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1.0 SUMMARY AND CONCLUSIONS

Tfris report documents the Composite Analysis (CA) performed on the two active Savannah

River Site (SRS) low-level radioactive waste (LLW) disposal facilities. The facilities are the Z-

Area Saltstone Disposal Facility and the E-Area Vaults (EAV) Disposal Facility. The analysis

calculated potential releases to the environment from all sources of residual radioactive material

expected to remain in the General Separations Area (GSA). The GSA is the central part of SRS

and contains all of the waste disposal facilities, chemical separations facilities and associated

high-level waste storage facilities as well as numerous other sources of radioactive material. The

analysis considered 114 potential sources of radioactive material containing 115 radionuclides.

The results of the CA clearly indicate that continued disposal of low-level waste in the Saltstone

and EAV facilities, consistent with their respective radiological performance assessments, will

have no adverse impact on future members of the public

Figures 1-1 and 1-2 summarir.e the results of the CA. As shown in Flgnre 1-1, the calculated

maximum dose to a hypothetical future member of the public is 14 mrenr/year at the mouth of

Four Mile Branch, 1.8 mredyear at the mouth of Upper Three Runs, and 0.1 mredyear on the

e

Savannah River at the highway 301 bridge. The calculated maximum collective dose to a

hypothetical future population is 2.7 person-redyear, as shown in Figure 1-2. The radionuclides

contributing the majority of the dose are 3H, “c, 237Npand isotopes of uranium. Two former

LLW disposal facilities, the Mixed Waste Management Facility and the Old Burial Gronnds, are

the major sonrces of these isotopes. Based on the low calculatd doses, a quantitative ALARA

analysis of disposal options was not deemed necessary in this iteration of the CA.

DOES commitment in the Defense Nuclear Facility Safety Board 94-2 Implementation Plan was

to prepare a CA that evaluates the impact to a hypothetical future member of the public from all

radioactive sources that potentially interact with LLW disposal facilities. Therefore, the CA

considered interaction of radioriuclide sources in the GSA with the active E and Z Area disposal

facilities. Due to the groundwater divide between the Old Burial Ground and the Mixed Waste

Management Facility, contaminants that potentially interact with EAV and Saltstone facilities are

directed to Upper Three Runs. Therefore, the mouth of Upper Three Runs is the appropriate

point to assess the effect of sonrces that potentially interact with E and Z Areas. The calculated

maximnm dose of 1.8 rnrern/yr at the mouth of Upper Three Runs is well below the DOE primary

dose limit of 100 mretiyr and dose constraint of 30 mredyr. The CA inchrded for

a

completeness the assessment of the month of Four Mile Branch and the Savannah River at the

Highway 301 bridge. It should be noted that the calculated maximum doses at these points are

afso below the DOE dnse limit and constraint.

Rev. O



“l-2 WSRC-RP-97-311

I
18

16 [

.................................................................,,,,,,,,,,,,,,,,,,,14 -

12 - ,:J’”’’”’FMI3

,...

10 -
,,..

,...

8 -

6 -

4 -

2 _ ,: UTR
_-— — ——— ___

_-....’ -- 301 Bridge
00 ‘“~

........ ,

100 200 300 400 500 600 700 800 900 1

Time, years

)0

.
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2. ~TRODUCTION

The SRS was acquired by the U.S. Government in 1950. Since that time, the U. S,

Government has contracted for the desi~, development, constmction, and operation of

various facilities at the SRS to support national defense and space exploration. Because of

these activities at the SRS, low-level, solid, non-hazardous radioactive wastes have been

and will continue to be generated. In addition, Environmental Restoration (ER) and

Decommissioning and Decontamination (D&D) activities will generate increasing

quantities of low-level radioactive wzstes.

The policies and guidelines of the DOE and other regulatory agencies require that

radioactive waste be managed, treated, stored, and disposed in a manner that protects public

herdth and safety, the environment, and groundwater resources. These practices must be

@
done in accordance with standards specified in federal, state, and locnl regulations. The

level of radioactivity in any effluent released to the environment should be maintained “As

Low As Reasonably Achievable (ALARA)”, known as the “ALARA” principle within the

DOE complex.

DOE Order 5820.2A, issued in 1988 (USDOE 1988a), established policies, ~widelines, and

minimum requirements for the management of radioactive waste, Mixed Waste (MW), and

contaminated facilities at the DOE sites, This Order addresses the storage, treatment, and

disposal of HLW, MW, LLW, Tmnsumnic (TRU) waste, and natcmdly occurring and

accelerator-produced radioactive materials that are generated by the DOE operations.

Chapter flI of the Order requires the DOE field sites to prepare and maintain a site-specific

radiolo~cal Performance Assessment (PA) for any LLW disposrd facility located at DOE

field sites. A PA must provide reasonable assurance that the facility design and method of

disposal will comply with the performance objectives of the Order (Dodge et al. 1991).

Two such PAs have been prepared for SRS: the Radiological Pe&orrmrnce Assessment for
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the Z-Area Saltstone Disposal Facility WSRC 1992a); ~d the Radiological Perfommnce

Assessm.ntfor the E-Area Vaults Disposal Facili~ (WSRC 1994).

The Composite Analysis described in this report complements these PAs, by addressing

impacts associated with sources of radioactive material that may interact with the Z-Area

and E-Area LLW disposal facilities. In other words, the potential overlap of plumes of

contamination in groundwater or other media are considered.

2.1 PURPOSE AND SCOPE

A Composite Analysis of SRS’s GSA is required by DOE in accordance with the revised

Implementation Plan prepared in response to Recommendation 94-2 from the Defense

Nuclear Facilities Safety Board (DNFSB) and the Comprehensive Environmental

Response, Compensation, and Liability Act (CERCLA). The purpose of the Composite

Armlysis process is to supplement information DOE obtains from PAs or CERCLA risk

assessments on the potential radiolo~cal impacts of continuing LLW disposal on the

hypothetical future members of the public, The Composite Analysis does not need to be

as detailed as the PA or CERCLA analyses, however. For the GSA, this analysis

supplements information DOE has developed for PAs for the Z-Area and E-Area

disposal facilities at the SRS (WSRC 1992a and WSRC 1994).

The Composite Analysis for the GSA addresses the potential cumulative impacts to a

hypothetical future member of the public from the Z-Area and E-Area LLW disposal

facilities and other sources of radioactive material in the vicinity of these facilities.

Total projected dose from dl sources will be compared with the DOE primary dose limit

of 100 mrem per year. The ALARA concept will also be explored in terms of estimated

maximum individual doses, collective doses, and alternative controls. For example, if

the

Rev.O



2-3 WSRC-W-97-311

projected maximum individual dose is in excess of 30 nrrem per year, an Options

analysis to identify alternatives that would reduce future doses would be explored.

2.2 DESCR~TION OF T~ GSA

The GSA study area comprises approximately 30 kmz of the central SRS. The GSA

contains major processing and waste management areas that will contain residual

radioactivity after DOE operations at SRS cease. The areas are E Area, F Area, H Area,

S Area, and Z Area. These areas are briefly described below.

E-Area consists of several waste disposal facilities used for disposal of radioactive solid

waste at SRS. The original facility, 643-E, is a 310,000 mz area used from 1952 through

● 1972. The 643-7E facility is contiguous to the origimd facility and received waste from

1969 through 1995. The 643-7E facility has an area of 480,000 mz. Within the 643-7E

facility, an area of 230,000 mz has beerr closed under the Resource Conservation and

Recove~ Act (RCRA). Beginning in 1994, disposal operations moved to the EAV

Disposal Facility, This facility consists of several disposal and storage units: Low

Activity Waste (LAW) Vaults, Intermediate Activity Waste (IAw Vaults, Long-Lived

Waste Storage Buildlngs, Suspect Soil Trenches, and Naval Reactor COmpOnents

Disposal Area. The L4W vaults include cells specially designed for the disposal of

tritiated waste.

Waste management operations at SRS have always distinguished among low activity,

intermediate activity and alpha contaminated wastes. At SRS, the determination of low

activity and intermediate activity wastes is made based on a radiation rate of 200 *r.
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Until 1965, alpha-bearing waste was buried in plastic bags and cardboard boxes in

earthen trenches separate from those for other types of waste. Between 1965 and 1974

alpha-bearing waste was segregated into two categories. Waste containing less than 0. I

Ci per package was buried unencapsulated in separate trenches. Waste containing

greater than 0.1 Ci per package was buried in concrete containers. If waste would not fit

into prefabricated containers, it was encapsulated in concrete. Since 1974, alpha-

bearing waste containing greater than 10nCtig has been stored on pads.

The EAV Disposal Facility currently consists of one LAW vault, one L4W vault, one

brig-Lived Waste Storage Buildlng, one set of Suspect Soil Trenches, and one Naval

Reactor Component disposal area. The radiation rate of 200 fir is used to determine

whether waste goes to the LAW or fAW vaults. Material placed in Suspect Soil Trenches

for disposal consists of soil, debris, rabble, and wood. The allOwable inventow in

Suspect Soil Trenches is set by Waste Acceptance Criteria (WSRC 1997) determined in

part by a performance assessment (WSRC 1994).

F Area contains a number of facilities for the processing, handling, treatment and storage

of radioactive material. The major facilities within F Area are the “Separations Canyon,

the Naval Fuels Facility, the F-Area HLW Tank Fare, and the Process Control

Laboratoq

The F-Area Canyon is used to separate a39Pufrom irradiated target elements. Before

being placed in standby mode, the Naval Fuels Facility was used to produce fuel material

for nuclear Naval propulsion. The F-Area Tank Farm is used to store high level liquid

waste generated from operations in the F-Area Canyon until it can be removed and

transferred to H Area for further processing. The process control Iabomtory in F Area is
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used primarily to verify the operations of the SRS separations processes through

chemical and radiochemical analyses.

H Area contains a number of facilities for the processing, handling, treatment and storage

of radioactive material. Major facilities within H Area are the Separations Carryon, the

Triti.m Facility, the H-Area HLW Tank Farm, the Extended Sludge Processing (ESP)

Facility, the Consolidated Incineration Facility (CIF), the Effluent Treatment Facility

(ETF) and In-Tank Precipitation (ITP).

The H-Area Canyon is used to chemically separate enriched uranium, 237Npand ‘*Pu

from irradiated fuel and target assemblies.

● Liquid ~W, containing mostly fission products from the extraction processes, is stored

in the H-Area Tank Farm.

Insoluble sludge solids in the HLW from storage tanks in both F-Area and H-Area Tank

Farms are slurried for removal and subsequent processing and storage in the ESP Facility

until the sludge slurry can be transferred to S Area for further treatment.

Soluble salts in the HLW from storage tanks in both F-Area and H-Area Tank Farms are

dissolved in water for subsequent treatment in the In-Tank Precipitation (ITP) facility. In

the fTP, the salt solution is treated to generate a HLW precipitate slurry and

decontaminated salt solution. The HLW slurry is stored until it can be transferred for

further treatment. The salt solution is transferred to Z Area for treatment and disposal as

LLW saltstone.
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The tritium facilities extract tritium from lithium-aluminum target assemblies. These

facilities also recover and recycle tritium that has previously been deployed to the field.

The CIF consists of a rotary kiln incinerator, which thermally treats hazardous,

radioactive, aod mixed wastes.

The ETF treats dilute liquid waste from the processing facilities and stem water runoff.

The resulting concentrate is sent tn Z Area for treatment and disposal as LLW saltstone

and the treated water is released to Fourmile Branch.

The flow of materird and general processing are similar in F and H Areas. This is

illustrated in Figure 2.2-1. Residual contamination will remain in the canyon buildings,

the HLW Tanks, the Sand Filters and the Seepage Basins for each area.

S Area is the site of the Defense Waste Processing Facility (DWPF). This is a

vitrification plant that converts liquid high level radioactive waste streams from ESP and

~P to a glass waste form. Canisters of glass are stored in S Area until they can be

shipped to the Federal Repository for HLW.

The Saltstone Processing Facility (SPF) and the Saltstone Disposal Facility (SDF) are

located in Z Area. Decontaminated saft solutions from the ETF and the lTP are blended

with cement, fly ash and blast famace slag to produce saltstone grout. The saltstone

grout is then pumped to concrete vaults in the SDF for disposal, where it solidifies into a

stable monolith,
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Regional characteristics must be understood to properly evaluate potential transport of,

arrd possible exposure to, radionuclides that could be released from facilities encompassed

by the GSA. The geography, demography, meteorology, seisrrricity, hydrogeology, quali~

of surface waters and groundwaters, and soils of the SRS and vicinity are briefly described

in this section.

