5 -trichlorophenol as the sole component).
Allyl alcohol, 2-Propen- 1-01
Ammonium picrate (R), Phenol, 2,4,6-trinitro-, ammonium salt (R)
Arsenic acid H3As04
Arsenic oxide Asz05, Arsenic pentoxide
Arsenic oxide ASZ03,Arsenic trioxide
Beryllium powder
Dichloromethyl ether, Methane, oxybis[chloro-]
Bromoacetone, 2-Propanone, 1-bromo-
Bnrcine, Strychnidin- 10-one, 2,3- dlmethoxy-
Dinoseb, Phenol, 2-(1-methylpropyl)4,6- dinitro-
Carbon disultide
Acetaldehyde, chloro-, Chloroacetaldehyde
Berrzenamine, 4-chloro-, p-Chloroaniline
Benzene, (chloromethyl), Benzyl chloride
Cyanides (soluble cyanide salts), not otherwise specified
Dieldrin, 2,7:3,6-Dimethanonaphth[2,3-b] oxirene, 3,4,5,6,9,9-
hexachloro-la,2,2a,3,6,6a,7, 7a-octahydro-, (laalpha,2beta,
2aalpha,3beta, 6hta, 6aalpha,7beta,7mlpha)-
2-Butanone, 3,3-dimethyl-l - (methylthio)- O-[(methyl-
arnino)carbonyl] oxime, Thiofanox
2,4-Dinitrophenol, Phenol, 2,4-dinitro
Endosulfan, 6,9-Methano-2,4,3- benzodioxathiepin, 6,7,8,9,10,10-
hexachloro- 1,5, 5a,6,9,9a-hexahydro-, 3-oxide
Endrin, & metabolizes, 2,7:3,6-Dimethanonaphth [2,3-b] oxirene,
3,4,5,6,9,9-hexachloro -1a,2,2&3,6,6a,7,7a-octahydro-,
(laalpha,2kta,2abeta,3 alpha, 6alpha,6abeta,7bcta, 7aalpha)-, &
metabolizes
Aziridine, Ethyleneitnine
Heptacblor, 4,7-Mqthano- lH-indene, 1,4,5,6,7,8,8-heptachloro-
3a,4,7, 7a-tetrahydro-
Isodrin, 1,4,5,8-Dlmethanonaphthalene, 1,2,3,4,10, 10-hexa-chloro-
1,4,4a,5,8,8a-hexahydro, (1alpha,4alpha,4abcta, 5beta,8beta,8a
beta)-
Hydrocyanic acid
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P064
P068
P069
P070

P071

P077
P089
P093
P095
P098
P102
P104
P105
P106
P108
P112
P115
P116
P119
P120
P123
P127

P128

P185

P188

P189

P190
P191

P192

P194
P196

P197
P198

Page xi

Methane, isocyanato-, Methyl isocyanate
Hydrazine, methyl-, Methyl hydrazine
Propattenitrile, 2-hydroxy-2-methyl, 2-Methyllactonitrile
Aldicarb, Propanal, 2-methyl-2- (methylthio)-, O-[(methyl-
amino) carbonyl]oxime
Methyl parathion, Phosphorotbioic acid, 0,0,- dimethyl O-(4-
nitrophenyl) ester

p-Nitroaniline, Benzenamine, 4-nitro-
Parathion, Phosphorothioic acid, 0,0- diethyl O-(4-nitrophenyl) (R)
Phenylthiourea, Thiourea, phenyl-
Phosgene, Carbonic dichloride
Potassium cyanide
Propargyl alcohol, 2-Propyn-l-ol
Silver cyanide
Sodium azide
Sodium cyanide
Str-ychnidin- 10-one, & salts
Methane, tetranitro- (R), Tetranitromethane (R)
Thallium(I) sulfate, Sulfuric acid, dithallium( 1 ) salt
Thiosemicarbazide, Hydrazinecarbothioatide
Ammonium vanadate, Vanadic acid, ammonium salt
Vanadium pentoxide, Vanadium oxide VZ05

Toxaphene

Carbofuran, 7-Benzofuranol, 2,3-dihydro-2, 2-dimethyl-,
methylcarbamate
Mexacarbate, Phenol, 4-(dimethylamino) -3,5- dimethyl-,
methylcarbamate (ester)
Tirpate, 1,3-Dithiolane-2-cmboxaldehyde, 2,4-dimethyl-, O-
[(methyl- amino)- carbonyl]oxime
Benzoic acid, 2-hydroxy-, compd. with (3aS-cis)-l,2,3,3 a,8,8a-
hexahydro-1 ,3a,8-trimethyl-pymolo[2,3-b]indol-5-yl
methylcarbamate ester ( 1:1), Physostigmine salicylate
Carbosulfan, Carbarnic acid, [(dibutylamino)- thio]methyl-, 2,3-
dihydro-2, 2-dimethyl- 7-benzofuranyl ester
Carbamic acid, methyl-, 3-methy\phenyl ester, Metolcarb
Dimetilan, Carbamic acid, dimethyl-, l-[(dimethyl-amino)carbonyl]-
5-methyl- 1H-pyrazol-3-yl ester.
Isolan, Carbarrric acid, dimethyl-, 3- methyl- 1- (1-methylethyl)- lH-
pyrazol-5-yl ester
Oxamyl
Manganese, bis(dlmethyl- crrrbamodithioato-S, S’)-, Manganese
dimethyldithio- carbamate
Formp&anate
Formetanate hydrochloride, Methanimidatide, N,N-dimethyl- N-
[3-[[(methylamino) -cwbrmyl]oxylphenyl]-, monohydrochloride
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P199

P201
P202

P203

P204

P205
Uool
UO02
UO03
UO04
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UO07
UO08
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U017
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U043
U044
U045
U046
U047
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Phenol, (3,5-dimethyl-4- (methylthio)-, methylcarbamate, ●
Methiocarb
Phenol, 3-methyl-5-( 1- methylethyl)-, methyl carbamate, Promecarb
Phenol, 3-( l-methylethyl)-, methyl carbamate, 3-Isopropylphenyl N-
methyI- carbamate, m-Cumenyl methylcarbamate
Aldicarb sulfone, Propanal, 2-methyl-2-( methyl- sulfonyl)-, O-
[(methylamino) carbonyl] oxime
Physostigmine, Pyrrolo[2,3-b]indol-5 -ol, 1,2,3,3a,8,8a-hexahydro-
1,3a,8-trimethyl-, methyl- carbamate (ester), (3aS-cis)-
Ziram
Ethanal (I), Acetaldehyde (I)
Acetone (I), 2-Propanone (I)
Acetonitrile (I,T)
Acetophenone, Ethanone, l-phenyl-
Acetyl chloride (C,R,T)
Acrylamide, 2-Propenarnide
2-Propenoic acid (I), Acrylic acid (I)
Acrylonitrile, 2-Propenenitrile
Amitrole, lH-1,2,4-Triuol-3 -atine, Benzenamine (I,T)
Aniline (I,T)
Beozenamine, 4,4’-carbonimidoylbls[N,N-dimethyI-, Auramine
Ben~ne, (dichlorometbyl), Benzal chloride
Beozene (I,T)
[1,1‘-Biphenyl]-4,4’-diarnine, Benzidine
Benzo[a]pyrene
Benzene, (trichloromethyl)-, Benzotrichloride (C,R,T)
Dichloroethyl ether, Ethane, 1,1‘-oxybis[2-chloro-
Dicbloroisopropyl ether, Propane, 2,2’-oxybis[2-chloro-
1,2-Benzenedicarboxylic acid, bis(2-ethylhexyl) ester,
Diethylhexyl phthalate
l-Butanol (I), n-Butyl alcohol (I)
Calcium chromate, Chromic acid HzCrOd, calcium salt
Chloral, Acetaldehyde, trichloro-
4,7-Methatto-lH-indene, 1,2,4,5,6,7,8, 8-octachloro-2, 3, 3rs,4,
7, 7a- hexahydro-, Chlordarte, alpha & gamma isomers
Benzene, chloro-, Chlorohenzene
Epichlorohydrin, Oxirane, (chloromethyl)-
Ethene, chloro-, Vinyl chloride
Chloroform, Methane, trichloro-
Methane, chloro-(1, T), Methyl chloride (I,T)
Methane, chloromethoxy-, Chloromethyl methyl ether
beta-Chloronaphthalene, Naphthalene, 2-chloro-
Phenol, 2-chloro-, o-Chlorophenol
Chrysene
Creosote
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U052
U053
U055
U056
U057
U060
U061
U063
U067
U068
U069
U070
U071
U072
U073

U074
U075
U076
U077
U078
U079
U080
U081
U082
U083
U084
U088
U091

U092
U095

U102
U103
U105
U106
U108
U109
Ullo
U112
U115
U116
U117
U121
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Cresol (Cresylic acid), Phenol, methyl-
2-Butenal, Crotonaldehyde
Bemne, ( l-methylethyl)-(1), Cumene (I)
Cyclohexane (I), Benzene, hexahydro-(1)
Cyclohexanone (I)
Benzene, 1,1 ‘-(2,2-dichloroethylidene)bis[4-chloro-, DDD
Benzene, 1,1 ‘-(2,2,2-trichloroethylidene)bis[4-chloro-, DDT
Dibenz[a,h]anthrace ne
Ethane, 1,2-dibromo-, Ethylene dibrornide

Methane, dibromo-, Methylene bromide
1,2-Benzenedicarboxylic acid, dibutyl ester, Dibutyl phthalate
o-Dichlorobcnzene, Benzene, 1,2-dichloro-
Benzene, 1,3-dichloro-, m-Dichlorobenzene
Benzene, 1,4-dichloro-, p-Dichlorobemne
[1,1‘-Biphenyl]-4,4’-diamine, 3,3’-dichloro-, 3,3’-
Dichlorobenzidine
2-Butene, 1,4-dichloro-(I,T), 1,4-DichIoro-2-butene (I,T)
Methane, dichlorodifluoro-, Dichlorodifluorometbane
Ethane, 1,l-dichloro-, Ethylidene dichloride
Ethane, 1,2-dlchloro-, Ethylene dichloride
Ethene, 1,1-dichloro-, 1,l-Dichloroethylene
Ethene, 1,2-dichloro-, (E)-, 1,2-Dichloroethylene
Methane, dichloro-, Methylene chloride
2,4-Dichlorophenol, Phenol, 2,4-dichloro-
2,6-Dichlorophenol, Phenol, 2,6-dichloro-
Propane, 1,2-dichloro-, Propylene dichloride
1,3-Dichloropropene, l-Propene, 1,3-dlchloro-
1,2-Benzenedicarboxylic acid, diethyl ester, Diethyl phthalate
[1,1‘-Biphenyl]-4,4’-diamine, 3,3’-dimethoxy-, 3,3’-
Dimethoxybenz idine
Methanamine, N-methyl-(I), Dimethylamine (I)
3,3’-Dimethylbenzidine, [1,1‘-Biphenyl]-4,4’-diamine, 3,3’-
dimethyl-
Dimethyl phthalate, 1,2-Berrzenedicarboxylic acid, dimethyl ester
Dimethyl sulfate, Sulfuric acid, dimethyl ester
2,4-Dinitrotoluene, Benzene, 1-methyl-2,4-dinitro-
Benzene, 2-methyl-1 ,3-dbritro-, 2,6-Dlnitrotoluene
1,4-Diethyleneoxide, 1,4-Dioxane
Hydrazine, 1,2-diphenyl-, 1,2-Diphenylhydrazine
l-Propanasnine, N-propyl-(1), Dipropylamine (I)
Ethyl acetate (I), Acetic acid ethyl ester (I)
Ethylene oxide (I,T), Oxirane (I,T)
2-Imidazo1idinethione, Ethylenethiourea
Ethane, 1,1‘-oxybis-(1), Ethyl ether (I)
Methane, trichlorofluoro-, Trichloromonofluoromethane
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U122 Formaldehyde
U123
U124
U125
U127
U128
U129

U130

U131
U132
U133
U134
U136
U138
U140
U142

U144
U146
U147
U151
U154
U157

U158

U159
U161

U162

U165
U166
U167
U169
U170
U171
U182
U183
U184
U185
U187
U188
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Formic aci~ (C,T)
Furan (I), Furfuran (I)
2-Furancarboxaldehyde (I), Furfural (I)
Hexachlorobenzene, Benzene, hexachloro-
1,3-Butadiene, 1, 1,2,3,4,4-hexachloro-, Hexachlorobutadiene
Cyclohexane, 1,2, 3,4,5, 6-hexachloro-, ( lalpha, 2alpha, 3beta,
4alpha, 5alpha, 6beta)-, Llndane
Hexachlorocyclopentadiene, 1,3-Cyclopentadiene, 1,2,3,4,5,5-
hexachloro-
Hexachloroethane, Ethane, hexachloro-
Hexachlorophene, Phenol, 2,2’-methylenebis[3,4,6-trichloro-
Hydrazine (R,T)
Hydrofhroric acid (C,T), Hydrogen fluoride (C,T)
Cacodylic acid, Arsinic acid, dimethyl-
Methane, iodo-, Methyl iodide
Isobutyl alcohol (I,T), l-Proparrol, 2-methyl-(I,T)
Kepone, 1,3,4-Metheno-2H-cyclobuta[cd] pentalen-2-one, 1, 1a,
3, 3a, 4,5,5, 5a, 5b, 6-decachlorooct*ydro-
Lead acetate, Acetic acid, lead(2) salt
Lead, bis(acetato-O)tetrAydroxytri-, Lead subacetate
2,5-Furandione, Maleic arrhydride
Mercury
Methanol (I), Methyl alcohol (I)
3-Methylcholanthrene, Benz~]aceanthrylene, 1,2-dihydro-3-
methyl-
Benzenamine, 4,4’-methyIenebis[2-chloro-, 4,4’-Methylenebis(2-
chloroanilirre)
2-Butanone (I,T), Methyl ethyl ketone (MEK) (I,T)
4-Methyl-2-pentanone (I), Methyl isobutyl ketone (I), Pentanol, 4-
methyl-
2-Propenoic acid, 2-methyl-, methyl ester (I,T), Methyl
methacrylate (I,T)
Naphthalene
1,4-Naphthalenedione, 1,4-Naphthoquinone
1-Naphthalenamine, alpha-Naphthylamine
Benzene, nitro-, Nitrobenzene (I,T)
Phenol, 4-nitro-, p-Nitrophenol
2-Nitropropane (I,T), Propane, 2-nitro-(I,T)
1,3,5-Trioxane, 2,4,6-trimethyl-, Paraldehyde
Berrzene, pentachloro-, Pentachlorobenzene
Ethane, pentachloro-, Pentachloroethane
Benzene, pentachloronitro-, Pentachloronitroknzene (PCNB)
Acetarnide, N-(4-ethoxyphenyl)-, Phenacetin
Phenol ●
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U190
U196
U197
U197
U201
U204
U207
U208
U209
U210
U211
U213
U215
U216
U218
U219
U220
U223

U225
U226
U227
U228
U234
U236

U239
U240

U247

Page xv

1,3-Isobcrrzofurandione, Phthalic anhydride
Pyridine
p-Benzoquinone
2,5-Cyclohexadiene- 1,4-dione
1,3-Benzenediol, Resorcinol
Selenious acid, Selenium dioxide
Benzene, 1,2,4,5-tetrachloro-, 1,2,4,5-Tetrachlorobenzene
Ethane, 1,1,1,2-tetrachloro-, 1,1,1,2-Tetrachloroethane
Ethane, 1,1,2,2-tetrachloro-, 1,1,2,2-Tetrachloroethane
Ethene, tetrachloro-, Tetrachloroethylene
Carbon tetrachloride, Methane, tetrachloro-
Furan, tetrahydro-(I), Tetrrdrydroftrran (I)
Carbonic acid, dithallium( 1 ) salt, Thallium(I) carbonate
Thallium chloride TIC], Thallium(I) chloride
Ethanethioamide, Thioacetamide
Thiourea
Benzene, methyl-, Toluene
Benzene, 1,3-diisocyanatomethyl-(R,T), Toluene diisocyanate
(R,T)
Bromoform, Methane, tribromo-
Methyl chloroform, Ethane, 1,1,l-trichloro-
1,1,2-Trichloroethane, Ethane, 1,l,2-trichloro-
Ethene, trichloro-, Trichloroethylene
Benzene, l,3,5-trinitro-, 1,3,5-Trinitrobcnzene (R,T)
2,7-Naphthalenedisulfonic acid, 3,3’-[(3,3’-dimethyl[ 1,1‘-
biphenyl]-4,4'-diy l)bis(no)bis[5-afino-4-hydroxy]-, tetrasodium
salt, Trypan blue
Benzene, dimethyl-(I,T), Xylene (I)
2,4-D, salts & esters, Acetic acid, (2,4-dichlorophenoxy)-, salts &
esters
Benzene, 1,1‘-(2,2,2-trichloroethylidene) bis[4-methoxy-,

U271

U278
U279
U280

U328
U359
U364
U367
U372
U373
U386

Methoxychlor
Carbamic acid, [l-[(butylamino)cmbony l]- lH-&nzimidazol-2-yl]-,
methyl ester, Benomyl.
1,3Benzodioxo1401, 2,2dimethyl, methyl carbamate, Bendiocarb.
1-Naphthalenol, methylcarbamate, Carbaryl.
Carbamic acid, (3-chIorophenyl)-, 4-chloro-2-butynyl ester,
Barban.
Berrzenamine, 2-methyl-, o-Tohridine
Ethanol, 2-ethoxy-, Ethylene glycol monoethyl ether
1,3Benzodioxo1401, 2,2dimethyl, Bendiocarb phenol.
Crrrbofaranphenol, Benzofiranol, 2,3-dhydro2,2-dimethyl
Carbcndazim Carbamic acid, lH-~nzimid=ol-2-yl, methyl ester.
Carbamic acid, phenyl-, 1-methylethyl ester, Propham.
Carbamothioic acid, cyclohexylethyl-, S-ethyl ester.
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U387 Carbamothioic acid, dipropyl-, S-(phenylmethyl) ester, ●
Prosulfocarb.

U389 Carbamothioic acid, bis(l-methylethy l)-, S-(2,3,3 -trichloro -2-

U390
U391
U392
U394

U395

U404
U409

U41O

U411

propenyl) ester, Triallate.
Carbamothioic acid, dipropyl-, S-ethyl ester.
Carbamothioic acid, butylethyl-, S-propyl ester.
C~bamotbioic acid, bis(2-methylpropyl)-, S-ethyl ester.
.42213, Ethanimidothioic acid, 2-(dimethylatino) -N-hydroxy- 2-
OXO-,methyl ester.
Ethanol, 2,2’-oxybis-, dicarbamate, Diethylene glycol,
dicarbamate.
Ethanamine, N,N-diethyl-, Triethylamine.
Carbamic acid, [1,2-phenylenebis (irrdnocarbonothioyl)] bis-,
dimethyl ester, Thiophanate-methyl.
Ethanimidothioic acid, N,N’-[thiobis[(methylimino)cmbonyloxy]]
his-, dimethyl ester, Thiodicarb.
Phenol, 2-( 1-methylethoxy)-, methylcarbamate, Propoxur.

I
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INTRODUCTION
1111111111111111111111

1.0 AOZQ

The Old Radioactive Waste Burial Ground (ORWf3G, 643-E) contains 22 old solvent
tanks (S 1 – S22) which were used to receive and store spent PU~X solvent from F- and
H-Canyons. The tanks are cylindrical, carbon-steel, single-wall vessels buried at varying
depths. A detailed description of the tanks and their history can k found in Reference 1.

A Sampling and Analysis Plan for the characterization of the material contained in the
old solvent tanks was developed by the Analytical Development Section (ADS) in
October of 19972. The Sampling and Analysis Plm identified several potential disposal
facilities for the organic and aqueous phases present in the old solvent tanks which
included the Solvent Storage Tank Facility (SSTF’),the Mixed Waste Storage Facilities
(MWSF), Tmnsuranic (TRU) Pads, andor the Consolidated Incineration Facility (CIF).
In addition, the 241-F/H Tank Farms, TRU Pads, and/or the MWSF were identified as
potential disposal facilities for the sludge phases present in the tanks.

The ptr~ose of this sampling and characterization was to obtain sufficient data on the
material present in the old solvent tanks so that a viable path forward, based upon the
data in this report, could be established for the closure of the tanks. Therefore, the
parameters chosen for the characterization of the various materials present in the tanks

●
were based upon the Waste Acceptance Criteria (WAC) of the SSTF3, TRU Pads4,
MWSF5, C@, and/or 241-F/H Tank Farms7. Several of the WACS have been revised,
cancelled, or replaced by new procedures since October of 1997 and hence where
required, the results of this characterization program were compared against the latest
revision of the appropriate WAC.

It must be emphasized that this project was performed in order to characterize the
contents of the Old Solvent Tanks. This study included determining the physical,
chemical, and radiochemical characteristics of the contents of the Old Solvent Tanks.
Criticality safety.is not within the scope of this report. However, a criticality safety
review has been performed (“Evaluation of Old Solvent Storage Tanks 1-22”, WSMS-
CRT-99-0039) using the data from this characterization and is included as Attachment 4
to the “Addendum to the WorkplafiCRA Facility Investigatiotiemedial Investigation
Report of the Old Radioactive Waste Burial Ground 643-E, S01-S22.” Please refer to
WSMS-CRT-99-O039 for criticality safety issues regarding the Old Solvent Tanks,
including the calculation of Fissile Gram Equivalent (FGE) quantities.

The sampling campaign was essentially divided into three parts. The first part consisted
of nine liquid samples from seven tanks while the second part consisted of six liquid
samples from six additional tanks. Finally, the third part focussed on sludge sampling
and also attempted to obtain liquid samples from those tanks that contained liquid but
were not previously sampled. Thus, ADS of the Measurement Technology Department
(MTD) of the Savannah River Technology Center (SRTC) received 17 liquid samples

● (from 15 different tanks) and 14 sludge samples (from 12 different tanks) for
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characterization. In some cases, only very small sample quantities were obtained. In ●
these cases, only limited and/or qualitative analyses were performed; hence, a significant
deviation from the Sampling and Analysis Plan resulted. Qualitative analytical results
refer to those data that provide information regarding what constituents are present. This
is in contrast to quantitative analytical results, which not only identify what constituents
are present but also how much of these constituents are present. This report discusses in
detail the chemical and radiological characterization of all of the samples submitted to
ADS for analyses.

Tables 1 and 2 list the identities of the liquid and sludge samples, respectively, submitted
to ADS. These tables also have any general comments associated with the original
samples.

98018-19-0
98018-19-A
98018 -20-T

Identification
w I U.lV,LJ m I Commenfi

}Uu 11YUL6 lYIA

s--- -~223 N/A

)00109224 NIA
100109225 NIA {●
100118504 N/A
)00109226 N/A
‘-”- “?694 NIA

S19 300104695 “Top” liquid layer, thought to k organic
S19 300104696 “Bottom” liquid layer, thought to be aqueous

S20 300104694 “Top” fiquid layer, thought to b organic
S20 300104693 “Bottom” liquid layer, thought to be aqueous

“360 N/A

I SLL I 3UU~w227 NIA

The sampling process was unsuccessful on multiple tanks. Tanks S 10, S 12, and S 18
were not sampled for liquids due to the presence of only very minimal amounts of liquids
in these tanks. Tanks S9 and S 17 were not sampled for liquids kause these tanks
contained no liquids. For Tanks S 15 and S16, initial sludge sampling indicated the
potential presence of liquids in both tanks. However, upon re-sampling, only sludge was
obtained.

Typically for the sludges, the unsuccessful sampling events were caused by the presence
of only very minimal amounts of solid material (<1/16 thickness). Shrdge sampling was
attempted in Tanks S3, S5, S 10, S 11 (see Tables 2 and 3), and S 12. However, due to the
presence of only very minimal amounts of material in these tanks, sludge samples were ●
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not obtained. Even though attempts were made to obtain sludge samples, the Sampling
and Analysis Plan did not require sludge sampling in Tarrks S3, S 10, S 11, and S 12 due to
the presence of less than 50 gallons of solid phasez. No sludge sampling was attempted
from Tanks S 1, S9, S 17, and S 18. All four of these tanks contained small amounts of
sludge (< 50 gallons) and therefore sampling was not required per the Sampling and
Analysis Plan2. Tanks S 12, S 13, S 14, S 15, and S 16 were sampled twice due to
unsuccessful sampling events. Even after two attempts, an acceptable sludge sample was
not obtained from Tank S 12; and the minimal amounts of sludge obtained from Tanks
S 13, S 14, and S 15 resulted in qualitative analytical results only. Finally, an attempt was
made to sample Tank S6 but the tank was found to contain no sludge. Table 3
summarizes the unsuccessful sampling events. Section 3.2 discusses the quantities of
liquids and solids present in each tank in detail.

Table 2. Sludge Sample Identification
Sample ID Tank” 1 r ““= “ r .. .. . 1

98351-2 S2 3001
w [ hllvl- n uommems

117917 NIA

1 300117919 Mostly liquid, limited analyses performed.
117921 NIA
117922 NIA

}8018-11, treated as a liquid sample.
) significant sample, limited analyses performed.

]oks like an inseet, fimited analyses performed.

~

“icantsam Ie, limited anal ses erformed.
118522 No si nificant sam le, limited anal ses rformed.

S22 I 300117708 I No significant sample, limited analyses performed-l

In summary, fifteen of the twenty-two Old Solvent Tanks were successfully sampled for
liquids. Three tanks were not sampled for liquids due to the presence of only minimal
quantities of liquids. Two tanks were not sampled because they contained no liquids and
the final two tanks were found to contain no liquid when attempts were made to sample
the contents. Successful sludge samples were obtained from nine of the twenty-two Old
Solvent Tanks. In addition, limited samples were obtained from three other tanks. Nine
of the ten remaining tanks contained less than 50 gallons of solid phase and thus the
Sampling and Analysis Plan did not require that they be sampledz. Sampling was
attempted on some of these tanks, however. Only one of the tanks (Tank S5) which was
required to be sampled by the Sampling and Analysis Plan was not successfully sampled
for sludge.
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Table 3. Unsuccasful Sampling
Sample ID Tank # Matr

98351-3 S3 Sludge Mil
98351-5 S5 Sludge Mil
98351-6 S6 Sludge Mi]
98351-10 Slo Sludge Mi]
98351-11 Sll Sludge

98351-12N S12 S1
98351-12S S12 S1
98351-13B S13 Sludge
98351-14B S14 Sludge I Minimal solid present.
98018-15 S15 Aq
98018-16 S16 Aq
98351-16 S16 S1

Page 4of51

●
Events

rix Comments
nimal solid present.
nimal solid present.
nimal solid present.
nimal solid present.

Minimal solid present, liquid sample only obtained
ludge Minimal solid present.
ludge Minimal solid present.

Minimal solid present.

—
lUCOUS No liquid sample obtained, solid material only.
lueous No liquid sample obtained, solid material only.
ludge Minimal solid obtained.

2.0 DISCUSSION

2.1 Overview of Ltquid Sample Analysis Strategy

Upon receipt by ADS, the original liquid samples were logged into ADS’s
Laborato~ Information Management System (LIMS) and assigned unique ●
identification numbers by the LIMS computer. LIMS is an onfine sample
management and tracking system that utilizes a relational database to store
information and analyses results of samples received and analyzed by ADS.
Tables 1,2 and 3 list the unique LIMS numbers assigned to the Old Solvent
Tank samples. Throughout this characterization project, control of the
samples was maintained by the ~S sample custodians in 773-A, B- 150
and by the various ADS personnel assigned to analyze these samples.

Afier login, a 10-mL aliquot (if available) of each liquid sample was filtered
using a 0.45 ~m membrane (Millipore Type HA mixed cellulose esters, 47
mm) in order to separate the suspended solid material from the liquid phase.
New LIMS numbers were subsequently assigned to each of the filtered
liquid phases and the filtered solid material to facilitate tracking. These
LfMS numbers are shown in Table 4. Only five milliliters of the original
liquid sample from Tank S 13 was filtered due to the limited amount of
sample received by ~S. The original liquids from Tanks S5 and S 11 had
only very small amounts of suspended solid material; therefore the entire
volume of both samples was filtered upon receipt by ADS. See the
footnotes of Table 5 for more details on these samples. After tikration of
the original liquid samples, the filtered liquid and solid materials were then
independently characterized based upon the Sampling and Analysis Pian.

●
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. . ..-

98018-2 S2 300”
98018-3 S3 3001040

Table 4. Filtered Sample Identification
Filtered Filtered

Original Solid Material Liquid
Sample ID Tank # LIMS # LIMS # LIMS #

9R01X-1 S1 300103987 300104914 300104940
1105060 300105061 300105063

)7 300104918 300104938
98018-4 S4 300109222 300109278 300109291
98018-5 S5 300119028 300119290 300119289
98018-6 S6 300109223 300109279 300109292
98018-7 S7 300109224 300109280 300109293

!5 300109281 300109294
)4 300118520 300118517
!6 300:
)4 300103841 300104912

98018-19-0 S19 300104695 300104932 300104922
98018 -19-A S19 300104696 300104936 300104916

>4 300
>3 300
w 300

98018-8 S8 3OO1O9Z
98018-11 Sll 3001 185(
98018-13 S13 3OO1O9Z
98018-14 S14 3001036!

,109282 j 300109295

98018 -20-T S20 30010469 1104928

98018-20-B S20 30010469 1104924

98018-21 S21 30010436 1104920
98018-22 S22 300109227 300109283 E

300104926
300104930
300104934
300109296

2.2 Filtered Sofid Material

When the Sampling and Analysis Plan was conceived, it was anticipated
that au adequate mass of sludge could be obtained in order to perform the
desired analyses2. In practice; however, it waa discovered that only very
fine suspended solid particles could be obtained with the raw liquid samples.
The extremely small mass of suspended solid material thus limited the
number of analyses that could be performed on this phase of the material.
Thus, only radiochemical characterization and ICP-MS were performed on
the suspended solids. It was decided with the customer that th]s limited
analytical data would bc useful in answering potential TRU and tissile
material concerns associated with the Old Solvent Tanks.

The recovered quantities of suspended solid material from each raw liquid
sample are shown in Table 5. The remarkably limited quantities of
suspended sofids also significantly impacted the detection limits for the
radiochemical and IPC-MS aualyses. Thus, for radionuclides such as Cm-
245 and Cm-246, the data is only of limited use because of the high
detection limits.

I ●
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Table 5. Mass of Suspended Sofids Recovered from Original Samples
Mass of Suspended

Solid Material Sofids Recovered oer
Sample # LIMS # 10 mL of Sampi
98018-1 300104914 0.0007 g
98018-2 300105061 0.0017 g
98018-3 300104918 0.0153 g
98018-4 300109278 0.002 g
OQAIQ-< ann I 1o~on nnn17 ,..

E
.
9
9
9

9$
98
9$

98G
98C
98[
98(

b

,“, ”-,7 I J“”, ”Jti41 I U.U1 /0 gd

}18-19-0 300104932 0.0132 P
)18-19-A 300104936 0,0116 g
)18-20-T 300104928 0.0176 g
)18-20-B 300104924 0.0022 g

2nn1 nAo9n nlnAL -98018-2 I I LV. .u-r... 1 “. ,“Y” E
98018-22 300109283 0.003 g

a- The volume of original liquid filtered from Tank S5 was approximately
120 ML. This large volume was filtered due to the extremely low
suspended solids content of the raw liquid.

b- The vohune of original liquid filtered from Tank S 11 was approximately
105 rnL. This large volume was filtered due to the extremely low
suspended solids content of tbe raw liquid.

c- The volume of original liquid filtered from Tank S 13 W= 5 rnL because
of the limited amount of sample received.

d- The volume of original liquid filtered horn Tank S 14 was 100 ML.

Prior to subsequent analyses on the suspended solid material, the solids were
dissolved in 5 mL of concentrated nitric acid. A garnrna pulse height
analysis was then perfornred on an aliquot of the dissolved solid material
followed by a myriad of radiochemical analyses. In addition, IPC-MS was
employed for detwtion of marry heavier actinides ranging from Th-232 to
Cm-246. The ICP-MS data also provided an independent analysis of
nuclides such as U-235, U-238, Np-237, Am-243, and Cm-244 for
comparison to the data obtained from tradhional radiochemicaI techniques.
Table 6 lists the analytes of interest for the suspended solid material as
originally envisioned in the Sampling and Analysis Plan*. As mentioned
before, significant deviations from this plan did occur due to the extremely

●

I
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limited sample size. When necessary, prioritization was established for the
various radiochemical and ICP-MS analyses so that the critical analyses
(such as TRU and fissile nuclides) could bc performed first on the small
quantity of available sample.

Table 6. Target Analytes for Suspended
Analyte Technique

Am-241 Gamma PHA

Ce-144 Gamma PHA

CO-60 Garnrna PHA

Cs-134 Ganuna PHA
CS-137 Gamma PHA

Eu-154 Gamma PHA

Nb-94 GarnrnaPHA

NP-237 Gamma PHA

RU-106 Garuma PHA

Sb- 125 Garnrna PHA

Sn- 126 Ganrma PHA

U-235 Ganmra PHA
Am-243 Gamma PHA and ICP-MS

Arn Series, Total Gamma and Afpha PHA, ICP-MS

C-14 Separation and NC
Cm-244 Alpha PHA and ICP-MS
Cm-245 ICP-MS
Cm-246 ICP-M
Cm Series Alpha PHA and ICP-MS
Gross Alpha and Beta UC
H-3 Distillation and NC
1-129 Separation and LEPS
Ni-59, Ni-63 Separation and Counting
Plutonium, Total Summation
Po-238, Pu-239, Alpha PHA and ICP-MS
Pu-240, Po-242
Po-241 Separation and LSC
Pm-147 Separation and LSC
Se-79 Separation and LSC
Sr-90 Separation and NC
Tc-99 Separation and MC
U-233, U-234, U-236, Alpha PHA and ICP-MS
U-238
U-235 Gamma and Alpha PHA, ICP-MS

Procedure
QS-2420

=

~S-2420
~S-2420
~S-2420
4DS-2420
4DS-2420
4DS-2420
~S-2420
~S-2420
~S-2420
~S-2420
~S-2420
~S-2420, ADS- 1551
ADS-2420, ADS-2402,
ADS-1551
Special wol
ADS-2420,
~c 1<<1

AL.-,..,

ADS-2402,
~“ ‘“’h
AL.-.—

4:k instruction
ADS-1551

u-- ,JJ ,
nc 1<<1

I

vfodified) ~ADS-2453 (h
SRT-ADS-98-o~~~ I
sRT-AnS-QX
~.—

-
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2.3 Filtered Liquid Samp1e8

Since the volume of filtered liquid samples was typically not a limiting
factor, these samples were more extensively characterized (per the Sampling
and Analysis Plan) than the suspended solid material described in Section
2.2. The filtered liquid samples were analyzed for essentially all of the
parameters listed in Table 6 and the parameters shown in Table 72. As
stated in Section 1.0, these parameters where chosen based upon potential
disposal routes of the various phases present in the tanks.

The methodologies chosen were based solely on the analytes of interest
listed in the various WAC’S. No consideration was made for method
requirements of the WAC’s. The implication of this decision is discussed
fufiher in Section 4.2 in relation to the Solvent Storage Tanks WAC that has
specific method requirements.

Any Volatile Organic Compounds (VOCS) present in the samples at
concentrations above the Gas Chromatography/Mass Spectrometry
(GCMS) method detection limit were reported for this characterization.
The Sampling and Analysis P1anspecifically targeted benzene, methyl ethyl
ketone (MEK), percbloroethylene (PCE), n-butanol and any known VOC’S
at concentrations greater than 20 mgL.2 Some of the other VOC’Swhich
were found by this characterization included acetone, trichloroethene (TCE) ●
and dodecane.

Semi-Volatile Organic Compounds (semi-VOC’s) present at concentrations
above the Gas Chromatography/Mass Spectromet~ (GC/MS) method
detection limit were also reported for th~ characterization. In addition, the
Sampling and Analysis specifically required that polychlorinated biphenyls
(PCB’S), kepone, and phenol/phenoxide/ nitrophenols (including p-
nitrophenol) be targetedz. Other serni-VOC’s identified in various Old
Solvent Tank samples included diphenyl ether, tributyl phosphate, and
aliphatic hydrocarbons.

An instmment problem involving the ICP-ES occurred prior to the analysis
of the liquid samples from Tanks S5 asrdS 11. Due to this problem, these
samples were analyzed for metals using ICP-MS. Several pieces of data
from Tanks S5 and S 11 were not previously reported and have therefore
been included in this revision of the charactertiation report.

I
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Table 7 Additional Parameters for Filtered Liquids
Procedurd

Analyte Technique Technical Reference

Al, Sb, Ba, Be, B, Cd, Cr, ICP-ES ADS-1509

Cu, Fe, Pb, Mn, Ni, Ag, Na,
Tl, U, Zn
Chloride, Nitrate, Phosphate IC ADS-2306

Cyanide Complexation/Absorbance ADS-2278

As, Se ICP-MS ADS-1551

Hg CVAA ADS-1556

PhenoWhenoxide/ GCIMS ADS-2657

Nitropbenols
Semi-Volatile Organics GC~S ADS-2657

Total Inorganic TICflOC ADs- 1200

Carbon/T~tal Organic
Carbon
Volatile Organics GCIMS ADS-2656

PCB’S GC, GCM4S ADS-2659

Acidity Titration ADS-2301

Boiling Point Heating Mantle/Condenser Trrbe ADS-2280

BTUllb Calculation NIA

Flmh Point Closed Cup ADS-2250

Freezing Point Ice BatMObservation ADS-2279

Paint Filter Liquids Test EPA SW-846 Method 9095 ADS-2275

pH Electrode ADS-2309

Density Known Vohrme/Analytical Balance ADS-2219

Total Dissolved Solids Filtratio~vaporatio@rying Standard Method 2540 C

Total Insoluble/Suspended Flltratio@rying Standard Method 2540 D

Solids
Ash Content Modified ASTM Method D 482 Special Work Instruction

Water Weight Percent Karl-Fischer ADS-221O

2.4 Sludge Samples

Upon receipt by ADS, the sludge samples were logged into the ADS LIMS
and assigned unique identification numbers by the LIMS computer. Table 2
lists the unique LIMS numbers assigned to these samples. As with the
liquid samples, control of the sludge samples was maintained by the ADS
sample custodians in 773-A, B-150 and by the various ADS personnel
assigned to analyze these samples.
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Table 8. Additional Parameters for Sludges
Procedurd

Analyte Technique Technieal Reference

Al, Sb, Ba, Be, B, Cd, Cr, ICP-ES ADS- I509

Cu, Fe, Pb, Mn, Ni, Ag, Na,
Ti, Tl, Zn
Ammonium, Chloride, XC ADS-2306
Fluoride, Nitrate, Nitrite,
Oxalate, Phosphate, Sulfate
Cyanide Complexatiorr/Absorbance ADS-2278

As, Se ICP-MS ADS-1551

Hg CVAA ADS-1556

K FAA ADs- 1549

Aluminate, Carbonate, Free Titration ADS-23 12

Hydroxide
Crystallography XRD ADs-llol

TCLP Modified TCLP ADS-25 12

PhenoliPhenoxide/ GCIMS ADS-2657
Nitrophenols (SVOA)
Totrd Organic Carbon TOC ADS-1200
Volatile % Orgarrics Oil Content Analyzer ADS-2213

Volatile Organics GCIMS ADS-2656

PCB’S GC, GC/MS ADS-2659 )

pH Electrode ADS-2309
Density Known VohrmdAnalytical Balance ADS-2219
Totrd Dissolved Solids Flltratiotivaporatio@rying Standard Method 2540 C
Totaf Insoluble/Suspended F]ltrationfDrying Standard Method 2540 D

I Sofids I

Prior to subsequent analyses of the sludges, a small amount of the solid
material was removed for XRD if the amount of sample warranted it. The
remaining sample or a portion of it was then dissolved in acid for
subsequent analyses.

The amount of shrdge sample ultimately dictated which analyses would be
performed; thus in some cases a significant deviation from the Sampling and
Analysis Plan occumed. Tables 6 and 8 fist the complete set of target
analytes specified in the Sampling and Analysis Plan for the sludge phasesz.
However, in order to deal with sample, time, and resource constraints on the
sludge samples, the ruralytes listed in the Sampling and Analysis Plan were
priorittid. Gross Alpha/Gross Beta, XRD (if the sample was a solid),
Gamma PHA, ICP-MS (Ag, As, Ba, Cd, Cr, Pb, Se, and heavy actinides),
Pu Separation, Alpha PHA, GC-MS SVOA, GC/MS PCB’S,and CVAA
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(Hg). Originally, ICP-ES was to be used for the RCRA metals but a last
minute instrument problem prohibited this and ICP-MS was employed.

If sample size restricted the analyses further, prioritization was given to
Gross AlphafGross Beta, Gamma PHA, ICP-MS, Pu Separation, and Alpha
PHA. For the sludges from Tanks S 13 and S 14, only a qualitative Gross
Alpha/Gross Beta analysis was performed. Qualitative Gross Alpha/Gross
Beta and Gamma PHA were performed on the first sludge sample from
Tank S 15. On the second sludge sample from Tank S 15, quantitative
GC/MS SVOA and GC/MS PCB analyses were performed while qualitative
Gamma PHA, Gross AlphtiGross Beta, Alpha pHA, f’u Sepwation, and

ICP-MS analyses were performed.

3.0 RESULTS

3.1 Analytical Results of Old Solvent Tank Samples

The analytical results of all samples analyzed are presented by tank number
in Appendices A through Q. In each appendix, the data are presented for the
unfiltered, original sample (suspended solids data only); filtered fiquid
sample; suspended solid material, and sludge, respectively. As mentioned
previously, specific tanks may not have been successfully sampled for a
particular phase. Therefore, not afl of the Appendices will contain data for
each sample type (original liquid sample, filtered liquid, filtered solids, and
sludge). All errors reported are at the 95.570 cofildence level (2-sigma).

Results reported without any qualifiers are positive vahres above detection
limits for that particular method. Vahres preceded by a “<” are detection
limits for the method under the conditions used for the measurement. Thus
for these values, no signal above instrument background was seen. A “UL”
listed after a radionuclide activit y means the value is an upper limit only.
Upper fimits typically result when interfering nuclides prevent the
qrmntification of another racfionuclide. Radionuclide data followed by
“MDA are minimum detectable concentrations calculated using the
methodology of Curries. A “DL following a radionuclide activity signifies
a detection limit as reported by ICP-MS; hence, no positive signal above
background was seen.

Typical detection limits for the methodologies employed in this
characterization study are given in Table 1 of Reference 2. For those
methods requiring the dissolution of a solid sample, dilution factors for the
sludges ranged from 12.5 to 675.7 while dilution factors for the suspended
solids mrrged from 31.8 to 7143. Thus, detection timits for a given nuclide
had Imge ranges because of the various dilution factors involved for the
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different sample types. The large dihrtion factors for some of the suspended ●
solid samples significantly impacted the usefulness of the analytical data.
Detection limits from these large dilution factor samples were extremely
high.

Total americium, total curium, and total plutonium activities represent sums
of all positively identified isotopes of these elements. NO detection limit or
minimum detectable concentration valnes were included in these totals.
However, if activities were reported as upper limits, they were included in
the total for conservatism.

When originally sampled, it was thought that the two liquid samples from
Tank S 19 (9801 8-O and 98018-A) were from two different phases. Based
upon previous information regarding the contents of the tank, each sample
was taken from a different depth within the tank. The analytical data from
the two samples clearly shows that these two samples are both from the
aqueous phase of the tank. Thus, these samples can be considered
duplicates and can be used to check the precision of the analytical results.

The two samples taken from Tank S20 (98018 -20-B and 98018-20-T)
appear to be from two different phases based upon the analytica] data.
These two samples were also taken at different depths within the tank.
Thus, it was concluded that this tank definitely contains an organic phase ●
and an aqueous phase. The volume of each phase, however, is unknown.
Finally, the liquid obtained from Tank S 11 was also organic; hence, this
tank may also have two different liquid phases. However, only a single
Iiquid sample was obtained from this tarrk and the presence of an aqueous
phase could not bc confiimed.

The XRD data from ten sludge samples are given in Table 9. Major, minor,
and trace constituents present are reported. XRD was not required by any of
the WAC’s but wrts performed for possible investigations into grout
formulations if that route is chosen for treatment. These data are useful for
determining the physical makeup of the sludge material within the tanks.
The data clearly shows the variety of material present in the various tanks.
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Sample ID
98351-2

98351-7

98351-8

98351-15

98351-16B

98351-19

98351-20

98351-21

98351-22

98351-22B

rank #
S2

S7

S8

S15

S16

S19

S20

S21

S22

S22

Table 9.1
LIMS #

3-117917

3-117921

3-117922

3-117705

3-119031

3-117929

3-117930

3-117707

3-117708

3-118217

678/00
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~ Data on Sludge Samples
Dwcnption of Sofid

Chernikovite. svn - Hz(UOZ)2(P0.)1* 8H1O (Maior)
Metavanuralite-- Al(U02)zV~08(O”H)*8Hz0’ (M’ajor)
Uranyl Oxonium Phosphate Hydrate - H~OUOzpOq*
3-xHzO (Major)
Silicon Oxide - SiOj (Major)
Silicon Oxide - SiOz (Major)
Magnetite, syn - Fes04 (Trace)
Hematite, syn - FezOs (’Trace)
Uranyl Oxonium Hydrogen Phosphate Hydrate -
UOZHXP04(H30)I.XH20 (Major)

Sodium Uranium Oxide - NazUzOT(Major)
Nickel Hydroxide - Ni(OH)z (Major)
Sodium UraniUnt Oxide - N%U7024 (Major)
Nickel Hydroxide - Ni(OH)z (Major)
Uranyl Oxonium Hydrogen Phosphate Hydrate -
UOZHXP04(H30) 1..H2O (Major)

Sodium Uranyl Carbonate - NU(U02)(C03)3 (Major)

Sodium Uranium Oxide - N%UTOZ4(Major)
Sodium Uranium Oxide - N%U7024 (Major)
Gibbsite, syn - Al(OH)J (Major)
Halite, potassian, Syn - &.2N%.8c] (Maior)
Gibbsite - AI(OH)3 (Major)
Quartz, afpha, syn - SiOz (Major)
Baverite - A1(OH)3(Maior)
Gibbsite - Af(OH)i (Ma]or)
Quartz, alpha, syn - SiOz (Major)
Gibbsite - Af(OH)3 (Minor)

3.2 Estimated Radionnclfde fnvento~ in Each Tank

Table 10 lists the estimated uantities of liquid and shrdge for each tank in
!terms of mass and volumeg’l ‘]1. These data are based upon video krrd

physical surveillances of the tanks. As can be seen from the data in this
table, Tanks S9, S 15, S 16, and S 17 contain sludge but no fiquid while Tank
S6 contains liquid but no sludge. All of the remaining tanks appear to have
both liquid and sludge. The estimated sludge in the tanks ranges from Oto
greater than 2000 kg with a total sludge content of approximately 6750 kg.
The estimated fiquid ranges from Oto over 7500 liters with a total liquid
content in all of the tanks of approximately 21,300 liters. AZmentioned
pre~iously, it should be noted that at leazt two of the tanks (S 11 and S20)
have organic liquid layers present. This was proven by the analytical results
of this chara~terization study.