2.3.1 Geography of the Region

The SRS occupies about 780 krnz in Aiken, Bamwell, and Allendale comrties on the Upper

Atlantic Coastal Plain of southwestern South Carolina (Fig. 2,3-1). The center of the SRS

is about 36 km southeast of Augusta, GA; 32 km south of Aiken, SC; 160 h from the

Atlmtic Coast; and is bomrded on the southwest by the Savmmah River, for about 28 km.

The Fall Line, which separates the Atlantic Coastal Plain physiographic province from the

Piedmont physiographic province, is about 50 h northwest of the central SRS.

In addition to the Savannah River, other prominent geographical features within 80 krn of

the SRS are Thrrmond Lake, Par Pond, and L-Lake. Thumrond Lake is tie largest nearby

public recreational area. This reservoir is on the Savannah River and is about 64 km

upstreanr of the center of the SRS. Par Pond arrd L-Lake are located \vitbin tie SRS (Fig.

2.3-2). Par Pond is a 11 kmz reactor cooling water impoundment that lies in the eastern

sector of the SRS. L-Lake is a 4 krn~reactor cooliig \vater impoundment that Les in the

southern sector of the SRS.

llre elevation of the SRS ranges from about 24 m above mean sea level (anrsl) at the

Sav~ah River to about 122 m arrrsl in the upper north~vest portion of the site. The

Pleistocene Coastal terraces md the Aiken Plateau fomr Nvo distinct physiographic
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Figure 2.3-1. Location of the Savannah River Site and .Adjacent Study .+rea
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Figure 2.3-2. Facili& Location }lopofthe SRS, Sho}ving Surface Drainoge
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subregions at the SRS wSRC 1992b)
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The Pleistocene Coastal terraces are below 82 m

amsl in elevation, with the lowest terrace constituting tie present flood plain of the

Savmti~ver adtieti@er temaces characterized bygently rollhg topography. The

relatively flat Aiken Plateau occurs above 82 m amsl.

The Aiken Plateau is dissected by numerous streams. Because of the Iargenurnber of

tributaries to small streams on the SRS site, no l~ation on the site is far from a flowing

stream, most of which drain to the Savannah River.

The dominant vegetation on the SRS is forest, with ~es ranging from scrub oak

communities on the driest areas to bald cypress and black gum in tie swamps. Pine

forests cover more area than any other forest me. Land use presently is about 56 percent

in pine forests, 35 percent in hardwoods, 7 percent in SRS facilities and open fields, and 2

percent in water (WSRC 1992b)

Except for three roadways and a railway that are near the edge of the SRS, public access

to tie SRS is restricted to guided tours, controlled deer hunts, and authorized

enviromtrerrtal studies. Figure 2.3-2 shows the major areas at tie SRS and their location

witbirr the site boundmy. The major production areas located at tie site include: Ra\v

,>:, Materials (M Area), Separations (F and H Areas), Waste Management Operations (E, .F,

and H Areas), and Defense Waste Processing (S and Z ~eas) (WSRC 1992b).

Administrative and support services, the Savannah River Technology Center (SRTC) and

the Savannah River Ecology Laboratory are located in A-Area.

The GSA has low to moderate topographic relief and is drained by several named and

unnamed perennial streams (Fig. 2.3-2). It is bordered by three streams with several

intermittent streams present \vithin the area boundary. Upper Three Runs forms the

northern boundary of tie GSA with an average elevation of 46 m amsl.; Fourrnile Branch

m
forms the southern boundary ‘tith an average elevation of 60 m amsl; and kIcQueen
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Branch, which it entirely within the study area, forms the northeastern boundary with

elevations falling from 76 m amsl at its head to 49 m amsl at the cotiuence with Upper

tiee Runs, There is no natural drainage at the west margin of the area. An arbitrary

boundary is established west of C Road by comectirrg Upper Three Runs to Fourmile

Branch.

2.3.2 Demography

The population within 80 krrr of the SRS consists of a pernranent (resident) and transient

population, the latter of which includes industrial, recreational, and casual components.

The major residential population centers within 80 km from the approximate SRS plaot

center point are Augusta, Georgia, about 40 km to the northwest; Aiken, South Carolina,

about 32 krn to the noti, and Ormrgeburg, South Carolina, about 79 krn to the east

notieast. In 1980 tie estisrratedpopulation within the 80 km radius around the SRS was

apprOtitely 620,000 ~SRC 1996c). More than 50 percent of the population is in the

Augusta, Georgia/South Carolina Standard Metropolitan Statistical Area (SMSA) which

includes Richmond and Columbia Counties in Georgia, Aiken CorrnW in South Carolina,

and the Fort Gordon Military Reservation.

The growth characteristics of the cities wd.toms arormd,the, SRS are s,imilar to those..,of . ..,,,$... ,,>

the rest of the state. There is a distinct pattern of population increase in the areas just

outaide cities. Cities of Aiken and North Augusta, South Carolina are major urban centers

with populations over 25,000. No other major urban centers are expected to develop in

this area.

The transient population consists almost entirely of the SRS work force, The Fort Gordon

Military Reservation, Alvin W. Vogtle Nuclear Power Plant, and Chem-Nuclear Systems

have approximately 4500,3400, and 300 employees, respectively.
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The regioml climate of the SRS is classified as humid subtropical, characterized by short,

mild winters and long, warm and humid summers. Summer usually lasts from May

through September, at which time daytime temperatures are frequently above 90”F, Winter

conditions alternate between warm, moist subtropical air from the Gulf of Mexico and

w1, dry polar air. Less than one-third of all winter days have a minimum temperature

below freezing. Annual average precipitation,. computed from daily meteorological data

collected at a SRS meteorological tower from 1952 to 1992, is 124 ctiyr (Fig. 2.3-3).

Extreme conditions, such as sustained winds, tornadoes, and maximum 24-hr rairrfafl are

not expected to impact the post-closure integrity of the facilities within the GSA

2.3.4 Geology

●
The surface of the Upper Atlantic Coastal Plain on which SRS is located slopes gently

seaward. The province is underlain by a seaward dipping wedge of unconsolidated and

serni-comolidated sediments that extends from the Fall Line to the seaward edge of the

continental shelf. Sediment thickness increases from zero at the Fall Line, where the

crystalline Piedmont province gives way to the Coastal Plain, to more than 1.2 Ian near the .,

cnaat of South Carolina. The SRS is underlain by about 180 to 370 m of Coastal Plain

sediments. These sediments vary in age from Late Cretaceus to Miocene, and are divided

into several groups based principally on age and litiology. A brief discussion of these

groups follows. An indepth treatment of the stratigraphy of the SRS is given in a recent

report by the State of South Carolina’s Department of Natural Resources (Aadland et al.

1995).
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2.3.4.1 Late Cretaceus Sediments

WSRC-RP-97-311

The Late Cretaceus sediments include, from oldest to youngest, the Cape Fear Formation

arrd the three formations of the Lumbee Group: the Mlddendorf, Black Creek, arrd Steel

Creek Formations @lg. 2.34). These sediments are approximately 210 m thick at the

center of the SRS.

The lowermost Cape Fear Fomtion rests on a thin veneer of saprolitic bedrock, which

defines the surface of the crystrdline and sedimentary basement rock. This formation is

composed of poorly sorted silty-to<layey quartz sands md interbedded clays. The

thickrress of tiese clay and smd beds mnges from 1.5 to 6 m, with sand beds being thicker

tharr clay beds. The formation is about 9 m thick at the northwestern boundary of SRS, and

it increases to more tbarr 55 m near the southeastern boundq (WSRC 1992b). This

e
formation has not been observed to outcrop in the vicinity of the SRS.

The thickness of the Lumbee Group, which overlies the Cape Fear Formation, varies across

SRS from 120 m in the northwest to more than 230 m near the southeastern boundary

(WSRC 1992b). The Middendorf Formation, which directly overlies the Cape Fear

Formation, is composed mostly of medium ad cnarse quartz smd that is clermer and less

indurated than the underlying sediments. Clay casts and pebbly zones occur in several

places in the Middendnrf Formation. A clay zone up to 24 m thick forms the top of this

formation over much of the SRS. IrI total, the Middendorf Fnrrnation rmges from

approximately 40 to 55 m thick from the northwestern to southeastern bound~ of the

SRS, Outcrops of this formation have been identified northwest nf the SRS.

The Black Creek Formation consists of quartz srmds, silts md clays. The lower section

consists of fine- to coarse-=mined sands, with layers of pebbles md clay casts. The upper

section chmges in composition as it crnsses the SRS from northwest to southeasu from

massive clay to silty smd with interbeds of clay. Thickness of the Bltck Creek Formation
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under the SRS rages from 34 m in the northwest to 76 m in the southemt (WSRC 1992b),

Outcropping in the vicinity of the SRS has not been confirmed.

The uppemost formation in the Lumbee Group is the Steel Creek Formation (previously

referred to as the Pedee Formation), which consists of fme-grained sandstone and siltstone

with marine fossils. This formation is comparable in age, hut lithologically distinct, from

the Pedee Formation in southwestern South CaroOrra. The lower portion of this formation

consists of fine- to coarse-gmined qu~z sand and silty sand, with a pebble-rich zone at its

base, Pebbly zones and clay casts are common throughout the lower pordon of the Steel

Creek Formation. The upper portion of this formation is a clay that varies from more than

15 m to less than 1 m in thickness at the SRS. The Steel Creek Formation is about 34 m

thick at the northwestern SRS boundary, and about 40 m thick at the southemtem boundary

*

(WSRC 1992b). No nearby outcropping has been identified.

2.3.4.2 Paleocene-Eocene Black Minso Group

Paleocene-Ewly Eocene sediments make up the Black Mingo Group (Fig. 2.34). In the

GSA, this group consists of the Early Paleocene Long Sync/Sawdust Landing Formations,

the Late Paleocene Snapp Formation, and the Early Eocene Fourmile Formation. This

group is about 21 m thick at the northwestern SRS boundary, tkickens to about 46 m near

the southeastern boundary, and is about 210 m thick at the coast (WSRC 1992b).

The Lmg Sync/Sawdust Landing Formations together are equivalent to the Iithologic unit

previously referred to as the Ellenton Formation (Siple 1967). These formations, treated as

a single unit due to difficulty in mapping them separately (Aadland et al. 1995), consist

mostly of gray, poorly sorted, micaceous, lignitic, silty and clayey quartz smd interbedded

with gray clays. They are approximately 12 m thick at the northwestern bound~ of the

Rev. O



.,..:

2-18 WSRC-RP-97-31 I

SRS and thicken to about 30 m ne~ the southeastern boundary. These formations outcrop

about four miles northwest of the SRS.

The deposits near the SRS that are time equivalent to the Williamsburg Formation differ

from the type Williamsburg and are designated as the Snapp Formation. The sediments are

typically silty, medium- to coarse-grained quartz sand interbedded with clay. The Snapp

Formation pinches out at the northwestern SRS boundary and thickens to about 15 m near

the southeastern boundary. In the GSA, distribution of the Snapp Formation is sporadic,

and not continuous.

Sand immediately overlying the Snapp Formation is identified as the Forrrmile Formation.

The well-sorted sand of this formation is an average of 9 m in thickness. Clay beds near

the middle and top of the formation me a few feet thick. In the GSA, this formation may

not be continuous.

2.3.4.3 Middle Eocene Orangeburz Grou~

The middle Eocene sediments make up the Orrmgeburg Group, which, in the GSA, consists

of the lower middle Eocene Congaree Formation, the upper middle Eocene Warley Hill

Formation, and the late middle Eocene Ttier/Santee Limestone Formation (Fig, 2.34).

The sediments tiicken from about 30 m at the northwestern SRS boundary to about:49 m

near the southeastern boundary (WSRC 1992b). The dip of the upper surface of this

formation is about 2 mikm to the southeast across tie site. The Orangeburg Group is about

100 m thick at the coast, The ~oup outcrops at lower elevations in marry places new and

on the SRS.