,
$’”
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Table 10. Estimated Liquid and Sludge Content of Tanks S1 - S22—. -. . (

I ~tiirne I ‘Mass I Successfully I volume I Ma; I Successfully I
I,imrid I Llauid I I sludge I Sludge I I

Tank
# (fiters) (kg) Sampled?- (fiters)i (kg) Sampled?

S1 4.43E+02 3.88E+02 Yes 1.70E+01 3,,

S2 4.23E+02 4.24E+02 Yes
S3 1.51E+03 1.57E+03 Yes 1.4(

S4 1.40E+03 1.51E+03 Yes
S5 3.48E+02 3.85E+02 Yes I 4.24E+02 I 8.48E+02 I No

S6 1.04E+03 1.12E+03 Ye!
S7 1.20E+03 1.31E+03 Ye:
S8 5.19E+02 5.45E+02 Ye:

S9 0.00E+OO 0.00E+OO No liq
Slo 3.79E+01 3.79E+01C Not sampled I 1.17E+02 I 2.35E+02 No

Sll 5.41E+01’ 5.53E+01 Yes I 4.81E+01 I 9.61E+01 No

S12 1.89E+01 1.8 tol No

S13 8.26E+02 9S
1.39S14 ._

S15
S16 0.00E+OO \ 0.00E+OO I No liquid 1.03E+03 2.07E+03 Yes

S17 0.00E+OO I 0.00E+OO I No liquid I 2.65E+01 5.:
00 1.

,s O.OOE+OO 0.00E+OO No sludge
,s 5.68E+O0 1.14E+01 Yes
:s 2.27E+01 4.54E+01 Yes
~uid 4.92E+01 9.84E+01 Not sampled

19E+0l’ Not sampled 1.89E+01 3.79E+
06E+02 Yes 1.63E+02 3.26E+02 Yes

)E+03 1.41E+03 Yes 4.48E+02 8.96E+02 Yes
\ 0.00E+OO I 0.00E+OO No liquid 5.49E+02 1.10E+O3 Yes

l-- I 1.89E+01 1.89E+01C Not sampled 7.57E+C
: 2.37E+03d Yes 1.02E+02 I
i’ 7.94E+03e Yes 3.41E+01

. .

S19 2.17E+03’ 2:04E+02 Yes

S20 7.55E+03’ 6.81E+01 Yes

S21 6.90E+02 I 7.39E+02 I Yes 1.18E+02 ] 2.37E+02 Yes

S22 1.69E+03 [ 1.81E+03 I Yes I 2.84E@_l I 5.68E+01 Yes
Total 2.13E+04t I 2~1 NIA 3.38E+03 I 6.75E+03 NIA I

a- This tank contains orgsnic liquid. It is unknownwhether any aqueous liquid irr
present in the tank.

b- The volumes Iistd for Tanks S19 and S20 represent the total liquid volume
contained in three -. TmrkS20 definitelycontains an organic phase,
howevm, it is unknowrrwhetherTank S19has an organicphase. Two liquid
sampleswere taken from Tank S19and botb of them were aqueous. For Tanks
S19and S20, the fraction of the fiquidthat is organic and the fraction that is
aqumus are unknown.

c- The densiti= of these liquidswere assumedto be 1.00g/cm3.
d- The density of sample 98018-19-0 (seeTable 1) was used to calculate the total

mass of the liquid in TsrrkS19.
e- Since this tank containsboth an organic and aqueous layer, the density of the

aqrrmusphase was usd to calculate the total nrass of the liquid in the tarrkfor
conservatism.

f- The sludge mass was determinedbased upon the estimated volume and an
estimated density of 2.0 ~cm3.

5“
....
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For the various tanks, the total estimated invento~ of each radionuclide
identified in the filtered liquid was calculated based upon the estimated
volumes of the liquid phases and the activity concentrations of the
radionuclides. This data is presented in the final columns of the filtered
liquid spreadsheets in Appendices A through K and N through Q. Using
Tank S 1 as an example, the total aqueous phase activity of Am-241 was
calculated by simply multiplying the activity per unit volume of this nuclide
(8.42x10”3KCi/mL) by the estimated volume (443,000 ML) to obtain
3.73x103 pCi. Similarly, the total estimated inventoV of each radionuclide
identified in the filtered (suspended) solids was calculated based upon the
estimated masses of the filtered solids and the activity concentrations of the
radionuclides. This data is presented in the final columns of the filtered
solids spreadsheets in Appendices A through K and N through Q. It should
be noted that this inventory does not include the radionuclides contained in
the sludge phase of each tank. The total estimated inventory of each
identified radionuclide in the sludge material of each tank was calculated
from the estimated mass of sludge present and the activity concentrations.
These inventories are presented in the sludge spreadsheets in Appendices B,
D, G, H, M, N, O, P, and Q. There was insufficient sample to determine a
mass on the sludges obtained from Tanks S 13, S 14, and S 15; hence, total
activities per nuclide and totaf tank inventories could not be calculated.

●
However, the qualitative radionuclide data for these three tanks Me given in

) the sludge spreadsheets of Appendices J, K, and L.

The gross activity contained in the raw liquid (liquid phase plus the
suspended solid material contained in the liquid phase) of each tank was
calculated based upon the sum of the gross alpha and gross beta activities of
the filtered liquid and suspended solid phases. The gross activity
information of the raw liquids is summarized in Table 11.

It should be,noted that the gross beta activity contains the contribution from
tritium. Only the total liquid volume present in Tank S20 has been
estimated based upon the video and physical surveillances. The fraction of
th~ volume that is orgmdc and the fraction that is aqueous are not known.
Thus in order to conservatively calculate the gross activity present in the
tank, afl of the liquid was assumed to be organic when calculating the g~oss
raw liquid activity for sample 9801 8-20-T (organic liquid). Likewise, when
calculating the gross raw liquid activity for sample 98018-20-B (aqumus
liquid), all of the liquid in the tank was assumed to be aqueous. Hence, the
gross raw liquid activities for these two tanks should b considered upper
limits. No data are available on the liquids and suspended solids in Tanks
S 10, S 12, and S 18. These tanks were not sampled for liquids due to the
presence of only very minimal amounts of liquids. See Section 1.0 for a

$
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more detailed discussion of the sampling events involving the liquids from
the Old Solvent Tanks. Also data me not available for Tanks S9, S15, S 16,
and S 17 because these tanks contained no liquids (and thus no suspended
solids)9’10’11.

Table 11. Calculated Gross Activity Content of Raw Liquids in Solvent Tanks
Gross Raw Liquid

Activity
Tank # (Ci)

S1 1.12E+O0
S2 3.50E-02
S3 1.08E+O0
S4 2.27E-01
S5 1.00E+02
S6 9.49E-01
S7 9.89E-01
S8 7.51E-01

Sll 8.67E+O0
S13 1.36E+O0
S14 1.24E+O0

S19-O 6. 16E+O0
S19-A 5.36E+O0
S20-T 4.05E-Ola
S20-B <8.41E+O0

S21 5.00E+OO
S22 2.23E+O0

a- The gross alpha and gross beta activity concentrations of the
suspended solids could not be determined due to the immeasurably
small amount of mass that was obtained for znalysis after filtering the
raw fiquid from the organic phase of Tank S20. The activity
concentrations were therefore calculated based upon the activity
contained on the filter, suspended sofids data of the raw liquid, density
of the fiquid, and volume of liquid filtered.

The gross activity contained in the sludge of each analyzed tank was also
calculated based upon the sum of the gross afpha znd gross beta activities of
the sludges. The gross activity information of the sludges is summarized in
Table 12. Once again it should be noted that the gross beta activity contains
the contribution from tritium.

Two sludge samples were tzken from Tzrrk S22 on two different dates. It is
obvious from the gross activity data shown in Appendix Q that the activity
is not homogeneously distributed in this solid material. In addition, the

..

5
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XRO data given in Table 9 supports the conclusion that these two solids
were two different types of material. Thus, the vahre given in Table 12 was
based upon the sample with the bigher activity concentration (98351-22B).
Note that no information is available on the sludges in Tanks S 1, S3, S5, S9,
S 10, S 11, S 12, S 17, and S 18. Adequate sludge samp[es were not obtained
for these tanks due to unsuccessful sampling events and/or the presence of
only very minimal amounts of sludge. See Sation 1.0 for a more detailed
discussion of the sampling events involving the sludges from the Old
Solvent Tanks. Also no data are, available for Tank S6 because this tank
contained no sludgeg”o” 1. Finally, insufficient sludge samples were
obtained from Tanks S13, S 14, and S15 for quantitative analyses. Thus, for
these tanks, only qualitative data were obtained.

Table 12. Calculated Gross Activity Content of Sludges in Solvent
Gross Sludge

Activity
Tank # (Ci)

S2 4.llE+O1
S4 7.25E-03
S7 2.31E-02

S8 7.48E-01
S13 unknown’
S14 unknown’
S15 uoknowna
Ql< Q ‘rlEtifl

Tanks

a- The amount of sample obtained was insufficient to determine a mass,
therefore activity concentrations and total activities could not be
determined. Only relative activities are available for these tanks.

Table 13 shows the total activity in those tanks for which quantitative data
was obtained for the raw liquid phase arrd/or the sludge phase. Note that
according to the video and physical surveillances, Tank S6 has no sludge in
it and Tanks S 15 and S 16 have no liquid in them9”10’11.Thus the activities
listed for these phases in Table 13 are zero. Tbe sludge phases from Tanks
S 1 and S11 were not sampled but the liquid phases from these tanks were
sampled and analyzed. For the sludge phases in Taoks S3 and S5, the
sludge phases were unsuccessfully sampled thus no analytical data were
obtained for these phases. However, the liquids from both of these tanks
were successfully sampled and analyzed.



Savannah River Si!e WSRC-RP-98-01486

Characterization of Sampl@ from Old Solvent Taaks Revision 2

S1 mougtr 522 6181W
Page 180f51

It should be noted that the raw liquid data for Tank S 19 represents the
average of the two aqueous samples that were taken from this tank. The
agreement of the data btween these two samples was quite good. As stated
before for Tank S20, two phases are present and the volume of each phase is
unknown. However, the total volume of liquid in this tarrk has ken
estimated. Thus when the total activity of each liquid phase was calculated,
it was assumed that the vohrme of each phase equafed the total liquid
volume present in the tank. The raw liquid activity was then calculated by
summing the upper limits of the total activity of the organic and aqueous
phases. Hence, the raw liquid value given in Table 13 represents an upper
limit for the amount of activity in the two liquid phases of this tank. Since
two sludge samples from Tank S22 were t~en and the gross activities of
these two samples differed significantly, the higher gross activity was used
for the total activity calculation in this tank.

Table 13. Calculated Total Gross Activity Content of Sampled Solvent Tanks
Raw Liquid Sludge

Activity Activity Total

Tank # Ci Ci Ci

S1 1.12E+O0 Not sampled 21. 12E+O0

S2 3.50E-02 4.llE+O1 4.llE+O1

S3 1.08E+O0 No sample obtained 21 .08E+O0

S4 2.27E-01 7.25E-03 2.34E-01
“. ‘ -=’.02 No sample obtained 21 .00E+02

9.49E-01
I.OIE+OO

L“..

S20
S21
S22 &

00 Un
too 8.2

. . ..-mo 1.:
4.32E+O0 3.t
5.00E+OO 1.L
2.23E+O0 0( 3

3+00
own

:+00
i+ol
E+O1
i+oo
?til

,“. I

a- Theamount ofsampIe obtained wasinsufficient todetetineamss,
therefore activity concentrations and total activities could not be
determined. Only relative activities aeavailable forthese tanks.
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The TRU content of the filtered liquid phase, the filtered solids contained in the
liquid phase, and the raw liquid of each tank were calculated based upon the data
cent ained in Appendices A through K and N through Q.’ These TRU data are
presented in Table 14. Only upper limit values and positively identified transuranic
nuclides (i.e. no detection limits were used) were included in the TRU calculations.
Table 15 lists the TRU nuclides that were measured and considered for this
characterization study of the Old Solvent Taoks. It should be noted that detection
limits were quite high for some TRU nuclides especially for the filtered solid
material due to the analytical technique used and the small amount of material
obtained. Thus, the deteetion limit data for these nuclides is only of limited vahre.
For the fiquid phases, activities per unit volume have been converted to activities
per gram using the measured density of each liquid. It should be emphasized that
this information does not include the TRU content of the sludge phase in each tank.
As previously noted, no information is available on the liquids and suspended solids
in Tanks S 10, S 12, and S18. These tarrks were not sampled for liquids due to the
presence of only very minimal amounts of liquids. See Section 1.0 for a more
detailed discussion of the sampling events involving the liquids from the Old
Solvent Tanks. Also data are not available for Tanks S9, S 15, S 16, and S 17
because these tanks contained no liquids (and thus no suspended solids)g”o”1.

Table 14. Calculated TRU Concentrations of Filtered Liquid Phases and Filtered Solids
Ffltered Liquid Filtered Solids TRU Raw

TRU Concentration Liquid TRU
Concentration (nCi/g) Concentration

Sample ID (nCi/g) (nCi/g)
98018-1 7.70E+02 9.32E+04 7.80E+02
98018-2 1.46E+01” 1.41E+05 4.47E+01
98018-3 1.99E+01 4.94E+04 8.89E+01
98018-4 1.54E+01 3.66E+04 2.27E+01
98018-5 3.87E+03 1.51E+05 3.50E+03
98018-6 1.16E+01 3.96E+04 5.89E+02
98018-7 2.85E+02 1.12E+04 3.06E+02
98018-8 2.51E+01 1.02E+05 1.17E+02

98018-11 2.94EM3 2.86E+04 2.88E+03
98018-13 6.86E+02 1.26E+06 9.38E+02
98018-14 1.18E+02 2.72E+05 1.67E+02

98018-19-0 1.86E+03 1.03E+05 1.98E+03
98018-19-A 1.86E+03 2.46E4 1.89E+03
98018-20-T 2.90E+O0 8.63E+02b 4.44E+O0
98018-20-B 5.51E+02 9.34E+04 5.70E+02
98018-21 4.55E+02 8.79E+04 1.29E+03
98018-22 2.61E+02 1.53E+05 3.07E+02

;
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a- Limited analytical data available. This number should bc considered a
lower limit only.

b- The TRU activity concentration of the suspended solids could not be
detetined due to the immeasurably small amount of mass that was
obtained for analysis after filtering the raw liquid from the organic
phase of Tank S20. This value was therefore calculated based upon
the activity contained on the filter, suspended solids data of the raw
liquid, density of the Iiquid, and volume of liquid filtered.

Table 15. TRU Nucfides Measured in this Characterimtion
Half Life’2

Nuclide (yrs)
Np-237 2140000
Am-24 1 432.2
Am-243 7370
Cm-245 8500
Cm-246 4730
Pu-238

1

Based on these characterization data, the raw aqueous liquids contained in
Tanks S1. S5. S6. S7. S8. S13. S 14, S19, S20, S21, and S22 have specific
TRU activities of >100 nCi/g. ”In addition, the raw”organic liquid contained
in Tank Sll also hasa TRUactivity concentration of>100nCtig. The TRU
concentration of the suspended solids in the organic phase of Tank S20 had
to be calculated in an alternate manner due to the immeasurably small mass
of solids present after the suspended sofids were filtered from the raw liquid.
The activity calculations were based upon the relative amounts of activity
detected on the filter used to separate the suspended solids from the raw
liquid, the weight percent of total suspended solids in the raw liquid, the
density of theliquid, rnrdthe volume ofraw liquid filtered. The TRU
activity concentration of the raw organic liquid of Tank S20 was calculated
to be4.44nCi/g. Itshould also reemphasized; however, that Am-242m,
Po-244, Cm-243, Cm-247, Bk-247, Cm-248, Cf-249, andCf-251 were not
measured inthis characterization study. Thenuclides measured arethe most
predominate TRU nuclides in the material and those that were not measured
areexpeeted to be less than 10%ofthose measured. Reference 13 provides
thecalculatcd actinide content, after 15years ofdecay, fortwo frequently
used SRS reactor assemblies. Thecalculated actinide content is based upon
JOSHUA, a nuclear physics computer code used to calculate the production
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of tttrclides for SRS reactor operations. Based upon the JOSHUA output,
the curie fraction of various heavy aetinides was calculated. These data are
presented in Table 16.

The curie fraction for each nuclide was calculated by taking the normalized,
isotopic content (in grams per assembly) from the JOSHUA output,
multiplying hy the specific activity for that nuclide (in Ci/g), and dividing
that product by the total normalized actinide activity of the assembly. As
can be seen in Table 16, the heavier actinides are only minor contributors to
the total activity. Fufihermore, if one considers only the TRU nuclides
listed in Table 16 (i.e. Pu-241, Cm-242, Cm-244, Bk-249, Cf-250, and Cf-
252 zre ignored), then approximately 96% of the activity from each type of
assembly comes from Pu-238 and approximately 2.5% comes from Am-241.

Table 16. Calculated A

z

Normalized
Mark 16B

Activity
Content

Nucfide Ci/assembl
Pu-238 7.09E+O0

1-239 6.20E-02
1-240 4.56E-02

:tivity Fractions for Selected Actinide Nucfides
Normalized

Mark 16 B Mark 22 Mark 22
Activity Activity Activity

Curie Conteut Curie
Fraction Ci/assembly Fraction
5.59E-01
4.90E-03
3.60E-03

Pu-242 6.32E-05 4.99E-06

1.06E-04 8.37E-06 1.17E-06
~.48E-05 5.91E-06 8.48E-05
~.00E-05 3.16E-06 4.51E-05

1.66E-16 1.31E-17
cf-249 7.37E-14 5.82E-15 8.76E-18 ~ . .. .. . .
cf-250 1.72E- 13 1.35E-14 ---- ----

1.22E-15 9.65E-17cf-251 ---- ----

cf-252 2.25E-15 I 1.77E-16 ---- ----

The TRU content of the sludge phases present in the vzrious tanks was also
calculated based upon the data contained in Appendices B, D, G, H, M, N,
O, P, and Q. These TRU data are presented in Table 17. As mentioned
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earlier, only upper limit values and positively identified transuranic nuclides
(i.e. no detection limits were used) were included in the TRU calculations.

●
Once again, only those TRU nuclides listed in Table 15 were measured and
considered for this characterization study of the Old Solvent Tanks. Due to
the analytical techniques used and the dilution factors involved, detection
limits were quite high for some TRU nuclides especially for the sludge
material. Thus, the detection limit data for these nuclides is only of limited
value. As stated before, no information is available on the sludges from
Tanks S1, S3, S5, S9, S1O,S11, S12, S17, and S18. Adequate sludge
samples were not obtained for these tanks due to unsuccessful sampling
events and/or the presence of only very minimal amounts of sludge. See
Section 1.0 for a more detailed discussion of the sampling events involving
tbe sludges from the Old Solvent Tanks. Also no data are available for Tank
S6 &cause this tank contained no sludge9”10’11. Finally, insufficient sludge
samples were obtained from Tanks S 13, S 14, and S 15 for quantitative
analyses. Thus, for these tanks, only qualitative data were obtained.

Table 17. Calculated TRU Concentrations of Sludges
Sludge
TRU

Concentration
Sample ID (nCdg)

98351-2 6.52E+04
98351-4’ 4.55E+01
98351-7 7.52E+02
98351-8 4. 18E+02
98351-13 Unknownb
98351-14 Unknownb
98351-15 Unknownb

98351-15B Unknownb
98351-16B 1.47E+03
98351-19 2.88E+04
98351-20 7.59E+03
98351-21 3.76E+02

9835 1-22B 7.90E+03

a- Complete TRU data not available. This number should be considered
a lower limit. TRU activity concentration was calculated from this
liquid sample assuming a sludge density of 2.0 g/cm3.

b- The amount of sample obtained was insufficient to detetine a mass,
therefore activity concentrations and total activities could not be
determined. Only relative activities are available for these tanks.
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3.4 Estimated Inventory of Heavier Nucfides

The fissile material content of the various phases in the Old Solvent Tanks
must bc measured before any treatment and/or disposal options can be
considered. In addition, FGE calculations are required by the WAC’s of the
potential disposal facilities for the material in the Old Solvent Tanks. It is
important for criticality considerations to know the mass of various fissile
nuclides present in the tanks. Total activities and masses were calculated
from published specific activities and the activity concentrations of the
various heavier nuclides determined in this characterization study 14. The
specific activities for the heavier radionuclides studied in this
characterization are summarized in Table 18. As discussed previously, it
should be emphasized that nuclides such as Am-242m, Cm-242, Cm-243,
Cm-247, Bk-247, Cf-249, Cf-250, Cf-251, and Cf-252 were not measured in
this study; however, these nuclides are not expected to k important
contributors to the material in the Old Solvent Tanks 13. The FGE
calculations and criticality discussions for the Old Solvent Tanks are in
“Evaluation of Old Solvent Storage Tanks 1-22 (WSMS-CRT-99-O039),
which is included as Attachment 4 to the “Addendum to the
Workplan/RCRA Facility Investigation/Remedial Investigation Report of

the Old Radioactive Waste Burial Ground 643-E, SOI-S22.”

Table 18. Specific Activities for Mass Calculations
Specific Activity”

Nuclide (ci/g)
U-233 9.64E-03
U-234 6.24E-03
U-235 2. 16E-06
u-236 6.47E-05
U-238 3.36E-07

NP-237 7.05E-04
Pu-238 1.71E+01
Pu-239 6.21E-02
Pu-240 2.27E-01
Pu-241 1.03E+02
Pu-242 3.93E-03
Am-24 1 3.44E+O0
Am-243 2.00E-01
Cm-244 8. IOE+O1
Cm-245 1.72E-01
Cm-246 3.04E-01

Conservatism was built into the total activity and mass calculations for the
heavier radionuclides me~ured inthisstudy inatwofold manner. The
activity of a radionuclide known or suspected to be in the O1dSolvent Tanks
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but not detected was assumed to be equal to the detection limit for that ●
radionuclide for the measurement conditions used. And secondly, for those
positively identified radionucfides, the 2-sigma measurement error was
added to the activity before performing the total activity and mass
calculations.

Table 19 sumarizes the results of the U-235, U-238, and Pu-239 mass
calculations for the filtered liquid samples. The details of these calculations
are given in Appendix R. An example calculation using U-233 in the
filtered liquid from Tank S 1 is given below.

U – 233 activity in filtered liquid= 5.05x10S * 1.01x105pCi/L

Specific Activity of U - 233= 9.64x10”~Ctig

Volume of filtered liquid in the tank= 443.2717 L

Total U -233 in the tank including error= (5.05x 105 +1.01x105 ) x 443.2717= 2.686x1O*pCi

Total U -233 in the tank including error= 2.686x108pCi x
1c1

=2.69 x10-4Ci
lxlo’’pcl

2.686 x104Ci
U -233 activity concentration including error= 43,2717 liters= 6.06x10-7 ci~

Mass of U -233 in the tank including error=
2.686x104Ci

= 2.787x10-’ =2.79x10-2 g
9.64x1O’ Ci/g

2“787x*0-2 ‘rms = 6.286x10-’ ==6.29x10-’ g/LMass of U -233 per liter of waste = ~3 2717 ~ikrs

For Tank S 19 as stated before, samples 98018 -19-0 and 98018- 19-A were
both aqueous and can be considered duplicates. The results from these two
samples can be used as an indication of the preeision of the analytical results
and homogeneity of the liquid in this tank. Tank S20 is known to contain
both organic and aqueous liquid phases. However, only the total volume is
known and the volume of each of the two liquid phases is unknown.
Therefore, the nuclide masses determined for samples 98018 -20-T and
98018 -20-B were calculated in a conservative manner. For sample 98018-
20-T (organic phase), it was assumed that the entire volume of liquid in
Tank S20 was organic when calculating the nuclide mmses for this phase.
Then, for sample 98018-20-B (aqueous phase), it was assumed that the

c
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entire volume was aqueous when calculating the total masses for the
aqueous phase. These two values can then & summed to give a
conservative upper limit of the nuclide content of the filtered liquid phases
in this tank. No information is available on the liquids (and suspended
solids) in Tanks S 10, S 12, and S 18. These tanks were not sampled for
liquids due to the presence of only very minimal amounts of liquids. See
Section 1.0 for more details of the sampling events involving the liquids
from the Old Solvent Tanks. Also, U-235, U-238, and Pu-239 mass data are
not available for Tanks S9, S 15, S 16, rmd S 17 because these tanks contained
no liquids (or suspended solids)g’lO’l1.

Table 19. U-235, U-238, and Pu-239 Masses Contained in the Filtered Liquids
U-235 U-238 Pu-239

Tank # (f?) (~) (~)
S1 2.1 IE+O1 2.99E+03 1.49E-01
S2 3.72E+O0 0.00E+OV <1 .35E-02
S3 6.56E+01 9.95E+03 3.82E-01
S4 1.63E+02 3.32E+04 <1.02E+O0
S5 6.50E+01 1. 13E+04 1.53E+O0
S6 2.13E+01 3.1 9E+03 d.64E-01
S7 2.24E+02
S8 7.35E+O0 1.12E+03 <3.80E-01

Sll 6.07E-02 d.83E+O0 4.54E-02
S13 6.15E+OI 9.95E+03 <6.05E-01

1.83E+04 2.93E-01

. ..— . .

4.80E+04 I 2.76E+O0

S14 3.92E+01
s 19-0 3.68E+01 5.72E+04 3.12E-01
S 19-A 3.71E+01 4.72E+04 2.50E-01
S20-T <8.85E+O0 &.49E+02 <5.65E-02
S20-B <1.93E+02 <4. 12E+04 e.21E+O0

S21 2.04E+01 7.68E+03 2.1OE-O1
S22 4.96E+01 5.91E+03 <1 .24E+O0

a- Value not measured.

The U-235 masses in the filtered liquids range from 0.0607 grams in Tank
S 11 to 224 grams in Tank S7. The U-238 masses range from d.83 grams
in Tank S 11 to 57,200 grams in one of the two samples from Tanks S 19.
The Pu-239 mass range is from 4.0135 grams in Tank S2 to 2.76 grams in
Tank S7.

Table 20 summarizes the results of the U-235, U-238, and Pu-239 mass
calculations for the suspended mlid samples. The details of these
calculations are given in Appendix S. The U-235 masses range from
0.000117 grams in Tank S 11 to 57.1 grams in Tank S6. The U-238 masses
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range from 0.0203 grams in Tarrk S 11 to 12,600 grams in Tanks S6. The
Pu-239 mass range is from 0.000127 grams in Tank S 11 to 1.75 grams in
Tank S6.

The U-235, U-238, and Pu-239 mass calculation resrilts for the sludges are

shown in Table 21. The details of these calculations are given in Appendix
T. The calculated U-235 mass values range from 0.184 grams in Tank S8 to
1020 grams in Tank S 16. The U-238 mass values in the sludges range from
26,9 grams in Tank S8 to 187,000 grams in Tank S 16. The Pu-239 mass
values in the sludges range from <0.00224 grams in Tank S4 to 28.6 grams
in Tank S 16. As stated before, no quantitative information is available on
the sludges in Tanks S1, S3, S5, S9, S1O, S11, S12, S13, S14, S15, S17, and
S 18. Adequate sludge samples were not obtained for these tanks due to
unsuccessful sampling events and/or the presence of only very minimal
amounts of sludge. See Section 1.0 for a more detailed discussion of the
sampling events involving the sludges from the Old Solvent Tanks. Also no
U-235, U-238, and Pu-239 mass data are available for Tank S6 because this
tatrk contained no sludgeg”o”1.

Table 20. U-235, U-238, and Po-239 Masses Contained in the Suspended Sofids
U-235 U-238 Pu-239

Tank # (~) (g) (g)
S1 4.92E-02
DA I 3.’tuE-
S3 8.14E+O0

S5 1.92E-03

S8 6.76E-02
Sll 1.17E-04

I
2.3f)E-01

OE+O1 <5.5 lE-02
Q.. 12E+02 <1.llE-01

I >LL I 1.YYE-U 1 I <z. A*E+U 1 I / .JUE-UZ I

Table 22 shows the total U-235, U-238, and Pu-239 mass values in those
tanks for which quantitative data was obtained for the raw liquid phase and
the sludge phase. Note that Tank S6 has no sludge in it and Tank S 16 has
no liquid in it. Data was not obtained for the sludges from Tanks S 1, S3,
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S5, S 11, S 13, and S 14. Thus, the results listed in Table 22 for these tanks
represent lower limits since they contain the contributions from the filtered
liquids and suspended solids only.

Table 21. U-235, U-238, and Pu-239 Masses Contained in the Sludges
U-235 U-238 Pu-239

Tank # (g) (g) (g)
S2 4.83E+O0 7.40E+02 <1 .23E+O0
S4’ <3.63E+O0 9.65E+02 <2.24E-03
S7 3.66E+O0 6.98E+02 8.89E-02
S8 1.84E-01 2.69E+01 3.21E-02

S16 1.02E+03 1.87E+05 2.86E+01
S19 3.28E+02 3.00E+04 3.81E+O0
S20 1.89E+01 1. 16E+04 1.07E+O0
S21 1.89E+O0 2.86E+02 2.74E-01
S22 9.50E-01 O.OOE+OOb 3.09E-01

a- U-235, U-238, and Pu-239 masses were calculated from this liquid
sample assuming a sludge density of 2.0 g/cm3:

b- Value not measured.

Table 22. Total U-235, U-238, and Pu-239 Content of Sampled Solvent Tanks
U-235 U-238 Pu-239

Tank # (E) (p) (~)
Sla >2.llE+O1 23 .00E+03 21.53E-01

S2 8.89E+O0 7.95E+02C <1.25E+O0
s3a >7.37E+OI 21. 10E+O4 27.51E-01
S4 <1.67E+02 3.43E+04 <1.04E+O0
S5’ 26.50E+OI 21. 13E+04 21.53E+O0
S6 7.84E+01 1.58E+04 d.51E+O0
S7 2.33E+02 4.88E+04 3.1 IE+OO
S8 7.60E+O0 1.16E+03 <5.22E-O 1

Slla 26.08E-02 27.85E+O0 24,55E-02
s13a 26.32E+01 21.02E+04 28.35E-01
s14a >3.92E+01 21 .83E+04 23 .OIE-O1
s16 1.02E+03 1.87E+05 2.86E+01
S19 3.67E+02b 8.26E+04 4.17E+O0
S20 <2.22E+02 <5.33E+04 <3.50E+O0
S21 2.75E+01 8.78E+03 9.83E-01
S22 5.07E+01 <5.93E+03d < 1.62E+O0

a- Sludge data not available for this sample, see Section 1.0 for details.
b- This value was calculated using the average values of the two liquid and

suspended solid samples.

;
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c- U-238 not measured on the filtered liquid sample.

d- U-238 not measured on the sludge sample.
●

As discussed previously, the raw liquid data for Tank S 19 represents the
average of two aqueous samples taken from this tank. The data for Tank
S20 represents an upper limit only since there are two phases present in this
tank and the volume of each phase is unknown. Thus when the various
nuclide masses of each liquid phase were calculated, it was assumed that the
volume of each phase equaled the total liquid volume present in the tank.

4.0 COMPARISON OF DATA TO WAC’S

Once the analyses were complete for the raw liquids, filtered liquids, suspended solids,
and sludges, a detailed comparison relative to the appropriate WAC’s was requested by
ADS’s customer, Savannah River Site-Environmental Restoration Division (SRS-ERD).
Therefore, the extensive analytical data from the filtered liquids were compared to the
requirements of the latest revisions of the WAC’s from CIF15, SSTF16,MWSB 15,and the
TRU Pads17. For those tanks with sufficient data available for the sludges, a comparison
to the latest revisions of the WAC’s from the 241-F/H Tank Farm’*, TRU Pads 17,and
MWSB15 was performed. Since only a limited amount of radionuclide data were
available for the suspended solids and sludges, only a limited comparison to the
requirements of the WAC’s could be performed. Specifically, this comparison focused
primarily on the contribution of the suspended solids and sludges to the radionuclide ●
inventory. The results of the comparisons of the raw liquids, filtered liquids, suspended
solids, and sludges are given below. The intent of Section 4.0 of this report is to provide
an initial screening only of the analytical results versus the various WACS. The actual
screening of the various remedial alternatives for the ORWBG Solvent Tanks was
performed elsewhere and the results of the screening are documented in the Corrective
Measures Study/Feasibility Study (CMS/FS).

4.1 Comparison of Raw Liquid Data to CIF WAC

The raw liquid, filtered liquid, and suspended sofids data were fust
compared to the waste acceptance criteria of the Consolidated Incineration
Facility ’s. Since the CIF cannot accept TRU waste, the first point of
comparison was the activity concentration of the TRU components. For the
aqueous raw liquids, Tanks S1, S5, S6, S7, S8, S13, S14, S 19, S20, S21 and
S22 have TRU activity concentrations of >100 nCi/g. Thus the raw liquids
in these tanks are transuranic waste and are prohibited from incineration in
the CIF. In addition, the organic raw liquid from Tank S 11 also has a TRU
activity concentration of> 100 nCi/g. Because of their TRU status, the raw
liquids from these tanks will not be considered any further for candidate CIF
waste and will not be compared against any other requirements of the CIF
WAC’S. Tanks S2, S3 and S4 have TRU activity concentrations of 44.7,
88.9, and 22:7 nCi/g respectively; hence, they are not considered TRU ●

i
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waste. As stated previously in Section 3.3, the TRU activity concentration
had to be calculated in an alternate manner for the suspended solids portion
of the raw organic liquid in Tank S20. This calculation was necessary
because not enough suspended solids were present to quantitatively measure
the TRU activity concentration of the suspended solids. The activity
calculations were based upon the relative amounts of activity detected on the
filter used to separate the suspended solids from the raw liquid, the weight
percent of total suspended solids in the raw liquid, the density of the liquid,
and the volume of raw liquid filtered. Thus, the TRU activity concentration
of the raw organic liquid of Tarrk S20 was calculated to be 4.44 nCi/g.

If the suspended solids are separated from the liquids in Tanks S6 rmd S8,
the resulting filtered solutions will have TRU activity concentrations of 11.6
and 25.1 nCtig, respectively (see Table 14). Thus, these two filtered
solutions could also be considered for incineration at CfF.

Section A. 1.d of the CfF WAC lists multiple properties that are prohibited in
wastes that are acceptable to CIF15. The filtered aqueous liquids contained
in Tanks S2, S3, S4, S6, S8, and the filtered organic phase in Tank S20 do
not have my of the prohibited properties according to best available
information at the time of this report. The boiling points were not measured
on the filtered liquid samples from Tanks S4, S6, and S8. However, since
their composition is similar to the other aqueous filtered samples, they most
likely have similar boiling points (-160 ‘F). If required, these boiling points
can be determined at a later date. As mentioned previously in Section 2.1,
the total suspended solids determinations were performed on the raw liquids
whereas the boiling point, frmzing point, sod]u~ and fluorine
determinations were performed on the filtered liquids only. The PCB
content of the filtered liquids contained in Tanks S2, S3, S4, S6, S8, and S20
(organic phase) is <50 mg/L for all six liquids. This is within the acceptable
limit specified in Reference 15 for the CIF.

For the raw liquids from Taoks S2, S3, S4, and the organic fraction of S20,
it must be emphasized that filtering will not remove any waste
characteristics because the liquid fraction, alone, exhlbhs the characteristic
of toxicity. All four of these fiquids have less than 0.5% filterable solids.
See the definition entitled “List of EP~HEC Hazardous Waste Codes” on
Page viii of this report for more details regarding toxicity characteristics.
Hence, it is appropriate to compare the CIF WAC to the filtered liquid data.
Because of the low TRU activity concentration of the raw liquids from
Trmks S2, S3, S4, attd the organic phase of S20, it would not be necessary,
nor desirable, to separate the suspended solids from the liquid fraction.
Filtration of the raw liquids from Tanks S6 and S8 would be required in
order to obtain a non-TRU liquid fraction. Thus, filtration would not be used
as a treatment method, but to pre-serf and segregate the non-TRU aqueous
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phase and the TRU suspended solids phase. In addition, the high suspended ●
solids content (1.48 wt Yo) of the raw fiauid in Tank S8 would dictate that
the solids b filtered and treated as a se~arate matrix.

The previous CIF WAC6 prohibited waste streams with greater than 2000
mg/L of Hexamethylene- 1, 6-diisocyanate; p-Aminodiphenyl; Kepone; a-
Naphthylamine; b-Naphthylamine; Nitrogen Mustard; Nitroso-
dimethylamine; or p-Nitrosophenol. None of these compounds were
detected in the filtered liquids from Tanks S2, S3, S4, S6, S8, or the organic
phase of Tank S20 in the qualitative evaluation of the G~S data, meeting
the CIF WAC requirements for levels below 2000 mg5. The limits for
these organic compounds are not in the latest revision of the WAC 3.1715.
The latest revision of WAC 3.18 requires Cm notification prior to shipping
waste containers with greater than 2000 ppm of these compounds]5.

The CIF WAC requires antimony, &senic, barium, beryllium, cadmium
chromium, cobalt, lead, manganese, mercury, nickel, selenium, silver, and
thallium to be quantified if these metals are known or suspected to be
present in the materia115. Since the Sampling and Analysis Plan was written
before Revision 1 of WAC 3.18 was issued, cobalt was not quantified in
many of the Old Solvent Tank samples. The metal concentration limits for
CIF are shown in Table 2315. Comparing the data for the filtered liquids
given in Appendices B, C, D, F, H, and O with the data given in Table 23;
one can clearly see that the filtered aqueous liquids in Tanks S2, S3, S4, S6, ●
S8, and the fikered organic liquid in Tank S20 do not contain any of these
metals above the CfF concentration limits.

Table 23. Metal Concentration fimits for CIF
Maximum Allowable

Metal Concentration
m~g

Antimony 730
Arsenic 50
Barium 100,000

Beryllium 20
Cadmium 100
Chromium 2,500

Lead 10,000
Mercury 260

Silver 7,300
Thallium 730

WAC 3.18 requires (through the use of form OSR 29-47) BTU/lb, pH,
estimated viscosity, estimated specific gravity, total suspended solids, total
dissolved solids, total organic carbon, weight percent water, ash content, and

@
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total halogens weight percent to& determined/calculated15. All of the
above have ken measured as specified by the Sampling and Analysis Planz
except viscosity, BTU/lb, and total halogens weight percent. Per a request
by the customer, viscosity measurements were not performed on the liquid
samples. However, the viscosity can be estimated from the analytical data,
and if necessary, an analytical measurement can be made. Total halogen
weight percent was not specified by the Sampling and Analysis Plan
(because it was not a requirement in the previous revision of the CIF WAC’)
and therefore was not determined. If necessary, total halogen weight
percent can be determined at a later date. The BTU/Ib for the aqueous
liquids contained in Tanks S2, S3, S4, S6, and S8 and the organic liquid in
Tank S20 can be calculated based upon the available analytical data and
published thermodynamic data if required. If necessary, it can be measured.

The CIF WAC prohibits items with nuclide activities that are greater than
Class C requirements 15. Specifically, C-14, Tc-99, and 1-129 must be less
than or equal to 8.02, 3.00, and 0.0802 LCi/rnL, respectively. In addition,
the alpha emitting TRU radionuclides with half-lives greater than 5 years,
Pu-241, and Cm-242 must be less than or equal to 100,3500, and 20,000
nCi/g, respectively. Curium-242 was not measured in any of the Old
Solvent Tank samples. However, as was shown in Section 3.3, Cm-242 is
expected to & a very minor contributor to the total activity present in the
Old Solvent Taaks. For the raw liquid from Tank S2, the Tc-99, TRU
content, and Pu-241 do not exc=d the Class C requirements. However, the
C-14 content of the suspended solids and the 1-129 content of the filtered
liquid and suspended solids were not measured for this tank. For the raw
liquid from Tank S3, the Tc-99, I- 129, TRU content, and Pu-241 do not
exceed the Class C requirements. The C- 14 content of the suspended solids
from Tank S3 was not measured. For the raw liquid from Tauk S4, the C14,
TRU content, andPu-241 do not exceed the Class C requirements. For
Tank S4, the Tc-99 content of the suspended solids and the I- 129 content of
the filtered fiquid and suspended solids were not masured. For the filtered
organic layer of Tank S20, the Tc-99, TRU content, and Pu-241 do not
exceed the Class C requirements. However, the C-14 content of the
suspended sofids and the I-129 content of the filtered liquid were not
measured for this tarrk. With the exception of Cm-242 (which was not
measured), the filtered liquid from Tank S6 does not exceed any of the Class
C requirements. For the filtered liquid from Tank S8, the C-14, Tc-99, TRU
content, and Pu-241 do not exceed the Class C requirements. The I-129 and
Cm-242 levels were not measured in the filtered liquid from Tank S8. If
this disposal path is identified as a critical route for the above mentioned
liquids, the necessary activity parameters which have not yet been
determined can b measured at a later time.
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Next the radiological control limits for the CIF had to bc considered. For ●
>55 gallons of liquid, CIF has a gross alpha limit of 5 nCi/g. Tanks S2, S3,
s4, S6, and S8 contain >55 gallons of liquid and have gross alpha activity
concentrations of 52.1, 230, 24.3, 11.6, and 44.7 nCtig respectively. Thus,
all five of the tanks fail to meet the gross alpha criterion of the CIF WAC.
For the calculations involving Tanks S6 and S8 it was assumed that the
suspended solids would be removed from the liquid phase. Details of these

calculations can be found in Appendix U. An example calculation using the
gross alpha activity value in the liquid from Tank S2 is given below.

Gross alpha activity in filtered liquid= 8372.04 flCi

Gross alpha activity in suspended solids= 13740.84 xi

Raw liquid gross rdpha activity in the tank= 8372.04+ 13740.84= 22112.88 xi

Filtered liquid mass =424098.49 g

Suspended solids mass =84.82 g

Raw liquid mass =424098.49 +84.82 =4241 83.31 g

Gross alpha specific activity =
22112.88 xi

=5.213 x10-2 = 5.21x10-2~tig
424183.31g

Gross alpha specific activity =5.213x10-2 #Ci/g x
1X103nCi

=5.213x1O’ =5.21x101 nCi/g
&i

The volume of the organic phase in Tank S20 is rmknown; therefore, the
more restrictive WAC gross alpha limit (5 nCi/g) was used for comparison.
The calculated gross alpha activity concentration for the organic phase of
Tank S20 is 19.6 nCi/g. See Section 3.2 and Appendix U for details behind
this calculation. Based upon the limited amount of data from the organic
phase of Tank S20, it can be concluded that the gross alpha activit y is above
the CIF limit of 5 nCi/g.

For H-3 activity concentration, CfF has a limit of 1200 nCi/g for >55
gallons of liquid. As shown in Appendix U, Tanks S2, S3, S4, S6, and S8
have H-3 activity concentrations of @.804, 0.853,2.76,4.50, and 1.73
nCi/g respectively. The data for the organic liquid in Tank S20 (23 1 nCtig)
represents an upper limit only. As mentioned previously, the calculations

c
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involving Tanks S6 and S8 assume that the suspended solids would be
removed from the liquid phase.

Taking the data from Appendix U, the total activitY concentrations (Gross
Alpha + Gross Beta) are 82.5,686, 150.3, 120.6, and 1003.8 nCi/g for
Tanks S2, S3, S4, S6, and S8 respectively. For the organic phase of Tank
S20 the total activity concentration is 146.6 nCi/g. All six of these values
are well below the CIF WAC limit of 2600 nCi/g for liquid wastes with
volumes greater than 55 gallons.

As specified in the CIF WAC’s, the U-235 FGE of the waste must be
calculated and submitted to CfF prior to waste acceptances. Currently, the
nuclear safety limit for the CIF inventory of fissile nuclides is 700 FGE U-
235. FGE calculations and criticality discussions for the Old Solvent Tanks
are given in “Evaluation of Old Solvent Storage Tanks 1-22” (WSMS-CRT-
99-0039, Attachment 4 to the “Addendum to the Workplarr/RCRA Facility
Investigation/Remedial Investigation Report of the Old Radioactive Waste
Burial Ground 643-E, S01-S22).

4.2 Comparison of Raw Liquid Data to SSTF WAC

The Solvent Storage Tank Facility is similw to the Old Solvent Tanks. This
facility consists of four 30,000-gallon carbon steel tanks located next to the
CIF. The SSTF is prohibited from receiving TRU waste16. As stated before
in Section 4.1, the aqueous raw liquids in tanks S1, S5, S6, S7, S8, S 13,
S 14, S 19, S20, S21, and S22 have TRU activit y concentrations of >100
nCi/g. In addition, the organic raw liquid in Tank S 11 has a TRU activity
concentration of> 100 nCi/g. Because of the TRU activity concentrations in
these tanks, the raw liquids will not be considered any further for storage in
the SSTF and will not be compared against any other requirements of the
SSTF WAC. The aqueous liquids contained in Tanks S2, S3, and S4 have
TRU activity concentrations of 44.7,88.9 and 22.7 nCi/g respectively, hence
they are not considered TRU waste. In addition, as stated earlier, the TRU
activity concentration had to be calculated in an alternate manner for the
suspended solids portion of the raw organic liquid in Tank S20 (see Section
3.3). The TRU activity concentration of the raw organic liquid of Tank S20
was calculated to bc 4.44 nCi/g.

As stated in Section 4.1, if the suspended solids are separated from the
liquids in Tarrks S6 and S8, the resulting filtered solutions will have TRU
activity concentrations of 11.6 and 25.1 nCtig, respectively (see Table 14).
Thus, these two filtered solutions could also be considered for candidate
waste at the SSTF. For the raw liquids from Tanks S2, S3, S4, and the
organic fraction of S20, filtering will not remove any waste characteristics
because the liquid fraction, alone, exhibits the characteristic of toxicit y. All
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four of these liquids have less than 0.5% filterable solids. See the definition ●
entitled “List of EPA/DHEC Hazardous waste Codes” on Page viii of this

repott for more details regarding toxicity characteristics. Hence, it is
appropriate to compare the SSTF WAC to the filtered liquid data. Because
of the low TRU activity concentration of the raw liquids from Tanks S2, S3,
S4, and the organic phase of S20, it would not bc necessary, nor desirable,
to sepzrate the suspended solids from the liquid fraction. Filtration of the
raw liquids from Tanks S6 and S8 would be required in order to obtain a
non-TRU liquid fraction. Thus, filtration would not be used as a treatment
method, but to pre-sort and segregate the non-TRU aqueous phase and the
TRU suspended solids phzse. In addition, the high suspended solids content
(1.48 wt %) of the raw liquid in Tank S8 would dictate that the solids be
filtered and treated as a separate matrix.

Section B. 1 of the SSTF WAC lists several characteristics that are
prohibited in waste that is acceptable to the SSTF16. The filtered aqueous
liquids contained in Tanks S2, S3, S4, S6, S8, and the filtered organic phase
in Tank S20 do not have any of the prohibited characteristics according to
best available information at the time of this report with the exception of
beryllium. The filtered liquids in Tanks S2, S4, S6, and S8 afl have very
low levels (O.1, 1.1,0.2, and 0.1 mg/kg respectively) of beryllium.

Table 24. Physical and Chemical Criteria of SSTF
Parameter/Analyte Acceptable Values

Freezing Point s 40 “F

Boiling Point 2135 ‘F

Total Suspended Solids < It) Wtqo
pH rj<pH<ll

Viscosity <40 CpS @ 25 ‘C
Total Metalsa Required

a- A total metals chamcterization is required if arsenic, cadmium,
chromium, lead, mercury, nickel, or silver are known or suspected to bc
in a waste stream.