The Congaree Formation consists of fine to coarse, well-sorted and rounded, quartz sands,

Thin clay Iaminae occur throughout, as do small pebble zones. The sand is glauconitic in

places. The formation is about 26 m thick at the center of the SRS (Srrritset d. 1997).
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The Wurley Hill Formation, made up of glauconitic sand and green clay beds, md thus

previously referred to as the “~een clay”, overlies the Congaree Formation. This

formation is genemlly 3 to 6 m in thickness. However, northwest of the GSA, the Warley

Hill Formation is missing or very thin, such that the overlying TLnker/SarrteeFormation

rests mrconfomably on the Congaree Formution.

The Tinker/Surrtee Formation consists of calcilutite, cdcrirenite, shelly limestone,

calcareous sands and clays, and micritic limestone. The sands are glauconitic in places,

and fine- to medium-gained. The sediments comprising this formation have been referred

to in the past as the Sa.ntee Limestone, McBerur, und Lisbon Formations, and indicate

deposition in shullow marine environments. The Tinker/Sa.ntee Formation is about 12 to 15

m thick in the center of the GSA (Srnits et al. 1997). In places where the Warley Hill

e
Formation is absent, the Tinker/S.sntee Formation rests directly on the CorrgareeFormation.

2.3.4.4 Late Eocene Burnwell Group

The Late Eocene sediments make up the Barnwell Group, which consists of the

Clirrchfield, Dry Bmrrch, and Tobacco Road Sarrd (Fig. 2.3-4). The Clinchfield Formation,

the oldest of the three, is made up of qumz sand, limestone, culcareous sand and clay. It is

generally identified only when the contesting carbonates of the overlying Dry Bmnch and

underlying Tinker/Sarrtee Formations are present, with the smd of the Clinchfreld

Formation sandwiched between them. It has been identified at seveml areas within the

SRS, where it is up to 8 m thick, but is indistinguishable in the cerrtml regions of the SRS.

The Dry Bmrrch Formation consists of three distinguishable members: the Twiggs Clay

Member, the Griffins Landing Member, and the Irwinton Sand Member. The Twiggs Clay

Member cannot be mapped as a continuous unit within the SRS, but Iithologicdly simiku

clay is present at various levels within this formation. The tan, light gray, and brown clay
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of the Twiggs Clay Member hm previously been referred to as the “t~ Clay)’at the SRS.

The Griffins Landing Member is Upto 15 m thick in the southeastern part of the SRS. This

member consists mOstly of cdcilutite and calcarenite, calcareous qum sand, and slightly

cafcareous clay. It occurs sporadically and pinches out in the center of the SRS. The

remainder of the Dry Brmch Fomtion within the SRS is made UPof the Irwinton Sand

Member, which is composed of moderately sorted quartz sand, with interlaminated clays

abundant in places. Clay beds of this member have also been referred to as the “tan clay”

at the SRS. The Ninton Sand is about 12 m thick at the northwestern SRS boundary, and

thickens to 21 m near the southemtem boundary. It outcrops in many places around and

within the SRS.

The Tobacco Road Sand overlies the Dry Brrmch Formation. This formation consists of

moderately to poorly sorted quartz sands, interspersed with pebble layers ~d clay Ianrinae.

The sediments have the characteristics of a shallow marine deposit. The upper surface of

this formation is irregular due to an incision that accompanied deposition of the overlying

“Upland” unit and later erosion. The thicbess is variable as a result of erosive processes,

but is at least 15 m in places (WSRC 1992b).

2.3.4.5 “U~larrd Unit”

The “Upland Unit” is an informal stratigraphic term applied to terrestrird deposits that

occur at higher elevations in some places in the southwestern South Cwolina Coastal Plain

(Fig. 2.34). This unit overlies the Barnwell Group in the Upper Coastal Plain of western

South Carolina, on which the SRS is located, This unit occurs at the surface at higher

elevations in marry places around and within the SRS, but it is not present at all higher

elevations. The sediments are poorly sorted, clayey-to-silty sands, with lenses and layers of

conglomerates, pebbly sands, and clays. Clay casts are abundmt. The “Uplmd” unit is up

to 21 m thick in parts of the SRS. Niuch of this unit corresponds to the Hawthume
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Formation and the Tertiary alluvial gravels identified in previous documents (~RA

1986).

2.3.5 Grormdwater Hydrology

A discussion of groundwater hydrology must consider all aquifers and confining units that

could affect the subsurface distribution of contaminants if they were released from the GSA

facilities. In Wls report, the discussion of ~oundwater hydrology is restricted to

hydrostratigraphic units above the Meyers Branch confining system because units below

that system are considered protected from contamination, as described in Section 2.3.5.1

below.

The nomenclature used in this report to identify hydrostrati~aphic units is consistent with

Aadland et rd. (1995). Two different alpha-numeric systems of hydrostratigraphic

nomenclature were used in the Z-Area and E-Area PAs. These systems are listed in Table

2.3-1, along with the present nomenclature. The “common” names listed in this table are

names that have historically been used for the hydrostratigraphic units in many older

documents on this subject. These units, urrd their hydrologic properties, are defined and

described below.

2.3.5.1 Mevers Branch Confining Svstem

The Meyers Branch confining system overlies the Dublin and Dublin-Mldville aquifer

systems (Fig. 2.3-4). Sediments of this Late Cretaceous-Paleocene system correspond to

the Iignitic clays and interbedded sands of the upper Steel Creek Formation, and the

larrdnated clays and shafe of the Lang Sync/Sawdust Lunding and Snapp Formations. At

the SRS, this confining system consists of the Crouch Branch confining unit, which is

comprised of several thick and fairly continuous clay beds. East of the GSA, the Meyers

Branch confining system is41 m thick,21 m of which is clay beds. The Crouch Branch
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Table 2.3-1 HydrostratigrapMc Nomenclature
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Nomenclature of Aadland Z-Area Common
et af. 1995 E-Area Nomenclature Nomenclature Nomenclature

~oridianAauiferSvstem AauiferSvstemII

UpperThreeRuns Aquifer

“upper”zone AquiferUnit~, Zone2 Zone7c18 WaterTableUnit

“tanclay”zone ConfiningUnitlIB1-IIB2 Zone7b Tan Clay

“lower”zone AquiferUnitIIB,Zone 1 Zone6fla Barnwell/McBean

GordonConfiningUnit ConfiningUnitIIA-IIB Zone5b GreenClay

GordonAquifer AquiferUnitIIA Zone5a COn~aree

levers BranchConfinin: ConfinincSvstemI-II Zone4 EllentonClays

-
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cotig unit constitutes the Meyers Branch confining system over much of the SRS,

ranging in thickness from 17 m to 56 m. The updip lirrrit of the Meyers Branch confining

system, where the system no longer is a regional confining system, occurs north of the

intersection of McQueen Branch and Upper Three Rrrns streams and runs approximately

east-west. North of the updip limit, the Crouch Branch confining unit continues, and is

considered part of the Floridian-M]dville aquifer system (in which all aquifer units

including and above the McQueen Branch aquifer are considered layered parts of one

aquifer system).

Areas of the SRS which are adjacent to the Savannah River flood plain and the Upper

Three Rrrns drainage systems exhibit an “upward” gradient across the Crouch Branch

confining unit (Fig. 2.3-5). Hydraulic heads in the underlying Crouch Branch aquifer are

e

higher than those in the overlying Gordon aquifer in these areas, because the overlying

aquifer is incised by these two river systems. This area of upward gradient encompasses

most of the GSA. Thus the co-g nature of the Crouch Branch confining unit in the

GSA and tire head-reversal phenomenon naturally protect the aquifers beneati the

Floridian aquifer system from contamination.

2.3.5.2 Floridian Aauifer Svstem

Because of relative hydrologic isolation due to the Meyers Branch confining system, oidy

the Floridim aquifer system is of interest iu the Composite Analysis of potential

grormdwater contiation from operations at the GSA. ‘Ilre FloridimI aquifer system is

comprised of the lowermost Gordon aquifer unit, the Gordon cotig rmit, and the

uppe~o~ Upper ~ee Rmrs aquifer tit, which contains the water table.

Gordon .4gu~er Unit. The Gordon aquifer usrit overlies the Crouch Branch cotdirring

system, and is 23 m thick in the central GSA. The aquifer consists of sandy parts of the
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figure 2.3.5. Hydra”fi~ Head Difference Across the Crouch Branch confining Unit,
July 1990
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Late Paleocene-Early Eocene Snapp, Fourmile, and Congaree Formations. Sands and

clayey sands of the Gordon quifer unit are largely yellow to orange in color and consist of

fine- to coarse-grairred, subsmgula to subrounded quartz. The sands range from well to

poorly sorted. Locally-confining clay beds are present, as are pebbly zones. The unit dips

at 1.5 to 1.7 * to tie south and southeast and thickens in the western portion of the

GSA arrd to a minor extent to the southeast (WSRC 1992b).

The hydraulic ~dient in the Gordon aquifer across the SRS is generally from northeast to

southwest, averaging 0.9 b, towards the Savannah Mver. However, the potentiometric

surface indicates considerable deflection of the contours because aquifer sediments are

incised by Upper Three Runs, and the flow from the GSA is westerly (Aadland et al. 1995).

Potentiometric surfaces demonstrating this trend are provided in Section 5.1.1 of this

report. An average horizontal hydraulic conductivity of 1 x 104 rrr/s is reported for this

unit, based on measurements and modeling (Aadland et al, 1995).

Gordon Confining Urrit. The Gordon confining unit separates the underlying Gordon

aquifer unit from the Upper Three Runs aquifer unit. This confining unit is informally

known as the “green clay”. It is comprised of the fine-grained glauconitic sand and clay

beds of the Middle Eocene Warlvy HIII Formation, and the micritic limestone of the

Tinker/Santee Formation. ~Lckness of the Gordon confining unit in the vicinity of the

SRS varies from 1.5 to 25 m. In the GSA, it is from 0,6 to 9 m thick. Recent studies

indicate the nnit is composed of several lenses of green and gray clay that thicken, thin, and

pinch out abruptly. Extensive carbonate sediments, associated with areas of thin or

truncated clay beds me present in the GSA.

Leakance coefficients, estimated from modeling and pump tests, indicate an updip limit of

the Gordon confining unit at the SRS that runs southwest to northeast along Upper Three

Runs and Tinker Creeks. Southeast of this limit, leakances are relatively IOW,except in
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areas associated with extensive faulting. Laboratory-and model-derived vertical hydraulic

conductivities inthe GSAareon theorderof5x 10-lOrn/s(Aadlarrdet al. 1995), suggesting

that the Gordon confining unit ismeffective aquitmd inthisre@on. Horizontal hydraulic

conductivities ranging from 1.4 x 10”’0to 1.6 x 109 m/s have been determirred from

laboratory tests. A map of hydraulic head differences across the Gordon cordoning unit

(AadIandet al. 1995)shows aupwtid ~adient (head reversal) hthevicini~ of Upper

Tbree Runs andthe Savann& River. ~lsphenomenon iscaused bythe overlying aquifer

being incised by these two streams.

I
Upper Three Rws Aqu~er Unit. Tbe Upper Three Runs aquifer unit overlies the Gordon

continingmrit, and is the water table unit. This unit includes the sarrdy sediments of the

Tinker/Santee Formation arrd all the heterogeneous sediments in the Late Eocene Bamwell

Group. Irrthecenter of the SRS, theaquifer unitis40mthick. Irrthe GSA, theaquiferunit

isdlvided into three hydrostratigraphic zones with respect to hydraulic properties (Aadhurd

et al. 1995): a``lower'' zone (the water ublezone), a``tmclay'' Ioc~Iy+onfining zone, md
I

arr “upper” aquifer zone.

In the GSA, the “lowefl aquifer zone occurs hetween the overlying’ctm. clay” confining

zone arrdthe Gordon confining unit. It consists of sand, clayey sarrd, andcalcareous sand

of the TirAer/Sarrtee Fomation and of the lower pm of the Dry Branch Formation.