The physical and chemical criteria requirements are given in Section B.2 of
the SSTF WAC16. These zre summarized in Table 24. All of the
parameters in Table 24 were measured as specified by the Sampling and
Analysis Planz except boiling point (on filtered liquid samples from Tanks
S4, S6, and S8), and viscosity. The analytical results for the filtered aqueous
liquids in Tanks s2, S3, s4, s6, S8, and the filtered organic phase of Tank
S20 are given in Appendices B, C, D, F, H, and O respectively.
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ADS’s customer requested that viscosity measurements not k performed on
the liquid samples. However, the viscosity can bc estimated from the
analytical data, and if necessary, an analytical measurement can be made.

WAC 3.16 requires (through the use of form OSR 29-47) BTU/lb, PH,
estimated viscosity, estimated specific gravity, total suspended solids, total
dissolved solids, total organic carbon, weight percent water, ash content, and
total halogens weight percent to be determined/calculated 16. All of the
above have been measured as specified by the Sampling and Analysis Planz
except viscosity, BTU/lb, and total halogens weight percent. Total halogen
weight percent was not specified by the Sampling and Analysis Plan and
therefore waz not determined. If necessary, total halogen weight percent can
be determined at a later date. The BTU/lb for the aqueous liquids contained
in Tanks S2, S3, S4, S6, and S8 and the organic liquid in Tank S20 can be
calculated based upon the available analytical data and published
thermodynamic data if required. If necessary, it can be measured

As mentioned in Section 4.1, the boiling point was not measured on the
filtered liquid sample from Tanks S4, S6, and S8. However, since thek
composition is similar to the other aqueous filtered samples, they most
likely have similw boiling points (-160 “F). If required, these boiling points
can bc deterruined at a later date. The total suspended solids were measured
on the raw liquids. For Tanks S2, S3, S4, S6, S8, and the organic phase of
Tanks S20, none of the limits on the measured physical and chemical
criteria listed in Table 24 were exceeded except for Be in Tanks S2,S4, S6,
and S8. As stated earlier, a very small amount was detected in these four
filtered aqueous liquids.

It must be emphasized that Section B.2 of the SSTF WAC requires that an
explicit set of analytical test methods k used when characterizing waste for
specified physical and chemical criteria*6. However, ADS of SRTC uses its
own procedures/work instructions that may or may not be equivalent to the
analytical test methods fisted in Attachment 1 of the SSTF WAC. A
comparison of the various methods may bc needed prior to acceptance by
SSTF if this route is chosen for some of the Old Solvent Tank material.

The SSTF WAC requires that “generators provide information regarding the

radionuc!ide>$g.
radionuclides resent in the waste and the number of curies of each

The radionuclide data for the filtered liquids and suspended
solid material for Tanks S2, S3, S4, S6, S8, and S20 are given in
Appendices B, C, D, F, H, and O respectively.

As specified in the SSTF WAC, the U-235 FGE of the waste must not
exceed the equivalence of 23 grams per 1000-gallon shipment. FGE
calculations and criticality discussions for the Old Solvent Tanks are given
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in “Evaluation of Old Solvent Storage Tanks 1-22” (WSMS-CRT-99-O039,
Attachment 4 to the “Addendum to the WorkplatiCRA Facility
Investigation/Remedial Investigation Report of the old Radioactive Waste
Burial Ground 643-E, S01-S22).

Comparison of Raw Liquid Data to MWSB WAC

The MWSF include Mixed Waste Storage Buildings (MWSB) 643-29E,
643-43E, and 645-2N; and the mixed waste storage pads located in the Solid
Waste Disposal Facilit$”5. In addition, Buildings315-4M and 316-M are
operated in partnership with the Reactor Materials Division. These facilities
have the capability of storing low-level mixed waste. TRU waste is
prohibited in the MWSB per Section 1.C.2.a of WAC 3.1815. Since the
aqueous raw liquids in tanks S1, S5, S6, S7, S8, S13, S14, S19, S20, S21,
and S22 have TRU activity concentrations of> 100 nCi/g, these tanks will
not be considered any further for storage in the MWSB. In addition, the
organic raw liquid in Tank S 11 is also TRU waste and will not be
considered any further. As previously stated, the aqueous liquid in Tanks
S2, S3, and S4 have TRU activity concentrations of 44.7,88.9, and 22.7
nCi/g respectively, hence they are not considered TRU waste. Also, as
stated earlier, the TRU activity concentration had to be calculated for the
suspended sofids portion of the raw organic liquid in Tank S20 (see Section
3.3). The TRU activity concentration of the raw organic liquid of Tank S20
was calculated to be 4.44 nCtig.

By separating the suspended solids from the liquids in Tanks S6 and S8, the
resulting filtered solutions will have TRU activity concentrations of 11.6
and 25.1 nCi/g, respectively (see Table 14). Thus, these two filtered
solutions could also b considered for candidate waste at the MWSB. As
previously discussed, for the raw liquids from Tarrks S2, S3, S4, and the
organic fraction of S20, filtering will not remove any waste characteristics
because the liquid fraction, alone, exhibits the characterktic of toxicity. Afl
four of these liquids have less than 0.5% filterable solids. See the definition
entitled “List of EPA/DHEC Hazardous Waste Codes” on Page viii of this
report for more details regarding toxicity characteristics. Therefore, it is
appropriate to compare the SSTF WAC to the filtered liquid data. Because
of the low TRU activity concentration of the raw liquids from Tanks S2, S3,

S4, and the organic phase of S20, h would not be necessary, nor desirable,
to separate the suspended sofids from the liquid fraction. Filtration of the
raw liquids from Tanks S6 and S8 would be required in order to obtain a
non-TRU liquid fraction. Thus, filtration would not be used as a treatment
method, but to pre-sort and segregate the non-TRU aqueous phase and the
TRU suspended solids phase. In addition, the high suspended solids content
(1.48 w%) of the raw liquid in Tank S8 wordd dictate that the solids b
filtered and treated as a separate matrix.

● I

I
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Section 1.C. 1.a of the MWSB WAC lists multiple characteristics that are
prohibited in waste that is acceptable to the MWSB15. Based upon the
current analytical data, the filtered aqueous liquid contained in Tanks S2,
S3, S4, S6, S8, and the filtered organic liquid in Tank S20 do not have any
of the prohibited characteristics. Attachment 3, Table 5 (see pages viii
through xvi of this report), lists the hazardous waste codes acceptable at the
MWSB15. Based upon the best available analytical data, the filtered
aqueous liquid in Tank S2 will carry DO09 and potentially DO10 (See
EPA/DHEC Hazardous Waste Code List on Page viii for definitions of these
codes). The filtered aqueous liquid in Tank S3 will carry DO09. The
filtered aqueous liquid in Tank S4 will carry DO04, DO06, DO07, DO09, and
potentially DOlO. The filtered aqueous liquid in Tank S6 will carry DO07,
DO09, and potentially DOlO. The filtered aqueous liquid in Tank S8 will
carry DO09 and potentially DOlO. Finally, the organic liquid in Tank S20
will be assigned a DO09 code and potentially DO10. The aqueous liquids
from Tank S2, S4, S6, and S8 and the organic liquid from Tank S20 have
total Selenium levels of<11, <21.3, <3.7,<2.9, and <1.2 mg/L respectively.
However, the regulatory limit for Selenium is 1.0. It cannot be proven with
current analytical data that these three liquids have. less than the regulatory
limit. Thus their status relative to carrying a DOlO code is in question. At
the current time, it is unknown if the organic liquid in Tank S20 carries any
additional waste codes. Note that total metal concentrations were
determined for these samples, not TCLP.

The MWSB WAC prohibits items with nuclide activities that are greater
than Clms C requirementsis. Specifically, C-14, Tc-99, and I- 129 must be
less than or equal to 8.02,3.00, and 0.0802 LCtirnL, respectively. In
addition, the alpha emitting TRU radionucfides with half-lives greater than 5
years, Pu-241, and Cm-242 must be less than or equal to 100,3500, and
20,000 nCi/g, respectively. See Swtion 4.1 for the discussion regarding the
Class C requirements.

The MWSB WAC requires that “generators will provide information
regarding the radionuclide distribution present in the waste and tbe total
number of curies contained in each package’’ls. The radionuclide data for
the filtered liquids and suspended solid material for Tanks S2, S3, S4, S6,
S8, and S20 (organic layer) are given in Appendices B, C, D, F, H, and O
respwtively. It should be noted that Appendices B, C, D, F, H, and O do
not contain information regarding daughter radionuclides such as Y-90 and
Ba- 137m. However, these values can b easily calculated based upon
radionuclide growth and decay equations.

WAC 3.18 requires that form OSR 29-47 be submitted with the waste. This
form requires several pieces of information regarding each waste stream.
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Sec Section 4.1 for a detailed discussion of the form OSR 29-47 0
requirements.

The Nuclear Safety Criterion specified in the MWSB WAC limits the U-235
FGE of the waste to 200 grams per 55-gallon drum. FGE calculations and
criticality discussion for the Old Solvent Tanks are given in “Evaluation of
Old Solvent Storage Tanks 1-22” (WSMS-CRT-99-0039, Attachment 4 to
the “Addendum to the WorkplatiRCRA Facility Investigatiotiemedial
Investigation Report of the Old Radioactive Waste Burial Ground 643-E,
SO1-S22).

4.4 Comparison of Raw Liquid Data to Transuranic Pads WAC

As discussed previously, the aqueous raw liquids in S 1, S5, S6, S7, S8, S 13,
S 14, S 19, S20, S21, aad S22 have TRU activity concentrations of >100
nCi/g, thus these liquids cannot be considered low-level waste. In addition,
the organic liquid in Taak S 11 has a TRU activit y concentration of >100
nCtig. One possible disposal option for these TRU materials is the E-Area
TRU Pads. The waste characteristics requirements for the TRU Pads are
given in Section A of the TRU Pads Transuranic WAC”. Multiple chemical
requirements are given in Section A.2. Only small quantities of liquid (<2
liters/55-gallon drum or <8 fiters/SWB or <1 inch in any internal container)
can be present in TRU waste. Thus in their current form the aqueous raw
liquids of S 1, S5, S6, S7, S8, S13, S 14, S 19, S20, S21, and S22 and the ●
organic raw liquid in Tank S 11 would not be acceptable to the E-Area TRU
Pads. The raw liquids would have to be treated in some manner to convert
the liquid into a suitable solid.

It would& bneficial to sepmate the suspended solids from the liquids in
Tanks S6 and S8. In both of these tanks the TRU content of the filtered
liquid is <100 nCi/g while the TRU content of the suspended solids is much
greater than 100 nCi/g. Without separation, the raw liquids from both of
these tanks would be considered TRU waste. Separation of the suspended
solids from the liquids would thus be an effective TRU volume reduction
step.

The aqueous raw fiquids in Tanks S2, S3, and S4 cannot be considered for
disposal at the E-Area TRU Pads since these fiquids are low level waste. In
addition, since the TRU activity concentration of the organic raw liquid
contained in Tank S20 was calculated to be <100 nCi/g, this liquid was not
considered for disposal at the E-Area TRU Pads. However, separation of
the organic liquid from the aqueous liquid in Tarrk S20 would be needed in
order to consider disposal of the aqueous phase at the E-Area TRU Pads.
One technical challenge would thus be the identification of an efficient
means to separate the organic and aqueous layers contained in this tank.
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The TRU Pads WAC requires heat load calculations based upon the nuclide
content of the waste container. This calculation is automatically performed
by form OSR 29-90 once the radionuclide information (in grams) has been
entered in the form. The TRU Pads WAC also requires that the waste
contain less than or equal to 195 FGE of Pu-239 per 55-gallon drum17. As
stated previously, criticality related discussions are contained in “Evaluation
of Old Solvent Storage Tanks 1-22” (WSMS-CRT-99-O039, Attachment 4
to the “Addendum to the Workplarr/RCRA Facility Investigation/Remedial
Investigation Report of the Old Radioactive Waste Burial Ground 643-E,
S01 -S22). Some of the liquids contain trace amounts (ppm range) of
beryllium and may require an approved deviation request prior to
acceptance by the TRU Pads. SWD should bc consulted on this matter.

Comparison of Sludge Data to 241-F/H Tank Farms WAC

As originally written, the Sampling and Analysis Plan considered four
options for the sludge from the Old Solvent Tanks. These options were
disposal at the 241-F/H Tank Farms, disposal at the E-Area TRU Pads,
disposal at the MWSB, and in-place stabilization. Since it was technically
very challenging to acquire adequate sludge samples, sludge was obtained
from only twelve of the tanks (Tanks S2, S4, S7, S8, S 13, S 14, S15, S 16,
S 19, S20, S21, and S22) for limited charactertiation. Of these twelve
samples, three (Tanks S 13, S 14, and S 15) had insufficient sample for
quantitative radiological characterization. Sludge from Tarrks S 1, S3, S5,
S6, S9, S1O, S11, S12, S17, and S18 couId not b obtained due to the
absence of significant quantities of sludge or physical fimitations of the tank
geometries and riser pipes. Of the nine sludge samples for which a
measurable mass was obtained, time restraints and limited sample quantities
significantly impacted the number of analyses that could bc performed.
Hence, the comparison of the sludge data to the 241-F/H Tank Farms WAC
will be of very limited scope.

The maximum organic concentration (assuming that the constituents
contribute to the flammability limit of a High Level Liquid Waste Tarrk) as
stated in Section 13.3.4 of the 241-F/H Tank Farms WAC must be less than
0.5 vol 9. organic/aqueous. The organic content (if measured) of the nine
sludge samples quantitatively characterized is shown in Table 2518. The
organic constituents of the sludge samples from Tanks S7, S8, S 16, S21, and
S22 can be found in Appendices G, H, M, P and Q. These five samples do
not meet the organic content requirement of the 241-F/H Tank Farms WAC.
Additional sampling and analyses would be rcquimrf to determine the
organic content of the sludges from Tanks S2, S4, S 19, and S20.
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Section 13.5.1 of the 241-F/H Tank Farms WAC lists a Cs- 137 activity ●
concentration Iimit of 3.48x108 dprn/ti for Type IV waste tanks 18. Type
IV waste tanks do not have second~y containment. Table 26 lists the Cs-
137 activity concentrations for the nine sludge samples quantitatively
characterized in this study assuming a sludge density of 2.0 g/cmq. All nine

sludges contain Cs- 137 at activity concentrations less than the 241-F/H
Tank Farms limit.

Table 25. Organic Content of Sludge Samples
Tank # Organic Content

2’ Unknown
& Unknown
7 100%
8 9.72%
16 10090
19’ Unknown
2oa Unknown
21 >170
22 >23 Yo

a- Semi-Volatile Organics analysis by G~S not performed on this sample
due to sample size restrictions.

Table 26. Sludge Phase CS-137 Activity Concentration

CS-137 Activity CS-137 Activity
Tank # llcdg A.lllllnl

2 2.32E-01
4 1.1OE-O1
7 8.78E-02
. 1 . ,. ”-.,,.

Section 13.5.2 of the 241-F/H Tank Farms WAC states, “The composite
(solids and liquids) dose potential concentration must be less than 2.3E9
re~nJgallon to be rweived in the Tank Farm. Material transferred into the
evaporator feed tanks (i.e. Tanks 43H and 26F) must not cause the
evaporator RST of 1E9 rem/gallon to be exceeded” ls. The assessment of the
sludges relative to the requirements stated in Section 13.5.2 of the Tank
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Farms WAC would need to bc performed if this option becomes a critical
disposal path for the sludges.

Section 13.6 of the 24 l-F/H Tank Farms WAC lists the regulatory
requirements from a RCRA standpoint. It must be emphasized that TCLP
analyses were not performed on these sludge samples. Instead, these
samples were analyzed for total metals. Based upon the total metal results,
several of the sludges fail to meet the 241-F/H Tank Farms RCRA
requirements. Table 27 displays those parameters that fail to meet the
RCRA requirements.

Table 27. RCRA Characteristics of Sludge Samples
RCRA Parameter Failing to Meet

Tank # Tank Farms WAC
2’ As, Cd, Se(?)
4b Unknown
T Cd, Se(?), (Hg not measured)
8’ Unknown
16C As(?), Cd, Se(?)
19’ Cd, Se(?)
20’ Cd, Se(?)
21’ Cd, Se(?)
22 Cd, Se

a- Selenium detection limit above regulatory requirement for this sample.
b- Metals analysis not performed on this sample due to sample size

restrict ions.
c- Arsenic and selenium detection limits above regulatory requirement for

this sample.

The sludges from Tanks S2, S7, S 16, S 19, S20, and S22 had 25 mg/kg of
silver. The origin of the silver is tmknown. Hence, the silver restriction as
stated in Section 13.4 of the 241-F/H Tank Farms WAC nright have an
impact on the acceptability of the sludge from these six tanks.

Using the information provided in Section 3.4 of this report, additional
criticality safety and Authorization Basis issues will need to be addressed if
and when it is decided to pursue the disposal of the sludge to the 241-F~
Tank Farms.

Comparison of Sludge Data to Transuranic Pads WAC

The calculated TRU content of the nine quantitatively characterized sludge
samples was given in Table 17 of Section 3.3. All of the sludges are
considered TRU except the sludge from Tank S4. This material was liquid
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in nature and the TRU component was calculated assuming that the density ●
of the material was 2.0 g/cm3. Thus, only the sludges from Tanks S2, S7,
S8, S 16, S 19, S20, S21, and S22 would meet the TRU requirements for
disposal at the E-Area TRU Pads. The waste characteristics requirements for
the TRU Pads are given in Section A of the TRU Pads Transuranic WAC17.
Multiple chemical requirements are given in Section A.2. Due to the small
sample quantities, only very limited analyses could & performed on these
sIudges. Thus, additional sampling and analyses may be required prior to
further consideration of this disposal option. The TRU Pads WAC requires
heat load calculations based upon the nuclide content of the waste container.
This calculation is automatically performed by form OSR 29-90 once the
radionuclide information (in grams) has been entered in the form. The TRU
Pads WAC also requires that the waste contain less than or equal to 195
FGE of Pu-239 per 55 gaflon drum”. Please refer to “Evaluation of Old
Solvent Storage Tanks 1-22” (WSMS-CRT-99-O039, Attachment 4 to the
“Addendum to the Workpla~CRA Facility Investigatiotiemedial
Investigation Report of the Old Radioactive Waste Burial Ground 643-E,
S01-S22”) for criticality discussions and FGE calculations. Additionally,
due to the liquid restrictions of the TRU Pads WAC, a treatment and/or
stabilization may be needed for the shsdges prior to acceptance by the TRU
Pads”.

One very important consideration for disposal of the sludges at the TRU
Pads is the need to remove the sludges from the tarrks. As the sludge

●
sampling events demonstrated, the removaI of the sludges from the tanks
will represent a formidable technical challenge.

Comparison of Sludge Data to MWSB WAC

As mentioned in Section 4.6, only one of the nine quantitatively
characterized sludge samples was not TRU. Thus, the sludge from Tank S4
could potentially be sent to the MWSB. Section 1.C.1.a of the MWSB
WAC Iists multiple characteristics that are prohibited in waste that is

15 B ~ed upon the current analytical data. theacceptable to the MWSB .
sludge contained in Tank S4 does not have any of the prohibited
characterist its. Attachment 3, Table 5 of the MWSB WAC (see pages viii
through xvi of this report), fists the hazardous waste codes acceptable at the
MWSB15. The hazardous waste code assignments to this sludge are
unknown at this time. Due to the very limited amount of sample obtained, a
metals analysis and GC/MS SVOA were not performed on this sample.

The MWSB WAC requires that “generators will provide information
regarding the radlonucfide distribution present in the waste and the total
number of curies contained in eaeh package’’15. The radionuclide data for
the sludge tiom Tank S4 are given in Appendix D. It should be noted that ●

.
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Appendix D does not contain information regarding daughter radionuclides
such as Y-90 and Ba- 137m. However, these values can be easily calculated
based upon radionuclide growth and decay equations.

WAC 3.18 requires (through the use of form OSR 29-47) the measurement/
determination of multiple parameters which include BTU/lb and ash
content 15. If this disposal path becomes a viable option for this sludge
material, then these analyses will be needed.

The Nuclear Safety Criterion specified in the MWSB WAC limits the U-235
FGE of the wrote to 200 grams per 55-gallon drum. FGE calculations and
criticality discussion for the Old Solvent Tanks are given in “Evaluation of
Old Solvent Storage Tanks 1-22” (WSMS-CRT-99-O039, Attachment 4 to
the “Addendum to the WorkplatiRCRA Facilit y Investigation/Remedial
Investigation Report of the Old Radioactive Waste Burial Ground 643-E,
S01-S22). The MWSB WAC prohibits items with nuclide activities that are
greater than Class C requirements15. Specifically, limits are given for C-14,
Tc-99, 1-129, alpha emitting TRU radionuclides with half-lives greater than
5 years, Pu-241, and Cm-242. However, none of the these nuclides were
measured in this characterization study. Thus, these nuclides, with the
possible exception of Cm-242 (see sections 5.1 and 3.3 for more details on
why Cm-242 would not necessarily need to be measured), would need to k
measured if this disposal option is chosen for the sludge from Tank S4. It is
obvious from the above discussion that a more extensive characterization
may be required on this material if disposal of the material is going to be
seriously considered at the MWSB. This will assume, of course, that it is
physically possible to obtain a reasonably sized sample for characterization.

4.8 Summary of Comparisons to the Various WACS

Based upon the discussions of Section 4.1 through Section 4.4, a summary
table (see Table 28) was constmcted for the liquids from the Old Solvent
Tanks. This table lists the parameters of each tank that fail to meet the
criteria of the various WAC’S. In their current form, the aqueous raw liquids
of S1, S5, S6, S7, S8, S13, S14, S 19, S20, S21, and S22 and the organic raw
liquid in Tank S 11 would be acceptable to the E-Area TRU Pads once
converted into a suitable solid.

Table 29 summarizes the available sludge data from Sections 4.5 through
4.7. It is apparent from looking at Table 29 that data are not available for
many of the sludges. However, based upon the data that were obtained from
the sludges in this characterization and the similar, but distinct processes
(PUREX and H-Modified) which generated the solvents that were pIaced
into these tanks and co-mingled, then the following can be concluded: all



Savannti River Site WSRC-RP-98-01486
Chmacterization of Samples from Old Solvent Tanks Revision 2
S1 ‘Through 522 6/8/m

Page Mof51

sludges would meet the TRU Pads WAC but fail to meet the WAC’s from
241-F/H Tank Farms and the MWSB.

Table 28. Ulquid Parameters Failing to Meet WAC Requirements
CIF SSTF Mw~

[.

L.. 3B TRU Pads
Tank # WAC WAC WAC WAC

I --. , TRU TRU None1KU

; Gross A@ha Beryllium None Non-TRU
3 Gross Alpha

. , ,.”

6’ TRU
7 TRU
8“ TRU
9 b b b b
10 c
11 T;U T;U T:U None

t----
4
<

None None Non-TRU

I Gross Alpha Beryllium None Non-TRU
TR1l TRU TRU None

TRU TRU None
TRU TRU None
TRU TRU None

12 c
13 T;U T:U T;U None
14 TRU TRU TRU None
15 b b b b
16 b b b b
17 b b b b
18 c c c
19 TRU TRU T:U None

20-Organic Gross Alpha None None Non-TRU
20-Aqueous TRU TRU TRU None

21 TRU TRU TRU None
22 TRU TRU TRU None

a- Separation of the suspended solids from the liquid results in the liquid
being non-TRU, hence the liquid would potentially be acceptable at
MWSB.

b- Tank contains no liquid.
c- Tank contains less than 10 gallons of liquid.

I
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Table 29. Sludge Parameters Failing to Meet WAC Requirements
241-Frn Tank TRU Pads MWSB

Tank # Farms WAC WAC WAC

1 a a

2 Arsenic, Cadmiumd None T;U

3 a a a

4 g ~ g
5 c

6 : b :

7 Organic Content, Cadmiumd”’ None TRU

8 Organic Content None TRU

9 a a a

10 c c c

11 a a a

12 a a a

13 g g g
14 g R g
15 g E g
16 Organic Content, Cadmiumdf None TRU

17 a a a

18 a a a

19 Cadmiumd None TRU

20 Cadmiumd None TRU

21 Organic Content, Cadmiumd None TRU

22 Organic Content, Cadmium Selenium None TRU

a- This tank contains less than 15 gallons of sludge.
b- This tank contains no sludge.
c- Sludge contained in tank was not accessible to sampling.
d- The detection limit for selenium in this sample was higher than the

regulatory limit, thus, this sample may or may not meet the RCRA
requirements of the WAC.

e- Mercury was not measured on this sample, hence it may or may not meet
the RCRA requirements of the WAC.

f- The detection limit for arsenic in this sample was higher than the
regulatory limit, thus, this sample may or may not meet the RCRA
requirements of the WAC.

g- Data limited due to insufficient sample quantity. Insufficient sample data
to make a full comparison to WAC’S.
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●
5.0 QUALITY ASSURANCE

The Analytical Development Section has an extensive quality assurance program in order
to produce and disseminate data of the highest quality. ADS uses a graded approach for
implement ing DOE Order 5700.6C, 10CFR830- 120, and ASME NQA- 1 Quality
Assurance Requirements for Nuclear Facilities19.

Measurement and Test Equipment such as balances and pipets are controlled using the
WSRC IQ, Quality Assurance Manual, Procedure 12-1 (Control of Measuring and Test
Equipment). Analytical Measurement Systems (i.e. gamma detectors, GCS, etc.) are
controlled using the WSRC 1Q, Quality Assurance Manual, Procedure 2-7 (Program
Requirements for Analytical Measurement Systems) and Procedure ADS-01 14
(Measurement Control Program) of Manual ADS L16. 1 (Analytical Development Section
Analytical Operating Procedures). In addition, ADS instrument procedures specifically
define calibration procedures and quality control requirements. Quality control charts are
compiled on a monthly basis for review. These data are issued in the monthly ADS
Sample Management and Quality Control Report.

Accuracy and precision of the various analytical methods used by ADS are routinely
checked by bencIr/check standards, blind staadards, spfit samples, replicate
measurements, external sources/laboratories, inter-laboratory comparison samples,
quality control charts, rind/or spikes of known concentrations. ADS currently participates ●
in the DOE Radiological and Environmental Sciences Laboratory (RESL) Mixed Analyte
Performance Evaluation Program (MAPEP) for laboratories performing radiological,
inorganic, and/or organic analyses in support of DOE environmental monitoring
activities. In the past, ADS has also participated in the DOE Environmental
Measurements Laboratory (EML) Quality Assessment Program (QAP) for laboratories
performing environmental radiological analyses for DOE environmental monitoring
activities.

6.0 RECOMMENDATIONS FOR PATH FORWARD

At the request of SRS-ERD, ADS included this section as part of the Old Solvent Tank
characterization report. The intent of this section is to provide recommendations of
potential disposal options for the contents of the Old Solvent Tanks. This section is not
intended to provide any remedial decisions regarding the Old Solvent Tanks.

The sampling and characterization of liquid and sludge samples from the Old Solvent
Taaks has brought to light many important considerations. The most important of these
considerations is the immense difficulty in obtainin~removing both liquid and sludge
samples from the Old Solvent Tarrks. In particular, it kcame very evident that the
sludges contained in the tanks are extremely hard to remove. These lessons in
conjunction with the physical condition of the taaks should heavily influence ●



Savannah River Site WSRC-RP-98-O1486
Characterimtion of Samples from Old Solvent Tanks ReV:sion 2
S1 ~rough S22 6/8/00

●
Page 47 of 5 I

treatmentidisposal options of the material within the OId Solvent Tanks. It must also bc
emphasized that brdk removal of the remaining liquids and solids in these tanks will
present an even more stifling challenge. This is due to the relatively small volumes of
material in the tanks compared to tbe volumes of the tanks themselves.

One major limiting factor for a majority of the liquids, suspended solids, and sludges
characterized in this study is the TRU content of the material. The TRU nature of the
majority of the raw liquids contained in the tanks excludes all of the facilities that can
accept exclusively low level waste. Only the raw aqueous liquids in Tanks S2, S3, and
S4 mtd the raw organic liquid in Tank S20 have TRU activity concentrations of less than
100 nCi/g. None of the suspended solids have TRU activity concentrations of less than
or equal to 100 nCi/g and only the filtered liquids in Tanks S2, S3, S4, S6, S8, and S20
(organic phase only) have TRU activity concentrations of less than 100 nCi/g. Thus, one
would gain nothing by filtering the suspended solids out of Tanks S2, S3, S4, and S20
(organic phase). In fact, it would be advantageous to leave the suspended solids in the
liquids since these raw liquids are not considered TRU waste. It would appear
advantageous, though, to filter the suspended solids out of the liquids from Tanks S6 and
S8. The much smaller volume of suspended solids could be treated as TRU waste while
the filtered, low-level liquid could potentially be treated at a low-level waste facility such
as CIF. Blending all of the tanks will not be of use either since there is not enough non-
TRU fiquid to combine with the TRU Iiquid to result in the mixture being less than or

●
equal to 100 nCi/g. It appears that such a blend would be over 600 nCi/g, assuming no
other liquid or solid material is added to the mixture.

The TRU Pads appear to be one potential disposal option for the raw aqueous liquids
contained in Tanks in S 1, S5, S6, S7, S8, S 13, S 14, S 19, S20, S21, and S22, as well as
the organic liquid in Tank S 11. However, the liquids would not be acceptable in their
liquid form since the current E-Area TRU Pads WAC prohibits any significant amount of
liquids. Treatment options would thus have to bc considered in which the liquid is
converted into a suitable solid. Of course this treatment option would require an efficient
pumping mechanism for the removal of the raw liquids from the tanks. Thus, facilities
would have to be built that are external to the currently existing tanks resulting in the
generation of additional waste.

The TRU Pads are afso a potential disposal option for the sludges contained in Tanks S2,
S7, S8, S 16, S 19, S20, S21, and S22. One major technical challenge is the removal of the
sludge from tbe Old Solvent Tanks. Tbe sampling events for this characterization study
have shown that the sludge is not amenable to easy removal. Assuming one could
remove the sludge in a reasonable manner, only small quantities of liquid could bc
present in order for the sludge to & acceptable to the E-Area TRU Pads (see Section 4.4
for further discussion). Hence, the removal technique could have a significant impact on
tbe physical form of tbe sludge.

●
CIF remains a potentially viable choice for the raw aqueous liquids in Tanks S2, S3, and
S4, and for the organic liquid in”Tank 20. A deviation request would have to b
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submitted for these liquids due to the high gross alpha content. Potentially, a minimum ●
of-3330 liters or approximately 1670of the total liquid volume contained in the Old
Solvent Tanks could be disposed of in this manner. If the suspended solids are separated
from the raw liquids from Tanks S6 and S8, potentially -1560 additional liters could be
disposed of at CIF bringing the total to -4890 liters or approximately 239. of the total
liquid volume in the Old Solvent Tanks.

It is obvious from the outcome of this characterization that whatever options are chosen
for the various liquids and solids contained in the Old Solvent Tanks, additional sampling
and characterization work could be required. In conclusion, this extensive
characterization project on the material contained in the Old Solvent Ta~s now makes it
possible to reasonably evaluate the risks and costs associated with the treatment options
for the closure of these tanks.
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Tank S1

o
Tank S1
Sample # 3-103987

Customer ID 98018-1
Description Original Aq ueous Sam ple

Anslyte Content. Units
Total Suspended Solids 0.01 Vlt %
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Tank S1

Sample # 3-104940

Customer ID 98018-1

Description Filtered Aqueous Sample

Total Volume In Tank 443.2717 liters
I

Analyte Content. Units

Al 6 mglkg

Sb <3 mglkg

As <0.11 mglkg

Ba <1 mglkg

Be <1 mglkg

B 3 mglkg

Cd <1 mglkg

cl- <20 mglL
r.r <1 mglkg

Cu 4 mglkg

CN- <10

F- <20 . ..=-

Fe 3 mglkg

Pb <1 mglkg

Mn 2 mglkg

!9— 97.18 mglkg

I-,

Iug/L I I I
Imnll

Ni
N03- 386
DnA -.. -Inn

1 I 1.81mg/L

mglL
, “y--- .,” - mg/L

Se <1.1 mg/L

Ag <1 mg/kg

Na 7103 mglkg
mgikg
-.-. Jl.-

,,, ,!jr L I 1 1
Iuired ]N/A

1.51% 150001m@L

NIA I I I
mg/L

I Img/L
I mg/L I
140 lmg/L

tK I 3.61mg/L I I I

WSRC-RP-98-O1486
Revision 2
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Tank S1 WSRC-RP-98-01488
Revision 2

Free Liquid? Yes N/A I I 1 I

PH 8.27 N,
Density 0.875 g
TDS 5.40 v.
Water, wt% 90.7 %

I Aqueous
-.

— ~--—-~- ~
~ Pnsse -

Total

Activity Activity

Radionuclides uCi/mL uCi/mL uCi

Total Am 8.52E-03 UL 8.52E+06 UL 3.78E+03

Am-241 8.42E-03 4.36E-04 8.42E+06 4.36E+05 3.73E+03

Am-243 9,95E-05 UL 9.95E+04 UL 4.41 E+OI
P.4 A 2 GnF.nd I II 2 !iOF+O!i 1)1 1.55E+02
“–!7 “---- “ , “- -------- .- .. —.. —

Ce-144 2.56E-04 MDA 2.56E+05 MDA 1.13E+02

Total Cm 2.04E-02 4.07E-02 2.04E+07 4.07E+07 9.04E+03

Cm-244 2.04E-02 4.07E-02 2.04E+07 4.07E+07 9.04E+03

Cm-245 7.88E-04 DL 7.88E+05 DL 3.49E+02

Cm-246 1.41 E-o3 DL ! 1.41 E+06 DL 6.25E+02

CO-60 3.03E-05 9.17E-061 3.03E+04 9.1 7E+03 1.34E+OI
.-. ------ .. -.” a.-.n” .“,-. . . -,”r ,n.

us-l 34 I
Cs-137 .—
c, ,-4GA I 1 fi9F.n91

, . --- .._. — _-
D8,-9An I 1 07 F.n21

,--.-

Pm-147
Ru-106
Sb-125
Se-79
C“-* ?a

rt“---”

Pu-241
p, ,-PA?

F
F
:
<

=

..—
6.31 E-o;
3.72E-04 h
8.89E-04
9.01 E-o5 !
1 9ar.nA ~

E’L
u,,- ,L.,

Sr-90

Tc-99 ..—

Th-232 3.54E-;~

U-233
I 1-924 +----- . ..—

U-235 8.56 F-iii

U-236 4.31

U-238 1.8L– ._,

TRU 6.74E-01 ] -. . . .
I I I I

6/8/00
Appendix A
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MDA = Minimum Detectable Activity for the conditions used



Tank S1 WSRC-RP-98-01486
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DL = Detsction Limit Appendix A

UL = Upper Limit Page A4

TBP = Tributyl Phosphate
●



Tank S1 WSRC-RP-98-01488

●

●

●

Sample # 3-104914 I

Customer ID 98018-1
Description Rltered Solids

Estimated Solids 38.79 [g (based upon TSS, volume and
density of liquid phase)

II

74~–-””T I I

I I !
MDA = Minimum Detectable Activity for the conditions used
>L = Detection Limit

Revision 2
6/8/00
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Tank S2 WSRC-RP-98-O1488
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●
Tank S2 Appendix B

Sample # 3-105080 Page BI

Customer ID 98018-2
Description Original Aq ueous Sam ple

Analyte Content. Units
Total Suspended Solids 0.02 M %



Tank S2 WSRC-RP-98-O1488
Revision 2
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Sample # 3-105083 I Appendix B

Customer ID 98018-2 Page B2

Description Filtered Aqueous Sample ●
Total Volume in Tank 422.8305 liters

Analyte Content. Units

Al <1 mglkg

Sb <3 mglkg

As <2 mglkg

Ba <0.1 mglkg

Be 0.1 mglkg

B 2 m~kg

Cd <0.1 mglkg

cl- 46 mglL

Cr <0.1 mglkg

Cu 1 mglkg

CN- <10 ug/L

F- 1O(a) mg/L

Fe 17 mg/kg

Pb <1 mglkg

Mn 1 mglkg

Hg 8.67 mglkg

Ni 0.3 mglL

N03- 1O(a) mg/L

Po4--- 377 3 mglL

Se <11 mglL

Ag <0.1 mglkg

Na 501 4 mglkg

TI <3 mglkg

u 35 9 mgikg

Zn 1 mglkg

Any known VOAS, >20 mg/L No NIA

n-Butanol <1.1 mgiL

Phenollphenoxidelnitrophenol s <5 mg/L

SemiVOA Required NIA

TB P <5 mg/L

Othe r <5 mglL

Total Inorganic Carbon 114 5 mglL

Total Organic Carbon 1263 5 mg/L

Volatile Organics Required NIA

PCBS <50 mg/L

Kepone <5 mg/L

p-Nitrophenol <5 mgiL

Benzene <0.140 mg/L

MEK <0.5 m~L

PCE <0.140 mglL

Acidity <0.02 Molarity

Ash Content 1.53 %
Boiling Pt. 150 .8 degrees F

Flash Pt. >212 degrees F

Freezing Pt. <32 degrees F



●

●

Tank S2 WSRC-RP-98-01486

J=, ,0,, , .“”..

rDs
~,12!:-””

water, wt% 77.4

‘-— – -~—

-
C-14 7.34E-O!

--- .

‘ree Liquid? IYes N/A

>H 8.62 NIA
-le” Gi+\# I i nnQ “1,-mq

! 70
1 %

Aqueous
Phaae
Total

Error Activity Error Activity

uCilmL PCVL pCUL uCi

i 2.29E-05 3.14E+05 2.29E+04 1.33E+02

j UL 7,34E+04 UL 3.1 OE+O1

:e-144 4.27t-u5 MDA 4.27E+04 MDA 1.81 E+OI

Total Cm 2.37E-03 4.75E-04 2.37E+06 4.75E+05 1.00E+03

Cm-244 2.37E-03 4.75E-04 2.37E+06 4.75E+05 1.00E+03

00-60 1.87E-06 MDA 1.87E+03 MDA 7.91 E-01

Cs-134 2.88E-06 MDA 2.88E+03 MDA 1.22E+O0

Cs-137 1.84E-02 8.30E-04 1.84E+07 6.30E+05 7.78E+03

Eu-154 2.91 E-04 7.81 E-06 2.91 E+05 7.81 E+03 1.23E+02

GA 1.98E-02 3.95E-03 1.98E+07 3.95E+06 8.37E+03
u. 794 r.r14 7,2 I E.o5 7,2 I E+05 7.21 E+04 3.05E+02

t 3.08E-04 7.70E+05 3.08E+05 3.26E+02

? 1.18E-02 2.94E+07 1.18E+07 1.24E+04

$ 2.62E-05 1.03E+05 2.62E+04 4.36E+01

Pu-238 1.4zt-rJ2 2.84E-03 1.42E+07 2.84E+06 6.00E+03

Pu-239/240 1.98E-03 UL 1.98E+06 UL 8.37E+02

Pu-241 5.72E-03 2.52E-03 5.72E+06 2.52E+06 2.42E+03

Ru-I 06 7.66E-05 MDA 7.66E+04 MDA 3.24E+01

Sb-125 4.11 E-05 MDA 4.11 E+04 MDA 1.74E+OI
c. 7“ 3 nnE-n4 MDA 1.80E+05 MDA

Sri-l 26

7.61 E+O1

1.4zt-u5 MDA 1.42E+04 MDA 6.00E+OO

Sr-90 1.80E-03 9.OIE-04 1.80E+06 9.o1 E+05 7.61E+02

Tc-99 9.46E-05 5.41 E-05 9.46E+04 5.41 E+04 4.00E+O1

U-233/234 2.97E-03 1.78E-03 2.97E+06 1.78E+06 1.26E+03

U-235 1.37E-05 5.31 E-06 1.37E+04 5.31 E+03 5.79E+O0

TRU 1.66E-02 1.66E+07 7.02E+03

I I 1
MDA = Minimum Detectable Activity for the conditions used
DL = Detection Limit
UL = Upper Limit
a = compound present but below quantitation limit
TBP = Tributyl Phosphate

Revision 2
6/8/00
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Tank S2

Sample # 3-105061
Customer ID 98018-2
Description Filtered Solids

Estimated Solids 84.821g (based upon TSS, volume and
densily of liquid phase)

I

I I I I I 1

Suspended
Solids
Total

Activity Error Activity Error Activity

Analyte Ucug Ucug pci/g pctig Uci

Total Am 2.31 E+OO 3.95E-01 2.31 E+06 3.95E+05 1.96E+02

Am-241 2.31 E+OO 3.95E-01 2.31 E+08 3.95E+05 1.98E+02

Am-243 8.56E+O0 DL 8.56E+06 DL 7.26E+02

Cc-l 44 4.27E-01 MDA 4.27E+05 MDA ! 3.62E+OI

Total Cm 2.54E+01 5.07E+O0 2.54E+07 5.07E+06 2.15E+03
Cm-244 2.54E+OI 5.07E+O0 2.54E+07 5.07E+06 2.15E+03
Cm-245 7.39E+O0DL 7.39E+06 DL 6.27E+02

Cm-246 1.31 E+OI DL 1.31E+07 DL 1. II E+03

CO-60 I.1OE-OI MDA 1. IOE+05 MDA 9.33E+O0

Cs-134 9.1 OE-O2 MDA 9.1 OE+O4 MDA 7.72E+O0

Cs-137 6.53E-01 9.43E-02 6.53E+05 9.43E+04 5,54E+01

Eu-154 1.62E+O0 1.09E-01 1.82E+06 1.09E+05 1.54E+02

GA 1.62E+02 1.62E+01 1.62E+08 1.62E+07 1.37E+04

H-3 4.27E-01 MDA 4,27E+05 MDA 3.62E+OI

Ni-63 1.52E-01 MDA 1.52E+05 MDA i.29E+Ol

GB 5.23E+O0 5.43E+O0 5.23E+06 5.43E+06 4.44E+02

NP-237 9.55E-02 DL 9.55E+04 DL 8.1 OE+OO

Total Pu 1.74E+02 UL 1.74E+06 UL 1.48E+04

Pu-236 1.34E+02 1.36E+OI 1.34E+08 1.36E+07 1.1 4E+04

Pu-239 4.73E+O0 1.89E+O0 4.73E+06 1.89E+06 4.01 E+02

Pu-240 9.73E+O0 DL 9.73E+06 DL 8.25E+02

Pu-241 3.53E+01 UL 3.53E+07 UL 2.99E+03

Pu-242 1.69E-01 DL 1.69E+05 DL 1.43E+OI

Ru-I 06 9.19E-01 MDA 9.19E+05 MDA 7.79E+OI

Sb-125 2.53E-01 MDA 2.53E+05 MDA 2.15E+OI

Sn-126 1.97E-01 MDA , 1.97E+05 MDA ! 1.67EMI

Sr-90 2.74E+O0 5.32E-01 ‘2.74E+06 5.3iE=os ‘“”–2:32E+02
Tc-99 5.32E-O2 MDA 5.32E+04 MDA 4.51 E+OO

Th-232 3.31 E-O4 6.61 E-05 3.31 E+02 6.61 E+OI
U-233

2.61 E-02

3.05E-O 1 DL 3.05E+05 DL 2.59E+OI

U-234 3.11 E-O1 DL 3.11 E+05 DL 2.64E+OI

U-235 7.21 E-O3 1.44E,0 3 7.21 E+03 1.44E+03
U-236

6.12E-01

6.49 E-O3 DL 6,49E+0 3 DL 5.50E-01

U-238 1.60E-O 1 3.60E-O 2 1.80E+0 5 3.60E+04 1.53E+OI

TRU 1.41 E+O2 1.41E+0 6 1.20E+04

I I I I I
MDA = Minimum Detectable Activity for the conditions used I
DL = Detection Limit

WSRC-RP-96-O1486
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Tank S2 WSRC-RP-98-O1486

3-117917 I
98351-2
Q!,ldna I● � ❞

Sample #
Customer ID
Description “..”~- 1

Total Maaa In Tank 251351.31 grams

Analyte Conct

As
Ba O,,llgrn!j

Cd 21mg/kg

Revision 2
6/6/00

Appendix B
Page B5

Cr 19 mglkg I I
Pb 27 mglkg I

Hg 209 mglkg I ~
ISe <20 In

I

,Ll,al “Ill .. 7”-,”,

Cm-244 7.43E+OI

Cm-245 1.05E-01 [

Cm-246 1.87E-01 [

CO-60 1.27E-02 N

Cs-134 1.93E-02 h

Cs-137 2.32E-01

Eu-154 4.86E+O0

Eu-155 3.04E-01

GA 1.51 E+02

Nb-94 5.,63E-02 b
-.

=

r u-c+”

Pu-241
Pu-242
Ru-I 06

U-Law “.u, -–”..

-----



Tank S2 WSRC-RP-98-01488
Revision 2
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TRU I 6.52E+OI I I 6.52E+07 1.84E+07 Appendix B
Page B8

MDA = Minimum Detectable Activity for the conditions used ●
DL = Detection Limit I

UL = Upper Limit
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Tank S3

Tank S3
Sample # 3-104037

Customer ID 98018-3
Description Originsl Aq ueous Sam ple

Analyte Content. Units

Total Suspended Solids 0.14 M %

WSRC-RP-98-O1486
Revision 2

6/8/00
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Page Cl



Tank S3 WSRC-RP-98-01486
Revision 2

Sample # 3-104938 \

Customer ID 98018-3

Dascriptlon Filtered Aq ueous Sample

Total Volume in Tank 1506.215 liters

Analyte Content. Units

Al 45 mglkg

Sb <5 mglkg

As <0.096 mglkg

Ba <1 mglkg

Be <1 mglkg

B 6 mglkg

Cd <1 mglkg

cl- 52 mglL

Cr <=1 mglkg

Cu <2 mg/kg

CN- <10 ug/L

F- <20 mg/L

Fe 12 mglkg

Pb <2 mglkg

Mn 2 mglkg

Hg 2 m

Ni 4.2 m~L

N03- 2429 mg/L

Po4--- 68 m@L

Se <0.96 mg/L

Ag <2 mglkg

Na 17595 mglkg

TI <2 mglkg

u 772 7 mglkg

Zn 2 mglkg

Any known VOAS, >20 mg/L Yes NIA

dodecan e 50 mg/L

n-Butanol <1.1 mglL

Phenollphenoxidelnitrophenol s <50 mg/L

SemiVOA Required NIA
TB P 2. 1 % 2100 0 mgfL

Othe r c50 m@L

Total Inorganic Cation 225 7 mglL

lTotal Organic Cahon 3774 3 mg/L

,Volatile Organics Required NIA
PCS’S <50 mglL

Kepone <50 mg/L

p-Nitrophenol
Benzene <0.140 mg/L

MEK 1.8 mg/L
PCE <0.140 mg/L
Acidity <0.02 Molarity

Ash Content 2.3 6 %
Boiling Pt. 165. 2 degrees F

Flash Pt. >212 degrees F
Freezing Pt. <32 de~reea F
Free Liquid? Yea N/A

6/8/00
Appendix C

Page C
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ITank S3 WSRC-RP-98-01486

pH 10.03 N/A

Density 1.042 gfcm3

TDS 5.40 %

Water, wt% 87.2 %

“1 I ,-c?’i , .“=L–” L

Cm-245 7.88E-04

Cm-246 1.41E-03

CO-60 9.01 E-06

CS-134 8.44E-06

Cs-137 2.89E-02

Eu-154 5.36E-05

GA 3.1 OE-02

H-3 7.21 E-04

1-129 3.00E-06

Ni-59 6.78E-04 Ml

Ni-63 8.06E-04 IUL

GB 1.55E-01 6

NP-237 1.88E-04 9

Pb-212 1.45E-05 2

Total PU 3.77E-02 1

Pu-238 1.00E-02 2

Pu-239 1.05E-02 5

Pu-240 1.05E-03 DL
D, ,.9A1 1.7? E-02’,--, ,

Pu-242 1.81 E-O

Ra-226 2.36E-O

IA—

.

1 I 1
MDA= Minimum Detectable ActivitY forthe conditions used I

Revision 2
6/8/00
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Tank S3 WSRC-RP-98-O1488
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DL = Detection Limit Appendix C

UL = Upper Limit Page C4

a = compound present but below quantitation limit ●
TBP = Tributyl Phosphate



T>.11 .s3 WSRC-RP-98-01 486 I. ..!.!. .,.,

●
Sample # 3-104918 I

Customer ID 98018-3

Description Filtered Solids

Estimated SolIds 2197.27 g (based upon TSS, volume and
density of liquid phase)

I
ISuspended
~ Solids

Tots I

●

●

L Ucug ~ Uc
______ ---

“, , ,-CW? 1 -.7., -,-,, -. .-,

---_ -. I..,

E
l“p-c.l ,

Total Pu
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
RU-108
Sb-125
Sri-l 26

U-can ) L.- LL—”” ----

----- ----

I
MDA = Minimum Detectable Activity for the conditions used
DL = Detection Limit I

Revision 2 I
6/8/00
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Page C5



Tank S4 WSRC-RP-98-01 488
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●
Tank S4 Appendix D

Sample # 3-109222 Page DI

Customer ID 98018-4
Description Original Aq ueous Sam ple

Analyte Content. Unita

Total Suspended Solids 0.02 WI %
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Tank S4 WSRC-RP-98-01 486
Revision 2

Sample # 3-109291

Customer ID 98018-4

Description Filtered Aq ueous Sample

Total Voiume in Tank 1397.574 liters

Analyte Content. Units

Al 22.7 mglkg

Sb <6.5 mglkg

As. 15.2 mglkg

Ba 0.7 mglkg

Be 1.1 mglkg

B 10 m~kg

C204-- 390 mg/L

Cd 1.3 mglkg

cl- 34 mg/L

Cr 27.5 d9mk _ .
Cu 1.9 mglkg

CN- <1 mg/L

COOH- 625 mg/L

F- <2’ mglL

Fe 13.4 mglkg

Pb <3.7 mg/kg

Mn 3. 3 mglkg

Hg 7.6 0 mglkg

Ni 8. 3 mg/L

N02- 85 1 mg/L

N03- 441 4 mgiL

Po4--- <10 mg/L

Se <21.3 m@L

so4-- 104 mglL

Ag <4.6 m~kg

Na 1307 0 mgikg

TI <5.6 mglkg

u 1353 0 mglkg

Any known VOAS, >20 mglL No NIA

n-Butanol <2.5 mglL

Pheno!fphenoxidelnitrophenol s c1 mg/L

SemiVOA Required N/A
TB P 7 1 mg/L

AH 17 mg/L

Oth er <1 mg/L

Total Inorganic Carbon 307 7 mgiL
Total Organic Carbon 839 3 mglL
Volatile Organics Required NIA
Pcss <50 mglL

Kepone <1 mglL

p-Nitrophenol <1 mg/L

Benzene <0.500 mglL
MEK <2.5 mgfL
PCE <0.500 mg/L
Acidity <0.001 Molarity

6/8/00
Appendix D

Page D
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Tank S4 WSRC

Ash Content 4,19 %
Flash Pt. >212 ‘degrees F
Freezing Pt. <32 degrees F

Free Liquid? Yes NIA

PH 10.42 NIA
Density 1.079 glcm3

TDS 7.52 %

Water, vit% 92,39:%
Aqueous

Phase
Total

Activity Error Activity Error Activity

uCVmL uCLrmL pcii pci/L uCi

Total Am 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO

Am-241 3.50E-04 MDA 3.50E+05 MDA 4.89E+02

Am-243 1.1 4E-04 MDA 1.14E+05 MDA 1.59E+02

C-14 3.24E-04 UL 3.24E+05 IUL 4.53E+02

Ce-144 4.55E-04 MDA 4.55E+05 MDA 6.36E+02

Total Cm 1.02E-03 2.05E-03 1.02E+06 2.05E+06 1.43E+03

Cm-244 1.02E-03 2.05E-03 1.02E+06 2.05E+06 1.43E+03

Cm-245 1.27E-01 DL 1.27E+08 DL 1.77E+05

Cm-246 2.25E-01 DL 2.25E+06 DL 3.14E+05

CO-60 2.1 OE-O5 MDA 2.1 OE+O4 MDA 2.93E+OI

Cs-134 1.16E-05 MDA 1.18E+04 MDA 1.65E+OI

CS-137 9.91 E-02 3.41 E-03 9.91 E+07 3.41 E+06 1.38E+05

Eu-154 3.72E-05 MDA 3.72E+04 MDA 5.20E+01

GA 1.93E-02 3.86E-03 1.93E+07 3.86E+06 2.70E+04

H-3 2.70E-03 2.70E-04 2.70E+06 2.70E+05 3.77E+03

Nb-94 1.13E-05 MDA 1.13E+04 MDA 1.58E+OI

Ni-59 3.23E-05 MDA 3.23E+04 MDA 4.51 E+O1

Ni-63 2.92E-05 UL 2.92E+04 UL 4.08E+01

GB 1.35E-01 5.39E-02 1.35E+08 5.39E+07 1.89E+05

Np-237 2.40E-04 MDA 2.40E+05 MDA 3.35E+02

Total Pu 2.80E-02 UL 2.80E+07 UL 3.91 E+04

Pu-238 1.66E-02 6.63E-03 1.66E+07 6.63E+06 2,32E+04

Pu-239 4.55E-02 DL 4.55E+07 DL 6.36E+04

Pu-240 1.67E-01 DL 1.67E+08 DL 2.33E+05

Pu-241 1.14E-02 UL 1.14E+07 UL 1.59E+04

Pu-242 2.90E-03 DL 2.90E+06 DL 4.05E+03

Ra-226 4.59E-03 UL 4.59E+06 UL 6,41 E+03

RU-106 7.03E-04 MDA 7.03E+05 MDA 9.82E+02

Sb-125 4.15E-04 MDA 4,15E+05 MDA 5.60E+02

Se-79 4.50E-04 MDA 4.50E+05 MDA 6.29E+02

Sri-l 26 1.65E-04 MDA 1.65E+05 MDA 2.31 E+02

Sr-90 1.22E-02 4.50E-03 1.22E+07 4.50E+06 1.71 E+04

Tc-99 7.64E-04 9.86E-05 7.64E+05 9.88E+04 1.1 OE+03

Th-232 6.06E-06 DL 6.06E+OI DL 1.13E-01

Th-234 2.84E-03 1.77E-03 2.84E+06 1.77E+06 3,97E+03

U-233 7.12E-03 DL 7.12E+06 DL 9.95E+03

U-234 4.59E-03 DL 4.59E+06 DL 6.41 E+03

U-235 2.1 OE-O4 4.20E-05 2.1 OE+O5 4.20E+04 2.93E+02

3P-98-01486
Revision z

6/8/00
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Page D3



Tank S4 WSRC-RP-98-01486

Revision 2
6/6/00

U-236 9.41 E-05 1.68E-05 9.41 E+04 1.88E+04 1.32E+02 Appendx D
U-238 6.22E-03 1.77E-03 6.22E+06 1.77E+06 8.69E+03 Page D4
TRU 1.66E-02 1.66E+07 2.32E+04 ●

I I I

~

MDA = Minimum Detectable Activi~ for the conditions used
DL = Detection Limit
UL = Upper Limit
TBP = Tributyl Phosphate

——7

AH = Aliphatic Hydrocarbons



Tank S4 WSRC

r “a,.!~.- -

Customer ID
3-109278 I

1

----- . .— 98018-4
Description Filtered Solids

Estimated Solids 301.801g (based upon TSS, volume and

density of liquid phase)
1

I 1 ~1—- --l
I

Suspended
Solids
Total

Activity Error Activity Error Activity
m..I/g I pci/g { pcilg Uci
4E-02 2.58E+05 4.44E+04 7.78E+OI
4E-02 2.58E+05 4.44E+04 7.78E+01

3.71 E+05 DL 1.12E+02
-.. _.. -–. oo UL I 5.09E+06 UL 1.54E+03
Ce-144 6,80E-02 MDA 6,80E+04 MDA 2.05E+OI
Total Cm 3.23E-01 1.94E-01 3.23E+05 1.94E+05 9.74E+OI
Cm-244 3.23E-01 1.94E-01 3.23E+05 1.94E+05 9.74E+01
Cm-245 3.1 9E-01 DL 3.19E+05 DL 9,62E+OI
Cm-246 5.68E-01 DL 5.68E+05 DL 1.71 E+02
CO-60 9.64E-03 MDA 9.64E+03 MDA 2.91 E+OO
Cs-137 2.38E+O0 9.94E-02 2.38E+06 9.94E+04 7. 18E+02

Eu-154 2.15E-02 MDA 2.15E+04 MDA 6.48E+O0
GA 3.23E+01 6,47E+O0 3.23E+07 6.47E+06 9.74E+03

H-3 1.28E+O0 4.1 OE-O1 1.28E+06 4. IOE+05 3.86E+02
Nb-94 1.07E-02 MDA 1.07E+04 MDA 3.23E+O0
NI-59 2.87E+O0 MDA 2.87E+06 MDA 8.66E+02
W-83 2.88E-01 MDA 2.68E+05 MDA 8.08E+OI

GB 5.45E+O0 2.18E+O0 5.45E+06 2.18E+06 1.64E+03

NP-237 4.03E-03 8.05E-04 4.03E+03 8.05E+02 1.22E+O0

Total Pu 4.53E+01 7.34E+O0 4.53E+07 7.34E+06 1.37E+04

Pu-238 3.18E+01 6.36E+O0 3.18E+07 6.36E+06 9.59E+03

Pu-239 3.15E+O0 6.31 E-01 3.15E+06 6.31 E+05 9.50E+02
Pu-240 1.35E+O0 2.69E-01 1.35E+06 2.69E+05 4.07E+02

Pu-241 9.01 E+OO 3.60E+O0 9.01 E+06 3.60E+06 2.72E+03
m., 0“0 7 onr-n~ nl 7.30E+03 DL 2.20E+O0

i 1.24E+04 MDA 3.74E+O0
4 8.60E+03 MDA 2.59E+O0
4 9.01 E+05 MDA 2.72E+02

Th-232 1.W3k-04 3.66E-05 1.83E+02 3.66E+OI 5.52E-02

U-233 4.55E-02 9.1 OE-O3 4.55E+04 9.1 OE+O3 1.37E+01

U-234 1.21 E-01 2.42E-02 1.21 E+05 2.42E+04 3.65E+01

U-235 4.21 E-03 8.42E-04 4.21 E+03 8.42E+02 1.27E+O0

U-236 2.26E-03 4.57E-04 2.28E+03 4.57E+02 6.88E-01

U-238 8.60E-02 1.72E-02 8.60E+04 1.72E+04 2.59E+01

TRU 3.66E+OI 3.66E+07 I.1OE+O4

-RP-98-01 486
Revision 2

6/8/00
Appendix D

Page D5

I I I 1
MDA = Minimum Detectable Activity for the conditions used I
DL = Detection Limit I



Tank S4

Sample # 3-117919 I

Customer ID 98351-4

Description Sludge (Sample was a liquid)

Totsl Volume in Tank 21.95539 liters

Aqueous
Phase
T-+=1

! I . .,.”,

Activity I Error Activity I Error Activity

uCi/mL uCi/mL PCtiL PCilL uCi

Totsl Am 5.05E-03 5.80E-04 5.05E+06 5.60E+05 1.11E+02

Am-241 5.05E-03 5.80E-04 5.05E+06 5.80E+05 1.11 E+02

Am-243 1.26E-04 MDA 1.26E+05 MDA 2.77E+O0

Cc-l 44 6.35E-04 MDA 6.35E+05 MDA 1.39E+OI

Cm-244 2.37E-02 9.50E-03 2.37E+07 9.50E+06 5.20E+02

CO-60 4.68E-05 MDA 4.66E+04 MDA 1.03E+O0

Cs-134 4.46E-05 MDA 4.46E+04 MDA 9.79E-01

Cs-137 1. IOE-01 3.78E-03 1.1 OE+O8 3.78E+06 2.42E+03

Eu-154 2.69E-04 5.68E-05 2.69E+05 5.68E+04 5.91E+O0

GA 1.32E-01 2.64E-02 1.32E+06 2.64E+07 2.90E+03

H-3 5.00E-02 UL 5.00E+07 UL 1. 10E+03

Nb-94 4.02E-05 MDA 4.02E+04 MDA

GB

6.83E-01

1.98E-01 3.98E-02 1.98E+08 3.98E+07 4.35E+03

NP-237 3.29E-04 MDA 3.29E+05 MDA 7.22E+O0

Pu-238 8.20E-02 3.46E-02 8,20E+07 3.48E+07 1.80E+03

Pu-239/240 3.96E-03 2.38E-03 3.96E+06 2.38E+06 8.69E+OI

Ru-106 1.19E-03 MDA 1.19E+06 MDA 2.61 E+OI

Sb-125 5.54E-04 MDA 5.54E+05 MDA 1.22E+01

Sri-l 26 2.09E-04 MDA 2.09E+05 MDA 4.59E+O0

U-2331234 9.23E-03 5.54E-03 9.23E+06 5.54E+06 2.03E+02

U-235 3.57E-04 UL 3.57E+05 UL 7.84E+O0

U-238 9.23E-03 5.54E-03 9.23E+06 5.54E+06 2.03E+02

TRU 9. 10E-02 9. 10E+07 2.00E+03

WSRC-RP-98-01486
Revision 2

6/8/00
Appendix D

Page D6●

I I I
MDA = Minimum Detectable Activity for the conditions used
DL = Detection Limit
UL = Upper Limit
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Tank S5 Appendix E

Sample # 3-119028 Page El

Customer ID 98018-5

Deacrlptlon Original Aq ueous Sam ple

Analyte I Content. Units

Total Suspended Solids 0.001 w %



_

I Tank S5

Customer ID
Description

Total Volume In Tank

Analyte —1Content. Units

As 0.08 mglL

Ba 1.3 mg/L

C204-- 2431 mglL

Cd 0.4 mg/L

cl- 3402 mg/L

co 1 mg/L

COOH- 1763 mglL

Cr 38 mg/L

F- <20 mg/L

Pb 8.8 mg/L

Hg 0.48 mg/L

N02- 45 mglL

N03- 239 mg/L

Po4--- 841 mg/L

Se 0.9 mglL

so4-- 205 m@L

Ag 0.1 mglL

Phf )0 mg/L

SemiVOA Required NIA I I I
TBP <0.01 % <100 Img/L

Other <10(

Total Inorganic C--k-”
Total Organic CL-----
PCBS <10 1 . .

v...,..,. -i nn m

enollphenoxidelnitrophenolsl <1 [

WSRC-RP-96-O1486
Revision 2

8/8/00
ADDendiX E

‘Page E2●

mcp”l IG ,. ,””

n. Nitrnnhennl I<lno

lDensity

,
I I

‘o mg/L

“a! ““l I 73 mg/L
a rhnn 2279 mglL

I rnn/L

IL
IL

~. .>7

2 degrees F
9.41 NIA

I 1.105 glcm3
,“0.0 %

Aaueous

,,a, n,, ,

E
Am-241
Am-243
C-14
Ce-144
Cm-245
Cm-246

.- *

, ..Iv L-v ,

1.39E-01
1.40E-01
1.37E-03
1.46E-01 MDA

1.20E-01 DL
2.14E-01 DL

.—

Water, wt% 4AQ QI

Phase
Total

Activity Error Activity Error Activity

uCilmL uCUmL pcti pcn uCi
~+.l Am + ~o~-nl 5.60E-02 1.39E+08 5.60E+07 4.84E+04

1 5.60E-02 1.39E+06 5.60E+07 4.84E+04

1 DL 1.40E+08 DL 4.88E+04

3 MDA 1.37E+08 MDA 4.77E+02

1.46E+08 MDA 5.08E+04

1.20E+08 DL 4. 18E+04

2. 14E+08 DL 7.45E+04

CO-5U I1.63E-021MDA 1.83E+07 MDA 5.68E+03

Cs-134 1.1 3E-02]MDA 1.1 3E+07 MDA 3.94E+03

—



Tank S5 WSRC-RP-98-01 488
Revision 2

Ir--i .-17
“a- ,Q, ,., TLT”, T.!”

Eu-154 3,73E-02 MDA

GA 2.49E+02 4.981

H-3 1.89E-01 UL

Nb-94 1.30E-02 MDA

GB 3.93E+OI 7.861

NP-237 4,95E-04 DL-.
Total Pu- -
Pu-238

~

Pu-239

“-–”” ~~:~- ‘-”

Pu-240 2.24E-01 4.49

Pu-241 8,11 E-01 3.24

Pu-242 2.75E-03 DL

RU-106 2.81E-01 MDA

Sb-125 1.27E-01 MDA

Sri-l 26 4.86E-02 MDA

Sr-90 4.37E-02 5.41

Tc-99 5,41 E-04 5.41

Th-232 9.46E-07 1.89

U-233 1.12E-02 2.24

U-234 1.28E-02 2.57

U-235 3.38E-04 6.72

U-238 2,06E-04 4.12t-u5 Z.ubt+ua 4.1 ZC+U4 /.llc+ul

U-238 9. IOE-03 1.82E-03 9. IOE+08 1.82E+06 3.17E+03

TRU 3.67E+O0 3.87E+09 1.35E+06

MDA = Minimum Detectable Activity for the conditions u!
DL = Detection Limit I I J
UL = Upper Limit

8/8/00
Appendix E

Page E3



Tank S5

Sample # 3-119290 I
Cuatomar ID ~
Description Filtered Solids

Estimatad Solide 3.48 g (based upon TSS, volume and
density of liquid phase)
(Assumes density =1 .00 g/cm3)

—.

Suspanded
-— .,.

=

“r!l-c*d

Cm-246
CO-60
CS-134
Cs-137
Eu-154
GA

r u-c”” I , .-u-r”’

Pu-239 6.69E+O(
Pu-240 1.OIE+O”
Pu-241 9.28E+O(
Pu-242 1.24E-0”
Ru-I 08 3.32E-O’
Sb-125 1.23E-O
Sn-126 1.38E-O’
Th-232 3.25E-01
U-233 3.04E-O’
U-234 1.96E-O
U-235 9.95E-04
U-236 2.04E-O

1 I I 1
MDA = Minimum Detectable Activity for the cond’” I

DL = Detection Limit ] I ! I

Iltions used I I
I

IUL = Upper Limit I I I I I I

WSRC. .RP-98-01486
Revision 2

6/8/00
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Page E4 ●
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Tank S6

Tank S6
Sample # 3-109223

Customer ID 98018-6
Description Original Aq ueous Sam ple

Analyte Content. Units

Total Suspended Solids 1.48 Wt %

WSRC -RP-98-01486
Revision 2

6/8/00
Appendix F

Page F1



Tank S6 WSRC-RP-98-O1486
Revision 2

Sample #

6/8/00

3-109292

Customer ID

Appendix F

98018-6 Page F

Description Filtered Aq ueous Sample *

Total Volume in Tenk 1042.124 liters

Analyte Content. Units

Al <2.8 m

Sb ~ _<0.9 mglk

As 3.2 m~kg

Ba 0.03 ~mglk _ . .
Be 0.2 mglkg

B 3.5 mglkg

C204-- 541 mg/L

cd 0.2 mglkg

cl- 35 mg/L

Cr 6.0 mgikg

Cu 2.2 mgfkg

CN- <1 mgfL

COOH- 746 mglL

F- <2 mg/L

Fe 2,2 mglkg

Pb <0.9 mg/kg

Mn 0.5 mglkg

Hg 9.21 mglkg

Ni 1.3 mglL

N02- 111 3 mglL

N03- 260 1 mg/L

Po4--- <10 mglL

Se <3.7 mg/L

so4-- 69 mg/L

Ag <0.9 mglkg

Na 1716 7 mglkg

TI <0.9 mg/kg

u 229 3 mg/kg

Any known VOAS, >20 mglL No NIA

n-Butanol <2.5 mglL

Pheno!fphenoxidelnitrophenol s c100 mglL
SemiVOA Required NIA

TB P 45 0 mglL
AH 530 0 mg/L

Othe r c1OO mglL
Total Inorganic Carbon 294 2 mg/L
Total Organic Carbon 1344 8 m@
Volatile Organics Required NIA

PCBS <50 mglL

Kepone <100 mglL
p-Nitrophenol <1oo mg/L

Benzene <0.500 mgA
MEK 4.5 mg/L
PCE <0.500 mgiL
Acidity <0.001 Molarity
Ash Content 3. 97 %
Flash Pt. >212 degrees F



Tank S6 WSRC-RP-98-OI 486

., ,

>ensity I
rns

C.ae.,r,.” m, ,Q9 Ida”raac F I I

. . ,Y,n

11.00 N/A
1.070 g/cm3

--- 8.31 %
Water, W% I 89.67 %

I I I I Aqueoue

! Phase
I I I I Total I

“ll)-G- 1 “., ,-

---

,“”-=+ , ... ”-

m
I I I

MDA = Minimum Detectable Activity for the conditions used

Revision 2
6/8/00
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DL = Detection Limit Appendix F

~

UL = Upper Limit Page F4

TBP = Tributyl Phosphate ●
AH= Aliphatic Hydrocarbons

I



Tank S6 WSRC-RP-98-O1486

●

Suspended
Solids
Total

Activity Error Activity Error Activity

Analyte Ucilg Ucug pcvg pcug Uci

Total Am 7.30E-01 4.22E-02 7.30E+05 4.22E+04 1.20E+04

Am-241 6.71E-01 4.05E-02 6.71 E+05 4.05E+04 1.11 E+04

Am-243 5.90E-02 1.18E-02 5.90E+04 1.18E+04 9.74E+02

c-1 4 6. 15E-02 UL 6.15E+04 UL 1,35E+03

Cc-l 44 5.00E-03 MDA 5.00E+03 MDA 8.25E+01

Total Cm 1.1 6E+O0 2.18E-01 1.1 6E+06 2.18E+05 1.92E+04

Cm-244 1.09E+O0 2.18E-01 1.09E+06 2.16E+05 1.80E+04

Cm-245 2.26E-02 4.51 E-03 2.26E+04 4.51 E+03 3.73E+02

Cm-246 5,00E-02 1.00E-02 5.00E+04 1.00E+04 8.25E+02

CO-60 6.49E-03 3.31 E-04 6.49E+03 3.31 E+02 1.07E+02

Cs-137 7.97E-01 2.74E-02 7.97E+05 2.74E+04 1.32E+04

Eu-154 9.41E-02 2.15E-03 9.41E+04 2.1 5E+03 1.55E+03

Eu-155 3.98E-03 3,23E-03 3.98E+03 3.23E+03 6.57E+OI

GA 3.64E+01 7.27E+O0 3.64E+07 7.27E+06 6.01 E+05

H-3 2.1 9E-02 6. 13E-03 2. 19E+04 6. 13E+03 3.61 E+02

Nb-94 1.23E-04 MDA 1.23E+02 MDA 2.03E+O0

Ni-59 3.62E-02 MDA 3.62E+04 MDA 5.97E+02

Ni-63 1.39E-02 UL 1.39E+04 UL 2.29E+02

GB 1.29E+01 5. 17E+O0 1.29E+07 5.17E+06 2.13E+05

NP-237 9.14E-03 1.83E-03 9.14E+03 1.83E+03 1.51 E+02

Pb-212 3.31E-03 l.l IE-03 3.31 E+03 1. IIE+03 5.46E+01

Total Pu 4.45E+01 1.OIE+O1 4.45E+07 1.01E+07 7.35E+05

Pu-236 3.24E+OI 9.73E+O0 3.24E+07 9.73E+06 5.35E+05

Pu-239 5.50E+O0 1.1 OE+OO 5.50E+06 1.1 0E+06 9.06E+04

Pu-240 8.78E-01 1.76E-01 8.78E+05 1.76E+05 1.45E+04

Pu-241 5.77E+O0 2.65E+O0 5.77E+06 2.65E+06 9.52E+04

Pu-242 1.31E-03 2.62E-04 1.31 E+03 2.62E+02 2.1 6E+01

RU-106 8.24E-03 MDA 8.24E+03 MDA 1.36E+02

Sr-90 3.31 E+OO 3.84E-01 3.31 E+06 3.84E+05 5.46E+04

Th-232 1.43E-04 2.86E-05 1.43E+02 2.88E+OI 2.36E+O0

TI-208 1.19E-03 2.96E-04 1.1 9E+03 2.96E+02 1.96E+01

U-233 4.55E-02 9.1 OE-O3 4.55E+04 9.1 OE+O3 7.51 E+02

U-234 1.51 E-01 3.03E-02 1.51E+05 3.03E+04 2.49E+03

U-235 6.71 E-03 7.68E-04 6.71 E+03 7.66E+02 1.11 E+02

U-236 5.41 E-03 1.08E-03 5.41 E+03 1.08E+03 8.93E+01

U-238 2.22E-01 3.42E-02 2.22E+05 3.42E+04 3.66E+03

TRU 3.96E+01 3.96E+07 6.53E+05

Revision 2
6/8/00

Appendix F
Page F5
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I I I I L
MDA = Minimum Detectable Activity for the conditions used
DL = Detection Limit I I
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Tank S7 Appendx G

Sample # 3-109224 Page G1

Customer ID 98018-7

Description Original Ac ueous Sample

AnaIyte Content. Units

Total Suspended Solids 0.19 M %

●



Tank S7

3-109293

Customer ID 98018-7

Description Filtered Aqueous Sample

Total Volume in Tank 1199.97811itere

l—
fll

“Sb <7

cl- 1
m.

kNi
N02-
NlnQ-

u I
Any known VOA’S, >20 mg/L IN<

-

Phanol/ henoxidelnitro henols c1

m
p-Nitrophenol <1
Benzene <o
MEK <2
PCE <0
Acidity 4
Ash Content
Flash Pt. >2, G
Freezing Pt. <32 IUCYI cc:

WSRC-RP-98-O1486
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ITBP = Tributyl Phosphate 1 Appendix G
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Tank S7

●
Sample # 3-109280 I

Customer ID 98018-7

Deacrlption Filtered Solids
Estimated Solids 2494.27 g (based upon TSS, volume and

density of liquid phaae)

._. _. —.. ;--.–. —. .
Sus~nded

1 Solids
I I Tfif=l

WSRC-RP-98-01488
Revision 2

6/8/00
Appendix G

Page G5

● 1~
I I I I

MDA = Minimum Detectable Activity for the conditions used
DL = Detection Limit
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Sample # 3-117921 Appendix G

Customer ID 98351-7
—.—

—— Page G6_.— .-
Description Sludge ●

Total Mass in Tank 11356.24 grams

Analyte Content. Units __

As <3 mglkg
m. 12 mglkgu.

Cd 1 m~kg ~
Cr 15 mglkg

Pb 42 m~kg

Se <38 mg/kg

Ag 8 mg/kg

PhenoWphenoxide/nitrophenols <100 mglkg

SemiVOA Required N/A

TBP 77 0/. 77nnnrl mnlko

BAH
Other <100

~ r

u..... <inn

=

-------

mg~g

,.-y”, ,- ..-” m~kg

p-Nitrophenol <1oo mglkg
Sludge
Phase, I ----

—
I “Total

Activity Errt
-. . ..- . .. ..

Ucilg Ucu

Total Am 1.45E-01 8.79E

Am-241 1.45 E-O - ‘--

Am-243 2.34E-O

Ce-144 2.45E-0:

Total Cm 3.64E-0:

Cm-244 3.64E-0:

Cm-245 2.01 E-O
Cm-246 3.56 E-O

CO-60 1.40E-O.
Cs-134 2,99 E-O
Cs-137 8.76 E-021 3.64[
Eu-154 1.06E-03] 3.81 [
GA 9.1 OE-O1 I 1.82[

, “-L”u T.”d L-” , “,”0

Pu-240 2.66E-01 DL
Pu-241 3.32E-01 1.33
Pu-242 4.59E-03 DL
RU-106 4.50E-03 MDA
Sb-125 1.96E-03 MDA
Sn-126 9.14E-04 MDA
Th-232 5.86E-07 1.17
U-233 1.1 3E-02 DL
U-234 1.72E-02 3.4s



Tank S7 WSRC-RP-98-O1488
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U-235 5.81 E-04 1.1 8E-04 5.81 E+02 1.16E+02 6.80E+O0 Appendix G

U-236 6.35E-04 1.27E-04 8.35E+02 1.27E+02 7.21 E+OO Page G7

U-238 1.72E-02 3.44E-03 1.72E+04 3.44E+03 1.95E+02

TRU 7.52E-01 7.52E+05 8.54E+03

MDA = Minimum Detectable Activity for the conditions used

DL = Detection Limit
UL = Upper Limit I

TBP = Tributyl Phosphate !~—
BAH = Branched Aliphatic Hydrocarbons ~ ,
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Tank S8 Appendix H

Sample # 3-109225 Page HI

Customer ID 98018-8

Description Original Aqueous Sample

Analyte Content. Units

Total Suspended Solids o.091wt %



Tank S8
WSRC-RP-98-01 486

Revision 2
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Sample # 3-109294 Appendix H

Customer ID ,98018-8 Page H2

Description Filtered Aqueous Sample

Total Volume in Tank 518.601411iters



Tank S8

MDA = Minimum Detectable Activity for the conditions used
—

I
DL = Detection Limit

WSRC -RP-98-01488
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UL = Upper Limit Appendix H

TBP = Tributyl Phosphate Page H4 e

AH = ,AIiphatic Hydrocarbons



Tank S8 WSRC-RP-98-O1486

●
Sample # 3-109281

Customer ID 96018-8

Description Filtered Solids

Estimated Solids 490.55 g (based upon TSS, volume and
density of liquid phaae)

*

e

Suspended
Solids

MDA = Minimum Detectable Activity for the conditions used
—

DL = Detection Limit

LL= Lower Limit

Revision 2
6/8/00
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Page H5



Tank S8

Sample # 3-117922

Customer ID~.
Description Sludge

Total Maas in Tank 45424.941 grams

Analyte Content. Units

Phenol/phenoxide/nitrophenolal <100 im k

SemiVOA Required :N/A
~ 0.61% 60001mg/k

BAH~ 12001 mg/kg

Otherl<100 Imglkg

Kepone ,<100 Imglkg

p-Nitrophenol ,<100 Imglkg
Sludge
Phsae

~

~ Error Activity Error Activity

uci/g Uctig pciig pctig Uci

Total Am 0.00E+OOI 0.00E+OOI 0.00 E+OOI 0.00E+OO 0,00E+OO

Am-241 2.70E-021 MDA 2.70E+041 MDA 1.23E+03

Am-243 3.99 E-021DL i 3.99 E+041 DL 1.81 E+03

Cc-l 44 4,62E-021 MDA 4.82E+041 MDA 2,19E+03

Total Cm 1.67E-021 6.67E-031 1.67E+04\ 6.67E+03, 7.59E+02

Cm-244 1.67E-021 6.67E-031 1.67E+041 6.67E+03 7,59E+02

Cm-245 3.43E-021 DL 3.43E+041DL 1.56E+03

Cm-246 6.08 E-021DL 6.08E+04 DL 2.76E+03

CO-60 ] 1.22E-031 MDA ~ 1.22E+03\ MDA

Cs-134

5.54E+01

1.55E-031 MDA 1.55E+031 MDA 7.04E+01

Cs-137 1.08E+01 , 3.72E-01 I 1.08 E+071 3.72 E+051 4.91 E+05

Eu-154 6.65E-031MDA 6.85E+031MDA 3.11 E+02

GA 1.67E+OOI 3.33E-01 I 1.87 E+061 3.33 E+05; 7.59E+04

Nb-94 : 1.31 E-031 MDA ~ 1.31 E+031MDA ; 5,95E+OI

GB 1,46E+OI I 2.96E+OOI 1.48E+071 2.96E+061 6.72E+05

NP-237 : 2.09 E-041 DL 2.09 E+02i DL ~ 9.49E+O0

To!ai Pu I 4.57E-01 IUL ~4.57E+05\ UL 2.08E+0 4

Pu-236 3,81 E-01 IUL 3,81 E+051 UL 1.73E+04

Pu-239 3.66 E-02’ 7.32E-031 3.66 E+04’ 7,32E+03 1.66E+03

Pu-240 I 4,55 E-02\ DL 4.55 E+041DL 2.07E+0 3

Pu-241 3.96E-021UL ~3.96 E+041UL 1.60E+0 3

Pu-242 7.84E-04\ DL 7.64 E+021DL , 3.56E+01

RU-106 7.07E-021MDA 7.07E+041MDA 3.21 E+O3

Sb-125 4.86 E-021 MDA 4.86 E+041MDA 2.21 E+O3

Sn-126 1.41E-021MDA 1.41E+04[MDA 6.40E+0 2

Th-232 ~ 8.33 E-071 1.67E-071 8.33E-01 ~ 1,67E-01 ~ 3.78 E-O2

U-233 1 1.92E-031DL 1.92E+031 DL 6.72E+0 1

U-234 1 1.24E-031 DL 1.24 E+03i DL

U-235

5.63E+0 1

7.30E-061 1.46E-061 7.30E+OOI 1.46E+OOI 3.32 E-O1

U-236 1.29E-051 DL 1.29E+01 IDL ! 5.86 E-O1

U-238 1.66E-04 3.32E-05 1.66E+02 3.32E+OI 7.54E+0 o

TRU I 4.18 E-OIIUL 4.18 E+051UL 1.90E+0 4

,

MDA = Minimum Detectable Activity for the conditions used ;
DL = Detection Limit

I
WSRC -RP-96-01 486

Revision 2
6/8/00

Appendix H
Page H6
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UL = Upper Limit Appendix H
TBP = Tributyl Phosphate Page H?
BAH = Branched Alphatic Hydrocarbons
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Tank S11
Sample #

Appendix I
3-118504 Page 11

Customer ID 98018-11
Description !Original Aqueous Sample

Analyte Content. Units
Total Suspended Solids 0,0071WI % !



Tank S11

Sample # !3-118517

Customsr ID ‘9801 8-11

Description Filtered Organic Sample

Total Volume in Tank 54.1313911 iters

Analyte lConcent.1 Units I

As I 0.3 Im~L

Ba l,5]mg/L

C204-- 386 Img/L

Cd 0.31mg/L

cl- 1491 mg/L

co I 2.51m~L i

COOH- 2624mg/L

Cr 63 Img/L

F- ]<20 lmg/L , I

Pb 8.9jmg/L

Hg I 1.161 mg/L I
N02- 1 47011m@L ~

N03- I 156501mgfL I I 1

Po4--- 431 Img/L I

Se I 2.41mg/L I

S04-- , ‘ !389 Img/L

Ag I 0.81mg/kg ,

00

SemiVOA ;Hequired ‘klt&
TBP I 8., ,.

Br 4.0 % 1 400’

Oxygenated Organics i 15 % ~ 1500

Total Inorganic Carbon
Total Organic Carbon
PCBS 1<10 lmg/L ,
Kepone 1<100 \mg/L ; j

Phenol/phenoxide/nitrophenolslcl

ranched Aliph. Hydrocarbons

1 I

Water, wt%

!

Phaae
Total

~ Activity

I uCtimL ) uCi/mL i pC~ I pCi/L : uCi
Total Am , o,l)l)E+Oi) 0.00E+oOI 0.00E+OO I 0.00E+OOI 0.00E+O~

Am-241 3.71 E-03 MDA 3.71 E+061MDA 2.01 E+02
Am-243 I 1.45E-03 MDA i 1.45E+061MDA i 7.85E+01
Ce-144 I 5,77E-03 MDA I 5.77E+061 MDA 3, 12E+02
Total Cm 5.30E+O0 1.02E+oOI 5.30E+091 1.02E+091 2.87E+05
Cm-244 ! 5.09 E+OOI 1.02E+O0 I 5.09E+09 1.02E+09\ 2.76E+05
Cm-245 I .20E-01 IDL ~ 1.20E+061DL 6.50E+03
Cm-246 ; 2.14E-01 \ 4.28 E-021 2.14E+08i 4.26E+071 1,1 6E+04

WSRC -RP-98-01466
Revision 2

8/8/00
Appendix I

Page 12
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MDA = Minimum Detectable Activity for the conditions used
DL = Detection Limit
UL = Upper Limit



Tank S11

Sample # 3-118520

Customer ID 98018-11

Description Filtered Solids

Estimated Solids 3.79ig (based upon TSS, volume and
!density of liquid phase)
I(Assumed density= 1.00 g/cm3)

~Suspended
Solide
Total

Activity Error ! Activity Error Activity

Anal yte Ucug uci/g pctig pcug uCi

Total Am 1.78E+O0, 1.33E-01 1.78E+06, 1.33E+05 6.69E+O0

Am-241 1,59E+OO! 1.30E-01 1.59E+08i 1.30E+05 6.03E+O0

Am-243 1.74E-01 2.68E-02 1.74E+05\ 2.68E+04i 8.59E-01

Total Cm 6.81 E+OI ~ 1.38E+oI I 6.81 E+07 1.36E+07i 2.58E+02

Cm-244 :6.81 E+OI 1.36E+OI ; 6.81 E+07 1.36E+07! 2.58E+02

Cm-245 I 4.14E-01 IDL ; 4.14E+051DL : 1.57E+o0

Cm-246 i 7,39E-ol IDL I 7.39E+051 DL I 2.80E+O0

CO-60 : 9. OIE-031MDA t 9.01 E+03 MDA 3.41 E-02

CS-134 1.43 E-021 MDA l,43E+04i MDA I 5.42E-02

CS-137 ! 6.40 E+OOI 2.30E-01 I 6.40E+06[ 2.30E+05[ 2.43E+01

Eu-154 ~ 7.70E-01 ~ 3.24 E-021 7.70E+051 3.24 E+041 2.92E+O0

GA 7.84E+01 I 1.57E+01 , 7.84 E+07~ 1.57E+071 2.97E+02

H-3 2.30E+OI IUL 2.30E+071UL 8.72E+OI

Nb-94 2.84E-02i MDA : 2.84 E+041MDA 1.08E-01

GB 1.11 E+02\ 2.22E+01 I 1,11 E+081 2.22E+071 4.21 E+02

NP-237 : 1,70E-031 DL ; 1.70E+031 DL ~ 6.44E-03

Total Pu ~3.63E+01 I 1,05E+oI ~3.63 E+071 1.05E+071 1.37E+02

Pu-238 : 2.45E+OI I 9.78 E+OO[ 2.45 E+07! 9.78 E+061 9.29E+01

Pu-239 1.49E+OOI 5.95E-01 I 1.49E+061 5.95E+051 5.65E+O0

Pu-240 8.06E-01 ‘ 3.23E-01 6.08E+05: 3.23 E+051 3.05E+o0
Pu-241 I 9.46 E+OOI 3.78 E+OOI 9.46 E+061 3.78 E+061 3.59E+Ot
Pu-242 9.50E-031DL ; 9.50E+031 DL : 3.60E-02

Ru-I 06 2.08 E-Oli MDA 2.08 E+051 MDA “-”- 7.88E-0{

Sb-125 9.37E-021MDA ! 9.37 E+041MDA i 3.55E-01

Sri-l 26 : 8.29 E-021 MDA i 8.29 E+041 MDA I 3.14E-01

Th-232 4.41E-WI 8,82E-051 4.41 E+021 8.82E+01 I 1.67E-03

U-233 \ 2.32E-021 DL : 2.32E+041 DL I 8.79E-02

U-234 : 1.50E-021 DL 1.50E+041DL ! 5.69E-02

U-235 i 5.54E-051 1.11 E:051 5.54E+01 i 1.11 E+OI’ 2,1 OE-O4

U-238 ~ 1.56E-041 DL I 1,56E+021DL 5.91E-04

U-238 1,50E-031 3.OIE-041 1.50E+031 3,01 E+021 5.69E-03

TRU 2.86E+OI \ : 2.86E+07 1.08E+02

WSRC-RP-98-01486
Revision 2

6/8/00
Appendix I

Page 14

MDA = Minimum Detectable Activity for the conditions used :
DL = Detection Limit
UL = Upper Limit



Tank S13 WSRC-RP-98-O1486
Revision 2

a
6/8/00

Tank S13 Appendix J

Sample #
—

3-109228 Page J1

Customer ID ,98018-13

Description 10riginal Aqueous Sample

Analyte Content. ; Units

Total Suspended Solids o.021wt %



Tank S13
WSRC-RP-98-01 486

Revision 2
6/8/00

Appendix J
Page J2 *



a
Tank S13 WSRC-RP-98-01486

Revision 2

Free Liquid? Yes NIA

PH 8.941 N/A
Density 1.0961 g/cm3
TDS 15.21 ‘Y.
Water, W% 80.1 9! O/.

Aaueous.T—-----

Phase
7...+- 1, “.”.

Activity Error Activity Error Activity
uCUmL uCilmL pci/L pci/L uCi

Total Am 0.00 E+OOI 0.00E+OOI 0.00E+OO, 0.00E+OO 0.00E+OO

Am-241 7,52 E-041 MDA 7.52 E+051MDA 6.21 E+02

Am-243 2.32E-041 MDA 2.32E+05 MDA “1.92E+02

c-1 4 2.46 E-041 UL 2.46 E+051UL 2.03E+02

Ce-144 9.37E-041MDA 9.37E+051 MDA 7.74E+02

Total Cm 0.00E+OO I 0.00E+OO ! 0.00E+OOI O.OOE+OO; 0.00E+OO
Cm-244 2.26E-021 MDA 2.26 E+071MDA 1.67E+04

Cm-245 1.27E-01 IDL 1.27E+081DL 1.05E+05

Cm-246 2.25E-01 IDL 2.25 E+081DL 1.86E+05

CO-60 1.04E-04 2.49E-05 1.04E+05i 2.49E+04 8.59E+01

Cs-134 3,75E-051MDA 3.75E+041MDA 3.1 OE+O1

Cs-137 1,36E-01 ) 4.71 E-03; 1.36E+081 4.71 E+061 1.12E+05
Eu-154 1.30E-041 MDA 1.30E+05 IMDA 1.07E+02

GA 7.84E-01 1.57E-01 7.84 E+08’ 1.57E+08 6.48E+05

H-3 4.91 E-041 4.91 E-051 4.91 E+051 4.91E+04 4.06E+02
1-129 1.49E-04 3.30E-05: 1.49E+051 3.30E+04 1.23E+02

Nb-94 4,01 E-051 MDA 4.01 E+041 MDA 3.31 E+O1

Ni-63 1.91 E-031 UL 1.91 E+061UL 1.58E+03

GB 4.50E-01’ 1.80E-01 4.50E+08’ 1.80E+081 3.72E+05
NP-237 4.91 E-041 MDA 4.91 E+051 MDA 4.06E+02

Total Pu 9.55 E-011 1.71 E-01, 9.55 E+081 1.71 E+08\ 7.89E+05
Pu-238 7.52 E-01’ 1.50E-01 7.52 E+08’ 1.50E+081 6.21 E+05
Pu-239 4.55 E-021DL 4.55E+071 DL 3.76E+04
Pu-240 1.67E-01 IDL 1.67E+08 IDL 1.38E+05

Pu-241 2.03E-01 8,13E-02 2.03 E+081 8.13E+071 1.66E+05

Pu-242 2.90E-031 DL 2.90 E+06i DL 2.40E+03

RU-106 1.66E-031MDA , 1.66E+061MDA ~ 1.37E+03

Sb-125 6.58E-04i 4.33 E-041 6.58 E+05i 4.33 E+051 5.44E+02

Se-79 9.OIE-041MDA : 9.01 E+051MDA \ 7.45E+02

Sri-l 26 4.05E-05 IMDA 4.05E+04 IMDA 3.35E+OI

Sr-90 2.84E-021 7.95E-04 2.84E+07 7.95E+05’ 2.35E+04

Tc-99 , 3.15 E-031 9.02E-041 3.15E+06! 9.02E+05, 2.60E+03

Th-232 8.06 E-081DL 6.06E+01 IDL 6.66E-02

U-233 8.60 E-031 1.72E-031 8.60E+06i 1.72E+06~ 7.11 E+03

U-234 5,77E-03] 1.15 E-031 5.77E+06; 1.15 E+06~ 4.77E+03

U-235 1.34E-041 2,68 E-051 1.34E+05~2.68E+041 1.11E+02

U-236 1.72E-04, 3.43 E-051 1.72E+05 3.43E+04 1.42E+02

U-238 : 3.37E-031 6.75E-04] 3.37E+061 8.75E+051 2.78E+03

TRU 7.52E-011 ‘ 7.52E+081 ! 6.21 E+05

6/8/00
Appendix J

Page J3

MDA = Minimum Detectable Activity for the conditions used
DL = Detection Limit —.
UL = Upper Limit
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j = value is less than the method’s PQL for this dilution but above the Appendix J

IDL, and detected in the chromatographic data Page J4 o

I
TBP = Tributyl Phosphate



Tank S13 WSRC-RP-98-01 486-. . .

Sample # 3-109282
Customer ID 98018-13
Description Filtered Solids

Estimated Solida 181.141g (based upon TSS, volume and
density of liquid phase)

I “i

Suspended
Solids

=

--, -..
Total Cm ! 1.16E+O”
Cm-244 1.16E+O”

Cm-245 6.94E-0”

Cm-248 1.24E+O[

CO-60 3.56E-0:

Cs-137 1.95E+0’

Eu-154 2.73E+OI

Eu-155 3.72 E-O

MDA = Minimum Detectable Activity for the conditions used
DL = Detection Limit I

Revision 2
6/6/00

Appendix J
Page J5
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Sample # 3-117927 Appendix J

Customer ID 98351-13 Page J7

Description Sludge (Not enough s;mple to weigh)
—

Estimated Soiida 325.5kg

Sludge
t Phaae

Total
Activity Error Activity Error Activity

Analyte uCilunit uCilunit pCi/unit pCifunit uCilunit

GA 8.65E+O0 1.73E+OO: 8.65E+06 1.73E+06 8.65E+O0

GB 4.44E+O0 6.88E-01 4.44E+06 6.88E:05 4.44E+O0

MDA = Minimum Detectable Activity for the conditions used
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● Tank S14 I Appendix K

Sampla # 3-103694 Page K1

Customer ID 98018-14

Description Originsl Aq ueous Sam ple
I

Analyte I Content. Units I

Total Suspended Solids 0.018 Wtvo

,0



Tank S14
WSRC

Sample # 3-104912 I

Customer ID 98018-14 I !

Description Filtered Aqueous Sam ple

Total Volume in Tenk 1386.975 liters

Analyte Content. Units

~ I<8 m k“ ‘1 -——

Sb <11 ,mg/kg ____—.-—
As 71m@g i I I

Ba 0.31m@kg .. . . . . ._ ;... – .:.–.. -.. –

Be 1 jmglkg

B 5 m@kg

Cd 1 mglkg

cl- 304 mg/L

Cr <2 mglkg

Cu 2 mglkg

CN- <10 ug/L

F- <20 mg/L

Fe 7 mglkg

Pb j<2 mglkg I

Mn
I 2 mglkg

Hg \ 10.30 mgikg !