Groundwater that leaks across the “tan clay” confining zone recharges this zone. MOst of

the recharge water moves laterally toward the bounding streams which incise this zone; the

remainder flows vertically downward across the Gordon confining unit. Hydraulic

conductivity of the “lower” zone has been estimated for the GSA by several methods: Shrg

tests, pumping tests, minipermeameter tests, and sieve analyses. Average vahres for the

vtious methods ~~ from 3 x 104 to ,5 x 104 m/s. The lower values are based on

pumping tests, and tie higher v~ues ~e based on sieve amdyses. The large discrepancy

between the two me~ods suggests that large-scale heterogeneities, accounted for in

pumping tests, me impofi~t in detetiing conductivity.
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me “tan clay” confining zone is a leaky confining zone, ranging in thickness from O to 10

m throughout the GSA. The average thickness is about 3 m. The cIay beds of this

confining zone, when present, generally support a head difference (up to 5 m) in the GSA

between the “upper” and “lower” aquifer zones of the Upper Three Runs aquifer unit, thus

indicating that tie movement of water downward across this zone is retarded to some

degree. Laboratory analyses of undisturbed samples of the “tan clay” confining zone

yielded arangeof hydraulic conductivities from6x 1011t05x 10-7rnfsin the horizontal

direction and 1 x 101’ to 4 x 107 rnfs in the vertical direction (Aadland et al. 1995).

In the GSA, the “upper” aquifer zone consists of the silty sands of the frwinton Sand

Member of the Dry Branch Fomtion overlain by the saturated clayey sands of the

Tobacco Road Formation. The water table occurs in Mis “upper” znne. ~Is zone overlies

the “tan clay” confining zone, when present, and the “lower” aquifer zone, when the “tan

a
clay” confining zone is absent, Slug tests, minipermeameter tests, pumping tests, and sieve

analyses have been used to estimate hydraulic conductivity of the “upper” zone in the

vicinity of the GSA (Aadland et al. 1995). The average hydraulic conductivity estimates

for the “upper” aquifer zone ranged from 2 x 10< to 5 x 104rnJs for the various methods.

Three streams on site, Upper Three Runs to the north of the GSA, McQueen Branch to the

northeast (a tributary of Upper Three Runs), and Fourmile Branch to the south, are natural

boundaries to ~oundwater flow in the Upper Three Runs aquifer unit. All creeks cut into

this aquifer, and thus groundwater is either intercepted by the creeks or recharges the

underlying Gordon aquifer unit. The influence of these streams causes a YOundwater

divide to occur within this water table unit,
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2.3.5.3 Hydrologic Characteristics of the Vadose Zone

The vadose zone extends from the ground surface downward to the water table. Hydrardic

characteristics of unsaturated soil in E-Area were investigated by Gruber (1980) and in

n~by Z-Area, by Quisenberry (1985). Soil water content - soil water pressure

relationships for soil in both areas were developed, as were relationships between hydraulic

conductivity and water content. Saturated hydraulic conductivity of these soils was

estimated by Gruber, using undisturbed soil cores, to be on the order of 1 x 10< rrr/s, with

porosity on the order of 0,47 to 0.52, and buk density on the order of 1.6 g/cm3. Saturated

hydraulic conductivity of Z-Area undisturbed soil was estisnated by Quisenbe~ to be 2 x

107 nr/s, with a porosity of 0.37 arrd corresponding buk density of 1,7 g/cm-3.

Quisenberry also noted that the field measurements were made in three well-drained areas.

2.3.6 Surface Water Hydrology

The Savannah River cuts a broad valley approximately 76 m deep throu@ the Aiken

Plateau, on which most of the SRS sits. The Savannah River Swamp lies irr the floodplain

along the Savannah River and averages about 2.4 knr wide. Upper Three Runs, Fourrrrile

Branch, Tinker Creek, Pen Branch, Steel Creek,and Lower Three Rurrs (Fig. 2.3-2) are the

major tributaries of the Savannah River that occur on the SRS. Three breaches of the,.. .

natural levee occur at the confluences of Beaver Darn Creek, Fourrrrile Branch and Steel

Creek with the Savannah River, allowing &scharge of these streams to the river. During

Swamp flooding, water from Beaver DaM Creek and Fourrrrile Branch flows through the

swamp that parallels the river ad comb~es with the Pen Branch flow. Pen Branch joins

Steel Creek about 0.8 krrrabove its mouth.

Surface water is held h artificial fipo~~ents and namral wetlands on the Aiken

plateau. Par pond, the largest fiPoM~ent on the SRS, is located in the eastern part of

the SRS, coverirrg about 1I ~2, A second impo~tient, L Lake, lies in the southern
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portion of SRS and covers approximately 4 krrrz.The waters drain from Par Pond and L

Lake to the south, via Lower Three Runs and Steel Creek, respectively, into the Savanrralr

River. Lowlasrd and upland marshes, and natural and man-made basirrs on the SRS retain

water intermittently.

Near the SRS, the flow of the Savannah River has been stabilized by the construction of

upstream reservoirs. The yearly average flow is approtiately 300 m3/s (10,500 cfs) at

the point where Highway 301 crosses the river approximately 20 Imr downstream of the

site ~ayes aod Marter 1991). The minimum average annual flow rate at tis location,

which occurred in 1988 based on data collected from 1954 to 1988, was 150 m3/s (5,200

cfs). From the SRS, river water usually reaches the coast in five to six days, but may take

as few as three days. At the Beaufort-Jasper and Pnrt Wentwo~ water treatment plants,

both approximately 160 km downstream of the site, the average annual flow rate is

estimated tn be approximately 370 mJ/s (13,000 cfs) (Hayes and Marter 1991)

The watershed of Upper Three Rrms drains about 500 Ianz of the Upper Coastal Plain

northeast nf the Savannah River, Significant tributaries tn this creek are Tinker Creek,

which is a headwaters branch that comes in northeast of the GSA, and Tms Branch,

which connects west of the GSA (Fig. 2.3-2), There are no lakes or flow control

structures on Upper Three Runs or its tributaries on the SRS. The streti charmel has a

Iow gradient and is meandering, Its floodpiairr ranges in width from 0.4 to 1.6 km and is

heavily forested with hardwoods.

Upper Three Runs is gauged by the U. S. Geological Survey (USGS) about 5 km above

the cordluence with the Savannah River, near Road A (USGS 1997a). This location is of

interest in this analysis, because it is just west of the GSA and thus is a point through

>vbichany radionuclides must pass, if they are discharged ~vitbthe groundwater into Upper

Three Runs or any of its tributaries in the GSA. The average annual flow at this location,

as measured by the USGS between 1987 and 1996, was approximately 6.1 m3/s (217 cfs)
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(USGS 1997a). During the driest of the four years of measurement, the average flow was

3.6 m3/s (127 cfs), and during the wettest, 6.5 m3/s (228 cfs). ‘Ihese flow rates reflect

contributions of upstremrr tributaries, including McQueen Branch and other tributaries arrd

unnamed creeks that receive groundwater discharges from the GSA.

FourrrriIe Branch h= been gauged in the vicinity of the cordluence with the Savannah

River (USGS 1997b), approximately 6 krn upstreanr of this point. Data collected at this

gauging station for nine years (between 1987 through 1996) were analyzed. These data

indicate an average annual flow of 0.68 m3/s (24 cfs) at this location. A minimum annual

average flow rate, in 1994, of approtiately 0.40 m3/s (14 cfs) was measured during tie

gauging period. A maxirrmm average flow rate during these nine years of 0.91 m3/s (32

cfs) nccurred in 1992.

2.3.7 Water Quality and Usage

2.3.7.1 Grourrdwater

The sand beds that comprise the Midville aquifer system (Fig, 2.3-4) are an isnportant

source of water for wells in localities neighboring the SRS. Most municipal and industrial

water supplies in Aiken Coun~, South carolirra are developed in the Midville aquifer,:.. -...: ..

system, which underfies the AIlendale cofining system and is beneath the sedments of

potential concern in the Composite Analysis. In Bam~vell and Allendale counties, some

municipal users are supplied from the shallo~ver FIoridirm aquifer system (Gordon and

Upper Three Runs aquifers). Private domestic supplies in all of these counties are

Primarily obtained from the Midville aquifer system.

Municipal and industrial ground>vater use in the vicinity of the SRS indicated total

purrrpage from the Midville aquifer system CIntie order of 1 m3/s; 0.2 m3/s from the
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Gordon aquifeq and up to 0.04 m3/s from the Upper Three Rons aquifer. The SRS uses

up to 0.4 m3/s on site, horn tie Midville aquifer system (Cook et al. 1987).

2.3.7.2 Surface Water

Water from the Savarmah River is used far drinking water at two locations below the SRS.

About 160 km downstream of SRS, The Beaufort-Jasper Water Treatment Plant at

Hardeeville, SC, withdraws about 0.3 m’/s for a consumer population of approximately

60,000, The Cherokee Hill Water Plant at Port Wentworth, GA, about 180 km

downstrem of the SRS, presently withdraws about 2 m3/s for industrial use and a

corrsmer population of about 10,000. The Savannah River is also used for commercial

and sport fishing and for recrcatioml boating, Surface water quality is presently

monitored by the Environmental Monitoring Section and the Savamrah River Technology

●
Center at the SRS (Cummirrs et al. 1990). Surface water is characterized tith respect to

radiological and non-radiological aspects, both on site and downstream of tie SRS.

2.3.8 Soils

Most of the soils at the SRS are sandy over a loamy or clayey subsoil. The distribution of

soil types is very much isdluenced by the creeks on the site, ~xithcolluvial deposits on hill-

tops and hillsides giving way to alluvium in valley bottoms (Demehy et al. 1989). Road

cuts and excavations on interstream areas near the SRS cormrrordy expose a deeply

developed soil profile. Two horizons are apparent the A horizon maybe up to 3 m thick,

arrd~ically consist of structureless free- to mediunr-grained quartz sand, and the lower B

horizon, which may be from 0.6 to 3 m in thickness, contains iron and aluminum

compounds leached from the overlying material.

Weathering effects are evident, In some areas, intense weathering has produced tensional

a

soil fractures as a result of volume reduction. These fractures are dominant features in
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shallow exposures such as drainage ditches or roadside embankments. Average soil

erosion rates for the area surrounding the SRS, much of which is cropland, range from 1.5

to 2.0 kg/m2-yr. (USDA 1985). Employing the Universal Soil Loss Equation to predict

erosion at the SRS under different vegetative conditions, Horton surd Wilhite (1978)

estimate that the presence of natural successional fnrests would reduce erosion by a factor

of 400 to 500 over cropland erosion.

2.3.9 ECOIOg

2.3.9.1 Aquatic Ecology

Flora in the Savannah River b~in and in creeks on the SRS site is diverse and seasonally

variable. Several species of diatoms, green algae, yellow-green algae, and blue-green

sdgae are present. In seasonally flooded areas, bald c~ress and tupeIo gum thrive. In less

severely flooded areas, oak, maple, ash, sweet gum, ironwood, and other species, less

tolerant of tlnoding, are found. In the river swamp formed by the Savannah River in the

vicinity of the SRS, herbaceous growth is sparse. A number of macrophytes, such as

cattail and rnilfnil, are found in areas receiving sufficient sunlight.

The fish communities in the Savarrnti River and in creeks on the SRS are very diverse, .

Redbreast stish, spotted sucker, channel caffish, and flat bullhead are the dominant

species. Stish, crappies, darters, minnows, American shad, and striped bass are also

abundant.

Macroirrvertebmte communities are largely comprised of true flies, mafiies, caddisflies,

moneflies, and beetles. Leaf litter input is high, but is rapidly broken down by

macroinvertebrate shedders, me &iatlc ClaM is found in the Savanrrah River and its

larger tributary streams,
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Prior to its acquisition by the U. S. Government in 1950, approximately one-third of the

SRS was croplrmd, about half was forested, and the remainder was floodplain and swamp.

Since that time, the U. S. Forest Service has reclaimed marry previously disturbed areas

through natural plant succession or by planting pine trees. As was noted in Section 2.3.1,

91 percent is now pine or hardwood forests, with the remaining 9 percent divided between

SRS facilities and water bodies.

A variety of vascular plants exist on the site. Scrub oak communities cover the drier sandy

areas, which includes predominantly Iongleaf pine, turkey oak, bluejack oA, blackjack oak,

dwarf post oak, three awn grass, and huckleberry (USDOE 1987). On the more fertile, dry

uplands, white oak, post oak, southern red oA, mockemut hickory, pi~ut hickory, and

e

Ioblolly pine predominate, with an understory of sparkleberry, holly, greenbriar, and poison

iv. Pine trees cover more area than any other tree genus.

The heterogeneity of the vegetation nn the SRS supports a diverse wildlife population.