Ni 7 mglL

N03- ‘_ 2 — — —2242 mg/L

Po4--- 203 mglL

Se <0.98 mglL

Ag <1 mglkg

Na 1757 0 mgikg

TI <3 mg/kg

u 1166 0 mglkg

Zn 1 mglkg

Any known VOA’S, >20 mg/L No N/A

n-Butanol <1.1 mglL I

Phenollphenoxidelnitrophenols <50 mg/L

SemiVOA Required NIA

TBP 2. 9 % 29000 mg/L

Othe r <50 m@L

Total Inorganic Carbon 166 1 mg/L

Total Organic Cabon 2021 9 mw

Volatile Organics Required NIA

PCBS <50 mglL
-.

mglL
mg/L

>=! !LGI1= 1.“. .- 3 mgiL
?C 7n . ..mli I

Kepone I<bu

p-Nitrophenol <50

E-..,... ,n t~n

MEK u.”, “ ,,,y L

PCE <0.140 m@L

Acidity <0.02 Molariiy

Ash Content 5.14 %

Boiling Pt. 185 degrees F

Flash Pt. 208 degrees F

Freezing Pt. <32

Free Liquid? Yes 1,.,m 1
pH 8.771NIA 1

Idegrees F \ I I
l&llA

-RP-98-01486
Revision 2

6/8/00
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a = compound present but balow quantitation limit I

1

Appendix K

TBP = Tributyl Phosphate : Page K4 ●



Tank S14 WSRC-RP-9&Ol 486

Sample # 13-103841
1

—.—.—.- -—-.
Customer ID ,98018-14 .._ ._ _ .

Description IFiltered Solids 1- 1

Estimated Solids I 254.41g (based upon TSS, volume and

I densi~ of liquid phase)
I I

1 I I 1

-,

I

! ISuspended
: Solids

— —.
1 Total—.. —_—

Error Activity E:; ! A~:~Activity , ———
Analyte Ucilg uci/g pcvg

Total Am

P 9
1.97E+01 I 1.08E+OOI 1.97E+07! 1.06E+06 5.01 E+03

Am-241 ; 1.66E+OI ; 9.71 E-01 1 .66E+07~ 9.71 E+05 4.73E+03

Am-243 I 1.08E+O0 4.31 E-01 1.08E+06 4.31 E+05 2.75E+02

Ce-144 ; 2.14E-01 MDA 2.14E+05 MDA 5.44E+01

Total Cm [ 1.36E+02 1.36E+OI 1.36E+08 1.36E+07 3.46E+04

Cm-244 ; 1.36E+02 1.36E+01 1.36E+08 1.36E+07 3.46E+04

Cm-245 ~ 7.12E-01 DL 7.1 2E+05 DL 1.81 E+02

Cm-246 : 1.27E+O0 DL 1.27E+06 DL 3.23E+02

CO-80 3.38E-02 2.43E-021 3.38E+04 2.43E+04\ 8.60E+O0

Cs-134 5.18E-02 MDA 5.18E+04 MDA 1.32E+01

Cs-137 5.27E-01 4.86E-0~~27E+05 4.86 E+04, 1.34E+02
——

Eu-154 1.76E+01 3.37E-01 1.76E+07 3.37E+05 4.48E+03

Eu-155 1.60E+O0 4.54E-01 1.80E+08 4.54E+05 4.07E+02

GA ; 4.06E+02 4.06E+OI 4.06E+06 4.06E+07 1.03E+05

I-129 2.21 E-02 MDA 2.21 E+04 MDA 5.62E+O0

M-63 ; 3.00E-02 MDA 3.00E+04 MDA 7.63E+O0

GB : 3.32E+02 1.33E+02 3.32E+08 1.33E+08 8.45E+04

NP-237 I 3.41 E-03 1.36E-03 3.41 E+03 1.36E+03 8.68E-01

~ 2.53E+02 UL 2.53E+08 UL 6.44E+04

i 2.48E+02 2.68E+OI 2.48E+08 2.68E+07 6.31E+0 4

, 1.57E+o0 3.14E-01 1.57E+06 3.14E+05 3.99E+0 2

i 3.16E+O0 1.26E+O0 3.1 6E+06 1.26E+06 8.04E+0 2

2.75E-01 UL 2.75E+05 UL 7.00E+O 1

i 1.63E-02 DL 1.63E+04 DL 4.15E+0 o
K Acc.nl klln4 5.45E+05 MDA 1.39E+0 2

\ 1.37E+05 MDA 3.49E+0 1

\ 4.64E+04 MDA 1.1 8E+0 1

1E-05 2.31 E+02 4.61 E+OI 5.88 E-O2

U-233 2.b4k-Wd LJL 2.54E+04 DL 6.46E+0 o

U-234 ~ 2.58E-02 DL 2.58E+04 DL 6.56E+0 o

U-235 : 1.80E-04 3.60E-O 5 1.80E+02 3.60E+01 4,58E-O 2
, , n-e 9 cQC.nA nl : 2.88E+02 DL 6.82E-O 2—.— ..—. —..----- . --- . . “ ---.--, . ..r. n.

E
Total Pu
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
. . . .fie

U-LJO L. “uL-”-, ~.

U-238 4.48E-03 8.95t-u41 4.4uc+u3, U.YOC+UL I l*C+UU

TRU : 2.72E+02 I 2.72E+081 6.93E+04

I

MDA = Minimum Detectable Activity for the conditions used I

DL = Detection Limit I I

Revision 2
6/8/00

Appendix K
Page K5
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Sample # !3-1 17928 I Appendix K—. —._— __ —.. L. -. .—
Customer ID 198351-14 : :

Description

Page K6 ●
ISludge l(Not enoug h sample to weigh) \

Estimated Solids ; 896.41kg

I I I
:. -i

I I I
I I Sludge_r——...

Phase—— ..—. — —— .-—.——
I , Totsl

Activity ~ Error I Activity I Error i Activity

Analyte uCtiunit uCtiunit. .pCL/unit pCi/unit ‘ uCtiunit

GA 1.36E+OO\ 2.73E-01 [ 1.36E+06 2.73E+05; f.36E+o0

GB i 1.72E+OOI 3.44E-01 ] 1.72E+06 3.44E+05 1.72E+O0

I
MDA = Minimum Detectable Activity for the conditions used
DL = Detection Limit !



Tank S15

Tank S15
Sample # 3-118522 ]

Customer ID 98018-15B (9801 8-15-Sludge)

Deacriptlon Sludge

Total Mass in Tank 1098527~rams (Not enough sample to weigh)

WSRC .RP-98-01488
Revision 2

8/8/00
Appendix L

Page LI

Analyte Content. Units ;

As 0.3 pglunit

Ba 18 pglunit ;

Cd 0.8 pglunit

co 2 ~g/unit

Cr 9 Kglunit

Pb 89 vg/unit

Hg 106 pglunit

Se 3 pglunit

Ag 32 pglunit

Phenollphenoxidelnitrophenols <100 mglkg

SemiVOA Required NIA
TRP 0.78 % 7600 mglkg

3.2 Y. 32000 mglkg
., nn ,,.”/l,”

1IIy, ng

fiep”l ,= .,” - mglkg

p-Nitrophenol <100 mg/kg
Sludge
Phaae
Total

. .. . . -.... —.. \ . . . .. ... .

.-.
BAH

Other <’,”” ,ll!yJr.s

PCBa <10 I--,,,,.

V-. a.. /+ nn

,111-L*.J r ., -L-we, “.”.

Cc-l 44 2.88E-0~ ‘- “

Total Cm 5. WE+O”

Cm-244 5.88E+0
--- -
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I )

MDA = Minimum Detectable Activity for the conditions used
~
UL = Upper Limit
TBP = Tributyl Phosphate
BAH = Branched Aliphatic Hydrocarbons I I I I

Not= Due to the limited amount of material available, a weight could not be obtained
for the dissolution, therefore, activity concentrations and metals concentrations could

Inot be calculated. I I I I I I



Tank S15

Sample # 3-117705

Customer ID 98351-15
.

Description Sludge

Totsl Maas in Tank 1098527 grams (Not enough sample to weigh)

WSRC-RP-98-O1486
Revision 2

6/6/00
Appendix L

Page L3

l–– I I —-+~
_l__. ~ –— ..-–

I I I
Sludge. .——. -~ –—.
Phase
Total

Activity Error Activity Error Activity

Analyte uCdunit uCiAsnit pCilunit pCtiun it uCilunit

Total Am 1.02E-01 6.1 7E-03 1.02E+05 6.1 7E+03 1.02E-01

Am-241 9.77E-02 6.1 4E-03 9.77E+04 6,1 4E+03 9.77E-02

Am-243 4.18E-03 6.04E-04 4.18E+03 6.04E+02 4.18E-03

Cs-137 9.64E-02 4,07E-03 9.64E+04 4.07E+03 9,64E-02

Eu-154 1.07E-03 3.54EJ04 1.07E+03 3,54E+02 1,07E-03

GA 1.31 E+OO 2.62E-01 1.31 E+06 2.62E+05 1.31 E+OO

GB 2.68E-01 5.77E-02 2.88E+05 5.77E+04 2.68E-01

I 1 \ I 1

MDA = Minimum Detectable Activity for the conditions used
DL = Detection Limit
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Tank S16

Tank S16
Sample # 3-119031

Cuetomer ID 96351-1 6B

Description Sludge

Total Maaa in Tank 2066635 grams

AnaIyte Content. Units

As <16 ~lkg , __ ———
Ba 15 mglkg

Cd 4 mglkg

Cr 66 mglkg

Pb 263 mglkg

Hg 79 mglkg J
Se <214 mglkg

Ag 17 ~kg

PhenoVphenoxide/nitrophenols <100 mglkg

SemiVOA Required NIA
TBP 5.0 “/0 50000 mg
!aAu OK 0/. a~nnnn mn

~lkg

Un, , , . . ,“ .“...- .. .Jlkg

Otherl<100 mglkg
,. ..-- mglkg

mu/k”

~epone \<luu
p-Nitrophenol <1oo ,,t,~,!.~

Sludge
Phaee

I Total

WSRC-RP-96-01466
Revision 2

6/6/00
Appendix M

Page Ml



I Tank S16

Sri-l 26 3.50E-03 MDA 3.50E+03 MDA 7.23E+03

I Th-232 7.16E-07 DL 7.16E-01 DL 1.46E+O0

U-233 6.31E-02 DL 6.31 E+04 DL 1.30E+05

U-234 4.06E-02 DL 4.06E+04 DL 6.43E+04

U-235 6.87E-04 1.77E-04 8.67E+02 1.77E+02 1.83E+03

U-236 9.23E-04 1.85E-04 9.23E+02 1.65E+02 1.91 E+o3

U-238 2.54E-02 5.06E-03 2.54E+04 5.08E+03 5.25E+04

TRU 1.47E+O0 1.47E+06 3.03E+06

WSRC-RP-98-01 486
Revision 2

6/6/00
ADnendix M

‘ ‘Page M2 ●

I I I

MDA = Minimum Detectable Activity for the conditions used
DL = Detection Limit
UL = Upper Limit
TBP = Tributyl Phosphate
BAH = Branched Aliphatic Hydrocarbons



Tank S19 WSRC-RP-98-01488
Revision 2
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Tank S19 Appendix N
Sample # 8-104895 I Page NI

Customer ID 98018-19-0
Descrlptlon Original Sample

Analyte Content. Units
Total Suspended Solids 0.12 w 70



Tank S19 WSRC-RP-98-01 466
Revision 2

Sample #

6/6/00
3-104922 I Appendix N

Customer ID 96016-19-0

Description

Page N2
Filtered Top Sample ●

Total Volume In Tank 2170.555 liters (Assumee all liquid is aqueous)

Analyte Content. Units

Al 22 mg/kg

Sb <6 mglkg

As <0.091 mg/kg

Ba 1 mglkg

Be 1 mglkg

B 16 mglkg

Cd 1 mgJkg

cl- 296 mg/L

Cr 3 m~g

Cu <=3 mglkg

CN- <10 uglL

F- <20 mglL

Fe 16 mg/kg

Pb 4 mglkg

Mn 6 mglkg

Hg 0.24 m@g

Ni 9.6 mg/L

N03- 94 mgiL

Po4--- 135 0 mglL

Se <0.91 mg/L

Ag <3 mgfkg

Na 3620 6 mglkg

TI <=4 mglkg

u 1423 7 m~kg

Zn 2 mglkg

Any known VOA’S, >20 mg/L No NIA

n-Butanol <1.1 mglL

Pheno!fphenoxidelnitrophenol s <50 @
SemiVOA Requirad ;IA

TB P 3.4 % 3400 0 mg/L

Othe r <50 mgfL
Total Inorganic Carbon 446 0 mgIL
Total Organic Ca~on 7939 0 mglL
Volatile Organics Required NIA
PCBS <50 mg/L
Kepone <50 m~
p-Nitrophenol <50 w
Benzene 0.067 ~) ~g/L
MEK 2.4 mg5
PCE <0.140 mg/L
Acidity <0.02 Molarity
Ash Content 4.0 6 Yo
Boiling Pt. 159 .6 degrees F
Flash Pt. 198 degrees F
Freezing Pt. <32 degrees F
Free Liquid? Yes N/A
yH 10.0 2 WA

—



Tank S19

Density 1.094 gfcm3
TDS 8.30 %
Water, wt% 74.4 %

Aqueous
Phase
r-+- I

[SRC-RP-98-01488
Revision 2

6/8/00
Appendix N

Page N3

I I I

MDA = Wnimum Detectable Activity for the conditions used
DL. Detection Limit



Tank S19 WSRC-RP-98-01 466
Revision 2

6/6/00

a = compound present but below qusntitation limit Appendix N

j = value ia less than the methods PCIL for this dilution but above the Psge N4

IDL, and detected in the chromatographic data ●
TBP = Tributyl Phosphate



Tank S19 WSRC-RP-98-01 486

[ C.mnl. * 13-104932 I
‘3018-19-0● ✍

-“. ..”.” .r

Customer ID 96
Description Filtered Solids I

Estimsted Solids 2649.5~g I(based upon TSS, volume and

I I Idensity of liquid phase)

Revision 2
6/8/00

Appendix N
Page N5

I

,“,-”0 I ,.##L–”,

U-C*” 1 , .“”-–”,

-----

I I I I I

MDA = Minimum Detectable Aativiw for the conditions used
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Sample # 3-104696 ] Appendix N

Customer ID 9801 8-19-A
Description

Page N7
Original Aq ueous Sample

Analyte Content. Units
‘Total Suspended Solids 0.11 WI 70



“7
Tank S19

Sample # 3-104916 ]

Customer ID 98018-1 9-A

Description Filtered Aqueous Sample I

Totsl Voluma in Tank 2170.5551 liters l(Assumes all liquid is aqueous)

WSRC-RP-98-01486
Revision 2

I

Analyte Content. Units

Al <18 mglkg

Sb <8 mg/kg

As <0.091 mglkg

Ba 1 mglkg

Be 1 m~kg

B 17 mglkg

Cd 1 mglkg

cl- 273 mglL

Cr <2 mg/kg

Cu <3 mglkg

CN- <10 ug/L

F- <2 m~L

Fe 5 mglkg

Pb <=3 mglkg

Mn 8 mg/kg

Hg 0.41 mglkg

Ni 9. 9 mg/L

N03- 81 mglL

Po4--- 130 7 mg/L

Se <0.91 mg/L

Ag <3 mglkg

Na 3772 3 mglkg

TI <4 mgikg

u 1383 0 mg/kg

Zn 2 mg/kg

Any known VOA’S, >20 mg/L No NIA

n-Butanol 2. 2 m@L

PhenoVphenoxide/nitrophenol s <50 mg/L

SemiVOA Required NIA

TB P 3.470 3400 0 mgJL

-- AH 0.2 9 % 290 0 mg/L

AA H 0.02 0 Y. 20 0 mglL

OA H 0.1 5 % 150 0 mg/L

Oth er <50 m~

Total Inorganic Carbon 482 1 mglL

Total Organic Carbon 7867 9 mgf

Volatile Organics Rc

PCBS <5”

Kepone <50

1
i

VL

equired NIA
,,-. mg/L

mg/L

~-Nitrophenol <50 mgfL

Benzene 0.047 ~) mglL

MEK 2.8 m~L

PCE 0.029 (j) mg/L
Acidity <0.02 Molarity

Aah Content 4.31 %
Boiling Pt. 159.8 degreee F

Flaah Pt. >212 degrees F

6/8/00
Appendix N

Paga N8



●

Tank S19

I
Freezing Pt. <32 degre, -‘

Free Liquid? Yes NIA

PH 10.16 NIA
I I I

,“+.7. .. —-—

Pu-242 1.81 E;

Pm-147 2.25 E-O

Ru-I 08 3.32E-04 MVA

Sb-125 2.94E-04 6.4!

Se-79 2.70E-04 MDA

Sn-128 6.94E-05 MDA

Sr-90 3.33E-02 3.6(

Tc-99 4.88E-04 9.9

Th-232 1.13E-07 2.2(

Th-234 4.18E-03 1.7!

TI-208 3.87E-05 2.2

U-233 2.33E-03 4.6(

U-234 1.64E-03 3.2

U-235 3.08E-05 8.1!

U-238 2.97E-05 5.9’

Density 1.097 gcm3

TDS 8.88 %

Water, W% 85.9 %—
Aqueous

Phase
Total

Activity Error Activity Error Activity

uCilmL uCdmL pcuL PCi/L Uci
-rA.., A- I nA c.n~ 1 II 1.04E+06 UL 2.26E+03

IE-04 9.05E+05 1.08E+05 1.96E+03

1.36E+05 UL 2.95E+02

E-05 7.79E+04 6.41 E+04 1.69E+02

1.96E+05 MDA 4.25E+02

IE-02 8.15E+06 1.63E+07 1.77E+04

IE-02 6.1 5E+06 1.63E+07 1.77E+04

Cm-245 7.80E-04 UL 7.88E+05 DL 1.71 E+03

Cm-246 1.41 E-03 DL 1.41E+06 DL 3.06E+03

CO-60 3.20E-04 1.23E-05 3.20E+05 1.23E+04 6.95E+02

Cs-134 1.33E-05 MDA 1.33E+04 MDA 2.89E+OI

Cs-137 5.81 E-02 1.99E-03 5.81 E+07 1.99E+06 1.26E+05

Eu-154 7.1 6E-04 2.76E-05 7.16E+05 2.76E+04 1.55E+03

Eu-155 6.76E-05 4.55E-05 6.76E+04 4.55E+04 1.47E+02

GA 2.04E+O0 4.08E-01 2.04E+09 4.08E+08 4.43E+06

H-3 1.47E-03 1.47E-04 1.47E+06 1.47E+05 3. 19E+03

1-129 1.80E-04 UL 1.80E+05 UL 3.91 E+02

Ni-59 3.30E-03 MDA 3.30E+06 MDA 7.16E+03

Ni-63 l.ll E-02 UL 1. IIE+07 UL 2.41 E+04

GE 3.50E-01 1.40E-01 3.50E+08 1.40E+08 7.60E+05

Np-237 2.49E-04 1.24E-04 2.49E+05 1.24E+05 5.40E+02
ml. 0,9 R C3n!=.n< 3 R9E.05 6.98E+04 3.69E+04 1.52E+02

7E-01 2.56E+09 2.57E+08 5.56E+06

3E-01 2.03E+09 2.03E+08 4.41 E+06

IE-03 4.77E+0 6 2.39E+06 1.04E+0 4

$E-04 1.57E+06 7.84E+05 3.41 E+O3

)1 1.57E-01 5.23E+08 1.57E+08 1.14E+0 6

)5 DL 1.61E+04 DL 3.93E+01

)3 MDA 2.25E+0 6 MDA 4.88E+0 3
. ..-.

3.32E+0 5 MDA 7.21 E+O2

5E-O5 2.94E+0 5 6.45E+0 4 6.38E+0 2

2.70E+0 5 MDA 5.86E+0 2

6.94E+0 4 MDA 1.51E+0 2

2E-O3 3.33E+0 7 3.60E+0 6 7.23E+0 4

3E-O5 4.66E+0 5 9.93E+0 4 1.02E+0 3

BE-O8 1.13E+0 2 2.26E+OI 2,45 E-O1

5E-O3 4.18E+0 6 1.75E+0 6 9.07E+0 3

3E-O5 3.87E+0 4 2.23E+0 4 8.40E+0 1

6E-O4 2.33E+0 6 4.66E+0 5 5.06E+0 3

BE-O4 1.84E+0 6 3.28E+0 5 3.56E+0 3

5E-O6 3.08E+0 4 6.15E+0 3 6.69E+0 1

4E-O6 2.97E+04 5.94E+0 3 6.45E+0 1

WSRC -R P-98-01486
Revision 2

6/8/00
Appendix N

Page N9



Tank S19 WSRC-RP-98-O1488
Revision 2

U-238 8.28E-031 1.05E-031 6.28E+081 1.05E+081

TRU

I I I I
MDA = Minimum Detectable Activity for the conditions used i
DL = Detection Limit
UL = Upper Limit
a = compound present but below quantitation limit

j = value is less than the method’s PQL for this dilution but above the

TBP = Tributyl Phosphate
IDL, and detected in the chromatographic data
AH = Aliphatic Hyrdocarbons
AAH = Alkylated Aromatic hydrocarbons

OAH = Oxygenated Aliphatic Hydrocarbons {

8/8/00
Appendix N

Page N1O ●

I



Tank S19 WSRC-RP-98-01 488
Revision 2

6/8/00
Appendix N

Page N11

IL —— I dd
: __J

.–. J— d
I—

Suspended

I Solids
Total

Activity Error Activity I Error

Analyte

Activity

Uctig Ucllg pctig pctig uCi

rotal Am 1.01 E+OO 2.22E-OI 1.01 E+061 2.22E+05 2.65E+03

4m-241 1.OIE+OO 2.22E-01 1.01 E+06 2.22E+05 2.65E+03

4m-243 1.26E+O0 DL 1.26E+06 DL 3.30E+03

}e-144 2.83E-01 MDA 2.83E+05 IMDA 7.41 E+02

rotal Cm 3.03E+OI 3.03E+O0 3.03E+07 I 3.03E+06 7.94E+04

;m-244 3.03E+OI 3.03E+O0 3.03E+071 3.03E+06

;m-245

7.94E+04

1.08E+O0 DL 1.08E+06 DL 2.83E+03

2m-246 1.92E+O0 DL 1.92E+06 DL 5.03E+03

;0-60 6.17E-02 MDA 6.17E+04 MDA 1.62E+02

2s-134 6.44E-02 MDA 6.44E+04 MDA 1.69E+02
. . , 07 9 ~7~-nq 7.1 3E-02 2.57E+05 7.1 3E+04 6.73E+02

1.50E-01 5.90E+05 1.50E+05 1.55E+03

5.63E+O0 5.63E+07 5.63E+06 1.47E+05

MDA 6.26E+04 MDA 1.64E+02

-129 ~ 5./ /t-uz MDA 5.77E+04 MDA 1.51 E+02

U-63 2.35E-02 MDA 2.35E+04 MDA 6.16E+01

3B 1.01 E+OI 4.04E+O0 1.01E+07 4.04E+06 2.65E+04

VP-237 1.40E-02 2.79E-03 1.40E+04 2.79E+03 3.67E+01

Total Pu 3.72E+OI 6.67E+O0 3.72E+07 8.67E+06 9.74E+04

‘u-238 2.29E+01 2.29E+O0 2.29E+07 2.29E+06 6.00E+04
>.. “o,-, e aA=-nq 2.77E-01 6.94E+05 2.77E+05 1.62E+03

DL 1.43E+06 DL 3.75E+03

6.26E+O0 1.36E+07 6.26E+06 3.56E+04

DL 2.47E+04 DL 6.47E+OI

RU-106 5.uYt-ul MDA 5.09E+05 MDA 1.33E+03

Sb-125 1 .66E-01 MDA 1.66E+05 MDA 4.40E+02

Sri-l 26 1.18E-01 MDA 1.16E+05 MDA 3.09E+02

Sr-90 4.64E+O0 2.32E-01 4.64E+06 2.32E+05 1.22E+04

Tc-99 1.75E-02 MDA 1.75E+04 MDA 4.56E+01

Th-232 4.66E-05 9.73E-06 4.86E+01 9.73E+O0 1,27E-01
, , .-,00 ~ ~Q~-~Q 1.79E-02 4.48E+04 1.79E+04 1.1 7E+02

! 1.82E-02 4.55E+04 1.82E+04 1.19E+02

I 2.12E-04 1.06E+03 2.1 2E+02 2.76E+O0

1.90E-04 9.50E+02 1.90E+02 2.49E+O0

U-238 I 2.64E-02 5.28E-03 2.64E+04 5.26E+03 6.91 E+OI

TRU ] 2.46E+OI 2.46E+07 6.45E+04

I 1

MDA = Minimum Detectable Activity for the conditions used
DL = Detection Limit I



Tank S19

““,.. ~.” “ -------

Customer ID 98351-19

Description Sludge

Total Masa In Tank 203655.2 grams

Content. Units

As <2 mglkg

Ba 57 mglkg

Cd 6 Imglkg I
Cr 52 mglkg !
Pb 433 m~kg

Hg 417 mglkg

Se <23 mg/kg

Ag 9 mg/kg
Sludge

I Phase

“Total

Activity Error Activity Error Activity

Ucvg Uctig pcug pctig uCi

Total Am 3.86E+O0 6.89E-01 3.86E+06 6.89E+05 7.86E+05

Am-241 3.41 E+OO 6.83E-01 3.41 E+06 6.83E+05 6.94E+05

Am-243 4.49E-01 8,97E-02 4.49E+05 8.97E+04 9.14E+04

Ce-144 5.27E-02 MDA 5.27E+04 MDA 1.07E+04

Total Cm 7.57E+01 1.51 E+O1 7.57E+07 1.51 E+07 1.54E+07

Cm-244 7.57E+01 1,51 E+O1 7,57E+07 1.51 E+07 1.54E+07

Cm-245 1.19E-01 DL 1.19E+05 DL 2.42E+04

Cm-246 2.13E-01 DL 2,13E+05 DL 4.34E+04

CO-60 6.96E-03 MDA 8.96E+03 MDA 1.82E+03

Cs-134 1.22E-02 MDA 1.22E+04 MDA 2.48E+03

Cs-137 2.80E-01 2.07E-02 2.80E+05 S 5.70E+04

Eu-154 1.49E+O0 4.17E-02 1.49E+06 4.17E+04 3.03E+05

GA 7.75E+01 1.55E+OI 7.75E+07 1.55E+07 1.58E+07

H-3 3.36E+O0 UL 3.36E+06 UL 6.84E+05

Nb-94 3.32E-02 MDA 3.32E+04 MDA 6.76E+03

GB 1.25E+OI 2.50E+O0 1.25E+07 2.50E+06 2.55E+06

NP-237 4.77E-03 9.55E-04 4.77E+03 9.55E+02 9.71 E+02

Total Pu 3.15E+OI 9.96E+O0 3.15E+07 9.96E+06 6.42E+06

Pu-238 2.40E+01 9.60E+O0 2.40E+07 9.60E+06 4.69E+06

Pu-239 9.68E-01 1.94E-01 9.68E+05 1.94E+05 1.97E+05

Pu-240 1.58E-01 DL 1.58E+05 DL 3.22E+04

Pu-241 6.58E+0 O 2.63E+O0 6.58E+06 2.63E+06 1.34E+06

Pu-242 2.73 E-O3 DL 2.73E+03 DL 5.56E+02

Ru-106 1.22E-01 MDA 1.22E+05 MDA 2.48E+04
Sb-125 3.58 E-O2 MDA 3.56E+04 MDA 7.29E+03
Sri-l 26 3.54E-O 2 MDA 3.54E+0 4 MDA 7.21 E+03
Th-232 3.95E+O0
U-233 4.20E+04

U-234 1.32E-O 1 2.63 E-O2 1.32E+0 5 2.63E+0 4
U-235

2.69E+0 4

2.90E-O 3 5.80E-O 4 2.80E+0 3 5.80E+0 2 5.91 E+O2
U-236 3.04E-O 3 6.08E-04 3.04E+0 3 6.08E+0 2 6.19E+0 2
U-238 4.13E-O 2 8.25E-O 3 4.13E+0 4 8.25E+0 3
TRU

8.41 E+O3

2.88E+0 1 2.86E+0 7 5.67E+0 8

;RC-RP-98-01 486

Revision 2
6/8/00

Appendix N
Page N12 ●



Tank S19 WSRC-RP-98-01 488
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MDA = Minimum Detectable Activity for the conditions used Appendix N

g DL=Detection Limit Page NI 3

UL = Upper Limit I
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Tank S20

●
Appandix O

Sample # 3-104694 I Page 01

Cuetomer ID 9801 8-20-T

Description Original Organic SamF~le

Analyte Content. Units

Total Suspended Solids 0.16 V’it%



Tank S20 WSRC-RP-98-01488
Revision 2

Sample #

8/8/00

3-104928 ] Appendix O

Customer ID 9801 8-20-T

Description Fiitered Top Sample (organic)

Page 02
9

Total Volume in Tank 7551 .89711iters l(Assumes all liquid is organic)

I
Analyte Content. Units

Al <4 mglkg

Sb <4 mglkg

As <0.12 mglkg

Ba <1 mg/kg

Be <1 mglkg

B <1 mglkg

Cd <1 mg/kg

cl- <2 mg/L

Cr <1 mglkg

Cu 25 mg/kg

CN- <10 uglL

F- <20 mg/L
i=. .C . ..-/1.”,- , . , I l~rmg

Pb <2 mgfkg

Mn <1 mglkg

Hg 11.61 r]

Ni <5.7 mg/L

N03- <10 mg/L

Po4--- <10 mg/L

Se <1.2 mg/L

Ag <1 mglkg

Na 132 mglkg

TI <4 mg/kg

u <41 mglkg

Zn 6 mglkg
Any known VOAS, >20 mglL No NIA

<1.1 mgiL

?nols <50 mgiL

““. . .. . . . . ~equired NIA
TBP >90 % >9000CKI mgfL

Paratfins <lo “1. <100000 mgii-

Other <50 mg/L
nic Carbon 38 m~
:. ,-.-*-. ““ fi73 mglL

d NIA
mglL
mglL
mgfL

I mg/L
7.3 mg/L
I m~L

Ai,-.lctih,

Total Inorgar
Total Organic UaI UUI I c,”,

Volatile Organics Requirec
PCBS <50
Kepone <50
p-Nitrophenol <50
Benzene 0.370 ~)
MEK 7
PCE 0.054 ~)
Acidity <0.02 ,,“,”!..0!., 1 1 ,
Ash Content

-.

Boiling Pt. I 33.0 Uuglee:
Flash Pt. 180.9 degraa’
Freezing Pt. <32 dag
Free Liquid? Yes WA

i

.



Tank S20 WSRC-RP-98-01486
Revision 2

6/8/00
pH 6.538 NIA Appendix O
Density 0.818 glcm3
TDS

Page 03
5.69 %

Water, Wh 0.2 %
Upper
Limit

Organic

Phaae
Totai

Activity Error Activity Error Activity
uCi/mL uCtimL pci/L PCdL Uci

Total Am 6.40E-04 4.17E-05 6.40E+05 4.1 7E+04 4.83E+03

Am-241 5.77E-04 4, 12E-05 5.77E+05 4.1 2E+04 4.36E+03

Am-243 6.26E-05 6,51 E-06 6.26E+04 6.51 E+03 4.73E+02

C-14 3.06E-04 UL 3.08E+05 UL 2.33E+03

Ce-144 2.62E-05 MDA 2.62E+04 MDA 1.98E+02

Total Cm 1.07E-02 1.73E-03 1.07E+07 1.73E+06 8.06E+04

Cm-244 1.07E-02 1.73E-03 1.07E+07 1.73E+06 6.06E+04

Cm-245 7.68E-04 DL 7.66E+05 DL 5.95E+03

Cm-246 1.41 E-03 DL 1.41 E+06 DL 1.06E+04

CO-60 4.45E-06 MDA 4.45E+03 MDA 3.36E+OI

Cs-134 5.86E-06 MDA 5.86E+03 MDA 4.43E+01

Cs-137 7.93E-06 MDA 7.93E+03 MDA 5.99E+OI

Eu-154 4.77E-04 1.64E-05 4.77E+05 1.64E+04 3.60E+03

Eu-155 4.82E-05 2.43E-05 4.62E+04 2,43E+04 3.64E+02

GA 1.27E-02 2.53E-03 1.27E+07 2.53E+06 9.59E+04

H-3 1.89E-01 UL 1.89E+06 UL 1.43E+06

GB 1.02E-01 4.07E-02 1.02E+06 4.07E+07 7.70E+05

NP-237 1.20E-05 5.99E-06 1.20E+04 5.99E+03 9.06E+OI

Totai Pu 2.20E-03 UL 2.20E+06 UL 1.66E+04

Pu-238 1.41 E-03 7.50E-04 1.41 E+08 7.50E+05 1.06E+04

Pu-239 3.1oE-O4 1.55E-04 3.1 OE+O5 1.55E+05 2.34E+03

Pu-240 1.05E-03 MDA 1.05E+06 MDA 7.93E+03

Pu-241 4.77E-04 UL 4.77E+05 UL 3.60E+03

Pu-242 1.81E-05 MDA 1.61E+04 MDA 1.37E+02

Pm-1 47 2.70E-03 MDA 2.70E+06 MDA 2.04E+04

RU-106 -. 5.95E-05 MDA 5.95E+04 MDA 4.49E+02

St)-l 25 1.61 E-05 MDA 1.61 E+04 MDA 1.22E+02

se-79 1.80E-04 MDA 1.80E+05 MDA 1.36E+03

Sri-l 26 1.72E-05 MDA 1.72E+04 MDA 1.30E+02

Sr-90 1.71 E-O3 2.70E-0 4 1.71E+06 2.70E+05 1.29E+0 4

Tc-99 7.76 E-0 4 7.77E-O 4 7.78E+05 7.77E+05 5.68E+0 3

Th-232 5.05E-1 O MDA 5.05E-01 MDA 3.81 E-O3

U-233 1.62E-04 3.24E-O 5 1.62E+05 3.24E+04 1.22E+0 3
U-234 1.1 3E-O4 2.25 E-O5 1.13E+05 2.25E+04 8.53E+0 2

U-235 2. II E-O6 4.22E-0 7 2.11 E+O3 4.22E+02 1.59E+OI

U-236 2.1 5E-O 6 4.31 E-O7 2.15Ei0 3 4.31E+0 2 1.62E+0 1
u-238” 9.23E-O 6 1.85 E-O6 9.23E+0 3 1.85E+0 3 6.97E+0 1

TRU 2.37E-0 3 2.37E+0 6 1.79E+0 4

MDA = Minimum Detectable Activi~ for the conditions used
DL = Detection Limit

UL = Upper Limit I I



Tank S20 WSRC-RP-98-01466
Revision 2

6/6/00

a = compound present but below quantitation limit Appendix O

j = value is less than the method’s PQL for this dilution but above the
IDL, and deteoted in the chromatographic data

Page04 ~

TBP = Tributyl Phosphate



Tank S20

+— ! ._ ! Suspended

Solids_-—
Upper
Limit

I Tfifs I

1 1 1 ,

MDA = M!nim
I

DL = Detection ~imlI I I I t 1 I

mumDetectable Activity for the conditions used I I
—.., ,—,.

WSRC-I 3P-98-01 488
Revision. 2

6/8/00
Appendix O

Page 05
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Tank S20 WSRC-RP-98-O1486
Revision 2

Sample # 3-104693 I

● Customer ID 9801 8-20-B
Description Original Aq ueous Sample

Ans[yte Concsnt. Units
Total Suspended Solids 0.02 w %

6/8/00
Appendix O

Page 07



Tank S20 WSRC-RP-98-O1486
Revision 2

Sample #

6/6/00

3-104930 I Appendix O

Customar ID 9801 8-20-B

Description

Page 08
Filtered Aqueous Sam ple ●

Total Volume In Tank 7551.697 liters (Assumes all liquid is aqueous)

Analyte Content. Units

Ai 29 m~kg

Sb <2 mglkg

As <0,095 mglkg

Ba <1 mglkg

Be <1 mglkg

B 5 mg/kg

Cd <1 mglkg

cl- 201 mgiL

Cr <1 mglkg

Cu 35 mglkg

CN- <10 ug/L

i=- <20 mglL

Fe 2 mg/kg

Pb <1 mglkg

Mn 1 mglkg

Hg 1.82 mg/kg

Ni 2.1 mglL

N03- 729 mg/L

Po4--- 560 mg/L

Se <0.95 m@
Ag <1 mg/kg

Na 21783 mglkg

TI <=1 mg/kg

u 423 4 mg/kg

Zn 1 mgikg

Any known VORS, >20 mg/L No NIA

n-Butanol 2.1 mg/L

PhenoYphenoxide/nitrophenoi s <50 w
SemiVOA Raquired ~lA

TB P 1.4 % 1400 0 mg/L

..Othe r <50 mg/L

Totai inorganic Carbon 278 3 mg/L

Total Organic Carbon 3824 7 mgiL
Volatile Organics Required NIA
PCBS <50 mglL

Kepone <50 m@L
p-Nitrophenoi <50 mglL
Benzene <0.140 m@L

MEK 0.85 0 mglL
PCE 0.20 8 mg/L
Acidity <0.02 Molarity

●



Tank S20

Ash Content 0.66 %
Boiling Pt. 159.8 degrees F
Flash Pt. 201.9 degrees F
Freezing Pt. <32 degrees F

Free Liquid? Yes WA

PH 10.41 NIA
Density 1.051 g/cm3 _
TDS 1.73 %

Water, wt% 89.3 %
Upper
Limit

Aqueous
Phase
Total

Activity Error Activity Error Activity

uCtimL uCtimL PCUL pCtiL Ucl

Total Am 1.55E-04 3.91 E-05 1.55E+05 3.91 E+04 1.1 7E+03

Am-241 1.55E-04 3,91 E-05 1.55E+05 3.91 E+04 1.1 7E+03

Am-243 9.1 9E-04 DL 9.1 9E+05 DL 6.94E+03

C-14 2,00E-04 UL 2.00E+05 UL 1.51 E+03

Ce-144 1.01 E-04 MDA 1.01 E+05 MDA 7.63E+02

Total Cm 4.28E-02 2.1 4E-02 4.28E+07 2.14E+07 3.23E+05

Cm-244 4.28E-02 2.1 4E-02 4.28E+07 2.14E+07 3.23E+05

Cm-245 7.88E-04 DL 7.88E+05 DL 5.95E+03

Cm-246 1.41E-03 DL 1.41 E+06 DL 1.06E+04

CO-60 7.70E-06 3.77E-06 7.70E+03 3.77E+03 5.81 E+O1

Cs-134 7.43E-06 MDA 7.43E+03 MDA 5.61 E+OI

Cs-137 1.56E-02 5.39E-04 1.56E+07 5.39E+05 1.18E+05

Eu-154 2.40E-04 1.28E-05 2.40E+05 1.28E+04 1.81 E+03

Eu-155 3.39E-05 2.85E-05 3.39E+04 2.85E+04 2.56E+02

GA 6.04E-01 1.21 E-01 6.04E+08 1.21E+08 4.56E+06

H-3 1.35E-03 1.35E-04 1.35E+06 1.35E+05 1.02E+04

1-129 1.63E-04 UL 1.63E+05 UL 1.23E+03

Ni-59 1.05E-03 MDA 1.05E+06 MDA 7.93E+03

Ni-63 1.62E-03 UL 1.62E+06 UL 1.22E+04

GB 4.64E-01 1.86E-01 4.64E+08 1.86E+08 3.50E+06

NP-237 2.45E-04 1.22E-04 2.45E+05 1.22E+05 1.85E+03

Total Pu 7.18E-01 7.00E-02 7.1 8E+08 7.00E+07 5.42E+06

Pu-238 5.59E-01 5.59E-02 5.59E+08 5.59E+07

Pu-239

4.22E+06

1.21E-02 6.06E-03 1.21 E+07 6.06E+06 9.14E+04

Pu-240 7.52E-03 3.76E-03 7.52E+06 3.76E+06 5.68E+04

Pu-241 1.39E-01 4.16E-02 1.39E+08 4.16E+07 1.05E+06

Pu-242 1.81E-05 DL 1.81 E+04 DL 1.37E+02

Pm-147 4.05E-04 MDA 4.05E+05 MDA 3.06E+03

RU-106 1.77E-04 MDA 1.77E+05 MDA 1.34E+03

Sb-125 8.83E-05 MDA 8.83E+04 MDA 6.67E+02

Se-79 4.50E-04 MDA 4.50E+05 MDA 3.40E+03

Sn-126 3.45E-O 5 MDA 3.45E+0 4 MDA 2.61 E+O2

Tc-99 6.89E-O 4 2.52E-O 4 6.89E+0 5 2.52E+05 5.20E+0 3

Th-232 1.57E-O 6 3.14E-O 7 1.57E+0 3 3.14E+02 1.19E+OI

U-233 1.12E-O 2 2.24E-0 3 1.12E+0 7 2.24E+06 8.46E+0 4

U-234 3.26 E-O3 6.51 E-O4 3.26E+0 6 6.51 E+05 2.46E+0 4

U-235 4.59 E-O5 9.19E-O 6 4.59E+0 4 9.19E+03 3.47E+0 2

WSRC .RP-98-01 486
Revision 2

6/8/00
Appendix O

Page 09



Tank S20 WSRC-RP-98-01486
Revision 2

6/8/00
U-238 5.32E-05 1.08E-05 5.32E+04 1.08E+04 4.02E+02 Appendix O

U-238 1.53E-03 3.05E-04 1.53E+06 3.05E+05 1.1 6E+04 Page 010

TRU 5.79E-01 5.79E+06 4.37E+06 ●
MDA = Minimum Detectable Activity for the conditions used

DL = Detection Limit
UL = Upper Limit ~ ‘–
a = compound present by below quantitation limit
TBP = Tributyl Phosphate 1 I



Tank S20 WSRC

●

I

Sample # 3-104924 I

Customer ID 9801 8-20-B

Description Filtered Solida

Estimated Solids 1587.41 g (based upon TSS, volume and
densi~ of liquid phase)

ISuspended

–L–-.—
Solids
Upper
Limit
Total

Activity Error Activity Error Activity

Analyte uci/g Ucug pcvg pcug uCi

Total Am 2.01 E+OO 8.52E-01 2.01 E+08 8.52E+05 3.1 9E+03

Am-241 2.01 E+OO 8.52E-01 2.01 E+06 8.52E+05 3.19E+03

Am-243 6.62E+O0 DL 8.62E+06 DL 1.05E+04

Ce-144 1.47E+O0 MDA 1.47E+06 MDA 2,33E+03

Total Cm 8.06E+OI 8.06E+O0 8.06E+07 8.06E+06 1.28E+05

Cm-244 8.06E+OI 8.06E+O0 8.06E+07 8.06E+06 1.28E+05

Cm-245 5.27E+O0 DL 5.27E+06 DL 8.37E+03

Cm-246 1.01 E+O1 DL 1.01 E+07 DL 1.60E+04

CO-60 3.63E-01 MDA 3.63E+05 MDA 5.76E+02

Ca-134 3.23E-01 MDA 3.23E+05 MDA 5.1 3E+02

Cs-137 2.08E+O0 4.46E-01 2.08E+06 4.46E+05 3.30E+03

Eu-154 1.23E+O0 3.16E-01 1.23E+06 3.1 6E+05 1.95E+03

GA 1.74E+02 1.74E+OI 1.74E+08 1.74E+07 2.76E+05

H-3 3.67E-01 MDA 3,67E+05 MDA 5.83E+02

1-129 1.1 4E-01 UL 1.1 4E+05 UL 1.81 E+02

Ni-59 5.59E-01 MDA 5.59E+05 MDA 8,87E+02

Ni-63 1.00E-01 MDA 1.00E+05 MDA 1.59E+02

GB 4.34E+OI 1.74E+OI 4.34E+07 1.74E+07 6.89E+04

NP-237 2.56E-O 2 1.03E-O 2 2.56E+04 1.03E+04 4.06E+OI

Total Pu 1.1 3E+0 2 1.05E+0 1 1.13E+08 1.05E+07 1.79E+0 5

Pu-238 8.83E+0 1 8.83E+0 O 8.83E+07 8.83E+06 1.40E+0 5

Pu-239 3.1OE+O O 1.24E+0 o 3.10E+08 1.24E+06 4.92E+0 3

Pu-240 7.52E+0 O DL 7.52E+0 6 DL 1.19E+0 4

Pu-241 2.12E+0 1 5.52E+0 O 2.12E+0 7 5.52E+06 3.37E+0 4

Pu-242 1.31 E-OlDL 1.31E+0 5 DL 2.08E+0 2

Ru-I 06 3.11 E+OO MDA 3.11 E+o 6 MDA 4.94E+0 3

Sb-125 9.05E-O 1 MDA 9.05E+0 5 MDA 1.44E+0 3

Se-79 3.07E-O 1 MDA 3.07E+0 5 MDA 4.67E+0 2

Sri-l 26 6.13E-O 1 MDA 6.13E+0 5 MDA 9.73E+0 2

Sr-90 1.54E+0 1 2.05E+0 O 1.54E+0 7 2.05E+0 6 2.44E+0 4

Tc-99 8.20E-O 2 MDA 8.20E+0 4 MDA 1.30E+0 2

Th-232 7.75 E-O4 1.55E-O 4 7.75E+0 2 1.55E+0 2 1.23E+0 o

u-233 2.03E-O 1 DL 2.03E+0 5 DL 3.22E+0 2

u-234 2.08E-O 1 DL 2.06E+0 5 DL 3.27E+0 2

u-235 1.41 E-O3 2.81 E-O4 1.41 E+O3 2.81E+0 2 2.24E+0 o

U-236 2.15 E-O3 DL 2.15E+0 3 DL 3.41 E+Oo

U-238 3.73E-O 2 7.47E-O 3 3.73E+0 4 7.47E+0 3 5.92E+0 1

TRU 9.34E+0 1 9.34E+0 7 1.48E+0 5

MDA = Minimum Detectable Activity for the conditions used

-RP-98-01486
Revision 2

6/8/00

Appendix O
Page 011



Tank S20

Sample # 3-117930

● Customer ID 98351-20

Deacrlption Sludge

Total Maas in Tank 68137.41 grams

WSRC-RP-98-O1486
Revision 2

6/8/00
Appendix O

Page 013
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Appendix O

MDA = Minimum Detectable Activity for the conditions used Page 014

DL = Detection Limit ●
UL = Upper Limit

I



Tank S21 WSRC-RP-98-01 488
Revision 2
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o

Tank S21 Appandix P

Sampla # 3-104360

Customar ID

Page PI

98018-21

Daacription Original Aq ueous Sam ple

Analyte Concant. Units

Total Suspended Solids 0,96 Wt v.



Tank S21 WSRGRP-98-01486

Sample # I3-104934 I

Customer ID 198018-21 I I

m---., -.:-” ~EI+o.-A A“, ,-fi, ,= .Cnrnn[o

-
Ba 1<1

Be <1
I

lPb 1<1

Mn <1

Hg 0.