Several species of reptiles and amphibians are present due to the variety of aquatic and

terrestrial habitats. These include snakes, frogs, triads, salamanders, turtles, lizards, and

alligators, More than 213 species of birds huve been identified on the SRS. Burrowing

animals at the SRS include: Peromyscus ~olionohrs, known commonly as the Old Field

Mouse; Blarine brevicauda, known m the Short Tail Shrew; Scalorrus aguiticus, known as

the Eastern Mole; Pognnomvmrex badius, known as the Hmester Anq Dommvrmex

P~ramicus, known as the pyramid Ant; and earthworms (Briese and Smith 1974; Davenport

1964; Golley and Gentry 1964; Smith 1971; Van Pelt 1966).
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According to DOE’s guidance for composite analyses (USDOE 1996) ‘me Composite

Analysis will estimate the potential cumulative impacts to a hypothetical future member

of the public from the active or planned LLW disposal facility and other sources of

radioactive material in the ground that may interact with the LLW disposal facility .“

Estimation of these potential impacts requires that the geoflaphic location(s) of the

impacts (point(s) of assessment), and the time period over which potential impacts must

be considered, be specified. These issnes are discussed in “this section. me dose limits

and constmints with which potential impacts should he compared, according to the

guidance, are ulso presented in this section.

2.4.1 Points of Assessment

The points of assessment for the composite analysis are the geographic locations that

hypothetical future members of the public (both individuals und populations are

considered) can reasonably be expected to access, taking into consideration any natural

hurriers md lurid use planning for the SRS and vicinity. Two media could be

contaminated by radionuclides contained in facilities located in the GSA groundwater

and surface water which is recharged by groundwater. Contamination of the ~ound

surface is not expected, and thus air and soil are not routes Of..pO\e!tial Contaminrmt

transport. A more in-depth discussion of transport pathways is provided in Section 4.3.

Upper Three Runs (UTR) and Fourmile Brmch (FMB) form the northern and southern

boundaries of the GSA (Figure 2.3.2). Both of these streams remain on site until they

reach the Savannah River. Both of the streams cut into the uppermost aquifer subject to

contamination from the GSA (Section 2.3,5). UTR also cuts into the Gordon aquifer,

which is the lowermost of the two aquifers subject to conmcnination from the GSA,

FMB is upgradient with respect to the GSA for the Gordon aquifer, The Gordon aquifer

flows northwestward under WB towards IJTR, Thus, these streams will intercept ail

plumes of groundwater contamination emanating from the GSA. Land-use Plmning fOr

Rev.O



2-35 WSRC-RP-97-311

the SRS (Appendix A) indicates that release of the site to the public for unrestricted use

will not occur over the time period of this analysis; therefore, on-site use by the public of

potentially-contaminated groundwater is not a reasonable expectation.

Contaminated surface water is considered a potential source of exposure to a

hypothetical future member of tbe public in this analysis. All contaminated groundwater

will discharge to stre~ which bound the GSA. While land-use plans are expected to

restrict use of the SRS during the time period of the analysis, the confluence of on-site

streams with the Savannah River poses a potential means of public access to

contarrdnated environmental media. Thus, the points of assessment for this analysis are

the mouths of UTR and FMB and the Savannah River.

Even though land-use planning envisions the continual control of the Savannah River

Site, consistent with current boundaries, it is conceivable that a member of the public

e
could gain access to the mouths of Four Mile Branch and Upper Three Runs creek by

boat from the Savannah River. Thus, the mouths of UTR and FMB, at the farthest

downstream point where creek water remains undiluted with Savannah River water, are

points for the assessment of potentird dose to a hypothetical future member of the public.

Additionally, the Savannah River will continue to be a point of public access. To be

consistent with tbe SRS annual environmental monitotirrg public report (WSRC, 1996c),

this composite analysis evaluates the dose to a hypothetical futare member of the public

at the highway 301 bridge, 20 km downstream of the SRS.

Concentrations of radioactive material at the mouths of UTR and ~B will potentially

include contributions f~om sources outside the GSA. At the highway-301 bridge, all

sources of residual radioactive material on the SRS could potentially contribute to

calculated dose. The composite analysis, however, has only considered the sources

within the GSA because it is those sources that could influence decisions regarding

operations of the LLW disposal facilities.
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Two other locations were selected to assess the sensitivity of the composite analysis to

future land use decisions. These locations are on Upper Three Runs smd Four Mile

Branch, just downstream of the recharge points from ~oundwater passing under the

GSA. These locations were selected because they represent points at which maximum

surface water concentrations are expected to occur.
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For the assessment of potential collective dose to future populations, the population

within an 80-km radius of the center of the SRS is assumed to participate in recreational

activities at the highway 30 l-bridge location on the Savannah River, Two additional

locations on the Savannah River are also used: 1) 160 km downstream of the SRS at the

Beaufort-Jasper, SC water treatment plant; and 2) 160 km downstream of the SRS at the

Port Wentworth, GA water treatment plant. These locations were selected because they

represent present populations considered in the SRS annual environmental monitoring

public report (WSRC, 1996c).

The points of assessment, as well as the scenarios analyzed are summarized in Table 2,4-

1. Development of exposure scenarios is discussed in Section 5.4.

2.4.2 Time of Assessment

● Consistent with DOES Composite Analysis guidance document (USDOE 1996c), the

Composite Analysis for the SRS GSA considers maximum doses that may potentially be

received by a hypothetical future member of the public within a time period of at least

1,000 years. For long-lived and strongly-sorbing radionuclides, the actual peak dose may

occur at times beyond 1,000 years due to slow transit times in soil and ~~oundwater. For

these radionuclides, a dose at 1,000 years is estimated, along with a peak dose and the

time of occurrence of the peak dose.
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Table 2.4-1 Points of Assessment and Scenarios Analyzed

I Hypothetical Future Public Individual

Base Cases

Point of Assessment Scenario Flow Rate

UTR Creek Mouth Recreation Average

FMB Creek Mouth Recreation Average

SR 301-Bridge Recreation + drinking water Average

Sensitivity Cases

Point of Assessment Scenario Flow Rate

UTR Creek Mouth Recreation Max. & Min.

~B Creek Mouth Recreation Max. & Min.

UTR Creek at GSA Drinking water Average

FMB Creek at GSA Drinking water Average

Hypothetical Future Public Population

Base Cases

Point of Assessment Scenario Flow Rate
SR 301-Bridge Recreation Average
(80-km population)

Beaufort-Jasper & Drinking water Average
Port Wentworth

. .
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2.4.3 Primary Dose Limits and Dose Constraints

The dose limits and constraints pertinent to composite analyses are those that are

consistent with the DOE’s requirements for radiological protection of the public and the

environment, as set forth in DOE Order 5400,5 (USDOE 1990). From DOE Order

5400.5, a primary dose limit of 100 mrem per year is established, considering all

potential pathways of exposure and all sources. This dose limit is applicable to the

Composite Analysis. If doses are estimated to exceed 100 mrem per year, at the

designated point of assessment and within the time period of the assessment, an options

analysis is required, in which alternatives are identified for reducing future doses to

levels below the primary dose limit.

h addition to the primary dose limit of 100 mrerrr/yr, a dose constraint of 30 rnrern/yr is

identified (USDOE 1996b). This constraint represents a “significant fraction of tbe

e
(primary dose) limit” beyond which an options analysis is also required, “to ensure that

no single source, practice, or pathway uses an extraordinaq portion of the primary dose

limit”,

An ALARA analysis is also required under DOE Order 5400.5. The term ALARA

represents a principle whereby radiation doses should be kept “as low as reasonably

achievable”. According to DOE Order 5400.5, implementation of the ALARA process

should consider maximum individual doses, collective doses, and alternative treatments

or controls and the associated doses, costs, and other changes in impact, Because

quantitative optimization is difficult and expensive, qualitative analyses are considered

acceptable in some cases, “especially where potential doses are well below the dose

limit” (USDOE 1990),
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3. DATA QUALITY OBJECTIVES

The Composite Analysis necessitates collection and compilation of technical information

from the various facilities located within the GSA to create a residual radionuclide

inventory estimate, This estimate is used to develop the source term (Section 4.0) and thus

is critical to the estimate of dose. The Data Quality Objectives (DQOS) Process,

developed by the U. S. EPA (USEPA 1994), was applied to development of the inventory

estimates and is outlined below. Following completion of the DQO Process, a Data

Quali~ Assessment (DQA) was performed to evaluate the results of tire DQO Process.

The DQA is discussed in Section 3.3,

3.1 Background

The DQO Process is a planning tool for data collection whereby qualitative and

quantitative statements are derived which specify the study objectives, domain, limitations,

and the appropriate type of data to collect. The goals of dre DQO Process are to ensure

that data collection will provide sufficient data to make required decisions witi reasonable

certainty, and to minimize the amount of data to be collected. WhiIe generally applied to

development of statistical sampling methods, the DQO Process was used as guidance for

development of a plan for collecting and analyzing preetistirrg radionuclide inventory data

for the Composite Analysis.

3.2 DQO Development

me goal of this investigation is to gather residual radiological data for facilities at the SRS

that are located within the hydrologic regime between Upper Three Runs and Fourmile

Branch (the GSA). Application of the DQO Process in achieving tis goal requires that the

questions to be answered be formulated very specifically arrd hat the degree of confidence

e
in the data be specified. These requirements are addressed in the follo~vingsections to the



3-2 WSRC-RP-97-311

extent that they are applicable, according to the seven steps outlined isI tire DQO Process

(USEPA 1994).

3.2.1 Step 1: State the Problem

Many types of radiological materials have been processed, treated, stored, or disposed of

at facilities at tbe SRS. Uporr future closure of tkese facilities there will possibly be

residuaI radionuciides remaining within the ciosed facilities, soiI and/or groundwater. In

order to estimate potential dose for the Composite Analysis, the potential residual

radionuclide inventory must be identified.

Available resources for the residual inventory data required in suppoti” of this analysis

include:

.

.

.

.

.

.

.

Peer-reviewed technical reports

Shipping and disposal records/facility inventories

Prucess modeling

Plant operating records

Process knowledge

W*e stream forecasts

Interviews with plant personnel.

Tire DQO Process requires, as pare of this Sep, identification of individuals involved in

planning the particular application of the DQO Process. For the radionuclide invento~

development task, this DQO Planning Team included a QA specialist, computer modeler,

task manager, and the Composite halysis technical lead. Tbe technical lead is tie

primary decision maker for the DQO Process.
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3.2.2 Step2: Identify the Decision

The decision to be made in this application of the DQO Process is whether the resources

available will provide a reasonably representative residual inventory upon which dose

estimates for the Composite Armlysis can be based. Umcceptable data quality or quantity

will lead to mrreliable estimates of dose. Csrefilly arrrdyzedand retiewed data from

multiple sources will lead to tie best estimate of dose, which is the goal of the Composite

Analysis.

3.2.3 Step 3: Identify Inputs to the Decision

An indexed list nf references fnr all facilities within the GSA, with associated pntential

●
radionuclides, was developed. ~s list was presented in a Radionuclide Inventory

Information Report (CDM 1997). The Composite Analysis includes a review of the

residual radionuclide information from these various facilities located witi the GSA to

create the residual radionuclide inventory estimate. The residual radionuclide irrfnrmation

for each source used in the composite analysis is presented in Section 4.

The available information included inventory estimates based on process !uro~vledgeand

assumptions, facility inventories, and various records. The contaminants of concern

include residual radionuclides that have been stored, processed and/or disposed of at a

facility or specific location within the GSA. All estimates and assumptions were provided

by the WSRC technical staff most familiar with the facility operations. Nfembers of this

Data Resource Team are listed in Table 3.2-1. Inventory estimates fvere documented and

approved by the WSRC Composite Analysis T~k Team.
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Table 3.2-1, Data Resource Team
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Data Team Member Area of Responsibility/Expertise

Tom Butcher Composite halysis Task Temn

Jim Cwk Composite Analysis Task Team

Cliff Cole RCRAICERCLA Sites

Paul d’Entremont F- and H-Area Tank Farms

lotm Yowler Saltstone Vaul~

Bob Hester F- and H-Area Tarrk Farms

Heather Holmes E-Area Vaults

Bob HSU Tritionr Facilities

David Isiminger Site Control Maps

Ray Lux F- and H-Area Separations Facilities

Don Morris Environmental Protection Department

Charles Murphy RCRAICERCLA Sites

Greg Peterson Environmental Protection Depa~ent

Albert Peon F- arrdH-Area Sepamtiom Facilities

Don Purcell LAW Vaults

Bill Sadler RCRAJCERCLA Sites

Joe Sbappell H~rdous Waste Facilities

Don Sink ILV and E-Area Trenches

Don Morris Entirorunental Protection Department

Greg Peterson Erwirorunental Protection Depament

David Isiminger Site Control Maps

Joe Shappell Hazardous Waste Facilities

Don Sink ILV and E-Area Trenches

Don Purcell LAW Vault

●

,, . . .
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3.2.4 Step4: Deiinethe Study Boundaries

Spatial Bormdaries

The geogmptic domtiof titere~covers ar-kwbch residual rdonuclides maybe

present that may contribute to contaminantt plumes potentially emanating from the Z-Area

arrd E-Area disposal facilities. These areas are present in the GSA of tie SRS, which is

bounded to the northwest by Upper Three Rons and to the southeast by Fommile Branch.