Ni <1.1

N03- lC

PnA ---

-

Pheno!f henoxldeln!tro henoki c

ueser,pc,vt, , ,I,g,u” -q ““””w -.., , !y. -

Total Volume in Tank 690.4591 liters

. --,. .A- P-’...aqt. Units
mglkg
mglkg
mglkg
mglkg
mglkg

8 m~kg
mglkg

65 mg/L
mglkg

31 mgikg
ug/L
mg/L
mglkg
m~g
mglkg

,49 mglkg
mg/L

,J80 mglL
221 mglL

:0.93 mg/L
.4 mglkg

!27 mglkg
mglkg

i83 mglkg
m~kg
NfA

.,. ! mg/L
:50 mg/L

<equired N/A
- - ., ’3000 mglL

,Ilyll-
110 mgiL
)00 mfl
;d NIA

mti
,.”” mg/L
<50 mglL
I .- ..,. mg/L

1.8 mglL
m@
Molarity

, on 0/.

grees F
grees F
“r-a. r=

I
, u, 1

,.=p”l !=

p-Nitrophenol
Benzene <u. 14u

MEK
PCE <0.140
Acidity <0.02
Ash Content 7.=” ,“
Boiling Pt. 185.2 deg
Flesh Pt. 201.9 deg
Freezing Pt. <32 deg, ----

Revision 2
6/8/00

Appendix P
Page P2

● ’



Tank S21

o

WSRC :-PP-98-01 488
Revision 2
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Tank S21 WSRC-RP-98-OI 488
Revision 2

6/8/00

U-236 4.59E-05 9.19E-06 4.59E+04 9.19E+03 3.17E+01 Appendix P

U-236 3.08E-03 6.58E-04 3.06E+06 6.56E+05 2. 13E+03 Page P4

TRU 4.67E-01 4.67E+08 3.36E+05 ●
MDA = Minimum Detectable Activity for the conditions used
DL = Detection Limit

I

UL = Upper Limit I I I I I

I TBP = Tributyl Phosphate



Tank S71 WSRC-RP-98-01488-.

●

●

●

Sample # 3-104920 I

Customer ID 98018-21 ]

Description Filtered Solids

Estimated Solids 7099.021g (based upon TSS, volume and
density of liquid phase)

I

l-- -–—-- –----— + ._4~.. --------- -----------~

Revision 2
8/8/00

Appendix P
Page P5
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Tank S21
WSRC-RP-98-01488

Revision 2

8/8/00

MDA = Minimum Detectable Activity for the condition used Appendix P

DL = Detection Limit Page P8

I ●



Tank S21

Sample # 3-117707
Customer ID 98351-21
Description Sludge

Total Maaa in Tank 236966.8 grams

Analyte Content. Units
As 0.3 mg/kg
Ba 4 mglkg
Cd 5 mglkg

leno!fphenoxidelnitrophenols 1<15 mgikg

SemiVOA IRequired NIA
TBP I 0.55 %
NPHI 0.40 %
BAH 0.087 %

Other <15 mglkg

PCBa <10 mglkg
,.–.––.–– .. P mglkg

In”/k”
Repone <la

p-Nitrophenol <15 ,,, =,.
Sludge
Phsse
Total

WSRC-RP-98-01 486
Revision 2

6/8/00
Appendix P

Page P7

I



Tank S21

Pu-242 1.32E-03 DL 1.32E+03 DL 3. 13E+02

RU-106 1.15E-02 MDA 1.15E+04 MDA 2.73E+03

Sb-125 3.94E-03 MDA 3.94E+03 MDA 9.34E+02

Sn-126 1.60E-03 MDA 1.60E+03 MDA 4.27E+02

Th-232 6.02E-07 1.60E-07 8.02E-01 1.60E-01 1.90E-01

U-233 3.25E-03 DL 3.25E+03 DL 7.70E+02

U-234 2.09E-03 DL 2.09E+03 DL 4.95E+02

U-235 1,23E-05 4.94E-06 1.23E+OI 4.94E+O0 2.91 E+OO

U-236 2.16E-05 DL 2.18E+OI DL 5. 17E+O0

U-236 3.36E-04 6.77E-05 3.38E+02 6.77E+OI 6.01 E+O1

TRU 3.76E-01 3.76E+05 6.91 E+04

MDA = Minimum Detectable Activity forth e conditions used —

DL = Detection Limit
UL = Upper Limit
TBP = Tributyl Phosphate
NPH = Normal Paraffin Hydroca~ons

.BAH = Branched Aliphatic Hydroca~ons

WSRC -RP-98-01486
Revision 2

6/6/00
Appendix P

Page P6



Tank S22 WSRC-RP-98-O1436
Revision 2

8/8/00
Tank S22

●
Appendix Q

Sample # 3-109227 Page Q1
Customer ID 98018-22
Description Original Ac ueous Sam ple

Analyte Content. Unita
Total Suspended Solids 0.03 w %



Tank S22 WSRC-RP-98-01488
Revision 2

Sample #

8/8/00

3-109296 Appendix Q

Customer ID 98018-22

Description

Page Q2

Filtered Aq ueous Sample ●
Total Volume In Tenk 1894.35 liters

Analyte Content. Units

Al 3.7 mglkg

Sb 2.0 mg/kg

As -- 3.3 mglkg

Ba 0.07 mglkg

Be 0.2 mglkg

B 5.0 mg/kg

C204-- 1383 mg/L

Cd 0.2 mglkg

cl- 121 mg/L

Cr 4.4 mglkg

Cu 122.2 mg/kg

CN- <1 mglL

COOH- 1702 mglL

F- <2 m@L

Fe 2.7 mglkg

Pb <0.9 mglkg

Mn 0.6 mglkg

Hg 0.74 mg/kg

Ni 1.4 mg/L

N02- 782 mg/L

N03- 535 mgiL

Po4--- 523 mglL

Se <3.8 mg/L

so4-- 336 mg/L

Ag <0.9 mg/kg

Na 1608 2 mglkg

TI 1.0 mg/kg

u 229 3 mglkg

Any known VOA’S, >20 mg/L No N/A

n-Butanol <2.5 mg/L

PhenoVphenoxide/nitrophenol e <100 @
SemiVOA Required ;IA

TB P 66 0 mfl
AH 170 0 mg/L

DE 33 0 mg/L
Total Inorganic Carbon 285 9 mg/L

Total Organic Carbon 1461 1 mg/L
Volatile Organics Required NIA
PCS’S <50 m@L
Kepone <100 mg/L
p-Nitrophenol <1oo mglL
Benzene 4.500 m@L
MEK <2.5 mg/L
PCE <0.500 mm
Acidity <0.001 Molarity
Ash Content 3.8 5 %
Flash Pt. >212 degrees F



Tank S22

m“.- , l-f

Total Cm

Cm-244
Cm-245
Cm-246
CO-60
Cs-134

lW1-O.J -r. ”uL-”,

GB 1.22E-O’

NP-237 2.07E-0,

Total Pu 3.40E-0”

Pu-238 2.76 E-O

Pu-239 4.55 E-m

Pu-240 1.67E-O

Pu-241 6.44E-G

Pu-242 2.90 E-O

Ru-106 7.12E-@

SII-125 3.60E-0~

Se-79 9.01 E-O,

Sn-126 1.49E-0,
- --- -.

,u-coo I , ,--–”!

-----

WSRC -13P-96-01 466
Revision 2

6/8/00
Appentix Q

Page Q3

I \ I \ I

MDA = Minimum Detectable Activity for the conditions used
DL = Datection Limit



—

Tank S22 WSRC-RP-98-01486
Revision 2

6/8/00

UL = Upper Limit Appendix Q

TBP = Tributyl Phosphate Page Q4

AH= Aliphatic Hydrocarbons ●
DE= Diphenyl Ether

I

[.-



Tank S22

Sample # 3-109283 I
Customer ID 98018-22 ]
Description Hltered Solids

Eatimeted Solids 541 .851g (based upon TSS, volume and
density of liquid phase)

I
I I ( I

WSRC -RP-98-01 486
Revision 2

6/8/00
Appendix Q

Page Q5

\ I I I

MDA = Minimum Detectable Activity for the conditions used
DL = Detection Limit

UL = Upper Limit I



Tank S22 WSP,C -1

Sample # 3-118217 I

Customer ID 98351-226

Description Sludge

Total Mass In Tsnk 58781.181 grams

) 1

Analyte Content. Units

As 3 mg/kg

Ba 21 mglkg
-. -– -i. -—.–— —_... _

Cd 70 mglkg

co 6 mglkg ‘~
--- ,, ,—~:

Cr 1Y6 mg/Kg

Pb 497 mg/kg

Hg 62 Imgikg
“. A I,, ”/k”

Ie, , ,, v “n ,, ,Uqu,,e..

TRP] 5

Ag I 5 mg~g

PhenoVphenoxide/nitrophenolsl<l 00 mglkg

SC-’’’’-” in-”,,~.-’i N/A

.-. -.5 % 55000 mg/kg

BAH I 16 y. 160000 mglkg
-_,

“.7 % 17000 mglkg

mglkg
mglkg
m@kg

Er
Uc

~
1.3!

w-”” -r. ””&-..

Cs-1 M 5.90E-04 h
Cs-137 3.87E-01
Eu-154 1.1 8E-01
Eu-155 2.09E-02
GA 1.59E+02
H-3 1.1 9E+O0 1
Nb-94 1.14E-03 h
GB 2.06E-01
NP-237 3.45E-04
Total Pu 7.65E+C
Pu-238 4.64E+C
Pu-239 2.82E-(— ..-

ADA
1.5!
2.3(
2.0!
3.1:
JL
dDP
4.1:
6.9I

3P-98-01486
Revision 2

6/8/00
Appendix Q

Page Q6 ●



Tank S22 wSRC-RP-98-O1488
Revision 2

●

6/8/00

Ru-106 6.04E-03 MDA 6.04E+03 MDA 3.43E+02 Appendix Q

Sb-125 2.29E-03 MDA 2.29E+03 MDA 1.30E+02 Page Q7

Sn-126 2.76E-03 MDA 2.76E+03 MDA 1.57E+02

Th-232 1.47E-05 2.95E-06 1.47E+OI 2.95E+O0 8.35E-01

TI-206 1.1 7E-03 3.97E-04 1.17E+03 3.97E+02 6.64E+01

U-233 6.58E-03 DL 6.56E+03 DL 3,74E+02

U-234 ___ 1.35E-03 ~.70E-04 1.35E+03 2.70E+02 7.67E+01

U-235 3.01 E-05 6.03 E-061 3.01 E+O1 6.03 E+OOI 1.71 E+OO

U-236 1.1 9E-05 2.38 E-061 1.19E+OI 2.38 E+OOI 6.76E-01

TRU 7.90E+O0
+

I 7.90E+06 4,46E+05—
1 I

MDA = Minimum Detectable Activity for the conditions used
DL = Detection Limit

UL = Upper Limit
TBP = Tributyl Phosphate
BAH = Branched Aliphatic Hydrocarbons
DE = Diphenyl Ether

‘o



Tank S22

Sample # 3-117708

Customer ID 98351-22

Description Sludge

Estimated Solids 56781.18 g

Sludge
Phase
Total

.or Activity Error Activity

ilg pcug , pcug Uci
-.. ------- ----- . “,. - a.

Activity Err

Analyte Ucilg Ucl

GA 8.58E-01 1.71 k-ul U.361=+U3 I. flt+ua *.uO~+u*

H-3 1.87E-01 UL 1.67E+05 UL 9.48E+03

GB 1.80E-01 3.60E-02 1.80E+05 3.60E+04 1.02E+04

MDA = Minimum Detectable Activi~ for the conditions used
DL = Detection Limit
UL = Upper Limit
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)ns - Filtered Llquld~ I I I I I I I I I I
Sofvent Tank Nucllde lnventOIy Calculatlo!

Clfg cl/g Cug Cilg Cug Cug cfJg Cffg

SPCAT 9.64E43 6.24E43 2.16E-06 6.47E45 3.36E-07 7.05E-04 1.71 E+O1 6.21 E-o2

u-222 Error U-2M Error U-235, Error U-236 Error U-236 Error NP237 Error PU-23S Error PU-229 Error

Tank8 pcm pcn pcm pcul. pcul. Pcm PcfA pciA pcuL pcin. pci/L pcuL pcm pcin pcul pcin

S* 5.05Etd5 1.01E+05 5.SJE+06 1.1OE+O66.56E+04 1.71E+04 4.36E+04 8.77E+03 1.69E+’36 3.77E+05 229E+05 l15E+05 6.49E+08 6.49E+07 1.39E+07 6.94E~!

S2 0,00EMO 0.00E+OO2.97Ei06 1.78Ei46 1.37E+04 5.31E+03 0.00E+OO0.00E+OO0.00E+OOo.ooE+oo 1.03E+05 2.62E+04 ~.42E~7 2.64E+06 1.98E+ff6 o.ooE+L70

63 224E+06 4.46E+05 2.04E+06 4.07E+05 7.64E+04 1.67E+04 3.93E+04 7.86E+03 1.135E+063.7oE+05 1.68E+05 9.39E+04 1.ooE+07 2.01E+06 1.05E+07 526E46

% 7.12E+06 0.00E+OO4.59E& O.WE+OO2.1OE+O54.20E+04 9.41E+IJ4 1.68E+04 6.22E+06 I .~E+06 2.4oE+05 o.ooE+do 166E+07 6.63E+06 4.55E@7 o.ooE+do

S5 1.12E+07 2.24E+06 1.28E+07 2.57’E+063.36E+05 6.72E+04 2.06E+05 4.12E+04 9.11JE+061.82Em6 4.95E+05 o.ooE+oo 3.28E+og 1.31E+09 2z7E+OL7455E+07

S6 7.12E+OS0.00E+OO 4.59E46 0.0L7E+do 3.68E+04 7.37E+03 4.77E@4 o.ooE+oo 8.56E+05 171 E+05 z.35E+05 o.ooE+oo 1.24E+07 372E~6 4.55E47 0.00E40

67 7. 12E+06 0.00EtdO 4.59E+06 0.00E+OO 2.32E+06 1.72E+05 1.99E+05 3.97E+04 1.12E+07 2.24E+06 6.76E+05 2.7oE+05 1.71 E+’J8 5.12E+07 1.02E+06 407E+07

S8 7.12E+06 0.00E+OO 4.59Ef06 0.00E+OO 2.55EM4 5.11 E+03 4.77E@4 0.00E+OO 6.04E+05 1.21 E+05 5. 18E+05 o.ooE+oo 2.64E+07 7.82E+06 4.55Eu77 o.ooE+do

SI 1 6.76E+04 0.00EMO 4.25EM4 8.70Eu73 2.02Et03 4.04E+02 4.55E+02 8.1 OE+OI 4.86Eu74 o.ooE@o 4.95E+03 9.91 E+02 2.52E+09 5.05E+06 4.34E+07 6.6SE46

S13 8.60E+06 1.72E+06 6.77E+06 1.1 5EM6 1.34E+05 2.66E+04 1.72E+05 3.43E+04 3.37E+06 6.76E+05 4.97E~5 o.ooE+L70 7.52E+06 1.50E+06 4.55Eu77 o.ooEu70

514 3.28E+05 6,58E+04 2.17E+0 6 4.24E+05 6.09E~ 1.02E+04 5.95E+C 4 1.19E+04 3.66E+06 7.62E+05 6.02E+05 4.o1 E+05 I .08E+06 2.16E+07 6.74E+06 4.37E+06

s19a 2.55E+06 5.1 OE+O5 1.59E+0 6 3.19E+0 5 3.05E+0 4 6.11 E+O3 3.08E+04 6.16E+0 3 7.66E+0 6 1.20E+0 6 2.26E+0 5 1.13E+05 z.0zE+09 z.02E+of35.95E+06 2.97’E+06

SIS-A 2,33E+06 4.66E+05 1.~E+O6 3.26E+05 3.08E+04 6.15E+03 2.97E@4 5.94E+03 6.26E+06 1.05E+o6 2.49E+o5 1.24E+05 2.03E+09 2.03E+06 4.77E46 2.39E+06

s20-T 1.62E+05 3.24E+04 1.13Et05 2.25E+04 2.11E+O3 4.22E+02 2.15E+03 4.31E+02 9.23E+03 1.65E+03 1.20E+o4 5.9gE+03 1.41E+o6 7.5oE+o5 3.loE+05 1.55E+05

S20-S 1.12E+07 2.24E+06 3.26E+06 8.51E+05 4.59E+04 9.19E+03 5.32E+04 1.06E+04 1.53E+06 3.06E+05 2.45E+C5 1.22E+05 5.59E+o6 5.59E+o7 1.21E+07 6.06E+06

S21 2.60E+06 521E+05 1.95E+06 3.90E+05 5.32E+04 1.06E+04 4.59E+04 9.19E+C3 3.08E+o6 6.5BE+o5 2.3zE+05 1.16E+05 4.68E+06 1.41E+o8 1.z8E+07 6.26E+o6

S22 7.12E46 0.00E+OO 4.59E+0 6 0.00EM O 5.27Et0 4 1.05E+04 4.77E+0 4 0.00E+O O 9.77E+0 5 1.95E+o 5 z.07E+0 5 o.ooE+oo 2.76E+0 6 5.5j E+o7 4.55E+07 o.ooE+oo

I I I I I I I I I I I
I

Valuesli~ed in Bold Itall= pflnt are detection IIMlk or upper Ilmlk I I I I I

Tmk S2U-233itiudd lnU-2Ma*lW, Pu-2401ncludW in Pw239atiNiW. U-236, U-236, Pu-242, Am-242, Cm-2M, Cm.246notmeasured
Tank S5 Cm-244 upper Ilmit value estimated from Gross Alpha aotivlty.
The values calculated for samples S20-T and s20-6 are upper Ilmils. I I I I I I
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rIly Including Emor

u-232 u-224 U-235 U-236 u-22a Np-237 Pu-238 Pu-239 Pu-240 Pu-241 Pu-242 Am-241 Am-243 Cm-244 Cm-245 Cm-248

cl c1 c1 cl c1 c1 cl c1 cl c1 cl cl cl cl cl cl

2.69E.04 2.93E~ 4.55E-05 2.33E-05 1.00E-03 1.52E~ 3.16E-01 9.24E-03 1.31 E-03 9.22E-02 8.02E-06 3.93E-03 4.41E.05 2.71 E-o2 3.49E.04 6.25E-04

0.00E~ 2.oIE~ 8.04E-06 0.00E+OO 0.00E+oO 5.46E~5 7.21 Em 8.37E-04 0.00E+oo 3.48E-03 0.00E+oo 1.42EW 0.00E+oo 1.20E-03 0,00E+OO 0.00E+OO

4.05E-02 3.69E-CQ 1.42E-04 7.1 oE-05 3.wE03 4.25E- 1.81 E-02 2.37E-02 1.56E~ 4.65E-02 2.73E-05 1.73E-04 5.44E-05 1.87E-02 1.19E-03 2. 12E~

9.95E-03 6.41E-03 3.52E-C4 +,56E-04 1.12E-02 3.26E.04 3.25E-02 6.36E-02 2.33E-01 1.59E~2 4.05E-03 4.89E-04 1.59E-04 4.29E-03 1.77E-01 3. 14E.01

4,66E-02 5.35E-03 1.40E-04 8.61E-05 3.60E-03 1.72E.04 1.60E+O0 9.49E-02 9.36E-02 3.95E-01 9.58E-04 6.79E-02 4.88E-02 8.67E+01 4. 16E-02 7.45E~2

7.42E& 4.78E-03 4.60E-05 4.97E-05 1.07EQ 2.34E-L74 1.68E-02 4.74E-02 1.74E-01 4.64E-02 3.02E#3 3.27E-04 1.09E-04 8.43E.04 1.32E-01 2.34E.01

8.64E~ 5.SIE-43 4.85E-04 2.86E-04 1.61 E-02 1.14E-03 2.67E41 1.71E-01 2.00Ei71 5.66E-01 3.48E-03 4.63E= 1.03E-04 2.62E-03 1.52E41 2.70E-01

3.69E& 2.36E& 1.59E-05 2.47Ea5 3.76E-04 2.69E-04 1.76E-02 2.36E-02 6.66E-02 6.64E-01 1.50E-03 2.78E-03 9.08E-04 1.17E43 6.59E-02 1. 17E-01

3.66E-06 2.53E-08 1.31 E-67 2.96E08 2.83E-04 3.22E-07 1.84E-01 2.62E-03 1.03E-02 6.63E-02 1.49E-04 2. OIE-04 7.85E-05 3.31E-01 8.50E-03 1.39E02

6,53E~ 5.72E.G3 1.33E-04 1.70EQ 3.34E~ 4.06Ea 7.45E-ol 3.76E-02 1.38E-01 2.35E-01 2.40Em fi.21E~ 1.92E-04 1.67E-02 7.05Eal 1.86.541

5.43E.04 3.61 E-o3 8.47E-05 9.90E45 6.16E-03 1.67E43 1.60E-01 1.82E-02 2.64E-03 4.64E-02 2.51E-05 2.16E~ ‘ 1.61E-04 1.29E-02 1.09E-03 1.96E-03

6.84E-02 4.14E~ 7.95E-05 6.02E-05 1.62E-02 7.36E-04 4.82E+0 O 1.94 E-O2 4.65E-03 1.46E+0 O 3.93Ea5 2.21 E-03 2.91E-04 5.28E-02 1.71E-03 3.08E-03

6.07E~ 4.27E-03 6.02E-05 7.74E-05 1.59E-02 6.1 OE-O4 4.65E+0 O 1.55 E-O2 5. IIE-03 1.48E+0 O 3.93E-05 2.20E-03 2.95E~4 5.31 E-02 1.71E-03 3.06E*

1.47E-CQ 1.02E-43 1.81 E-O5 1.95E.05 8.37E-05 1.36EW 1.63 E-O2 3.51 E-O3 7.93E43 3.60E-03 1.37E44 4.67E-03 5.22E-04 9.39E-02 5.95E~ 1.06Ea

1.01 E41 2.96E.02 4.16E-04 4.82E-04 1.39E-02 2.77Ea 4.04E+0 O 1.37 E-O1 8.52E-02 1.36E+0 O 1.37Em 1.47E-03 6.94E-03 4.65E-01 5.95E-03 1.06E-02

2.15E-03 1.62E-02 4.41 E-O5 3.60 E-O5 2.56 E-O3 2.40E-04 4.20 E-O1 1.30 E-O2 4.90E-03 1.12 E-O1 I,25E-05 8.91 Ea 4.46E-04 1.1 9E-01 5.44EG4 9.74E@

1.21E~ 7.73E.03 1.07E-04 6.08E-05 1.99 E-O3 3.51Em 5.61 E4 1 7.71Ea2 2.63Eal 1.53 E-O1 4.61E~ 1.44E-03 1.62 E-O3 5.61E-01 2. 15E41 3.81E-01
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Actbity Concentration Including Error

u-223 U-234 U-235 U-236 u-m NP237 PU-228 Pu-239 Pu-240 PU-241 Pu-242 Am-241 Am-243 Cm-244 Cm-24.5 Cm-246

Tank # CUL CUL Cul. cm cm cm Cfi CR Cfi cm cm cm cm cm cm CR

SI 6.06E-07 6.60E-06 1.03E-07 5.26E-08 2.27E~ 3.44E-07 7.14E-04 2.08E-05 2.96E-06 2.08E-04 1.81E-08 8.86E-06 9.95E-06 6.11 E-05 7.88E-07 1.41E.66

S2 0.00E+OO 4.75E-06 1.90E-06 0.00E+OO 0.00EiOO 1.29E-07 1.70E-05 1.98E-06 0.00E+oO 8.24E-06 0.00E+OO 3.37E-07 0.00E+OO 2.85E-06 0.00E+oo 0.00E+OO

83 2.69E-06 2.45E-06 9.41 E-08 4.72E-08 2.22 E- 2.82E-07 1.20E-05 1.56E-05 1.05E-ofi 3.09E-05 1.81E-06 1.15E47 3.61E-08 1.24E-05 7.86E-07 1.41E-06

S4 7.12E-06 4.59E-06 2.62E-07 1.13E.07 7.99E-06 2.40E-07 2.32E-05 4.55Ea5 1.67E-04 1.14E-05 2.90E-06 3.50E-07 1.14E.07 3.07E-06 1.27E-04 2.25E-04

S5 1.34E45 1.wE-05 4.03E-07 2.47E-07 1.09E45 4.95E-07 4.59E-03 2.73E-04 2.69E-04 1.14E-03 2. 75E-06 1.95E-04 1.40E-04 2.49E-01 1.20E-04 2.14E-04

S6 7.12E.66 4.59E-oS 4.42E-08 4.77E4J6 1.03E46 2.25E~7 1.61 E-05 4.55E-05 1.67E-04 4.45E-05 2.90E46 3. 74E-07 1.05E-07 6. 17E-07 1.27E.04 225E-04

S7 7.12E-05 4.59E-06 4.04E.07 2.39E-07 1.34E45 9.46E-07 2.22E.04 1.43E-04 1.67E-04 4.68E-04 2.90E46 4.02E-05 8.56E-06 2. 18E-06 1.27E.04 2.25E-04

S6 7.12E~6 4.59E-06 3.06E-08 4.77E-08 7.25E47 5.16E47 3.43E-05 4.55E-06 1.67E~4 1.28E-03 2.90E-06 6.36E~fi 1.75E-06 2.25E-06 1.27E-04 2.25E.04

S11 6.75E-06 5ZE-06 2.42E49 5.46E-10 4.86E48 5.94E-09 3.03E-03 5.21 E-05 1.91 E-04 1.59E-03 2.75E-04 3.71E46 1.45E46 6.11 E-03 1.zoE.04 2.57E-04

ST3 1.03E-06 6.92E-00 1.61 E-o7 2.06E-07 4.05E06 4.91E4J7 9.02E-04 4.55E-05 1.67Ea4 2.84E-04 2.90E~6 7.52Ea7 2.32E-07 2.26E45 1.27E-04 2.25E~

S14 3.95E-07 2.60E-06 6.11 E-08 7.14E-08 4.44E-06 1.20E-06 1.30E-04 1.3i E-05 1.91 E-ofi 3.35E-05 1.81E-06 1.57E-06 1.16E-07 9.27E-06 A88Ea7 1.41E.06

S19-O 3.06E-06 1.91Ea 3,66E-08 3.70E-08 8.86E-06 3.39E.07 2.22E-03 6.92E-06 2.14E-06 6.73E-04 1.81E.06 1.02E-06 1.34E-07 2.43E-05 7.88E~7 1.41E-06

SIS-A 2.60E% 1,97E-06 3.70E46 3.56E-06 7.31 E46 3.73E-07 2.23E-03 7.16E-06 2.35E-06 6,80E-04 1.61E-06 1.01 E-06 1.36E-07 2.45E-05 7.88E-07 1.41E&

s20-T 1.94E47 1.38E-07 2.53E-09 2.58E-09 1.1 lE-06 1.60E-08 2.16E-06 4.65E-07 1.05E-06 4.77E.07 1.81E-03 6.13E-07 6.91 E-OS i .24E-05 7.66E-07 f.41E&

S20-B 1.34E-05 3.91 E-OS 5.61 E-OS 6.36E-06 1.34E46 3.67E-07 6.1 5E-04 1.62E-05 1.1 3E-05 1.81 E-o4 1.81E46 1.94E-07 9. 19E-07 6.42E-05 7.86Ea7 1.41E-06

S21 3.12E-06 2.34E~ 6.36E-06 5.51 E-OS 3.74E-06 3.48E-07 6.09E-04 1.89E-05 7.09E-06 1.62E-04 1.61E48 1.29E-06 6.49E-07 1.72E-04 7.66E-07 1.41E-6S

s= 7.12E.OS 4.59E.06 6.32E.06 4.77E-08 1.17Em 2.07E-07 3.31 E-04 4.55E-05 1.67E-04 9.02E-05 2.90E-06 6.49E-07 1.07E-06 3.31E-04 1.27E.04 2.25E-04
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Ac6vi2y Concenlr6Uon Including Error

u-222 u-224 u-225 U-226 U-238 NP237 PU-228 Pu-239 Pu-240 Pu-241 Pu-242 Am-241 Am-243 Cm-244 Cm-245 Cm-246

Tank # Cvg Cllg Cug Cvg Cug Cvg Cug Cug Cug Cug Clig Cug Cilg Cug Cilg Cug

SI 6.35E-07 6.49E47 2.74E-09 6.76E-OS 6.32E4s 7.34E46 1.21 E-04 6.49E-06 2.36E-05 7.35E-05 4.1 OE-07 5.05E-06 2.08E-05 1.40E-04 1.79E-05 3. 16E~5

S2 3.05E~7 3.1 lE.07 8.65E49 6.49E.04 2.1 6E47 9.65E-08 1.@E-04 6.62E-06 9.73E-06 3.53E-05 1.69E-07 2.71 E-06 8.56E-06 3.05E-05 7.39E-06 1.21E-05

S3 291E~8 1.76E47 8.00E-09 3.50E-09 1.63E-07 8.11 E-OS 4.04E-05 1.ME-05 3.56E-06 1.29E-05 1.87E-08 1.33 E-ofi 6.11 E-07 1.04E-04 8.20E-07 1.46E-06

S4 5.46E46 1.45E-07 5.05E-09 2.74E-09 1.03E47 4.64 E-139 3.B2E-06 3.76E-06 1.62E-06 1.26E-05 7.3oE-09 302E-07 3.71E-07 5.17E”07 3.lgE-07 5. fifiE-07

S5 3.04E-07 1.96E.07 1.19E-09 2.04E.09 2.84E-03 2.32E-OS 1.61E-’O4 8.27E-06 1.21 E-o5 9.28E46 1.24E-07 3.27E-06 1.82E-06 2.65E-03 5.41E.06 9.64Eti

S6 5.46E-08 1.81 E-o7 7.4SE-09’ 6.49E.09 2.56E07 1.1OE-O8 4.21 E-05 6.60E-06 1.05E-06 6.42E-06 1.57E-09 7.12E-07 7.08E-08 1.31 E-ofi 2.71E-OS 6.00E-06

S7 222E-04 1.54E-07 4.81 E-09 6.35E-09 1.74E-08 4.31 E-09 6.lfiE-~ 6.54E-06 1.51 E46 1.72E-05 2.51 E-09 1.02E-06 4.62E-06 7.57E-08 4. 14E-08 7.34E-08

S6 1.96E-08 2.S9E-OS 2.96E-10 3.ooE-10 1.06 E-ofJ 1.93E-OS 1.03E-04 1.39E-05 3.42E-06 1.42E-05 226E-06 2.07E-06 1.14E-07 1.08E-06 6.66E.08 1.76E-07

SI 1 2.22E~ 1.50E.03 S.65E-11 1.56E-10 1.80E-09 1.70E49 3.43E-05 2.09E-06 1.13E-06 1.32E-05 9.50E-06 1.72E-06 2.o1 E-o7 8.17E-05 4.14E-07 7.39E-07

S13 2.31E~ 9.18E-07 2.00E-06 2.74E-08 5. IOE07 1.ME-07 1.36E-03 7.90E-05 2.96E-05 5.46E-04 1.llE-07 4.29E-05 6. IIE-07 1.16E-05 6.94E.07 124E.05

S14 2.54E-08 2.56E-08 2. I6E-10 2.68E-10 6.38E-OS 4.77E-09 2.75E-04 1.6SE-06 4.42E-06 2.75Ea7 1.63E-06 1.96E-05 1.51 E-06 1.50E-04 7.12E.07 1.27E-OS

S19-O 6.50E-08 8.22E-OS 2.28E-09 1.91E.OS 5.51 E-06 1.25E-06 1.01 E-o4 2.65E-06 3,51E-06 3.78E-05 2. 18E-08 4.56E-06 6,50E-07 1.30E-04 9.50E-07 1.69Eti

S14-A 8.27E.OS 6.37E-OS 1.27E-09 1.14E.OS 3.17E-08 1.68E-08 2.52E-05 9.71E-07 1.43E-06 1.99E-05 2.47E.06 1.23E-06 1.26E-06 3.33E-05 1.08E-06 1.92E.06

S20-T 3.03E-OS 3.06E~8 3.19E-11 3.31E-10 7.26E-10 3.51E~ 1.30E-ofi 3.08E-07 1.13E-06 5.00E-07 1.94E-08 1.71E-177 9.92Ea7 1.39E-06 8.48E-07 1.51Efi

QO-B Z02E-07 2.06E.07 1.69E-09 2.15E49 4.48E48 3.59E-08 9.71 E-05 4.34E-06 7.52Ea6 2.67E-05 1.31E47 2.86E-06 6.62EG6 6.67E-05 5.27E-05 1.OIE-05

321 5.62E46 4.87E.08 1.56E-09 1.66E-09 3.85E-08 3S1 E-08 8.S3E-05 4.37E-06 1.17E-05 2.79E-05 2.74E-06 3.57E-06 2.76E-06 6.38E-04 1.20E-07 2.53 E-W

322 4.24E+6 2.66E46 7.94E-10 6.97E-10 1.39E-06 4.79E49 1.20E-04 8.44E-06 6.36E-05 2.47E-05 9.41 E-09 4.62E-06 1.45E-05 2.4SE-03 2.32E-07 1.36E-06
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[ ~ I I I I I I I I I I I I I
I I I I 1 1 1 ! 1 1

cl/g Cug Cllg Cug Cvg Cug I I C!fg I I ci/g I
3.27E.01 [ I 1.03 E+02] ] 3.93E-031 I 3.44E+OOI I 2.00E-01 I I 8.1oE+O1 I \ 1.72E-01 I I 3.04E-01 I

W240 EIMr Pu-241 Error Pu-242 Error Am-241 Error Am-243 Error Cm-244 Error Cm-245 Error Cm-246 Error

pcllg pcug pcug pclig pcug pcvg pcilg pcug pcug pcug pcug pcug pcug pcug pcllg pcug

7.52E+OS 0.00E+OO 1.48E+07 5.91 E+06 2.41E+03 o.ooE+oo 5.32E~6 2.62E+05 419E+05 209E+04 7.43E+07 149E+07 1.05EM5 O.OOE+OO 1.87E~5 o.ooE~o
0.00E+OO 0.00E+OO 0.00E+OO 0.00E+Oo o.wE+oQ o.wE+oo 5.05E+06 5.8oE+05 1.26E45 o.ooE@o z37E~7 ‘.50E+06 0.00E40 O.OOE+OO 0.00E40 0.00E+OO
E.68E45 0.00E+OO 3.32E+05 1.33E+05 4.59E+03 o.ooE~o 1.45E+05 8.79E+03 2.34E~5 o.ooE~o 3.64E4 1.46E+04 2.01E+05 0.00E40 3.58E~5 0.00E+OO
4.55Et04 0.00E+OO 3.96EfU4 0.00E+OO 7.84E+02 o.ooE+oo z.70E+04 o.ooE+oo 3.89E+04 o.ooE+oo I .67 E+’J4 6,67E+03 3.43E+04 O.OoE+OO 6.08E+04 0.00E+OO
1.49E+06 0.00E40 9.64E+05 0.00E+Oo 2.58E~4 o.ooE+oo I .z4E+04 6.99E+02 7.31E+06 o.ooE+oo 5.32’E+08 O.OOE+IJO 1.73E46 0.00E+O’J 2.00E46 0.00E+OO
1.56Eu15 0.00E+6W 6.58E+06 2.63E+06 2.73Eto3 o.ooE+oo 3.41E+06 633E+05 449E+05 6.97E+04 7.57E~7 1.51 E+07 1.16E45 O.OOEMO 2. 13E+05 o,ooE~o
4.34E+05 O.WE+OO 1.79E+06 7.15E+05 7.34E~3 0.00E+OO 9.23E+05 5.17E+04 7.66E+04 7.35E+03 I .68E+07 336E+06 3.27E+05 O.OOEMO 5.~’E~5 o.ooE~o
7.68E+04 0.00E+OO 9SOE+04 3.80E+04 7.32Em o.ooE+oo 7.46E+03 o.ooE+oo s,71E+04 o,ooE+oo 8.16E~4 163E+04 5.nE44 0.00E+OO 1.03E45 ‘J.00E+O’J
2.1oE+o6 4.21E+05 6.31 E+05 2.52E+05 2.66E* o.ooE+oo 1.69E+05 135E+04 6.98E45 o.ooE+oo 137EM3 2.74E47 635E43 2g2E+03 7.07E@4 o.ooE~o
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Tot61 ActlvHy Including Emor

Ma8s u-222 u-224 u-225 U-236 u-228 Np-237 Pu-Z8 Pu-239 Pu-240 Pu-241 Pu.242 AM-241 Am-243 Cm-244 CM-245 Cm-246

Grams cl c1 cl c1 c1 cl c1 cl cl cl c1 cl cl c1 c1 c1

251351.3 1.48E-03 2.54E~ 1.04E-05 9.98E* 2.49E-04 2.69Em 2.09E+OI 7.67E-02 1.89E-01 5.21E+O0 6.06Ea 1.41 E+OO l.l IE-01 2.24E+OI 2.64E.02 4. 70E-02

21.95539 0.00E+oo 3.24E-04 7.64E-06 0.00E+OO 3.24E* 7..22E-O6 2.56E-03 1.S9E-04 o.ooE+oo 0.00E+OO o.ooE+oo 1.24E-04 2. 77E-06 7.29E-04 0.00E+OO 0.00EMO

11356.24 1s8E-04 2.24E-04 7.92E46 8.65E-36 2.34E- 9.26E-08 3.21 E-03 5.52E-03 S.O.2E-03 5.26E-03 5.ajE~5 1.75E-03 2.6fiE-03 5.79E-04 2.28E.03 4.07E-02

45424,94 8.72E-05 5.63E45 3.98E-07 5.86E-07 9.05E-08 9.49E-08 1.7aE* 2.00E-03 2.07E-03 f.60E~3 3.56E-05 1.23E-03 1.81Ed3 1.06E-03 1.56E-02 2.78E~

2068835 1.20E.01 8.42E-02 2.20EW 2.29E-02 6.30E-02 6.51E-02 2.14E+O0 1.76E+O0 3.06E+oo 1.99E+O0 5.22E-03 2.71E-02 2.71E+O0 1.IOE+03 2.34E+60 4.laEulo

2132655.2 5.03E-02 322E-02 7.09E-04 7.42EW 1.01 E-62 1.17E-02 6.84E+O0 2.37E+1 3.22E-02 1.66E+O0 5.56E.04 6.34E-01 I, IOE-01 1.65E+01 2.42E@ 4.34E-02

68137.41 1.22E-03 7.90E.04 4.09E.05 8.41E-05 3.90E-03 1.65E-04 5.51 E-01 6.68E-02 3.69E-02 1,71 E-01 5.00E-04 6.64E-02 5.72E-03 1.37E+O0 2. 19E-02 3.90E-62

238366.8 7.70E-04 4.95E-04 4.09E-08 5. 17E-05 9.61 E45 5.62EQ5 1.05E-01 1.70E-02 1.82E-02 3.15E-02 3. 13E-04 1.77E-03 1.59E= 2.32E-02 1.37E-02 2.44E.02

56781.16 3.74E.64 9.20E-05 2.05E-06 8.11 Em o.wE+OO 2.35E+5 3.18E-01 1.92E-02 1.43E-01 5.01 E-02 1.52E-04 1.04E-02 3.96E-02 9.33E+O0 5.26E-24 4.oIE.03

—
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AcUvliy Concentration lncludlng Error

u-223 u-234 U-235 U-236 U-236 NP237 Pu-238 PU-229 Pu-240 Pu-241 Pu-242 Am-241 Am-243 Cm-244 Cm-245 CM-246

Tank: Cvg Clig Cilg Cug Cilg Cug Cug Clfg Cug Cug Cug ci/g Cug Cug Cug Cug

52 5.90E-09 1.OIE.08 4.1 5E-I 1 3.97E-11 9.89E-10 1.07E-09 6.33E-05 3.05E-07 7.52E-07 2.07E-05 2.41E.09 5.60E-06 4,40E-07 8.92E-05 1,05E.07 1.87E~7

84(1 ) o.oQE+OO 1.48E45 3.57E-07 0.00E+OO 1.4sE-05 3.29E.07 1.17E-04 6.34E-06 0.00E+oO 0.00E+OO 0.00E+OO 5.S3E-06 1.26E-07 3,32E-05 0.00E+OO 0.00E+oO

57 1.13E-06 2.06E-06 6.S7E-10 7.62E-10 2.06E46 8.24E-10 2.S3E-07 4.66E-07 2.66E-07 4.65E-07 4.59E-09 1.54E-07 2.34E-07 5.1 OE-O6 2. OIE.07 3.58E-07

Ss 1.62E.08 1.24E-09 8.76E-12 1.29E-11 1.99E-10 2. O9E-10 3.81E.07 4.39E-06 4.55Ed8 3.96E-06 7,84E-10 2.70E.06 3.99E-08 2.34E-08 3.43E.08 6.08E48

S16 8.31E-08 4.06E-08 1.06E-09 l.ll E~ 3.05E.06 3.16E-09 1.03E-06 6S9E-07 1.49E-06 9.64E~7 2.58E.08 1.31 E-08 1.31E+6 5.32E-04 1.13E.08 2.00Eti

S18 2.47E-07 1.58E-07 3.48E-09 3.65E-09 4,96E= 5.73E-09 3.36E-05 1.16E-06 1.58E47 9.21E.06 2. 73E.08 4.09E-06 5,39E-07 9,08E-05 1.19E-07 2.13E-07

S20 1.80E.08 1.16E-08 6.ooE-10 9.41E-10 6.73E-03 2.42E-OS 8.08E-06 9.78E-07 4.24Ea7 2.51E-06 7.34Ea 9.75E-07 S.40E-08 2.02E-05 3.21E-07 5.72E.d7

S21 325E-09 2.09E-09 1.72E-I 1 2.18E-11 4.O6E-10 2.37E-10 4.42E-07 7.1 9E-OS 7.66E-06 1.33E-07 1.32E-09 7.48Ea9 6. 71E-08 9.78E-08 5.77E-08 1.02E-07

522 6.58Ed9 1.62E-09 3.61 E-1 1 1.43E-11 0.00E+OO 4.14E-10 5.57E-06 3.38E-07 2.52E-06 8.63E-07 2.68E~9 1.83E-07 6.98E47 1.64E-04 9.27E-09 7.07E48
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u-223 u-234 U-235 U-236 U-238 Np237 PU.238 Pu-239 Pu-240 Pu-241 Pu-242 Am-241 Am-243 Cm-244 Cm-245 Cm246

Tank # 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9

S2 1.54E.01 4.07E-01 4.83E+O0 7.54E-01 7.4oE+02 3,SIE-07 1.22E+oo 7~3E+oo 8.33E-01 503E-02 1,54E-07 409E-ol 5.53E-ol z77E-ol l.=E~l 1.55E-07

34(1) 0.00E+OO 5.20E.02 3.83E&0 0.00E+OO 9.65E+02 1.02E~ 1.50E-04 2.24EIJ3 o.ooE+oo o.ooE+oo o.ooE+oo 3.59E-05 1.38E-05 9ooE-06 o.ooE~ o.ooE~o

w lSE-02 3.75E42 3.66E+O0 1.34E-01 6.96E+02 1.33E* I .88E-04 6.69E-02 1.33E~2 5.1 I E45 7.33E4z 5.’36E-’34 1.33E42 715E-06 l.=E@ 1.34E~
S6 9.05E-63 9.03E-03 1.64E-01 9.06E-02 2.69E+01 1.35E42 1.07E-03 3.21 E-OZ 9.loE43 1.74E-05 9.06E-03 3.57E-f74 9.06E-03 131E-05 9.08E~ 9.08E~
S16 1.38E+OI 1.35E&l 1.02E+03 3.54E+OI 1.67E+05 9.23E+oo I .25E-01 2.86E+ol 1.36E+01 1.g3E~2 1.36E+01 7.67E-03 1.35E+OI 7.36E+01 7.36E+’37 1,36E41
S19 5.22E+O05.17E+o0 3.28E+02 1.15E41 3.00E+04 I .65E+O0 4.ooE-ol 3.61E+oo 1.4zE-01 1.81E-02 1.41E41 2.42E-ol 5.49E-01 2.28E-01 1.41E-01 1.42E.61

S20 1.27E-01 1.27E41 1.89E+01 9.91 E-131 1.16E+04 2.34E41 3.zzE-02 ~.07E+oo 1.27E-01 1.65E-03 1.27E-01 I .93E-02 2.86E-02 170E-02 1.27E-01 l~8E-41
S21 7.99E@ 7.94E* 1.69E+O0 7.96E-02 2.86E+02 7.97.E-02 6.13E-03 2.74E-ol B.ooE~2 3.05E-04 7.96E42 5.15E44 7.g5E-02 2.66E-~ 7.95E* 8.mEm
S22 3.88E~ 1.47E-02 9.51JE-01 1..25E-02 o.ooE+oo 3.33E-02 1.65E-02 3.09E-ol 6.31E-ol 4.85E-04 3.87E~2 3olE-03 7,9’9E41 115E-ol 3.06E-03 1.3ZE-OZ

1
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Gross Bets Specific Activity of Tsnks S2, S3, S4, S6, S6, and S20-T ;

)
Groaa Gross

Filtered Suspended’ Raw Filtered Suspended Raw Beta Beta——
Liquid Solids Liquid Liquid Solids Liquid– ~ Specific Specific

Activity Activity Activity i Msss Mssa Msss Activity Activity
Tank (Uci) (Uci) (Uci) (9) (9) (9) uc~9 nCtig

S2 12431.22’ 443.61 12874.83: 424096.49~ 84.82 4241 83.31! 3,04E-02 3.04E+01

S3 233463.30: 483398.60 716861.9011569476.031 2197.27’1571673.30: 4.56E-01 4.56E+02

S4 188672.50 1643.70 190316.2011507982.351 301.6011508283.951 1.26E-01 ~ 1.26E+02

S6(1) 121928.51 0.00 121928.51 ! 11 15072.68! 0.00/ 11 15072.68! 1.09E-01 ! 1.09E+02
S6(1 ) 523787.41 0.00 523787.41 ; 545049.651 0.00, 545049.65; 9.61 E-01 i 9.61 E+o2
S20-T 770293.50, 13343.301783636.8016177451 .751 11119.4116188571.16, 1.27E-01 I 1.27E+02

--–=~
Tritium Specific Activity of Tanks S2, S3, S4, S6, S8, and S20-T

Filtered Suspended Raw Fiitered ~Suspended I Raw ~ Tritium ~ Tritium
Liquid SolIda ‘ Liquid : Liquid : Solids Liquid ! Specific [ Specific

Activity Activity i Activity I Masa ! Maas : Mass ~ Activity I Activity
Tank (Ucl) (Uci) ~ (Uci) (9) (9) (9) ~ ucV9 : ncU9

S2 305 36.22, 341.22’ 424098.49 84.62’ 424183.31, 8.044 E-04~ 8.04E-01

S3 10901 250.001 1340.001 1569476.03[ 2197.27[ 1571673.301 6.526 E-041 8.53E-01
S4 3770! 386.001 4156.0011507962.351 301 .60; 1508283.951 2.755 E-03~ 2.76E+O0

S6(1 ) 5020 0.00 5020.00, 1115072.68 0.00 1115072.68, 4.502 E-03; 4,50E+o0
S8(1) 944 0.001 944.00! 545049.651 0,00 ~ 545049.651 1.732E-031 1.73E+O0
S20-T(2) 1.43E+06 549.001 1.43E+061 6177451.751 11119.41 6186571.161 2.912E-01 I 2.31E+02

(1) It is assumed for these two tanks that the suspended solid material would be separated from the liquid,
(2) The specific activity value should be treated as an upper limit.