The population of interest are those facilities or specific locations withirs the GSA that

have in the past, or will have potentially in the future, processed, handled, stored, or

disposed of radioactive materials. This includes facilities such as burial gromds,

● processing facilities, and storage buildings. Also included are lmom spills or releases of

radioactive material within the GSA. The Data Resource Team (Section 3.2.3) was

responsible for determinirrg if estimates were required for individual facilities or if several

facilities could be grouped together to form an individual data poirrt.

Temuoral Boundaries

The Composite Analysis is based on both estimated past and potential future residual

radioactive material in the GSA, Radionuclides have been processed at the SRS sioce 1950

tid the Composite Arralysis projects fonvard for the next 1000 years.

All Iristorical data were gathered during the last quarter of 1996 and the first quarter of

1997, Predicted future releases are based on information derived from analysis of

historical trends and process kowledge that was available as of the first quafler of 1997.

Rev. O
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Practical Constraints on Data Collection

Due to the projected Composite Analysis completion date of September 1997, no data

provided afier first quarter of 1997 were used in this Composite Analysis. No new field

or analytical data were collected to define the residual radionuclide invento~. mere is no

way to statistically validate the historical records; rather, many different sources of data

were exploited to limit urrcertainty.

3.2.5 Step 5: Develop a Decision Rule

The scope of the Composite Analysis is confined to residual radionuclide inventories and

releases. Releases that corrtairrno radioactive contaminants were not considered.

The decision rule developed for this application of the DQO Process carr be stated as: “If

tie radionuclide inventories identified for facilities arrd specific locations in the domain of

irrterest are reviewed rmd deemed representative by persomel kno~vledgeableabout waste

streams and pertinent activities leadirrg to residual radionuclides, then the inventories will

be assumed to be appropriate for the Composite Analysis. If information is unavailable or

inadequate for a given facility, then the inventory will be considered incomplete, arrd the

Composite Analysis will not be considered comprehensive.

3.2.6 Step 6: Speci& Limits on Decision Errors

No new data WaS generated for this @k; only historical data and/or estimates of future

residual mdionuclides were developed from existing information. Therefore, no statistical

evaluation of the data kvas performed. In lieu of this, all Imot\n sources of historical arrd

forecasting tio~ation }vere explored, and experts }vere assembled (Sect. 3 .2.3) to

develop and retiew data available. nere ~vas no exclusion of data during the initial

evaluation.
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Although a statistical analysis was not earned out, and cordidence limits were not

established, decision error was controlled through careful development, review, and

evaluation ofdataby qualified personnel. Residual radiorruclide estimates for each facility

were entered on forms and =ch form was subjected to a QC review. There was no fomr of

Quality Assurance/Quality Control (QA/QC) error detection calculations performed apart

horn a 100 percent check of the data to ensure correct data transcription and a 100 percent

check of unit conversion formula necessary to convert data to total Curies.

3.2.7 Step 7: Optimize the Design

Two general data collection design alternatives were identified for achieving the DQOS of

the Composite Analysis. First, review of all sources of repofied residual radionuclide

*
concentrations or inventories for all facilities within the GSA can be accomplished. If no

docmrrerrted or estirrrated values are gathered during the data collection process for a

particular facility, knowledgeable persomel should be consulted to ensure complete

coverage.

An alternative design would include field collection of soils at given facilities for

radionuclide analyses. Tlris ~vouldprovide actual analytical data, Hoivever, the nunrber of

samples required in addition to the time and cost for sampling and analysis would be

prohibitive for this initial characterization, Also, there would be no way of analyzing soils

for future contamination.

After consideration of these Nvo alternatives, a progrm of collecting historical residual

radionuclide data for the GSA was identified as the most effective and timely method for

compiling the initial inventory for the Composite Analysis.

Rev. O
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The flow diagmnr for the collection process is shown in Fig. 3.2-1. All of the residual

radiological data available for each facility within the GSA were collected. The data were

then analyzed to ensure that estimates were provided for all facilities identified and that

their respective radlonuclides were included in the Radionuclide Inventory Information

Report. If a facility or radionuclide had either no data or cotiictirrg values, then the

WSRC Composite Analysis Team was called upon for resolution. The information was

compiled, converted to total curies, twsferred to data irrput forms, and subsequently to

compilation tables to be utilized by the Composite Analysis modelers. Copies of relevant

sections from each document received and the records of comtication tith tie tecfica]

staff were maintained for each facili~ in the GSA that was part of this study.

3.3 DATA QUALITY ASSESS~NT

Data Quality Assessment (DQA) is a process of statistical and scientific evaluation that is

used to assess the validity and perforrnmce of the data collectiorrdesigrr and statistical test,

and to establish whether a data set is adequate for its intended use.

3.3.1 Data Quality Indicators

There are five quality indicators that should be addressed in any DQO process. Each of the

five are defied below based on the DQO Development Process in Section 3.2.0.
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QIdentificationof
facilities with
cadionuclides

QPrepare Idendtication of
Radionuclide Itiomsation

Reprt
I

d
Peer-rtiewed

Technical reports
(1) t-
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Figure 3.2.1 Flow Diagram of the Residual Radionuclide Data Collection Process
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Reuresentativeness

Representativeness istiedegree towtich da~accurately mdprecisely represent tietme

value of the characteristics of a population, parameter variation at a sampling point, a

process condition, oranenviromnental condition. Historical data pertinent toradionuclide

inventories have some deficiencies due to the incompleteness of records or lack of

knowledgq thus, representativeness may be compromised, Because more recent

kowledge of past practices and radionuclide inventories allows a more complete, and thus

more representative, picture of actual inventories, appropriate persomel with such

knowledge were engaged to review and supplement the inventories derived for each

facili~.

Accuracy ofdatacollectedw~ addressed by comparing process knowledge to reported

concentrations/inventories when knowledge and data permitted. Irr general, the degree of

accuracy of much of the historical data has not been established. Accuracy of data

tabulation was established byinitiadnga 100 percent check oftbe completed data entry

fornrsfor proper data transcription anda 100 percent check oftbe calculations used to

convert reported residual radionuclide inforrnationirrto total curies.

Comuarabili~

Thecomparability ofdataavailable fiommore thmonesource}vm addressed orrly in so

.

far as discrepancies were used to si~al potential errors, Knowledgeable experts were

consulted in tie case of discrepmcles. In general, m“]tiple sources of data ~vere not

available and comparisons could not be made.

Rev. O
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A data resource team was assembled to improve the likelihood that data collection was

exhaustive of available information. This team provided a review of data, and made

recommendations on exclusion of data larowrr to be invalid. However, no extensive data

vrdidation procedure has been implemented to date. Following data collection, a forther

check on completeness was accomplished by ensuring that estimated or actual residual

radionrrclide data for all facilities identified in the Wdionuclide Inventory Information

Report (CDM 1997) were received, documented, and cataloged.

Precision

o Precision is normally determined as part of the statistical analysis process. Specific limits

for precision are not available for collecting historical data. Ho\vever, appropriate experts

were consulted to improve cofidence that estimates were reasonable and comprehensive.

3.3.2 Data Qualification

AI1residual radiological data were assiged a quantitative number from 1 to 7 based on the

source of information. Figure 3.2-1 is a flow diagram that lists all of the sources of data

encountered along with their respective assigned number. These nmerical codes classify

the information according to type and are desi~ed only as tnols to assist the Composite

Analysis team in qualifying the data. Ranking according to degree of certainty \vas not

attempted because information \vitb ~vhichto make these decisions is not complete.

Rev. O
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Ag~lication of Data Qualification Process

Sources of information are listed below alOng~th a definition of how tiey were applied

(1)

(2)

(3)

(4)

(5)

Peer-reviewed Technical Reports - SRS internally or externally published

reports which contain analytical data specific to a given facili~ for which

residual radionuclide irrformationhad been collected or documented. In this case,

both quantities and types of radionuclides were known.

Shiuoirr~ and Disuosal Records, Facilitv Irrventorie$ - This information had to

be specific to individual types of radionuclides handled andor disposed of at

each facility as well as quantities. In this case, quantities and types of isotopes

were krrowr.

Process Modeling - Information specific to the facility for which residual

radionuclide information tvas protided through modeling based on estimated

throu@puts of specific radionuclides. In this case, ~es of radionuclides were

known, but quantities were calculated based on historical throughput.

Plant Ooeratirr~ Records - Information specific to a given facility for which

residual radionuclide iufomration had been provided based on facility operating

records only, \tith no engineering calculations. In this case, types of

radionuclides were known, but quantities were estimated based on historical

throughput.

Process Krro~vled~e- Information specific to a given facili~ for \vhich residual

radionuclide infomration had been provided by plant persomel \vho had specific

lmowledge of the process by }vhichradionuclides !$ere processed, stored, and/or

Rev. O
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(6)

(7)

disposed of in the past at the facility. In this case, both types and quantities of

radionuclides were estirrrated.

Waste Stream Forecast - Information specific to a given facility for which

residual radionuclide information was provided by plant personnel who have

specific howledge of the process by which radionuclides will be processed,

stored, arui/or disposed of in the future at the facility. In this case, both types

and quantities of radionuclides were also estisnated.

Interviews with Plant Personnel - Information specific to a given facility for

which residual radionuclide information was provided by plant personnel who

may not have specific knowledge of the process by which .radionuclides were

processed, stored, and/or disposed of at a facili~ but may have a general

knowledge of the processes that are used at similar facilities. These plant

personnel may also have kno~vledgeof part of a faciliiy operation but may not

be familiar with all working aspects of the facility.

Surnrnarv of Data Qualification Process

During the residual radionuclide inventory collection process, 50 source facilities ~vere

identified. Table 3.3-1 provides a summary of the data qualification value assi~ed to each

individual facility.

Table 3.3-2 is a surnrrrary table containing each of the seven data qualification numbers

assigned to the various source facilities, the total number of facilities ~vithoccurrences of

each qualifier, the relative percentages of each set of occurrences based on the total

number of facilities, and the relative percentage of each type of occurrence bssed on total

curies.

Rev. O
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Table 3.3-l. List of Data Qualification Vduefor Each Facili&Inc1udedin
tbe Residual Radionuclide Inventory for the Composite Analysis

Facility Location

F-Area Separations

F-Area Ttis

F Area

H-Area Separations

H-Area Tanks

H Arm

E Area

Facility Name

Canyon

NewSandFilter

Old SandFilter

Tti 1-8

Tanks 17-20

Ttis 25-28,and 4447

Tanks 33-34

772-FLab

772-lFLab

Canyon

Ne\vSandFilter

Old SandFilter

Tanks 9-12

Tanks 13-16

Tanks 21-24,29-32, and 35-37

Tds 38-43

Ttis 48-51

ETF ReceiptTM

Tritium Processing

Old Burial Ground

Lysimeters

SaltstoneLysimcters

mff 643-7E and 643-2SE(1972-19S4)

mm 643-7E and 643-2SE(1985-1996)

Data
Qualitier

Rev. O
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Table 3.3-1. List of Data Qualification Value for Each Facility Included
in the Residual Radionuclide Inventory for the Composite Analysis

(Cent’d)

Facility Location Facility Name

E Area (cent’d) Old SolventStorageTanks S1-S22

Old SolventStorageTanks S23-S30

Naval ReactorsKAPLCBITS

Navsl ReactorsKAPLHead

NavalFuel Waste

E-AreaTrenches

VaultcLAW

vaults ILv

s Area DefenseWaste ProcessingFacility

Low Point Pump P1t

Z Area SaltstoneVaults

VariousSpills Spill at Tank 13

Spill at Tank 9

Spill at Tank 16

Spill at Tank 37

Spill at B281-3F

Spill at 200-F

Spill at Tank 3

Spi]]at Tank 8

Spill at B281-3H

Miscellaneous Soil and DebrisConsolidationFacility

Data
Qualifier

5

5

7

7

2

6

6

6

5

5

1

5

5

5

7

5

5

5

5

5

1

Rev. O
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Table 3.3-1. List of Data Qualification Value for Each Facility Included
in the Residual Radionucfide Inventory for the Composite Analysis

(Cent’d)

Data
Facility Location Facility Name Qualifier

RCRAICERCLA Facilities

F Area SeepageBasinGW OperableUnit 1

InactiveProcessSewerLines 1

H Ara SeepageBasin GWOperableUnit 1

NewSolventStorageTanh by CIF H33-H36 5

InactiveProcessSewerLines 1

Rev.O
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Table 3.3-2. Summary List of Data Qualification Process for the
Facilities Included in the Residual Radionuclide Inventory for the

Composite Analysis

Data Qualifier

1

2

3

4

5

6

7

Total Number of
Facilities by
Occurrence

8

4

9

4

18

3

4

Percentage
by

Occurrence

16

8

18

8

36

6

8

Percentage by
Total Curies

1.0

59.9

3,0

1.2

1.4

16.7

16.8
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●
The seven data qualification categories can farther be combined to form three general

categories of facilities. These general categories are summarized in Table 3.3-3.