,.

Values listed in Bold are detection limits.



Addendum to the WSRC-RP-99-4023, Rev. 1.1
Workplan/RFI/RI Report for the Old Radioactive August 2000

I Waste-Burial Ground”643E, S01-S22

ATTACHMENT 3

Total Inventory of Selected Radionucfide.s in Old Solvent Tanks S1 through S22

OS1’ADDDOC



Addendum to tie WSRC-RP-99-4023, Rev. 1.1
Workpla@I/Rl Report for tie Old Radioactive Angust 2000

Waste Burial Ground 643E, S01-S22

●

(This page intentionally left blank.)



WSRC-TR-2000-OO01 1
Revision O

TOTAL INVENTORY OF SELE~ED RADIONUCLIDES IN
OLD SOLW~ TANKS S1 THROUGH S22 (U)

John D. hyba

Unclsssfid

Does Not Contain Unclsssifi4 ~ntrolld Nucl- Infowtion (UQ

SAVANNAH RIVER sITE



wSRC-TR-2000-00011
Rtiion O

Km rds:
Cbaraaetition

Radioadive
Solvent

Waste

TOTAL ~~RY OF SELECTED RADIONU~ES IN OLD SOLVENT
TANKS S1 THROUGH S22 (U)

J. D. Lcyba

Publication Date January21,2000

P. E.FdPus-= ADSL4Manager

Westinghouse Savannah River Company
Savannah River Site
&ken, SC 29808

=
Date

Date

“J/2j/oD

Date

sAvANNAH RIVER SITE



wsRc-TR-2oooml 1
RevisionO

Jmuaiy 21,2000
Page iii

DISCLAIMER

This report was prepared by Westinghouse Savannah River Company
(WSRC) for the United States Department of Energy under Contract
No. DE-AC09-96SR1 8500 and is an account of work performed
under that contract. Neither the United States Department of Energy,
nor WSRC, nor any of their employees makes any warranty, expressed
or implied, or assumes any legal liability or responsibllit y for the
accuracy, completeness, or usefulness, of any irrformation, apparatus,
or product or process disclosed herein or represents that its use will
not infringe privately owned rights. Reference herein to any specfled
commercial product, process, or service by trademark, name,
manufacturer or otherwise does not necessarily constitute or imply
endorsement, recommendation, or favoring of same by WSRC or by
the United States Government or any agency thereof. The views and
opinions of the authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.
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● ABSTRACT

The total inventory of fourteen radlonuclides, three metals, and volatile organic
compounds (VOCS) has been calculated for the twenty-two Old Solvent Tanks
(OSTS). The inventory calculations are based upon extensive characterimtion data
of the multiple liquid and sludge samples taken from the OSTS. In addition, tbe
total inventory of sixteen actinides (including error) bas been calculated. The
actinide inventory will be useful for criticality safety considerations.
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●
TOTAL INVENTORY OF SELECTED RADIONUCLIDES IN OLD SOLVENT

TANKS S1 THROUGH S22 (U)

J. D. Leyba

Westinghouse Savannah River Company
Savannah River Site

Aiken, SC 29808

1.0 INTRODUCTION

The Old Radioactive Waste Burial Ground (ORWBG, 643-E) contains twenty-two buried

old solvent tanks. These tanks, consisting of cylindrical, carbon-steel, single-wall vessels

were used to store spent Plutonium-Uranium Extraction (PUREX) process solvent.
Reference 1 provides a detailed description of the tanks and their associated history. The
Analytical Development Section (ADS) of the Savannah River Technology Center
(SRTC) developed a Sampliig and Analysis Plan for the characterization of the material

● contained irr the twenty-two tanks [2]. The purpose of this characterization was to obtain

a sufficient database so that a viable path forwmd could be established for the closure of
the tanks. Reference 3 contains the analytical results of the OST characterization study.

Due to various reasons, not all of the phases present in all of the tanks were sampled. As
discussed in Reference 3, liquid samples were successfully obtained from ffieen out of
twenty-two tanks. Of the remaining seven tanks, three were not sampled because of the
presence of only very minimal amounts of liquid aad four tanks contained no liquid phase.
For the sludges, nine out of twenty-two tanks were successfully sampled while only very
limited sludge samples were obtained from thrm other tanks. The Sampfing aad Analysis
Plan did not require sampling in nine of the ten retimg tanks because they contained
less than 50 gallons each of solid phase. Unsuccessful attempts were made; however, to
sample the sludge in some of these rematilng tanks. Thus, ordy one tank (Tank S5),
which was required to be sampled by the Sampling and Analysis Plan, was not sampled.

The Savannah River Site-Environmental Restoration Division (SRS-ERD) has
subsequently requested an estimate of the total inventory of eighteen Contaminants of
Interest (COIS) for all twenty-two tanks. Included in the COI list are H-3, C-14, I- 129,
CS-137, Pu-238, Pu-239, Pu-241, Sr-90, U-235, U-238, CO-60, Tc-99, NP-237, Cm-244, .
Cd, Pb, Hg, aad total VOCS. Also, an estimate of the total invento~ of sixteen actinides,
includlng seven COIS, was calculated. The actinide list includes U-233, U-234, U-235,
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● U-236, U-238, Np-237, Pu-238, Pu-239, Pu-240, Pu-241, Pu-242, Am-241 , Am-243,
Cm-244, Cm-245, and Cm-246. The sixteen actinides are important for criticality
considerations.

I
2.0 COI Inventory in OSTS

In order to accurately estimate the total inventory of the eighteen COIS contained in the
OSTS, one must systematically categorize the contents of each tank. Based upon previous
video and physical surveillances of the tanks, an estimated sludge mass and liquid volume
was determined for each tank [4][5][6].. Once liquid samples were obtained and submitted
to ADS for characterization, they were filtered to obtain separate fractions of liquid and
suspended solids material. Each fraction was subsequently analyzed for the various COIS.
Sludge samples were also independently analyzed by ADS. Analytical data was thus
obtained, by phase, for many of the OSTS.

A methodology was therefore developed to accurately estimate the inventory of those tank
phases that were not sampled. This methodology uses as its starting point the latest
analytical data of the various phases present (e.g. aqueous liquid, suspended solids, and
sludge) in each tank. For a speeflc phase (faltered liquid, ffltered solid, or sludge), the
methodology assumes that the concentration of a given COI in those tanks that were not

● sampled is equal to the average concentration of the COI in the trmks that were sampled
and analyzed. Three general cases were identified and are delineated blow:

1) COI detected in more than three samples of a given phase - the analytical data were
averaged and the COI concentration in those tanks which were not sampled was
assumed to be equal to this calculated average COI concentration.

2) COI detected in less than or equal to three samples of a given phase - the COI
concentration in those tanks which were not sampled was assumed to be equrd to the
higher of the average detected COI concentration or the average detection limit vahre.

3) COI not detected in any samples of a given phase - the COI concentration in those
tanks not sampled was assumed to be equal to the average detection limit value or
average upper limit value of those tanks that were sampled.

Once the average COI concentrations were assigned, the total inventories could easily be
calculated by tWlng the product of the activity concentration and the volume or mass of
phase present in a given tank.

2.1 COI Invento~ - Assumptions

●
The characterization of the material in the OSTS showed that at least two of the tanks
(Tanks S11 and S20) contained an organic liquid phase [3]. In addition, Tank S20
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● contained both organic and aqueous liquid layers. For the purposes of these calculations,
it was assumed that Tanks s1-S8, S 10, S12-S 14, S 18, S19, S21 and S22 contained an
aqueous liquid phase and no organic liquid phase. Furthermore, it was assumed that Tank
S11 contained an organic liquid phase and no aqueous liquid phase. Finally, it was
assumed that Tank S20 contained both an aqueous liquid phase and an organic liquid
phme. It should k noted that only the total liquid volume in Tank S20 was estimated,
thus the fraction that is aqueous and the fraction that is organic were not known. For the
sake of conservatism, when performing the inventory calculations, it was assumed that the
entire liquid volume was aqueous when performing the aqueous liquid calculations and
subsequently it was assumed that the entire liquid volume was organic when performing
the organic liquid calculations. It should b noted that several tanks in addition to Tanks
S 11 and S20 might also contain an organic liquid phase. This is discussed in detail in
Reference 1. The assumptions used for the calculations in this present document
regarding the aqueous/organic nature of the various liquids in the OSTS are based upon
the analytical results (which are documented in Reference 3) of the latest samples
obtained.

Two liquid samples were obtained from Tank S 19 and both were analyzed. The analytical
results indicated that both samples were aqueous; hence, the samples can be treated as
duplicates. See Reference 3 for more details regarding this issue. Therefore, when
averaging the aqueous liquid phases and associated suspended solids, only sample S 19-O

● (taken at the higher depth) was included in the calculations.

The organic liquids contained in Tanks S 11 and S20 were not included when calculating
the average concentrations of the various COIS in the filtered aqueous liquids. Similarly,
the suspended solids from the organic liquids in Tanks S 11 and S20 were not included
when calculating the average concentrations of the various COIS in the suspended solids
from aqueous liquids. The sludge obtained from Tank S4 was not included when
determining the average concentrations of the eighteen COIS due to the fact that it
displayed the characteristics of a liquid rather than sludge.

The liquids contained in Tanks S 10, S12, and S 18 were not sampled. However, the total
suspended solids content had to k estimated so that the COI content of the suspended
solids could k calculated. The weight percent of total suspended sofids for these three
tanks was assumed to be equal to the average weight percent of total suspended solids for
the aqueous phases of the other tanks. When performing these suspended sofids
calculations, the density of the frltered kquids in Tanks S 10, S 12, and S 18 was assumed to
be equal to 1.0 g/cm3.

Certain radionuclides were not detected; hence, the average concentration of these
nuclides had to be calculated based upon detection limit or upper limit values. These
radlonuclides are listed blow:

● 1) The average H-3 activity concentration in sludge is based upon upper limit values.
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The average CO-60 activity concentration in sludge is based upon deteetion limit
values.
The average C-14 activity concentration in the faltered liquids is based upon upper
limit values.
The average C-14 activity concentration in the suspended solids is based upon
upper limit values.
The average I-129 activity concentration in the suspended solids is based upon
upper limit values.
The average Tc-99 activity concentration in the suspended solids is based upon
detection limit values.

The C-14, I-129, Sr-90, and Tc-99 average concentrations in the sludge are based upon
data obtained from the suspended solids. The implications of this assumption are
discussed further in Section 4.0.

Since quantitative metafs data were not obtained on the suspended solids, fifty times the
average concentrations of Cd, Pb, and Hg in the sludge were used to calculate the content
of these metals in the suspended solids. This issue is also discussed further M Section 4.0.

The VOC content of both the suspended solids material and sludge was based upon the
filtered liquid data and corrected for the expected difference in density ktween the

● materials. For these calculations, it wu assumed that the VOC average mass per unit
volume for the suspended solids and sludge was equal to that of the ffltered liquids. It was
also assumed that the density of the sludge and suspended solids was 2 g/cm3. The
average density of the faltered liquids was approximately 1 g/cm3.

2.2 COI Inventory - Calculations

The results of the COI inventory calculations are shown in Appendix 1. Results are listed
by phase for each tank for the eighteen COIS. Vrdues shown in bold black print are
deteetion limit vahres. Values shown in bold red are explained in the notes of Appendm 1
and represent calculated upper limit values. Vahres shown in bold blue represent
calculated values (using the methodology explained in Seetions 2.0 and 2.1) for those
phases that were not analymd. The total activities for the radionuclides and total mass for
the other COIS are shown on pages 13 and 16 respectively of Appendix 1.

2.3 COI Inventory - Example Calculation

The calculated H-3 activity in the Tank S 1 filtered liquid will be used m an example.

The average aqueous H-3 concentration was calculated from the analytical results of
Tanks S 1, S2, S3, S4, S6, S7, S8, S 13, S 14, S19-0, S20-B, S21, and S22. The average

●
H-3 concentration was determined to b 1.97x10-3wCi/nrL. The estimated aqueous liquid
volume in Tank S 12 was determined to be 1.890x104 mL, thus,
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1.97x103 vCi/rnL X 1.890x104 ML = 3.72x101 pCi.

3.0 Actinide Invento~ in OSTS

The existing analytical data (for those tank phases that were analyzed) were used as a
starting point for the actinide inventory calculations. For each specific phase (filtered
liquid, filtered solid, or sludge), the calculation methodology assumes that the
concentration of a given actinide in those tanks that were not sampled is equal to the
average concentration of the acttilde in the tanks that were sampled. As with the eighteen
COIS, three general cases for the actinide calculations were identified and are listed below:

1)

2)

● 3)

Radionuclide detected in more than three samples of a given phase - the analytical data
were averaged and the radionuclide concentration in those tanks that were not
sampled was assumed to be equal to this calculated average radionuclide
concentration.

Radionucfide detected in less than or equal to three samples of a given phase - the
radionucfide concentration in those tanks which were not sampled was assumed to be
equal to the higher of either the average detected radionuclide concentration or the
average detection limit value.

Radionuclide not detected in any samples of a given phase - the radionuclide
concentration in those tanks not sampled was assumed to be equal to the average
detection limit value or average upper limit vahre of those tanks that were sampled.

The error associated with the calculated average activity for each radionuclide was
assigned as twice the standard deviation of the respective average. When detection limits
were averaged, no errors were assigned since these numbrs represent -9570 confidence
Iiits.

Since the actinide inventory wifl be used for criticality safety calculations, conservatism
was buift into the calculation methodology. Firstly, for a radlonuclide known or suspected
to be in the OSTS but not detected in a sample, the activity was assumed to be equal to the
detection lit or upper limit for that radionuclide for the measurement conditions used.
Seeondly, for those nuclides that were positively identfled, the 2-sigma measurement
error was added to the activity before performing the total activity and mass calculations.
For those tanks in which a radlonucfide was not measured for a given phase and an
average radionucfide concentration was assigned, the calculated error (see previous
paragraph) was added to the calculated radionuclide activity concentration prior to
performing the total activity and mass calculations.
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● 3.1 Actinide Inventory - Assumptions

The assumptions for the actinide inventory calculations are similar to those used for the
eighteen COIS described in Section 2.1. The characterization of the material in the OSTS
showed that at least two of the tanks (Tanks S 11 and S20) contained an organic liquid
phase [3]. In addition, Tank S20 contained both organic and aqueous liquid layers. For
the purposes of these calculations, it was assumed that Tanks S 1-S8, S 10, S 12-S14, S 18,
S 19, S21 and S22 contained an aqueous liquid phase and no organic liquid phase.
Furthermore, it was assumed that Tank S 11 contained an organic liquid phase and no
aqueous liquid phase. Finally, it was assumed that Tank S20 contained both an aqueous
liquid phase and an organic liquid phase. It should be noted that only the total liquid
volume in Tank S20 was estimated, thus the fraction that is aqueous and the fraction that
is organic were not known. For the sake of conservatism, when performing the inventory
calculations, it was assumed that the entire liquid volume was aqueous when perfofing
the aqueous liquid calculations and subsequently it was assumed that the entire liquid
volume was organic when performing the organic liquid calculations. It should b noted
that several tanks in addition to Tanks S 11 and S20 might also contain an organic liquid
phase. This is discussed in detail in Reference 1. The assumptions used for the
calculations in th[s present document regarding the aqueous/organic nature of the various
liquids in the OSTS are based upon the analytical results (which are documented in
Reference 3) of the latest samples obtained.

o Two liquid samples were obtained from Tank S 19 and both were analyzed. The analytical
results indicated that both samples were aqueous; hence, the samples can be treated as
duplicates. See Reference 3 for more details regarding this issue. Therefore, when
averaging the aqueous liquid phases and associated suspended solids, only sample S 19-O
(taken at the higher depth) was included in the calculations.

The organic liquids contained in Tanks S 11 and S20 were not included when calculating
the average concentrations of the various actinides in the filtered aqueous liquids.
Stiarly, the suspended sofids from the organic liquids in Tanks S 11 and S20 were not
included when calculating the average concentrations of the various aetinides in the
suspended solids from aqueous fiquids. The sludge obtfied from T~ S4 w~ not
included when determining the average concentrations of the sixteen actinides due to the
fact that it displayed the characteristics of a liquid rather than sludge.

The liquids contained in Tanks S 10, S 12, and S 18 were not sampled. However, the tot~
suspended solids content had to b estimated so that the actirride content of the suspended
solids could b calculated. The weight percent of total suspended solids for these three
tanks was assumed to be equal to the average weight percent of total suspended solids for
the aqueous phases of the other tanks. When performing these suspended solids
calculations, the density of the faltered liquids in Tanks S 10, S 12, and S 18 was assumed to

o be equal to 1.0 g/cm3.
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● Certain radionuclides were not detected; hence, the average concentration of these
nuclides had to be calculated based upon detection limit or upper limit values. These
radlonuclides are listed below:

1) The average Pu-242 activity concentration in sludge is based upon detection limit
values.

2) The average Am-243 activity concentration in sludge is based upon detection limit
values and one upper limit value, even though this nuclide was detected in three
sludges. However, based upon rule 2 of Section 3.0, the higher average detection
limi~upper limit value was used.

3) The average Cm-245 activity concentration in sludge is based upon detection limit
values even though this nuclide was detected in one sludge. However, based upon
rule 2 of Section 3.0, the higher average detection limit value was used.

4) The average Cm-246 activity concentration in the sludge is based upon detection
limit values.

5) The average Pu-242 activity concentration in the tiltered liquids is based upon
detection limit values.

6) The average Cm-245 activity concentration in the filtered liquids is based upon
detection limit values.

7) The average Cm-246 activity concentration in the filtered liquids is based upon
detection limit values.

● 8) The average Cm-245 activity concentration in the suspended solids is based upon
detection limit values even though this nuclide was detected in one suspended
sofids sample. However, based upon rule 2 of Section 3.0, the higher average
detection limit value was used.

9) The average Cm-246 activity concentration in the suspended solids is based upon
detection limit values even though this nuclide was detected in three suspended
solids samples. However, based upon rule 2 of Section 3.0, the higher average
detection limit value was used

3.2 Actinide Inventory - Results

The results of the actirride inventory calculations are shown in Appendices 2 through 4.
Results are listed by phase for each tank for the sixteen actinides. Values shown in bold
black print are detection fimit values. Vafues shown in bold blue represent calculated
values (using the methodology explained in Seetions 3.0 and 3.1) for those phases that
were not analymd.

3.3 Actinide Inventory - Example Calculation

The calculated U-234 activity and error in the Tank S 1 sludge wifl b used as an example.
The average U-234 concentration was calculated from the analfiicd results of Tanks S7,

o S19 and S22. The average U-234 concentration was determined to k 5.02x104 pCtig
(see page 40 of Appendix 4). The error’was calculated to be 1.43x105 pCi/g. Since
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● U-234 was found in only three of the sludge samples, the average U-234 deteetion limit in
the other analyr.ed sludge samples was also calculated (see Section 3.0). Thus, the
average U-234 detection limit calculated from Tanks S2, S8, S 16, S20, and S21 was
determined to be 1.32x104 pCi/g. Therefore, for the purposes of these calculations, the
higher calculated activity concentration (5.02x 104pCi/g) was used.

Continuing on with the example calculation using U-234 in the sludge from Tank S 1 we
get:

U–234 activity in sludge= 5.02x 104 f I.43x105 pCi/g

Specific Activity of U-234= 6.24x 10”’Ci/g

Mass of sludge in the tank= 34068.71 grams

Total U-234 in the tank including error= (5.02x 104 + 1.43x105)x 34068.71= 6.582x1O’ pCi

●
Total U-234 in the tank including error= 6.582x109pCi x

1Ci
=6.58 x10-3Ci

1X10’2pCi

U-234 activity concentration including error =
6.582 x10-3C]

=1.93X10-7 ci/g
34068,71 grams

Mass of U-234 in the tank including error=
6.582x 10-~Ci

=1.055x100 =1.06x10° g
6.24xIO”’ Ci/g

Mass of U -234 per gram of waste =
1.055x10° grams

= 3.097xIO”5=3.10x10-5 g/g (waste)
34068.71 grams

3.4 Total Inventory of Three Actinides in OSTS

Table 1 summarizes the results of the U-235, U-238, and Pu-239 mass calculations for the

● twenty-two OSTS. For each of these nuclides in a given tank, the contributions from the
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●

filtered liquid phase(s), suspended solids phase(s), and sludge phase have been summed to
obtain the total.

Table 1. Total Estimated U-235, U-238, and Pu-239 Content
of Old Solvent Tank S1 through S22

U-235 U-238 Pu-239
Tank # (~) (g) (g)

SI 6.18E+01 8.98E+03 <8.16
S2 8.89E+O0 1.45E+04 <1.251
S3 1.07E+02 1.59E+04 1.30E
S4 < 1.67E+02 3.43E+04 <1.041
S5 1.08E+03 1.60E+05 1.80E
S6 7.84E+01 1,58E+04 <2.511

2.33E+02 4.88E+04 3.llE+OO
7.60E+O0 1.16E+03 <5.22E-O 1

Sll 1.15E+02

,. ---,.-

S14 1.11E+03 1.75E+05

S15 1.31E+03

S7
S8
S9 1.18E+02 1.73E+04 1.92E+O0

Slo 2.86E+02 4.25E+04 4.76E+O0
<1.69E+04 1.92E+O0

S12 4.80E+01 7.30E+03 8.30E-01
S13 A57.F.ti7. 6.74E+04 <7. 18E+O0

1.78E+01
1.93E+05 2.14E+01
1.87E+05 2.86E+01

1 1.03E+O0
1 3.88E-01
a 4.24E+OOa

<3.50E+O0S20 ~.22E#
S21 2.75E+01 8.78E+03
S22 5.07E+01 < 1.59E+04

iE-O1
E+OO
3+00
.E+OO
E+O1
E+OO

a- Thlsvalue wascalculated using theresults ffomsample 19-0.

4.0 GENERAL COMMENTS ON DATA

The various samples from the OSTS presented ~S with a unique analytical challenge. It
is extremely difficult to determine the quantities of trace radionuclides in the presence of
gross amounts of other radionuclides. This is especially pertinent to constituents such as
C-14, I-129, Ni-59, and Ni-63. For example, the gross beta activity level in the Tanks S 1
filtered liquid was determined to k 1.82 pCtimL [3]. The C- 14 upper limit value in this
liquid was determined to be 3.50x 104 pCtimL, which represents less than 0.02% of the
total activity. It should afso be emphasized that the finite sample size available for analysis
hindered the achievement of lower detection limit numbers.
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●
Carbon- 14 was not actually detected in any of the OST samples that were analyzed for
this constituent. In all cases but one, the C-14 analytical data had to be qualified as upper
limit values due to the presence of alpha activity in the separated C- 14 fractions. In the
sole case where the data was not qualified as an upper limit, no C-14 was detected and a
detection limit value was assigned. The average C-14 values calculated for the filtered
liquid and suspended solids samples were based upon detection limit and upper limit
numbers. Therefore, these data should be viewed as conservative upper limits only.

Extremely limited quantities of sludge samples severely restricted the analyses that could
be performed on the samples, Because of the limited analytical data available on the
sludges, C-14, I-129, SC-90,and Tc-99 activity levels had to be based upon average
activity concentrations of these radionuclides in the suspended solids. This assumption is
most likely very conservative, since the activity per gram of these radionuclides is probably
much higher in the suspended solids than in the sludge. The net result of this assumption
is therefore most likely a gross overestimation of the inventories of these four
radionuclides in the sludge phases. This, assumption is supported by the data shown in
Table 2 which compares the average activity concentrations of several radionuclides
present in both the suspended solids and the sludge.

Table 2. Comparison of Activity Levels in Suspended SoIids and Sludge
.–.= -nded Sofids Sludge Ratio of

Wcilg Lcilg Susp Solids/Sludge
11 2.41E+O0 3.02E-01

1.57E+O0 3.96E+O0
1.36E+01 1.18E+01
4.69E-01 2.12E+01
4.04E+O0 1.25E+0 1

U-235 I 3.89E-03 6. 19E-04
1.90E-02
4.50E-04’ 4.73Etil
2.38E-03 4.54E+01
4.34E+01 6.04E+O0

a- This value is based upon one data point

4 6,28E+O0
4, 17E+O0

tordy. Co-60 wasnot detected in
any of the other sludge samples analyzed for this constituent.

Since no data exists for the metals (Cd, Pb, and Hg) content of the suspended solids
material, thekconcentration canonly ksuggested from Table2. Based upon the data in
Table 2,theratios of Suspended Sohdsto Sludge ranged from 0.302to 47.3. The
average ofthisratio forthe COIstisted in Table 2,excluding tritium, was 17.6*17.2.
Tritium was omitted because it is klieved to be entrenched in the sludge, and is therefore,
nonrepresentative of Pb, Hg, and Cd. Thus, inorder to bcconservative, the Pb, Hg, and
Cd concentrations in the suspended solids were assumed to be 50 times the concentrations
of these respective metals in the sludge.
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●
The VOC content of both the suspended solids material and sludge was based upon the
filtered liquid data and corrected for the expected difference in density btween the
materials (e.g. sludge and suspended solids density was assumed 2 g/cm3 while the liquid
density was approximately 1 g/cm3). It was also assumed that the average VOC mass per
unit volume was the same for the sludge, suspended solids, and filtered liquids. It is
unknown whether these assumptions are conservative or not.

5.0

1.

2.

3.

4.

0
5.

6.

6.0

6.1

6.2

6.3

6.4

REFERENCES

Information Document on the Old Solvent Tanks S 1-S22 in the Old Radioactive
Waste Burial Ground 643-E, WSRC-RP-96-00144, Rev. O,Westinghouse
Savannah River Company, Aiken, SC 29808 (1996).
Filpus-Luyckx, P., Samplinx and Analysis Plan for Old Solvent Tanks S 1-S22 to
Address Waste Acceptance Criteria (U), WSRC-RP-97-O0770, Rev. O,
Westinghouse Savannah River Company, Aiken, SC 29808 (1997).
Leyba, J. D., Characterization of Samules from Old Solvent Tanks S 1 through
w, WSRC-RP-98-01486, Rev. 1, Westinghouse Savannah River Company,
Aiken, SC 29808 (1999).
Mason, J., Estimation of Total Solids in Tanks S 1-S22 Based on the Video

-s, Interoffice Memorandum, April 22.1998, Westinghouse Savannd Mver
Company, Aiken, SC 29808 (1998).
Preston, A., Solvent Tank Llauid and Sludge Quantities, Electronic Mail Private
Communication, Decemkr 9, 1998, Westinghouse Savannah River Company,
Aiken, SC 29808 (1998).
Preston, A., Private Communications, December 18, 1998 and January 5, 1999,
Westinghouse Savannah River Company, Aiken, SC 29808 (1998, 1999).

APPENDICES

Appendix 1. COI Total Inventory of OSTS S1 through S22

Appendix 2. Solvent Tank Nuclide Inventory - Filtered Liquids

Appendix 3. Solvent Tank Nuclide Inventory - Suspended Solids

Appendix 4. Solvent Tank Nuctide Inventory - Sludges





I

● ● eAppend[x 1
WSRC- -2000-00011

Revision O
January 21,2000

Page 13

H-3 ! C-14 : 1-129 CS-137 Pu-238 I Pu-239 Pu-241 I Sr-90 \ U-235 u-238 ICO-60 ITc-99 NP-237 I Cm.244
Tank # ! uCi ! Uci Uci Ucl Uci Uci Uci ! Uci , uCi uCi UCi i Uci Uci I Uci
14-8 I 2.16E+06 , 2.74E+06 I 1,14E+05 1.41 E+06 1.22E+07 , 4,20E+05 3.62E+06 ; 4.04E+07 5.55E+02 1.70E+04 3.79E+03 6.90E*04 2.1 3E+031 3.89E+07
15-L : 0.00 E+OO! 0.00 E+OO; 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO I 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO 3.00E+OO ! 0.00E+OO

15-ss I 0.00E+OO 0.00E+OO I 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO 10.00E+OO 0.00E+OO 0.00E+OO 0.00E+oo 0.00E+OO 0.00E+OO , 0.00E+OO
15-8 i 2,64E+06 3.36E+06 1,40E+05 1.73E+06 1.49E+07 5.<5E+05 4.44E+06 ! 4.95E+07 6.80E+02 2.09E+04 4.64E+03 8.46E+04 2.61 E+03 I 4.77E+07

16-L ) O,OOE+OO:0,00E+OO O.OOE+OO 0,00E+OO 0.00E+OO 0.00E+oo 0.00E+OO 0.00E+OO 0,00E+oo 0,00E+OO 0.00E+OO 0.00E+oO 0.00 E+OO/ 0.00E+OO
166S I 0.00E+OO I 0,00E+OO 0,00E+OO 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO 0.00 E+OOI 0.00E+OO 0.00 E+OOI 0.00E+OO
16-S : 4,97E+06 I 6.33E+06 2,64E+05 2.29E+05 1.53E+06 1,4SE+06 1.99E+06 2.33E+06 1,S3E+03 5.25E+04 2.36E+03 ~ 1.59E+05 6.61 E+031 3.58E+06
17-L / 0.00E+OO / 0,00E+OO 0,00E+OO 0.00E+OO 0.00E+OO 0.00E+oO 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO 0.00 E+OOi 0.00E+OO 0.00 E+OOj 0.00E+OO

17-ss : 0.00E+OO I 0,00E+OO 0,00 E+OO, 0.00E+OO 0.00E+OO 0.00E+oo 0.00E+OO 0.00E+OO 0.00E+oo 0.00E+OO 0.00 E+OOI 0.00E+OO 0.00 E+OOI 0.00E+OO
+7-8 ; 1.28E+05 ; 1.62E+05 6,76 E+03, 8.34E+04 7.20E+05 2,49E+04 2.14E+05 2.39E+06 i 3.28E+OI 1.01 E+03 2.24E+02 4.0SE+03 1.26E+021 2.30E+06
IS-L I 3.72E+OI 6.1 3E+O0 3,02E+O0 I 1.74E+04 1.1 3E+04 9.28E+02 4.24E+03 1.48E+03 i .87E+O0 7.56E+OI 1.51 E+OO\ 6.32E+OI 6.38E+O0 I 9.50E+02

18.SS 3,08E+OI 1.29E+02 i 5,38E+O0 ! 2.62 E+02~ 6.77E+03 4.20E+02 ; 2.44E+03 ~ 1.90E+03 ; 1,64E-01 3.34E+O0 8.96E-01 I 3.25E+O0 4.67E+O0 ~1.1 0E+04

18-S I 3.64E+04 4.63 E+041 1.93E+03 ; 2.38E+04 2.06 E+051 7,10E+03 ‘ 6.11 E+04 6.82 E+05; 9.37E+O0 2.86E+02 6.40E+OI l,17E~03 3,60E+OI 6.37E+05
19-L I 3.@4E+03 7.04E+02 ; 5.30E+02 ( 1.27E+05 4.38 E+06; 1.29E+04 1.12E+06 6.B4E+04 6.62E+OI 1.66E+04 7.27E+02 2,93E+03 4.91 E+02 1.76E+04

19-ss i 1.66E+02 8.72E+03 I 8,49E+OI : 1,63E+03 2.62E+05 I 6.30E+03 6.15E+04 4.93E+04 5.41 E+OO 1.31 E+02 1.87E+02 3.39E+02 2.59E+03 3.36E+05
19-s 6, B4E+05\ 6.23 E+05~ 2,60E+04 5.70E+04 4,S9E+06 I 1.97E+05 1.34E+06 t .28E+06 5.91 E+02 6.4? E+o3 1.82E+03 1.57E+04 9,71 E+02 1.WE+07

20-T-L : 1.43E+ffi; 2,33E+03 1.21 E+03 6.99E+OI 1,06E+04 2.34E+03 3.60E+03 1.29E+04 1,59E+OI 6.97E+OI 3.36E+OI 5.8sE+03 9.06E+OI S.06E+04
20-T-BS ; 5,49E+02 ~3.40E+04 3,63E+02 7.71 E+02 9,59E+03 3.42E+03 1.65E+03 6.97E+03 2.54E-01 6.72E+O0 5.39E+02 6.sl E+OI 3.90E+OI 1.40E+M
20-B-L ! 1.02E+04 I 1.51 E+03 1.23E+03 1,1 SE+05 4,22E+06 9.14E+04 1.05E+06 ~.75E+06 3.47E+02 1.16E+04 5.81 E+ol 5.20E+03 1.65E+03 3.23E+05

20.B-BS””7 5.63 E+02~ 4.86E+03 1.81E+02 3.30E+03 1,40E+05 4.92E+03 3.37E+04 2.44E+04 2.24E+O0 5.92E+OI i 5.76E+02 1.30E+02 4.06E+OI 1.2SE+05
20-s 3,37 E+05! 2.09E+05 8,69E+03 4.57E+04 3,93E+05 5.55E+04 1.22E+05 i .00E+06 3,41 E+OI 3,25E+03 , 2,33E+02 5.25E+03 1.36E+02 I 1.14E+06
21-L \ 3.14 E+03i 1.95E+02 9.74E:OI 3.69E+04 3,23E+05 6.70E+03 7.67 E+04j 6.53E+03 3,67E+OI 2.13E+03 7,32E+O0 4.67E+02 1.60E+02 9,11E+04

21-ss : 1.36E+03! 2.17E+04 1.00E+03 2.54E+03 4.S6E+05 2,5SE+04 1.46E+05 1.22E+05 9.37E+O0 2.28E+02 1.01 E+02 1.22E+02 2.07E+02 3,78E+06
21-s : 2.69E+04 7.25E+05 3.02E+04 4,72E+03 7,49E+04 1,42E+04 2,25E+04 1.41 E+04 2.91 E+OO 6.01 E+OI 4.76 E+02: 1.82E+04 5.62E+OI 1.93E+04
22-L 7.S6E+03 5.03E+02 3.76E+02 1.2SE+05 4,6sE+05 7.7i E+04 1,09E+05 5.51 E+03, 6.93E+OI 1.66E+03 5.73E+OI I 6,39E+02 3.5i E+02 4.6 L3E+05

224s 6,01E+02 1.4SE+03 6.91 E+OI 1.22E+03 4.05E+04 3.61 E+03 7.66E+03 3.71 E+02~ 3,59E-01 7.53E+O0 1.27E+OI I 4.17E+OI 2,16E+O0 9.59E+05
22-s I 6.76E+04 1.74E+06 7,24E+03 i 2.20E+04 2,63E+05 1.60E+04 3.58E+04 ‘ 5.85 E+03i 1.71E+O0 1.08E+03 2.56E+OI i 4.37E+03 1.WE+OI 7.78E+06

TOTAL (uCI) 1.74E+07 2.06E+07 6.70E+05 I 1.23 E+07: 6.73E+07 4.41 E+06 2.67E+07 ! 1.79E+06 : 6,62E+03 2,14E+05 3.29E+04 i 5.66E+05 2.69E+04 ~3.04E+06
TOTAL (Cl) : 1.74E+OI 2,08E+OI 6.70E-01 ! 1.23E+01 8.73E+OI 4.41 E+oO 2.67E+01 ! 1.79E+02 ! 6.62E-03 2.14E-01 ! 3,29E-02 ~ 5.86E-01 2,69E-02 ! 3.04E+02

I
NOTES ~ (

L = filtered hquid I
SS = suspended solids= filtered solids I
S = sludge I
T= Top i
B= Bottom ~ I 1 I

!
Numbers in Bold Black are detetion Hmit values. J I
Upper Limit valueS are treated as real numbers and not as detection hmits. I
Values in Bold Red are explained below. I I I
Pu-241 value for Tanks S4 sludge is based upon ;he gross beta adivity and should be considered a conservative upper fimit only.
Cm-24 value for Tank S5fitiered (iquidphase is based upon thegross alpha adivti. This flumber should beconsidefed an upper limit,
Cm-244 value for Tank Si6sludge phase is based upon thegross alpha ativiV. This number sho”ldbe considered an upper limit.



Sr-90 values for Tanks S5, S11, and S14 filtered sohds are based upon the gross beta activities and should be considered
Sr-90va
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lSr-90 valUeS for Tanks S2, S4, S7, S8, S16, S19, S20, S21, and S22 sludges are based upon the gross beta activities and should be considered conservative ULS only,
I consewative upper Umits only. !

%lUefor Tank S20-S filtered tiquid IS based upon the gloss beta actwny ana shoulcl be Conslderea a Conservative upper Iimti Only. 1

in Bold Blue are explained below. ( I I 1 I I I.IAm,,..,,,.,,,..,.,.,...,.,,,-+..,..:..11...t,-,....+,,;.,. . . . . . . . . . . . . far -.-h . . . . . .TeS the maSS in that phase. I
,r which H-3 was measured times the volume of the Tank SIO hquid.)

I I I

1
oara(nometalsorvu~ aatawerelaKenrorIne suspended solids).
?aqueous liquid data. I I 1
,,. . .—.—

I I
;pended solids inaqueous liquid data.
Iqueous Nquiddata. I
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Jar

lSludge 1 I I I I I I I I I I I I I
1

I I I I I I I I I I 1 I \ I

I I I I I I I I I I I I I I.“ -.. , ,, ,. . . .. .. . . . . . . . . . . . . . . . . . . . . . . . .-. .”,.., ,!.,: -.. . . ““n.!. ,,.4

h-3 UnIy ULS oma!nm,r.m,eru,w umy W8,U .ao. ,., u.,..,..,.,,=, 1,. ,,,u-. . . . . . I
C~O value based detection fimf values. I I I I I I I
NP237 value based upon Tanks 19,20 and 22 only. All other values
Othern detected activity only used to alculate average values, nr”
C-14, 1-129, Sr-90, and T099 based upon suspended solids data.
VOC based upon filtered hquid data and mrrected for estimated der,.,,y U, z y,u,,o. I 1 1 I

I I I I

3mm timb only I I I I I I I,.dDA’s, LL’s, or UL’S used.

;---:.. -. . -,---
I I [ I I I I

1
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Sludge I I I I I I I. Sludge I I I I I

. . . . . . .. “.-.,
I 1 I I I I I,“I u.?I C..427 I D,,.71R I P,,.229 P,,.2A4 U-235 U-238 C&o

Hg I vOG I I z I I ‘.4
—

7 7 8,7
*n? I I R I Iln

,+03 [ I I I I I I I 1 1
1+02I lValues in bold black represent detetion flmit values
!+02 [ IDL Ave = detection Kmit average I ~ ~ I I

[+03 I I I I I I I I I
[+03 I
:+04 ] ! I I I I I I I I
:&n4 I ! I I I \ I I I ! I

,*UL I I I I I I I I I I
:+03 I
. . . . ! ( I I I (



a
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Fil~red Liquids ! I ~ I I I I I I I I I ~

I 1 1 1 1 1 ,

I I I I

] ! I I I I I I I !1 1 I 1I I I I 1 I I 1 1 1 1
C-14 Only ULS used for maculations, no MDA’s used. No G14 obsewed in samples.

1 I

Othem detected actiiw only used to mlculate average values, no UL’S used. I I I I I I I I
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Flltemd Liquids I I I I I lFiltemd Liquids I I I I I I I

. ... ,. .,, .—.—”.-. ,—-”.-. , I 1 ( I I I

Iv I
t.“do
1.094

,Tw 0.818
:+04 1,051

3,4/t+u4 I Z1 I 3,0 UC+UL I 4.Joc.uJ\ 0...=-.. I f .mt+03

8.51E+04

1.071

~ 22 I 1.42 E+031 1.06E+04 2,18E+04 1.80E+04 1.066
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Solvent Tank Nuclide Inventow Calculations - Filtered Liquids} { 1I I I I I I 1 I1 ( 1
1 1 1 1 1 1 1 ! 1

Ctig i
1

Cilg Cilg c3/g 1 Cilg Ciig I

SPCAT~ 9.S4E-03 !

cilg i Cilg

I 6.24E-03 I ~ 2.16E-06 I I 6.47E-05 I I 3.36E47 I I 7.05E-04 i I 1,71 E+OI I I 6.21E.02 !

I I 1 1 1 I
Values listed in Black Bold Italics print are detection timits or upper hmits. I I
Tank S2 U-233 included in U-234 activity, Pu-240 included in Pu-239 activity. U-236, U-238, PU-242, Am-243, Cm-245, Cm-246 not measured
~ I

: .S70.T and .S?O.R -w ,,. . . . Htnile

,trations of the analyzed aqueous solutions. I
titvity concentrations, I I
emge activity calculations. ]

The values calculated for samples ___ . .,,----- ..--..-, ,,,,,,..,
Values Mstedin Blue Bold italics are alculated based upon average activity concent
The organic bquids in TankS11 and S20 (20-T) were not used to calculate average a(
Since S1 S-O and S1 9-A represent duplicate samples, only S19.o was used in the av(

Average PU-242, Cm-245, and Cm.246 values calculated from detection Nmit numbers. I I I I I I I I 1
Errors associated with average acovities were calculated by averaging the relative errors associated with the ativities.
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I ( I ! ! I ~I ! I I — I
! ,...-—d~, ; I 1

Cilg ! Cilg
( ICilg ci/g I I Ci/g I 1

2.27E-01 I

Cilg ci/g i

f l,03E+02~ i 3.93E-03 I I 3.44E+O0 , 2,00E.04 , ; 8. IOE+OI i I I,72E-01 1 / 3.04E.01
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Activiiy Concentration lncluOing Error \ 1 I I I I.~.1 I I iIIIU-233 u-234 I U-235 U-236 U-238 I NI)-237 Pu-238 Pu.239 Pu-240 Pu-241 Pu-242 Am-241 I

Tank# ~ Ci/L Ci/L ! Ci/L ,
Am-243 Cm-244 , Cm-245 ~ Cm.24S

Ci/L , Ci/L ICi/L Ci/L CilL Ci/L Ci/L ! Ci/L Ci/L I I
SI

CtiL Ci/L CUL Ci/L
I 6.06 E-07\ 6.60 E-06/ 1.03 E-071 5.26E-08 2.27 E-06~ 3.44E-07 7.14E-04 2.08E-05 2.96E-08 2.06E-04 1.81E-08 8.86E-061 9.95E-08 6. II E-05 ;7..98E-O7I 1.41E-06

S2 ~O.OOE+OO\4.75E-06\ 1.90EA38\2.34E-07 l,09E-05\ 1.29E-07 1.70E-05 1.96E-06 0.00E+OO 8.24E-06\ 1.56E-06 3,37 E-07; 4.31E-05 2,65E-06! 6.82 E-05\ 1.21E-04
S3 \ 2.69E.06 ~2.45E-06 I 9.41 E.06 ~4.72E-08 2.22E-06 I 2.82E-07 1.20E-05 1.56E-05 f.05E-06 3.09E-05 1.61E.08 1.15E.07 3.61E-06 1.24E-05 ~7.68E-07~ 7.41E-06
S4 ! 7. f2E-0614.59E-06 ;2.52E.071 1.13E-07 7.99E-06 I 2.40E.OT 2.32E-05 14.55E-05 1.67E-04 1.14E-05 2.90E-06 3.50E-07 1. f4E-07 3.07E-06 [ 1.27E-04 ~2,25E-04
S5 i 1.34E-05 ~ 1.54E-05 I 4.03E.07 12.47E-07 1.09E-05 4.95607 4.59E-03 2.73E-04 2.69E-04 1.14E-03 2.75E-06 1.95E-04 1.40E-04 2.49E-01 1.20E-04 12.14E-04
S6 I 7.12E-OE ; 4.59E-06 I 4.42E-06 I 4.77E-06 1.03E-06 2.25607 1.61 E-o5 4. 55E-05 7.67E-04 4.45E-05 2.90E-06 3,14E-07 1.05E47 6,17E.07 1,27E-04 I 2.25E-04
S7 / 7. f2E-06 4.59E-06 ~4.04E-07[ 2.39 E-07i 1.34E.05 9.46E-07 2.22E-04 1.43E-04 1.67E-04 4.88E-04 2.80E-06 4.02E.05 6.56E-06 2. 16.E-06 1.27fi04 2.25604
S8 I 7.12E-06 4.59E.06! 3.06E-06’4.77E-06 ! 7.25E-07 5.16E-07 3.43E-05 4,55E-05 1.67E-04 1.28E-03 2.90E-06 5.36E.06 1.75E-06 2.25E-06 1.27564 225s04
S9 ; 0.00E+oo 0.00E+OO 10.00E+OO 0.00E+oo I 0.00E+OO 0.00E+OO 0.00E+OO , 0.00E+oo 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+oo 0.00E+oo 0.00E+OO 0.00E+OO

Slo ‘ 1,42E-05 1.18 E-051 2.90E-07 2.34 E-07/ I,09E.05 6.46E-07 2,48 E-03; 2.06E.04 2.20E-04 7.20E-04 1.56E-06 1.13E-04 1.31 E-05 2.4J E.o4 I 6.62E.05 1.21E-04
SI 1 6.76E-06 5.22E-08 i 2.42E-09 5.46 E-I O 4.66E-08 5.94E-09 3.03E-03~ 5.21E-05 1,91 E-04 1,59E-03 2. 75E-06 3.7 fE-06 1.45E-06 6.11 E43 1.20E-04 2,57E-04
S12 1.42E-05 1.19E-05 2.90E-07 2.34E-07 1.09 E-051 6.46E-07 2.48 E-031 2.06E-04 2.20 E-04~ 7.20E-04 ‘1.66E-06 1.13E-04 1,31 E-05 2.41E.04 6.62 E.05~ 1.21E.04
S13 1.03E-05 6.92E-06 1.61E-07 2.06E-07 4,05E-06 i 4.91E-07 9.02E-04 I4.55E-05 1.67E-04 2.84E-04 2.90E-06 7.52E-07 2.32E-07 2.26E.05 1.27E.04 I 2.25E.04
S14 3.95E-07 2.60E-06 ( 6. IIE-06 7.14E-06 4,44 E-061 1,20E-06 1.30 E-04: 1.31E-05 1.91E-06 3.35E-05 1.61E-06 1.57 E-06] 1.16E-07 9,27E-08 7.88E.07 I 1.41E-06
S15 !0.00E+oo 0.00E+OO 0.00E+OO i 0.00E+OO ~0.00E+OO 10.00E+oO 0.00E+OO \ 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+oo I 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO
S16 10.00 E+OO!O.OOE+OO 0.00E+OO I 0.00E+OO I 0.00E+OO 0.00E+OO 0.00E+OO ! 0,00E+OO 0,00E+oo 0.00E+OO 0.00E+OO 0.00E+OO ; 0.00E+OO 0.00E+OO 0.00E+OO 0,00E+OO
S17 ! 0.00E+oo I 0.00E+OO 0.00E+OO I 0,00E+OO 0,00E+oo 0.00E+oO \ 0.00E+OO i 0.00E+OO 0.00E+OO 0.00E+OO 0,00E+OO 0.00E+oo I 0,00E+OO 0.00E+oo 0.00E+OO 0.00E+OO
S18 I 1.42 E-05/ 1.18E-05 7,20E-04 I,56E.06 1.13 E.041 1.31E-05 2.41 E.04 6.82E.05 1.2$ E.04

S1S-0 I 3.06 E-06} 1.91 E-06\ 3.66 E-0813 .70E-08 6.66E-06 3.39E-07 2.22E-03 8.92E-06 2.14E-06 6.73E-04 1.81E.08 1.02 E-06~ 1.34E-07 2.43E-05 7.88E-07 f.4fE-0i3
Si9-A 12.80E-06 1.97E-06 3.70 E-08{ 3.56E-08 7,31E-08 3.73E-07 2.23E-03 7.1 6E-06 2.35E-06 8.80E-04 1.8 fE-08 1.01 E-06 I 1.36E-07 2.46E-05 7.66E-07 f,4qE-0,1
S20-T ! 1.94E-07 1.36E-07 2.53E-09 2.56E-09 1,11 E-08 1,80E-08 2,1 6E-06 4.65E-07 1.05E-06 4. 77E-07 1.81E.08 6.18E-07 [ 6.91 E-06 1.24E.05 7.68E.07 f.4fE.06
s20-B ! 1.34E-05 3.91 E-w 5.51E-06 6,38E-08 1,64E-06 3.67E-07 6.15E-04 1.82E-05 I,13E-05 I,61E-04 f.81E.08 1,94E-07 9. ?9E-07 6.42E-05 7.68E-07 1.41E-06

S21 i 3,12E-06 2,34E-06 6.36E-08 5.51E-08 374E-06 3.48E-07 6,08E-04 1.69E-05 7.09E-06 1.62E-04 1.61E.06 1.29E.08 8.49E-07 1.72E.04 7.68E.07 f.41E.06
S22 i 7.12E-06 4.59E-06 6.32E-08 4. 77E-06 I,17E-06 2.07E-07 3.31E-04 4.55E-05 1.67604 9.02E-05 2.90E-06 6.49E-07 1.07E-06 3.31Ea 1.27E-04 2.25E.04

I
I

)
I I I

I
I
I

I I
I !