As defined in Table 3.3-3, both types and concentrations of radionuclides were

considered known for approximately 25 percent of the facilities to be included in the

Composite Analysis. Another 25 percent of the facilities had known constituents but

estimated quantities. Finally, slightly over 50 percent of the facilities had both estimated

types and amonnts of residual radionuclides.

Also, Table 3.3-3 shows, that for the total curies included in the residual radionuclide

inventory, nearly 61 percent of the total curies fall in facilities where both types and

concentrations of radionrrclides are considered known. Gss than 5 percent of the total

curies fall in the category of known constituents but estimated values. Finally, for almost

35 percent of the total curies, both types and amounts of residual radionuclides were

estimated.

Rev. O
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Table 3.3-3. Summary of the Three General Categories for the Data
Qudlfication Process for Facilities Included in the Residual Radionuclide

Inventory for the Composite Analysis

Types of Concentrations Data Percentages Percentages
Radionuclides of Qualification by by Total

Present Radionuclides Groups Occurrence Curies

Known how 1,2 24.5 60.9

Known Estimated 3,4 22.5 4.2

Esdmated Estimated 5,6,7 53.1 34.9

Rev. O
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4.0 SOURCE TERM DEVELOPMENT
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SRS activities in support of the national defense have produced liquid high-level

radioactive wrote, low-level radioactive waste, mixed waste and trarrsuranic waste. This

section describes those facilities within the General Separations Ar= that are expected to

contain residual radioactitiv when DOE operations ce=e at SRS.

Wkes at SRS were and condnue to be generated born facility operations and

environmental restoration%with facility operations generating most of the wrote. During

most of the period of SRS operation, the primary source of high-level waste was

reprocessing of spent nuclear fuel and recovery of plutonium from reactor target tubes. A

limited amount of reprocessing is scheduled to continue, with the goal of stabilizing the

recovered products. In addition to this major source of waste, waste continues to be

*

generated from purification of tritium, nuclear and non-nuclear research, material testing,

laboratory analysis, high-level waste processing, nuclear fiel storage, manufacturing,

repair and maintenance, and general office work. Facility operations also include

operating all waste management facilities for treatment, storage, and disposrd of SRS-

generated w=tes.

DOE treats, stores and disposes of wastes generated from ail onsite operations in waST?

management facilities, most of wiiich are located in the GSA within E, F, H, S and Z

Areas. Major facilities include the kgh-level waste tank farms, the S-Area high-level

waste vitrification plant, the S-Area Glass Waste Storage Buildings, the Low-Level

Radioactive Waste Disposal Facility and the Saltstone Disposal Facili~.

When DOE operations cease, a number of operations and processing facilities ~vithirrthe

GSA will contain residual radioactivity. Primary among these are the F- and H-kea

canyon buildings and the S-Area vitrification plant.
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The five main areas within the GSA are E Area, F Area, H Area, S Area, and Z Area.

Activities within the GSA are primarily separations (canyon buildings in F and H Areas)

and waste management (tank farms in H and F plus facilities in E, S, and Z Areas). The

follotig sections provide brief discussions of the facilities that are included in tie residual

radionuclide inventory estimate.

4.1.1 E Area

Solid radioactive wastes generated at tie SRS and otier DOE facilities have been disposed

at E Area. These wnstes include contiated equipment, laboratory wastes (e.g., gloves,

beakers), and scrap and tools used in the reactor areas, The following facilities within E

Area were identified as potential sources of residual radionuclide con-tion for the

Composite Analysis.

Lvsimeters

From 1978 through 1980, 40 Iysimeter rmits were installed in E Area to determine the

l=chabili~ of SRS waste forms. These lysinreters contribute residual radiormclides to the

GSA. Mormation concerning the residual radionuclide inventory at each lysimeter test

location is provided in Hooker and Root (1981).

Mixed Waste Management Facilitv (643-7E and 643-28E)

The Mixed Waste Management Facility (MW’MF) is a partially closed landfill that

received radioactive and mixed \vastes. The landfill covers 119 acres and comim of

unlined burial trenches hat are about 20 feet deep, 20 feet ~~ideand of varying len@.

Rev.O
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~s area also included Greater Confinement Disposal units arrd Naval reactor

components. Radioactive wtie disposal activities begao in 1972 and continued tbrouglr

1995, The COBRA database was used to obtain the radionuclide inventory in tie MWMF

(Cook 1996a).

Naval Fuel Waste

The Naval Fuel Waste area is used for storage of radioactive waste from the production of

fuel for mval propulsion. The waste is currently stored in drums and boxes on storage

pads in E Area. Tire residual radionuclide irtventory estimate for the Naval Fuel Waste

area was obtained from Michele Bullisrgton of WSRC in rm e-mail memorandum from

Nathaniel Roddy to Jim Cook dated September 11, 1996 (Cook 1996b). There are 205

drums containing a combined total of 24.3 kg of Uranium and 99 boxes which contain a

*

combined totaf of 17.6 kg of Uranium, For the purposes of the Composite Analysis, it was

assumed that this waste would be placed in the E-Area Low activity Waste Vaults.

Naval Reactors

The Naval Reactors area is used for disposal of reactor components from U.S. Navy ships.

The radionuclide invento~ is divided into two units designated as KAPL CB/TS and

KAPL Head. The U.S. Na~ has projected that 32 units of KAPL CB~S and 33 tits of

KAPL Head will be disposed of in the future. The Curies from each unit were firtber

divided into the categories “Activation” and “Crud”.

The residual radionuclide invento~ estimate for the Naval Reactors area was obtained

horn Appendix L of the EAV PA, “Naval Reactor Waste Disposal.” (WSRC 1994).
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Old BuriaI Ground (643-E}

me Old Burial Ground (OBG)is a disposal facility for radioactive waste that operated

from 1952 until 1972. The OBG consi~ of mdined trenches containing low-level alpha

winks, beta-gma wastes, and intermediate-level beta-gamma wastes. As these trenches

were fled, they were covered with soil.

The radion.elide inventory for the OBG was obtained using the COBRA database (Cook

1996a).

Qld Solvent Tanks (S l-S221

The Old Solvent Tanks, located within the 643-E Old Burial Ground, consist of 22

t!ndergrourrd storage tanks that were used to store degraded solvent and process oil from

separations processes, The tanks were first used in 1955, The solvent waste primarily

consisted of degraded snlvent (n-parafiin) contaminated with radionuclides. The waste was

pumped from the tanks by 198I; however, the pumping operation was unable to remove all

of tie waste from the tanks. Residual radionuclide contamination is present in the waste

heel left in the tanks.

For these tanks a total of 550 Ci of alpha emitters asrd 11 Ci of beta-gamma errritters are

estimated to be present, based on an assumed inventoty of 25 Ci of alpha emitters and 0.5

Ci of beta-gamma emitters in each ti. The alpha activity is assumed to be 40 percent

2*Cro, 50 percent “Pu, md 10 percent ‘9Pu. It is also assumed that there are 0.5 Ci of

beta-gamma emitters in each tank for a total of 11 Ci. The beta-gamma activity is assumed

to be 137CS(Cole 1996a).
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In 1983, a Iysirneter test was setup in E Area to determine the leachability of Defense

Waste Processing Facility (DWPF) saltstone. me saltstmre lysinreters will contribute

residual radionuclides to the GSA. Information concerning the residual radionuclide

inventory at the saltstone lysimeter test location was provided in the report entitled

“Construction and Loading of the Tardc24 Saltstone Lysimeters” (Wolf 1984).

E-Area Trenches

The E-Area Trenches are used for disposal of potentially contaminated soil from regulated

areas at the SRS, Five trenches exist within the E-Area Vault facility. The top of each

trench is 6 m wide and the bottom of each trench is 4.8 m wide. Each trench is 6 m deep

e

and 200 m long. The waste in the trenches is covered with 1.2 m of clean soil, The

capacity for the five trenches is approtiately 26,000 m3. The five trenches are currently

projected to be filled in 20 years. The projected inventory for the E-Area Trenches at

closure was estimated by Mr. Don Sti of WSRC (Sti 1996).

Solvent Tanks (S23-S30 and S32~

Tlrese Solvent Tacdcs (S23-S30 and S32), located within the 643-7E portion of the

MWMF, were also used to store degraded solvent and process oil from the separations

processes. The waste also consisted of primarily degraded solvent (n-par&)

contaminated with radionuclides.

The closure activities for nine Solvent Ttis (S23-S30 and S32) consisted of pumping the

waste from the tanks, thoroughly rinsing the tanks with Yvater,and filling the rinsed tis

with grout. For the purposes of this radionuclide inventory estiiate a total of 225 Ci of

alpha emitters and 4.5 Ci of beta-gamma emitters are estimated to be in these nine tis,
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based on an assumed residual activity of 25 Ci of alpha emitters and 0.5 Ci of beta-gamma

emitters in each tardc. The alpha activity is assumed to be 40 percent **Cm, 50 percent

‘8Pu, and 10 percent ‘mu. The beta-gamma activity is assumed to be 137CS(Shappell

1996).

The E-Area Vaults consist of the Low-Activity Waste (LAW) Vaults and the Interrnediate-

Level Vaults (ILV). The ~V is firther divided into the Tritiusn and Non-Tritium vaults.

The LAW Vaults provide engineered disposal capaciV for approximately 34,000 m3

46,000 yd3) of low-level waste. Currently, ody compacted waste is being placed into the

existing LAW Vault for linal disposal. An additional LAW vault is projected to be

constmcted and both vaults will be filled in 20 years. The projected inventory for the LAW

Vaults at closure was provided by Mr. Don Purcell of WSRC @urcell 1996).

The Intermediate-Level Non-Tritiurn Vault is a concrete vault with a disposal capacity of

apPrO~ately 5,664 m3 (7,65 O yd3) of intermediate-level waste. Waste containers are

periodically grouted in place to further reduce radiation levels. Cells have removable

concrete covers to provide radiation shielding and a rain cover to prevent rainwater horn

contacting the waste. The Intermediate-Level Tritium Vault is comected to the

Intermediate-Level Non-Tritimrr vault and consists of two cells. The Tritium Vault area is

aPPrOfiately 1,800 m3 (2,400 yd3). One of the cells is fitted >vith silos that accept

crucible waste forms for disposal, miscellaneous boxed waste is placed in the other cell.

The Intemediate-Level Non-Tritiurrr and Irrterrnecfiate-LevelTritiurn Vaults together are

referred to as the ILV. These vaults are mdy USCd for disposal and are not used to store

waste for future treatient, Currently, both vaults are projected to be filled in 20 years.
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The projected inventory for the ILV was estimated by Mr. Don Sti of WSRC (Sirdc

1996).

4.1.2 F and H Areas

Reactor-generated products are prncessed in F arrd H Areas where uranium and plutonium

are extracted horn irradiated targets (Pmrr, 1996). Tritirmr is also produced in H Area.

Liquid radioactive waste from production activities is stored in tigh-Ievel aqueous waste

tis at the F- and H-Area T* Farms. New Solvent Storage Tanlrs (H33-H36) are

located in H Area near the Consolidated Incineration Facility (CIF).