I 1 I
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I I I I I :_ I I,I 1 !

! U-233 i U-2M U-235 ~ U-236 IU-238 NP-237 Pu-238 Pu-239 I Pu-240 i Pu-241 Pu-242 Am.241

Tank# ~ g I g
AM-243 I Cm-244 I Cm.245 Cum-246

E 9 E 9 9 9i9
I

E 9

s?

E 9 9 E

I 2.79E-02 ! 4.6EE-01 2.11 E+OI 3.60E-01 ; 2.99E+03 ; 2,16E-01 1,85E-02 1,49E-01 ~ 5,77E-03 8.92E-04 2.04E-03 1.1 4E-03 2.21E-04 ; 3,34E-04 2.03E-03 I 2.06E-03
E

S2 1.53E+OO; 1.37E+04\ 7,75E-02 4.21E-04 1.35E-02 / 0.00E+OO 3.37E-05 1.68E.01 4.14E.05 2.77E-02 1,49E.05 1 .68E.01 j i .68E.01

S3 6.E4E-03 5.04E-05 2. 72E.04 2.31 E.04 6.90E-03 i 6.99E.03

34 I 1.03E+oo~ 1.03E+O0 I,63E+02 2.44 E+001 3.32E+04 4.76E-Of 1.90E-03 1.02E+O0 1.03E+O0 1.54E-04 1.03E+O0 7.42E-04 7.97E-64 5.30E-05 f.03E+OOl 1.03E+O0

S5 4.88 E-011 6.56 E-01/ 6.50E+01 1.33E+O0 1.1 3E+04 2.45E-Oj 9.35E-02 1,53E+O0 4.13 E-o1! 3,82E-03 2.44E-O? 1.97E-02 2.44E-01 f.07E+O0 2.43E-011 2,45601

56 ‘-t7,70E.01; 7,87E.01;2,13E+OI 7.68E.Of 3,19E+03 3.33E.of 9.82E.04 7. 64E.01 7.137E.Of/ 4.48E.04 7,69E-Of 9.51E.05 5.47E-04 7.%E-06 7.69E-011 7.7iE.Of

S7 : 8,86E-OI! 6,63E-09: 2.24E+02 4.43E+o0 4.80E+04 1.61 E+OOi 1.56E-02 2.76E+O0 8.83E.01[ 5.66E.03 8.85E-01 1.40Ea2 5.14E-04 3.23505 8.86E-01: 6.88E.01

S8 I 3.83E-011 3,81E-ol~7.35E+O0 3.82E-01 1.12E+03 3.81E-011 1.04E-03 3.80E-01[ 3.82E-011 8,42E-03 3.83E-07 8.08E-04 4.54E-03 1.44&05 3.83E-Oli 3.84E41

S9 } 0.00 E+oo I 0.00E+OO 0.00E+oo 0.00E+OO 0.00E+OO 0.00 E+OO, 0.00 E+OO; 0.00 E+OOI 0.00E+OO 0.00E+OO 0.00 E+OO) 0.00E+OO O.OOE+OO1 0.00E+OO 0.00 E+OOi 0.00E+OO

S10 ! 5.58 E-021 7.24E-02 5.08E+O0 1.37E-01 1.23E+03 4.54 E-021 5.48 E-03, 1.26E-01

SI 1

3.67 E-021 2.64 E-04~ 1.50E-02 1.24E-03 2.48 E-031 1.12E-04 1.50 E-021 1.51E-02

I 3.80E-04 4.53E-04 6,07E-02 4.57E-04 7.83E+O0 <:58~-041 9.5SE-03 4,54E-02 4,55 E-02! 8.34E-WI 3.79E-02 5. UE-05 3.92E-04 4. OSE-03 3.78E-02! 4,57E-02

S12 \ 2.79E-02i 3.62E-02 2.54E+O0 6.66E-02 , 6.15E+02 2.27 E-~ 2.74E-03 6.26E-02 l,84E-021 i.32E-04 7.5t E-03 6,2!E-04 1.24E-03! 5.62E-05 7,50 E-03~ 7.53E-03

S13 ~ 6.85 E-O1\ 9.16 E-01[ 6.15E+01 2,63E+O0 9.95E+03 5.76E-Of 1 4.36E-02 6.05E-Of 6.08E-011 2,27E-03 6. IOE.01 1.81E-04 8.59EW; 2,3 fE-04 6, TOE-011 6.12E-01

S14 ! 5.68 E-02~ 5,79E-01 3,92E+OI 1.53E+o0 1.83E+04 2.37 E+OOI 1.05E-02 2.93E-01 1,16 E-021 4,49E-04 6.38E-03 6.35E.04 8.07E-04 1.59E-04 6.35E-031 6.43E-03

S15 1 0,00 E+oo; 0.00E+OO 0,00 E+oo; 0.00E+OO 0.00 E+OOi 0.00 E+OOj 0.00 E+OO~ 0.00 E+OOI 0.00 E+OOi 0.00E+OO 0.00E+oo 0.00E+OO 0.00E+OO 0.00E+oo 0.00 E+OO; 0.00E+OO

S16 i 0.00 E+OO\ 0.00E+OO 0.00 E+OO; 0.00E+OO 0.00E+OO 0.00 E+OO[ 0.00 E+OO; 0.00 E+OO; 0.00 E+OO; 0.00E+OO 0.00E+OO 0.00E+OO 0,00E+oo 0.00E+OO 0.00 E+OO! 0.00E+OO

S17 0.00 E+OO; 0.00E+OO 0.00 E+OO: 0,00E+OO 0.00E+OO 0.00 E+OO; 0.00 E+OO, 0.00 E+OO! 0.00E+OO 0,00E+OO 0.00E+OO 0.00E+OO 0,00E+OO 0.00E+OO 0.00 E+oo~ 0.00E+OO

S18 I 2,79 E-02’ 3,62E-02 2. 1,24E-03 5.62E-05 7,50 E-031 7,53E.03

S19-0 ! 6.89 E-01: 8.64E-01 3,68E+OI 1.24E+O0 5.72E+04 1.04E+O0 2.82 E-01~ 3.12 E-Oli 2.05E-02 1,41 E-02 1.00E-02 6.42E-04 1.45E-03 6.51E-04 9.84E43; 1.OfE-02

S19-A ! 6.30 E-OI; 6.85E-01 3.71E+oI 1.20E+O0 4.72E+04 1.15E+O0 2.63 E.01~ 2.50E-01 2.25E-02 1,43E-02 1.00E-02 6.39E-04 1.48E-03 6.55E-04 9.84E-031 l,01E~2

S20-T 1.52 E-011 1.64E-01 8.85E+O0 3.01 E-01 2.49E+02 1.93E-01 9. UE.04i 5.65E.02 3.49E.02 3.43E.05 3,46E-02 1.36E.03 2.61E-03 1.16 E-133 3,48 E.02, 3.50E.02

S20-S ; 1.05 E+OII 4.73E+O0 1.93E+02 7.45E+O0 4.12E+04 3.93E+O0 2.72 E-01~ 2,21E+O0 3.75E-01 1,32E-02 3.48E-02 4.26E-04 3.47E-02 5.99E-03 3.46E.02i 3.50E.02

S21 ; 2,24 E-011 2.59E-01 2.04E+OI 5,88E-01 7.68E+03 3.41 E-O1; 2.46 E-02, 2,10E-01 2.16E-02 1,08E-03 3. 18E-03 2.59E-04 2.24E-03 1.46E43 3,16E-03; 3.20E-03

S22 ; f.25E+O0/ 7.25E+OO~4.96E+Ol 1.25E+O0 5.91E+03 4.97E-01~ 3.28 E-021 f.24E+O0 1.25E+O0 1.46E-03 1.25E+O0 4.16E-04 9.09 E-03; 6.93E-03 1.25E+O0 1.25E+O0
1 I

I ( I I I
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Solvent Tank Nuclide Inventofy Calculations - SusFnded Solids ! 1 I I I I I- -———q I I
CiIg i

,
! ci/g~. _.. ~ Ci/g !

, 1 1 1 1 1
Cilg 1 Cilg Cilg

6.47E-05 ;

Cdg I I

SPCAT! 9,64E-03 j

Cllg

[ 6.24E-03 !
.—

I 2,16E-06 : I 3.36E-07i / 7,05E-04 ! I 1.71E+01 ] ! 6.21 E-62 I

,1
I I I I I I I I

Values bsted in Black Bold Italics print are detetion hmits or upper fimits. I
1

I
Tanks S8and S13 U-238 acovity is a lower fimit. Unmtiainty of 100% has been assigned. ~ I I
The values calculated for samples S20-T and S20-B are upper timits. I I
Values hsted in Blue Bold Italics are mlculated based upon average activity concentrations of the analyzed suspended solids from aqueous solutions.
The suspended solids fmm the organic Iquids in Tanks S11 and S20 (20-T) were not used to calculate average activity conmntrations. [ I

Since S19-0 and S1 9-A represent duplicate samples, only S19.0 was used i“ the average activity alculations. 1

The average Cm-245 value is based upon the activity mncentration from the suspended solids in Tank S8 only, I I ~ I
The average Cm-246 value is based upon the activity concentration from the supsended sotids in Tanks S6, S21, and S22.
Errors associated with average activities were calculated by averaging the relative errors assoc~-+-~ . ..I.. $.--A..:s--

1 1 I
,.!.,.. “,,, , ,, ,. ..!,.,,,.., \ 1 1 I 1 I
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Cilg ! I I 1 I I I I I I
I Cllg cilg i ICllgCilg Cilg ci/g i

___ ; 2.00E-01
Cilg

2.27E-01 ! ! 1.03E+02 I __ I 3.93E*2. I –-. [ 3,44E+O0 I \ 8. IOE+OI : I 1.72E41 I I 3.04E41..— — I

I I II I

I I I
( (

I I ~

I 1
1 1

I 1
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I I (
I 1 II —. ______.._....–-

1 I I !

, U-233 I U-234 { U-235 U-236 U-238 NP-237 Pg-238 Pu-239 j Pu-240 / Pu-241 ~ Pu-242 ! Am-241 I Atn-243 Cm-244

Tank# :g/(gwaste) ;g/(gwaste)~ g/(gwaste) gl(g waste) gl(g waste) gl(g waste) gl(g waste) 9/(9 waste): gl(g waste) gl(g waste) I gl(g waste) I gl(g waste) \ 91(9 waste) I 9/(9 waste)

S1 6.59E-05 f.04E-w ; 1.27E-03 1.WE-W 1,68E-01 7.04E-04 7.09E-06 1.05E-W: l. WE-O4 7. IIE-07! 1.04E-04 j 1.47E-06 i.04EWi 1.72E-06

S2 I 3.16E-05 4.98E-05 : 4.00E-03 i.ooE-04 6,43E-01 ‘1.35E-04 8.63E-06 1.07E-04 4.29E-05 3.41E-07 4.30E.05 ~

53 I 3.02E-06 2,65 E-05\ 3.70 E-03; 5.42E-05

7.86E-07 4,26E-05~ 3.76E-07

4,66E-01 1.15E-04 2,36E-06 1.66E-04 1.57E-05

S4 5.66E-06

1.25E-07 4. 76E-06 3,87E-07 3.06E-06 ~ 1,28E-06

2.33E-05 ! 2.34 E-031 4.23 E-05, 3,07E-01 6.66E-06 2,23E-06 6.09E-05 7.13E-06 1.22E-07 f.86E-06

S5

8.79 E-08! 7.86E-061

! 3.15E-05 3. 14E-05 i 5,53E-04

6.36E-09

3. 15E-05 I 8,46E-02 3.15E-05 1.06E-05 1.33E-04 5.34E-05 8.97E-08

S6 I 5.66E-06 I

3.16E-05

2.91 E-051

9.49 E-07; 9.10 E-06j

3.46E-03

3, 15E-05

1.00E-04I7,63E-01 1.56E-05 2.46E-06 1.06E-04 4.54E-06

S7 2.4fE-07 ~

8.14E-OS 4,00E-07 2,07E-07 3.~E-07\ 1.61 E-06

2,46 E-05~ 2.23E-03 8.27 E-051 5,18E-02 6,11 E-061 3.60E-07

S8

1.05E-04 6.66E-06 1.67E-07 6.38E-07 2.95E-07 2.41E-07 I 9.35E-10

2.05E-06 4.63E-06 ; 1.36E-04 4.64E-06 ! 3.22E-02 2,74E-05 I 6.04E-06 2.24E-04 1.51 E-05 1.37E-07

S9 \ 0.00E+oo

5. 75E-07 6.00E-07

0.00E+OO ; 0.00E+OO

5, 70E-07 ; 1.33E46

0.00 E+OO; 0.00E+OO , 0.00 E+OO! 0.00E+OO 0.00E+oo 0.00E+oo 0.00E+OO

Slo I 1.79E-04

0,00E+oo 0.00E+OO

1.00 E-04;

0.00 E+OOI 0.00E+oo

5.91 E-03 : 2.88 E-041 7.63 E-OI; 9.1 3E-04 ~ 4.27E-05 7.08E-04 1.85E-04 2.68 E-06, 2,92E-05 8.49E-06 5.66E-05 [

511 ! 2.47E-06

1.61E-05

2.40E-06 ~ 3.08 E-051 2,41E-06: 5.36E-03 2.47 E-06; 2.00E-06 3.36E-05 4.97E-06

S12 I 1.79E-04

l,26E-07~ 2.42E.06 5.00E-07 1.00E-06 ~

1.00 E-041 5.91 E-03

1.01 E-06

2,88 E-04{ 7.63E-01 9.13 E-04i 4.27E-05 7.08E-04 1.86E-04

S13 j 2.39E-C.l

2.68E-06 2.92E-05

1.47E-04

6.49 E-06, 5.56 E-051

9.28E-03

1.61 E-o5

4.23E-W; 1.52E+O0 2.04E-041 7,93E-05[

514

1.27E-03 1.31E-04 5.28E-06

I 2.63E-06

2.82E-05 1.25E-051 4.08E-061 7.43E-07

4.13Ed6 1,00E-04 4.14E-06 1.60E-02 6.77 E-06i 1.61 E-05 i 3.03E-05 1.95E-05 2.66E-09 4.15E-06

s15 ; 0.00E+oo I 0.00E+OO

5.69 E-06~ 7.56 E-06;

0.00E+OO

1.65E-06

0.00E+OO o.ooE+OOI 0.00 E+OO: 0.00 E+OO; o,ooE,oo 0.00E+OO 0.00E+OO

S16 \ 0.00E+oo 0,00E+OO i

0,00E+OO 0.00 E+OO! 0.00 E+OO~ 0.00E+OO

0.00E+oo 0.00E+OO 0.00 E+OO~ 0,00 E+OO; 0.00 E+OO! 0.00E+OO 0,00E+oo 0.00E+OO 0.00E+oo

s17 ; 0.00E+OO 0.00E+OO

0,00 E+OO; 0.00 E+OO; 0.00E+OO

0.00E+OO 0.00E+oo 0.00E+OO i 0.00F+OO 0,00 E+OO, 0.00E+OO 0.00E+OO 0,00E+OO O.OOE+OO

S18 i 1.79E-04

0.00 E+oo[ 0.00 E+OO, 0.00E+OO

1.00E-04 5,91E-03 2,88 E-04; 7.63E-01 9.13 E-04~ 4,27E-05 7.08E-04 1.85E-04 2.66E-06

SI 9-o 5.71E-06

2.92E-05 8.49 E-06!

1,32E-05

5,56 E-05{

1.06E-03

1.61 E-05

2.95E-05 1.64E-01 1,78E-03 5.91E-06 4,27E-05 1.54E-05 3,65E-07 5.55E-06 1.33E-06 I

S19-A ! 6,50E-06

3.25 E-061 1.60E-06

1.02E-05 5.69E-04 1.76E-05 9.43E-02 2.38E-05 1.47E-06 1.56 E-05! 6.30E-06, 1,92E-07

S20-T

6.26Ed6 3.56E-07 i

~ 3.14E-061 4.94E-06

6.30E46 I 4.11 E-07

1.46E-05 4.96E-06 2.16E-03 4.98E-06 7,57E-06 4.96E06 4,98E-06; 4,84E-09 4.94E-06 4.97E-08 ;

S20-B 2. IIE-05: 3.30605

4.98E-06; 1.71E-08

7.63E-04 3.32E-05 1.33E-01 5.09E-05 5.68E-06 6,99E-05 3.3 fE-05 2,56E-07

S21 I 5.63E-06 I

3.33E-05 8.32E-07 I 3.31E-05 1.09E-06

7,48E-06 ; 7.33E-04 2.60E-05 1.15E-01 4.97E-05 5.05E-06 7.03E-05 5.16E-05 2,70E-07 6.97E-07 f .04E-06 I

S22 i 4.39E-06 I

1.39E-05 7.88E-06

4,62 E-06\ 3.66E-04 1.08E-05 4. 14E-02 6.79 E-061 7.00E-06 1,36E-04 2.61E-04 2.39E-07 2.39E-06 1.34 E-061 7.26E-05 3.06E-05
I

~—.—
I
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( I I I I I

I ~~
;—j-+

I ! , 11 1I I I I I IIU-233 U-234 U-235 U-236 I U-238 NP.237 Pu-238 Pu-239 Pu-240 Pu-241 Pu-242 h-241 Am-243 Cm-244

Tank # j gl(g waste)! gl(g waste) ~gl(g waste) ~g/(g waste) [ gl(g waste) g/(g waste) gi(g waste) I gl(g waste) gl(g waste) g/(g waste) gl(g waste) gl(g waste) @(g waste) ~g/(g waste)

51 2.56 E-05: 3.1 OE-05 t 1.19 E-031 5.22 E-05; 1.76E-01 9.70E-06 3.36E.06 \ 1,95E-05 l.l IE-05 1.51 E-07 1,52E-06 1.76E-06 2.35 E-06~ 1.66E-06

52 : 6.72S07 ! f.62E-66 I 1.92 E-051 6.14E-07 / 2.94E-03 1.52E-06 4,67 E-06J 4.97E-06 3.31E-06 ~ 2.00E-07 6. f3E-07 1.63E-06 2.20E-06} i .1OE-06
53 \ 2.56 E-051 3.10 E-05~ 1.19 E-03; 5.22 E-05\ 1.76E-01 9.70E-06 3.36 E-06: 1,95E-05 I, IIE-05 t.6i E-67 1,52E-66 1.76E-06 2.35E-66; 1 .86E-06

54(I) i 0.00E+OO I 2.37E-03 I 1,65E-01 5.22 E-051 4.40E+oI 4.67E-04 6.83 E-061 1.02E-04 0.00E+oo 1.51 E-07 , 1.52E-06

55 2,56 E-05;
1.ME-06 8.30E-07 i 4. IOE-07

3.10 E-06/ I,19E.03 5.22 E-051 1.76E.01 i 9.70E-06 3.36 E-06~
S6 j 0.00 E+OOI

I,95E-05 1.IIE-05 1.51 E-o7 , I,62E-06 1.76E-06 2.35 E-06! 4.66E-06

0.00 E+OO’ 0.00E+OO 0.00E+OO : 0.00E+OO 0.00E+OO , 0.00E+OO 0.00E+OO 0.00E+OO 0,00E+oo ~ 0.00E+OO 0.00E+OO / 0.00E+OO I 0.00E+OO

57 \ f. 17E-06 I 3.31 E-06: 3.23E-04 1.1 8E-05 6.14E-02 f. 17E-06 1.65E-08 I 7,82E-06 1.17E-06 4.50 E-09[ f.77E-06 4.47E-08 1. f7E-08 ~

S6 ! 1.99E-07 ; f.99E-07 I

6.30E-10
4.06 E-06; f.99E-07 5.93E-04 2.96Ei77 2.23E-08 ! 7,07E-07 2.00E-07 3.83E-fO I

S9 I
1.99E-07 7.85E-09 2.00E-67 ~ 2.89E-10

2.56 E-051 3.IOE-051 1.19 E-03; 5.22E-05 1.76E.01 9.70E-06 3.36E-06 : 1.95E-05 1. IIE-05 t .51 E-07! 1.52E-66 1.76E-06 2,35 E-06! 4.66E-06

Slo 2.56 E-051 3,10 E-05[ 1.19 E-631

511 !
5.22E-05 1.76E-61 9.70E-06 3.36E-06 ; 1.95E-05

2’.56E-65 I

1. IIE-05 1.51 E-07 ; I,52E-06 1.76 E-061 2,35 E-06,

3,10 E-05[

1.66E-06
1.19E-63 5,22E-05 1.76E-01 I 9.70E-06 3.36E-06 1.95E-05 l.ll E~5 ‘i .5i E-07 1.52E-06

512 ! 2,56E-05

I,76E-06 2.35E-06 ! 1.86E-06

3. IOE-05! 1.19E-03 5.22E-05 1.76E-0$ I 9.70E-06 3.36E-06 1.95E-05 l.l IE-05 1.51 E-07

S13 ! 2.56 E-051

1.52E-06 1.76E-06 2,35 E-061 1.86E-06

3,1 OE-05 I 1.19E-03 5.22E-05 1.76E-01 I 9.70E-06 3,36 E-06, 1.95E-05 1. IIE-05 1.51 E-o7 1.52E-06 I,76E-06 2,35E-06 ~ 1.86E-06

514 ; 2,56 E-05; 3.10 E-05~ 1,1 9E-03 5.22E-05 1.76E-Of ~ 9.70 E-06! 3.36 E-06! 1.95E-05 1. IIE-05 1.61 E-07

S15 2.56 E-05;

I,52E46 1.76E-06 , 2.35E-06 , 1,66E-06

3,10 E-05; 4.19E-03 5.22E-05 1.76E-01 ! 9.70 E-06[ 3,36 E-06; 1.95E-05 1. IIE46

S16 !

1.51 E-07 1.62E-06 1.76E-06 1 2,35 E-061 1.66E-06

6.55E-06 , 8.54E46 ! 4,93E-04 I 1.71 E-05, 9.07E-02 ~ 4.47E-06 ~ 6.05E-06 I 1,36E-05 6.56E-06 9.32E-69

S?7 I

6.56E-06
2.56 E-05~

3.81 E-09 I
3.1 OE-05 1.1 9E-03

8.55E-68 I 6.57E-66
5.22 E-05; 1,76E-01 ~ 9.70 E-06; 3.36E-06 I,85E-05 l.l IE-65 1.61 E-o7 I,52E-06 1.76E-06 I 2.35 E-06i

S16 2.56E-65 3. IOE-05 I,19E-03
1,66E-06

5.22E-05’ 1,76E-01 ! 9.70E-06 3.36E-06; 1,95E-05 l.l IE-05 1.51 E-o7
519 : 2.56E-05,

1.52E-06 1.76E-06\ 2.35E-06 i.66E.06

2,54E.05 1.61 E-o3 5.64E-05 1.47E-01 8.12E-06 i .96E-06 1.87E-05 6.96E-07 6,91E-08 6.95E-07 1.19E-061 2.69E-06 1.12E-06
S20 I,67E-06 9.86&06 2.78E-04 1.45E-05 1.70E-01 3.44E-06 4.73E-07 1.57E-05 f.87E-06 2,42E-08 1,67E-06 2.83 E-07i 4.20E-07 2.49E-07

521 ( 3.37E-07 ! 3.35E-07 7.96E-06 3.37E-07 1.21 E-03 3.36E-07 2.56E-08 1.16E-06 3.37E-07 1.29E-09 3.36E-07 2.17E-09 , 3.38E-07
S22 ! 6.83E-07 ; 2.60E-07

1.21 E-o9
1.67E-05 2.21 E-07 ~.76E-01 5.87E-07 3.26E-07 5.45E-06 1. IIE-05 8,54E-09 6.82E-07 5.31 E-06 \ 3.48E-06 2.03E-06
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EVALUATION OF OLD SOL~NT STORAGE TANKS 1-22 (Rev. l)

This report is a revision of a previous report (Ref. 1) that documents the evaluation of the sampled contents
of the Old Solvent Storage Tanka against ANSI Stmrdarda (Ref. 2) for criticality mfety. Evaluations irr the ●
previous re~rt were limited to those * for which aarrrplirrgwas performed. Improved methodologies
for determining ti smrtenta, both sampled mrd non-wmpled, have resulted in impruved estimates of tmrk
tissile material contents (Ref. 3,4, 5). This report improves the previous evalmtiona for the sampled*
and provides the equivalent evaluations for the non-sampled tanks.

INTRODUCTIONAND SUMWY

As part of the project to close the Old SnlventStomgeTrmka1-22, it ianecessaryto prform enevaluation
of criticality mncema sssuciated with tltia efforL. The p~se of dds rcpurt is ru document the results of
tbe evaluation.

Criticality concerns for waste msterial handling and ti closure of Old SoIwmt Storage T- 1-22 was
evaluated baaed on enrichment end f~sile mass. Td Mopic contents were determined in a previous
analysis (Ref.3,4, 5). Effective enrichments were determined based on combmed U-235, h-239 and U-
238 uairrg the Rule of Fractions. GlcuMrma indicate that there is inaufflcient fissile mess for criticality, es
long as the U-238 is not separated fmm the other waste constituents and the effective enrichment of the
material ia not irr~cd.

EVALUATION OF ENRICHMENT

The evaluationisbasedon previousnuclearcriticalitysafety evahmtiona that use tbe Rule of Fractions to
determine enrichment of mixed U-235/Pu-239 systems (Ref 6). Results of determining effective
enrichment of tisaile material remaining in the Old Solvent Storage Trurks 1.22 is listed in Table 1.

●
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TABLE 1– Fusile Material Content and Enrichment of Old Solvent Storage Tank.

T& u-235 u-23a SU-239 9u-239 u-235 To-l U- TOti u Effectl=

(91 (9) [q] m 235 = %
2nrich69nt

S1 7. 60E+01 S.98E+03 8.16E-01 1.27 E+O0 7.73 E+O; !.06E.03 C,ei

s; 8.89E+O0 1.45E+04 1.2 SE+O0 1.94E+O0 1.08E+01 1.45E+04 c. O-

S3 1.19E+02 1.59E+04 1.30E+O0 2.02E+O0 1.21E+02 1. 60E+04 C.76

S4 1. 67E+02 3.43E+04 1.04E+O0 1.62E+O0 1. 69E+02 3.45E+04 0.4S

S5 1.44E+03 1.60E+05 1.80E+01 2.80E+01 1.47E+03 1.61E+05 0.51

S6 7.84E+01 1. 58E+04 2. 51E+O0 3.90E+O0 8.23E+01 1. 59E+04 C.52

S1 2.33E+02 4.8aE+04 3.llE+OO 4 .84E+O0 2.38E+02 4.90E+04 0.49

S8 7. 60E+O0 1.16E+03 5.22E-01 0.12E-01 8. 41E+O0 1.17E+03 0.7:

S9 1.59E+02 1.73E+04 1.92E+O0 2.99E+O0 1.62E+02 1.75E+04 0.93

S1O 3. E4E+02 4.25E+04 4.76E+O0 1.40E+O0 3.91E+02 4.29E+04 0.91

511 1.55E+02 1.69E+04 1.92E+O0 2.99E+o0 1.58E+02 1.71E+04 0.93

S12 6.38E+01 7.30E+03 8.30E-01 1.29E+o0 6.51E+01 7.37E+03 0.88

S13 5.87E+02 6.74E+04 7.18E+O0 1.12E+01 5.98E+02 6.80E+04 0.88

S14 1.48E+03 1.75E+05 1.78E+01 2.77E+01 1.51E+03 1.17E+05 0.85

S15 1.77E+03 1. 93E+05 2.14E+01 3.33E+01 1.80E+03 1.95E+05 0.93

S16 1.02E+03 1.87E+05 2.86E+01 4.45E+01 1.06E+03 1.a8E+05 0.57

s17 8.54E+01 9.31E+03 1.03E+O0 1.60E+O0 8 .70E+01 9.40E+03 0.93

S18 2.72E+01 3.31E+03 3.88s-01 6.04E-01 2.78E+01 3.34E+03 0.83

s19 3. 68E+02 8.77E+04 4 .24E+O0 6. 60E+O0 3 .75E+02 8.81E+04 0.43

S2 o 2.22E+02 5.33E+04 3.50E+O0 5.44E+O0 2 .27E+02 5. 35E+04 0.42

S21 2.75E+01 8 .78E+03 9.e3E-ol 1.53E+O0 2.90E+01 8.81E?03 0.33

S22 5.07E+01 1.59E+04 1.62E+O0 2.52E+O0 5.32E+01 1. 60E+04 0.33

●
U-235, U-238 and Pu-239 mzsscs were obtzined from reference 5. The fissile gmm equivalence of Pu-239
to U-235 was determined hy rule of fmztiom w-235 FGE = Pu-239 g” (700 g U-235/450 g Pu-239)).
Total U-235 FGE is the suns of U-235 and Pu-239 U-235 FGE. Total U was demmined by the sum of
Total U-235 FGE ad U-238. Effective Enrichment wzs determined by the ratio of Total U-235 FGE and
Total U.

C.zmpzring tank effective enrichments to the ANS S.1 limiting enrichment for criticality concerns (0.93
weight percent U-235, Ref. 2) shows all 22 Treks are witbimthe limit.

Comparison TO ANSI CRITIC.4LITTSAFETY ST~~S

ANSI Standards for critidIty szfcty provide guide~mes for criti&lity safety for low ersricbcncnts f,Ref. 2).
TJsestandard states that nztumlly cnrichcd umnirun is not a criticality cmmecn. Guidelines for suWIcal
masses for uniform aqueous low emichment aystcms are found in Table 6 of the ANSI standard.

CONCLUSION

Thii rcpmt mncludes thzt the Old Scdvent Stocage TX S 1 tbruugh S22 bzve critically safe invtitmies of
f~sile materials. The - will remain critically safe ducing future opemtions/ciosum provided no aztion
is taken that would cause an in- in ecsrichmcnt abuve the ANS 8. I limiting emicbment of 0.93 weight
percmt U-235.
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EVALUATION OF OLD SOLVENT STORAGE TANKS 1-22

INTRODU~ION AND SUMMARY

As part of tbe project to C1OSCthe Old Solvent Storage Tanks 1-22, it is n=essary to perform an evaluation
of criticality concerns sssaciatcd with this effort. The PUIPOXof this report is to document the results of
the evaluation.

Cti:icalit y concerns for waste material handling and tsnk closure of Old Solvent Storage Tak 1-22 were

evaluated based on enrichment and tissile msss. Tank isotopic contents were determined in a previous
anslysis (Ref. 2). Effmtive enrichments were dctcnnincd bsscd on mmbincd U-235, Pu-239 and U-238 ●
using the Rule of Fractions. Calculations indtmte that there is insufficient fissile mass for criticaht y, ss
long as the U-238 is not scpa~tcd from the other waste constituents and the effective enrichment of the
material is not incrcaxd.

EVALUATION OF ENRICHMENT

Tbc evaluation is bsscd on previous nuclw ct’iticslity ssfety evaluations that usc the Rule of Fractions to
determine enrichmerit of mixed U-235/Pu-239 systems (Ref. 1). Rcsufts of determining effective
enrichment of fissile mstcrial rc~fiing in the Old Solvent Storage Tanks1-22arclistedinTable 1.

TABLE 1- Fiife Materiaf Ontent and End-t of OfdSolvent Sto~e Treks.

1993 South CentennialAvenu%S.E
Alken, South C.smlina 29g03

. . . . . .
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●
U-235, U-238 and Pu-239wre detetind bymmpling ofalltieunks. Flssile mzterial wasnot found in
Tanks S9. S10. S12, S15, S17 and S18. The tissile gram quivalence of Pu-239 to U-235 wm detecmid
bymleoffractiom (U-235 FGE=Pu-239 g" UWg U-235/450 gPu-239)). Tot21U-235 FGEisthesum
of U-235 and Pu-239U-235FGE. ToIzl Uwasdetetind bytbesum of Toml U-235 FGEand U-23S.
Effcctivc Enrichment wm determind by the ratio of Total U-235 FGE and Total U.

Comparing 03nk effwtive enrichmcn* tO~e ANS 8.1 Iifiting e~chmenl fOrcriticality cOncerm (0.93
weight percent U-235, Ref. 3)shows Tati S2and S11 cx~thisiimit. Theother tanks mclcastiantbe
ANS 8.1 limit and are not a criticality concern unless enrichments arc changed.

Tank S2 has an effwtive emichment of 1.34% and a totz.1U-235 FGE of 10.8 grams. Tank S 11 has an
effective enrichment of 1.65% and a total U-235 FGE of 0.123 gmms.

COMPARISON TO ANSI CRITICALITY SAFETY STANDARDS

ANSI Standardsfor criticality szfety provide guidelines for criticality safety for low enrichments (Ref. 3).
The stsndzrd ststcz that naturally emichcd uranium is not a cziticslity concern. Guidelines” for subcritical
msaacs for utifonn aqucmza low enrichment systems sre fnund in Table 6 of the ANSI standzrd. Relevant
cnrichmencz and their zssnciatcd mszs fimics have been imludcd in Table 2 of tils document. U02F2
systems were used for reference bccausc these wcm the most rcsbictivc limits.

TABLE 2- Sub-Critical M= Limitz for Uniform Aquenua bw ~richment System

F
4.0 I 1.9s
3.0 2.75
2.0 I 8.00

The trend in Table 2 indimtcz thst mmc tian 8 Kg of U-235 is ndcd to cxcccd the critical safe mz.salimit
for cnricbments less M 2.0 w%. Tanks S2 and S 11 have signiticsntly Icsa tbzn 8 Kg U-235 FGE. In
fact, the calculation for Wisevzlustion indicate tbzt there k Icss than 2520g U-235 FGE in all 22 tznks put
together. ~Is com~wn of ti inventorica to ANSI standzr& has shown thczc tankz in heir cuzmnt
cnntigurstion do not rep-nt a cdtidlty az.fetyc.znccm. ~!s detcrminz.tion of criticality szfety is valid
pmvidcd U-238 is mt acpzratcd fmm the wzzte and the existing cff~ve emichmmrIs src zzotimproved.

CONCLUSION

Tbii rc~rc mncludca tit the Old Solvent Stmzgc TaczksS1 through S22 Irzve critially safe inventmim of
fissile mztials and will mmin critically szfe during future opcz’ztions/closure pruvidcd ~ action is tskcn
that would csuscan i— in emichment above the vd,ucz Iistcd in Table 2.

REFERENCES
1. “StomgeandHandling Limits for Sludge andMmk31 tirmsion Pmdwts in L Basin (U)”. N-

NCS-L-00006, *V O, 12 Jum 1997.
2. .Whamctctizztion nf Samples fmm Old Solvent Tati S 1 thmugb S27. WSRC-RP-98-01486,

Rev. O, 13 lanw 1999.
3. “’-ccn Nationsf Standsrd for Nucla Critidlty Safety in Opcrztinna with Fissiomble .

Matctizls Outside Rmctors”, ANSLIANS-8. 1-19g3.
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Andy Preston; 730-2B
Kim Hammer, WSMS

John D. Leybz 773-41AIQ~

February 3,2000

Concerns Regarding OSTS Total Inventory

h issue has b= raised regarding the to~ inventory of various eorrtaminants contained in the Old
Solvent Tanks (OSTS). In a previous teclmieal report (WSRC-TR-2000-0001 1, “Total Inventosy of
Selected Rdlonuclides in Old Solvent Tanks S1 through S22”), I Aculated the estimated total
invmtosy of various cent aminarsts in those tanks which were not sampled based upon the average
concentrations of the eontaminanw in the tanks which were sampled and analyzed. The data for these
calculations was taken from WSRC-RP-98-01486, Rev. 1 (“Charseterization of Sarnpl= hm Old
Solvent Tanks S 1 through S22n). A question has been asked which states, “By not having-pies tim
the speeific tanks, have we missed a period of operation when the waste stream characteristics wodd
have been cliff-t significantly *the _eristics of the waste ~ that filled the measured
-?M 1 dis~sed this isme.witi ~ Gibbs ~d we have come to the mnclusion that the methodology

currently used inWSRC-TR-2000-00011 to estimate the total inventory of eontssninan~ in the OSTS is
conservative fim a critidlty eve. This conclusion is b- upon an examination of the
calculated U-235/U-238 and Pu-238/Pu-239 ratios. ~ese ratios w~ Adated for ea~ phase tim the
average concentrations of these nuclides in the OSTS. ne table below contains the average elemental
ratios calculated bm the characterization data of OST samples for the various phases present in the
tanks.

U-235/U-238 ~tiO Pu-238/Pu-239 ~tiO

Phase Wg) w@
S1udge 6.8E-03 1.7E-01

~ ~ ~
Organic Liquid 3.6E-02’ 1.lE-01”

●
~ ~ ~

Suspended Solids - Org. Phase 6.3E-03” 6.OE-02’
a- asedondatatim Tsnk S20 O-C Uhsse Ordy.

b - Based on data fim TanksS11 &d S20 orgardcphsses.
c - Based on data fmm TankS11 organic phase only.
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●
On average. it appears that the tardcscontain F-Area Solvent. The ratios agree reasonably well with the
F-&ea products of weapons ~ade plutonium and depleted uranium. H-Area materials contain higher
quantities of Pu-238 and U-235. Since these two elemental ratios are in agreement with material from
F-&~ the tardcsthat were not sampled should not have a significantly higher weapons grade plutonium
content. In fact, if any H-Area material is present, the Pu-239 content will be lower. It should be noted
that the U-235/U-238 ratio in the organic liquid and the Pu-238~u-239 ratio in the suspended solids
phase of the organic liquid are each based upon one data point. Only two of the liquid samples obtained
in the OST characterization study were organic liquids. Liquid samples were not obtained from seven of
the tis. Of these seven tardcs, four tis had no liquid in them and the other tiee tardcs (Ttis S 10.
S 12 and S 18) contained ten gallons or 1=s.

The fd material of irradiated uranium, however, is one area of eon-. If the imsanrpled solvent tanks
were to contain H-Area aolven~ they could mntain a higher quantity of U-235. Thus, Ann Gibbs
rmmmends that WSMS examine the U-235/U238 ratios for each of the sampled tis and determine
which *has the highest U-235/U-238 ratio. me U-235 mncentration in the td with the higheat U-
235/U-238 ratio should then be used to e.aleulate the bounding mneentmtions in the unsampled *s.

1 cc Ann Gibbs, 724-21E
ADS Files

!
I
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Addressing Coucerns Regarding OSTS Total Inventory

● The issue regarding the potential of having a signifi~tiy different waste stream in the uncharacttiti
Old Solvent T- (OSTS) was addressed in SRT-ADS-00-0057 (“Gncems Reg~mg OSTS Total
Inventory”). In SRT-ADS-~57 it is atat~ “Thus, Ann Giibs =rnmends that WSMS examine the
U-235/U238 ratios for each of the sampled tatdcs and determine which* has the highest U-235W-238.
ratio. The U-235 coneentmtion in tie W with the high~ U-235AJ-238 ratio should then be used to
ealdate the bounding mnmtrations in the unsampled ti.”

~s present memo explores Ann Oibbs’ recommadation. For the various phasea (liqti& qd~
solids, sludge) presestt in the - which were sampled and analyzed, the U-235AJ-238 mass ratio was
determined. These ratios are given in Table 1. The data in blue reprment calculated values baaed upon
the assumptions given in WSRC-TR-2000-oool 1 (“Total Inventory of Sel@ed Wlonuclidea in Old
Solvent T* S 1Through S22”). These blue numbers are based upon the average measured
concentrations of tbe anslyte of int~ (U-235 or U-238) plus two times tJte standard deviation of the
avemge mncentition. The “1sss than value” indicates that ody an upper lit was established for U-
235 in the sludge sample tium T* S4. Two tatios (T* S11 filtered liquid and T* S22 _ded
solids) are listed as “greater than values” buss U-238 was not detected in these samples. The high-
measured U-235/U-238 mass ratio for sludge, filtered liqui& and suspended solids phases are Tardc S 19,
S20-T (organic phase of Td S20), and S7 respdvely.

Table 2 compares the U-235 activity mneentition plus error to the caldated average activity
con-tration plus two standard deviations (as ealdated in WSRC-TR-2000-0001 1) for the sludge tim
TtiS19, the filtered liquid bm T* S20-T, and the suspended soli@ tim T* S7. Table 2 shows

●
that the dculated average plus two standard d%ations for the sludges is lower than the sum of the
measured Tti S19 sludge activity and the 2-sigma error. The calculated average plus two ~
deviations for the filtd liquid is higher by over a factor of a hundred than the sum of the measured
Tti S20-T filtered liquid activity and the 2-sigma error. The calculated average plus two ~
deviations for the suspended solids is higher than the Tti S7 au.spmded solids activity value plus the 2-

. sigma error. Thus, taking the recommendation of Ann Gibbs, the T* S19 measured U-235 sludge



@
:activi~ plus the 2-si~a error shodd be used instead of the calculated average plus tvfo standard
deviations value to cdcdate tie estimated total mass of U-235 in the sltige phase of the unsampled
tis. For the fdtmed liquids rmd suspended solids, the sum of the calculated average plus two sttid
deviatins should be USed in estimatig the total U-235 in these two phases of the nusamp]d tankS ~@
&e.sevalues give a more conservative approach tian the methodology proposed by Ann Gibbs.

●’

Table 1 CalcuMed U-235iU-238 Mass Ratios
Ffitered Suspended

Sludge Liquid Solids
Tank # I Uranium Uraninm Uranium

: 235/238 235/238 235/238
Ratio Ratio Ratio

S1 6.81E-03 7.06E-03 6.74E-03
S2 6,53E-03 2.72E-04 6.24E-03
S3 6.79E-03 6.59E-03 7.61E-03
S4 4.76E-03 4.91E-03 7.61E-03
S5 6.78E-03 5.75E-03 6.51E-03
S6 NIA 6.68E-03 4.53E-03
S7 5.24E-03 4.67E-03 4.31E-02
S8 6.84E-03 6.56E-03 4.28E-03
S9 6.82E-03 NIA NIA

Slo 6.80E-03 4.13E-03 7.76E-03
Sll 6.80E-03 >7.75E-03 5.76E-03
S12 6.80E-03 4.13E-03 7.73E-03
S13 6.80E-03 6. 18E-03 6.llE-03
S14 6.82E-03 2. 14E-133 6.24E-03
S15 6.79E-03 N/A NIA
S16 5.45E-03 NIA NIA
S17 6.80E-03 N/A NIA
S18 6.80E-03 4.13E-03 7.73E-03
S19 1.@E-02 6.43E-04 6.45E-03

S2’O-T 1.63E-03 3.55E-02 6.83E-03
s20-B N/A 4.68E-03 5.85E-03

S21 6:61E-03 2.66E-03 6.40E-03
S22 9.53E-05 8.39E-03 >8.88E-03 .

Table 2 Comparison of~ighest Measured U-235 Activity Concentration PIUS2-Sigma Error and
Calculated Ave~e Value Plus 2 Standard Deviations

MGthod Acti.i~ * Error Total

Tank 19 Sbd,ge I 2.90E+03 + 5.80E+02 pctig 3.48E+03 pCi/g
~culated Sltige Average 6.19E+02 i 1.96E+03 pCi/g 2.58E+03 pCi.)g
Td 2&T Filti LiqLtid 2.11EW3 * 4.ME+02 pCi/L 2.53E+03.pCi~
Filt- Liquid Average 9.89EW * 1.91E+05 PCi/L 2.90E+05 pcfi

a
Tank 7 Suspmded Solids 4.01E+03 * 8.02E+02 pcti~ 4.8 IE+03 pCtig

Suspenr3ti Solids Average 3.89E+03 * 8.88E+03 pCi/g 1.28E+04 pCi/g
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Table 3 lists the total estimatti U-235, U-238, and Pu-239 content of the OSTS based upon the
calculational methodology given in WSRC-TR-2000-0001 1 and on the recommendation of Arm
Gibbs given in SRT-ADS-00-0057. Note that the U-235 mass values in Table 3 below are
greater than the corresponding values of Table 1 of WSRC-TR-2000-OWI 1 by approximately
30%. 1remmad fiat the new IJ-235 mass values given in Table 3 below be used when

performing the criticality safety maculations.

Table 3 Total Estimated U-235, U-238, and Pu-239 Content
of Old Solvent Tanks S1 through S22

I I U-235 I U-238 Pu-239
Tank # (g) (g) (g)

S1 7.60E+01 8.98E+03 <8.16E-01
S2 8.89E~ 1.45E+04 <1.25E+O0
S3 1.19E+02 1.59E+04 1.30E+O0
S4 <1.67E+02 3.43E+04 <1.04E+O0
S5 1.44E+03 1.60E+05 1.80E+01
S6 7.84E+01 . 1.58E+04 ~.5 lE+OO
S7 2.33E+02 4.88E+04
S8

3.llE+OO
7.60E+O0 1.16E+03 <5.22E-01

S9 1.59E+02 1.73E* 1.92E~
Slo 3.84E+02 4.25E+04 4.76E+O0
Sll 1.55E+02 <1.69E+04 1.92E+O0
S12 ~ ~ ~
S13. 5.87E@2 6.74E* <7. 18E+O0
S14 1.48E+03 1.75E+05 1.78E+Ol
S15 1.77E+03 1.93E+05
S16

2.14E+01
1.02E+03 1.87E+05 2.86E+01

S17 8.54E+01 9.31E+03 1.03E+O0
S18 2.72E+01 3.31E+03
S19

3.88E-01
3.68E+O? 8.77E+04’ 4.24E+O0’

S20 =.22E+02 <5.33E+04 <3.50E+O0
S21 2.75E+01 8.78EiQ3 9.83E-01
S22 5.07E+01 <1 .59E+04 <1 .62E+O0

a- This value was ealdated using the results from sample I9-O.

This new methodology proposed by Ann Gibbs has also been review by Vito Casella md he is its

axent with *e method.

cc Ann Gibbs, 724-21E
Vito Casell& 773-41A

● ADS Files