Building 235-F is a metallurgical facility used for the fabrication of radioactive material.

Infomtion regarding tbe residual radionuclide inventory at 235-F was provided by Mr.

Ray Lux (LUX1997).

772-F and 772- lF Laboratories

The 772-F and 772-lF Laboratories are used to support projects for the Savarmah River

Tecbnology Center (SRTC) and production activities at F and H Areas. For tie purposes

of this study, the residual radionuclides irr tiese buildings is assumed to be 0.1 percent of

the matiurrr radiological inventory limits for each laboratory as specified io tbe report

entitled “Basis for Interim Operation” (WSRC 1996a).
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The F- and H-Area Cmyon Buildings separate uranium, plutonium, rmd fission products

from reactor-generated products. The separated uranium and plutonium are transferred to

other facilities within F and H Areas and are processed into solid form Fission products

are stored in high-level waste tanks at the F and H Areas.

Current plans are to Decontaminate and Decommission (D&D) the canyon buildirrgs by

removing and disposing of all radioactive and hazardous materials and dismantling and

disposing of the process equipment. The canyon materials and equipment will be disposed

outside the facili~ boundaries, most likely within E Area.

For the purposes of this residual radionuclide inventory estimate, the amount of residual

radionuclides remaining at each canyon facility after D&D is assumed to be 0.1 percent of

the actinide inventory limits provided in the Jnter-Office Memorandum from Mike Low

(Safety Documentation Group) to Jimmy Starliig (Safety Setices) entitled “Revised

Inventory Limits for Selected NMSP Facilities”, ~SRC, 1996b). Fission products were

then added based on the amomt of ~9Pu present (Apperson 1983).

F- arrdH-Area Sand Filters

The F- and H-Area Sand Filters are part of the off-gas system for the F- and H-Area

separations facilities. The sand filters are contaminated with radionuclides; therefore, tkey

may contribute to the Composite Analysis. For the purposes of this study, the two old sand

filters were assumed to have operated from 1960 through 1990 and tbe Nvo ne~vsand

filters operated from 1975 through 1990. Measurements show that during canyon

operations each of the filters accumulate a total of 2000 Ci/year of beta-gamma activity

and 0.5 Ci/year of alpha activity. Tire beta-gamma activity is assumed to be composed of

32.8 percent l~Ru, 12,6 percent ‘37CS,and 54.6 percent ‘“Cc (Sykes and Harper 1968)
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The alpha activity is assumed to be composed of “9Pu in the F-Area Sand Filter and ‘*Pu

in the H-Ar= Sand Filter.

Tritiurn is processed at facilities within H &ea. The current operations take place within

buildings 232-H, 233-H, asrd 234-H. Tritium is extracted and separated horn irradiated

targeti arrd is prmessed and packaged for shipment to other DOE facilities. The ordy

si@ficant by-product from tritium production operations is 6sZn. Sirrce ‘sZn has a half-

life of less than one year, it will not be a si~ficant contributor to the residual radionuclide

inventory estimate for the tritirmr production facilities.

Current plans are to D&D these buildings by removing asrd disposing of all radioactive

and hazardous materials aod dismantling and disposirrg of the process equipment. The

tritium production materials arrd process equipment will be disposed of outside the facility

boudaries, most likely within E Area. For the puqroses of this residual radionuclide

invento~ estimate, the amount of residual radionuclides remaining after D&D is assumed

to be 10,000 Ci of tritium for each of the three tritiurrr production buildings @su 1996).

Tritiurrr production also took place in F Area at Buiiding 232-F; ho~vever,production was

stopped in November 1958 aod the building has undergone D&D. Based on current plans,

building debris will be sent to the E-Area Trenches for disposal.

F- arrd H-Area Hieh-Level Tank Farms

High-1evel aqueous radioactive ~vaste and evaporated saltcake is stored in large

urrderground storage tanks at the F- and H-Area Tarrk Farms. There are 22 tanks in F Area

and 29 tanks in H Area. The wastes }villbe removed from the tarrks and processed in the

DWPF. For this inventory, the tanks ~veregrouped based on their locations as follo!vs:
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F-Area Tasdcs

.

.

.

.

H-Area Tarrks

●

.

.

●

.

Tank Nos. 1 through 8

T.* Nos. 17 tiOUgh 20

Tti NOS.25 thCOU@28 arrd44 tiOUgh 47

Tank Nos. 33 sod 34

Taok Nos. 9 through 12

Tarrk NOS.13 through 16

Td Nos. 21 thIOUgfl24,29 tiOU@ 32, and 35 tiOUgfl 37

Tank NOS.38 tiOU@ 43

Tarrk Nos. 48 through51

Current plans are to close the taoks in place by removirrg the vmt majority of the h&-

level waste stored in the tis, thoroughly rirrsirrgthe tanks, removing ancilla~ equipment

from the top of the tarrks, placing arry contaminated equipment in the tank and then filling

the tarrks with backfill. Equipment installed isrsidethe tanks ,vill be left in place (USDOE

1996b). For the purposes of this residual radionuclide inventory, the majority of the tanks

are assumed to have 378 L (100 gal) of sludge remaioirrg afrer cleaning; a few of the tanks

are msrmred to have as much as 7570 L (2000 gal) of sludge remaining prior to filling

titlr grout (d’Entremont 1997; Hester 1996A Hester 1996b). Ancillary equipment such as

pipiog and pumps will add 20 percent to the residual radionuclide total for the tarrks. The

density of the sludge is expected to be about 0.234 kg/L (1.95 lb/gal).
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The ETF is located on the south side of H Area. The ETF collects and treats routine

process wastewater, contaminated canyon facility cooling water, and tank farm storm

water mnoff from the F and H Areas. Except for tritium (present as tritiated water), the

ETF removes radioactive and nonradioactive contaminants from process effluents; the

purified water is discharged to Upper Three Runs.

With the possible exceptions of the ETF Receiving Tank and the ETF Basins, the ETF is

not expected to be contaminated with a significant inventory of radionuclides. For the

purposes of this residual radionuclide inventory, 1000 L (264 gal) of contaminated ETF

influent is assumed to remain in the ETF Receiving Tank after D&D activities for the

tank are completed.

The ETF Basins are lined basins that have received water contaminated with

radionuclides. Tears have been found in the basin liner above the water line; therefore,

the ETF Basins are a potentird source of residual radionuclides for tbe Composite

Analysis. The water stored in the basins had very low radioactivity and the sediments in

the basins were found to have only 4.5 x 10”’0Ci/gm of 137CS(Wiggins 1997). Using the

dimensions of the ETF Basins and a conservative estimate of 7.6 cm (3 in) of sediment

left in the basins, the residual radionuclide contribution of ETF Basins is less than 1 Ci;

therefore, the contribution is insignificant and the ETF Basins have not been included in

this inventory estimate.

Naval Fuel Materials Facilitv (247-Fl

The Naval Fuel Materials Facility manufactured nuclear fuel for the U.S. Navy. The

facility was cleaned prior to shut down in 1989; however, approximately 17 kg of uranium

remained in the facility (Lux 1996). The uranium is made up of 234U,‘5U and 23*U.
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RCRA/CERCLA Sites within F and H Areas

Existing RCRA/CERCLA sites within the F and H Areas are the Closed Basins (F-Area

Seepage Basin Grormdwater Operable Unit and H-Area Seepage Basin Groundwater

Operable Unit), the Closed Process Sewer Lines (F-Area Inactive Process Sewer Lines

and H-Area Inactive Process Sewer Lines), and the New Solvent Storage Tanks (H33-

H36).

. F- and H-Area Seepage Basin Groundwater Operable Units

The Groundwater Operable Units for the F- and H-Area Seepage Basins are

RCRA/CERCLA sites that contain residual radionuclides. Information regarding the

residual radionuclide inventory in the F- and H-Area Seepage Basins was obtained from

Mr. Cole (Cole 1998).

. F- and H-Area Inactive Process Sewer Lines

The process sewer lines in F and H Areas were used to transport contaminated

wastewater (harardous and LLW) to the seepage basins. These vitrified clay sewer lines

were used from 1955 until 1982 when new PVC process sewer lines were placed in

service. Some leakage occurred from the vitrified clay lines.

For the purposes of this residual radionuclide inventory estimate, the amount of residual

radionuclides associated with the process sewer lines was calculated by Mr. Clifford

Cole, Sr. (Cole 1996c). Mr. Cole conservatively assumed that the highest contamination

level reported represents a homogeneousconcentration of radionuclides in the soil along

each sewer line. Mr. Cole also assumed that each sewer line is 1524 m (5,000 ft) long,

the excavation is 3 m (10 ft) wide by 3 m (10 ft) deep, and the soil density is 1920 kg/m3

(120 lb/ft3).
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Tbe ETF is located on the south side of H Area. The ETF collects and treats routine

process wastewater, contaminated carryon facility cooling water, and tank farm stem

water mnoff from the F and H Areas. Except for tntium (present as tritiated water), the

ETF removes radioactive and nonradioactive contaminantts from process effluents; the

purified water is discharged to Upper Three Runs.

With the possible exceptions of the ETF Receitig Tank and the ETF Basins, the ETF is

not expected to be contaminated with a significant inventory of radionuclides. For the

purposes of tis residual radionuclide inventory, 1000 L (264 gal) of contaminated ETF

tiuent is assumed to remain in the ETF Receiving Tank afier D&D activities for tbe tank

are completed.

The ETF Basins are lined basins that have received water contaminated with

radionuclides. Tears have been found in the basin liner above the water line; therefore, the

ETF Basins are a potential source of residual radionuclides for the Composite Analysis.

The water stored in the basins bad very low radioactivity and the sediments in the basins

were found to have ordy 4.5 x 10’0 Ci/~ of ‘37CS~Iggins 1997). Using the dimensions

of the ETF Basins and a conservative estimate of 7.6 cm (3 in) of sediment Iefi in the

basins, the residual radionuclide contribution of ETF Basins is less than 1 Ci; therefore,

the contribution is insi~cant and the ETF Basins have not been included in this

inventory estimate.

Naval Fuel Materials Facilitv (247-F)

The Naval Fuel Materials Facility manufactured nuclear fuel for the U.S. Navy The

facili~ was cleaned prior to shut dom in 1989; however, approximately 17 kg of uranium

remained in the facility (Lux 1996). The uranium is made up ofnJU, ‘SU, and ‘*U.
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RCRA/CERCLA Sites within F and H Areas

Exisdsrg RCWCERCLA sites within the F and H Areas are the Closed Basins (F-Area

Seepage Basirr Gromrdwater Operable Unit and H-Area Seepage Basin Groundwater

Operable Unit), the Closed Process Sewer Lines (F-Area Inactive Process Sewer Lines mrd

H-Area Inactive Prmess Sewer Lines), and the New Solvent Storage T& (H33-H36),

. F- and H-Area Seepage Basin Gromrdwater Operable Units

The Groundwater Operable Units for the F- and H-Area Seepage Basins are

RCWCERCLA sites that contain residual radionuclides. Information regarding the

residual radionuclide inventory in the F- and H-Area Seepage Basins was obtained from

Mr. Cole (Cole 1996b).

. F- and H-Area Inactive Process Sewer Lines

The process sewer lines irrF and H Areas were used to transport contamirrated w~ewater

(hazardous and LLW) to the seepage basins. These vitrified clay sewer lines were used

from 1955 until 1982 when new PVC process sewer lines were placed in sefice. Some

leakage occurred from the vitrified clay lines.

For the purposes of this residual radionuclide inventory estimate, the amount of residual

radionuclides associated with the process sewer lines was calculated by Mr. Clifford Cole,

Sr. (Cole 1996c). Mr. Cole conservatively assumed that the tighest contamination level

reported represents a homogeneousconcentration of radionuclides in the soil along each

sewer line. Mr. Cole also assumed that each sewer line is 1524 m (5,000 R) long, the

excavation is 3 m (10 R) wide by 3 m (10 ft) deep, and the soil density is 1920 kg/m3 (120

lb/~).
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● New Solvent Storage Tanks (H33-H36)

The New Solvent Storage Tanks (H33-H36) were built to store radioactive waste solvent

horn the separations activities. For the purposes of this residual radionuclide inventoxy

estinrate, 25 Ci of alpha emitters and 10 Ci of beta/garnrna errritters will remairr in each

d @r they have been emptied and decontaminated For these four ti, a total

inventory of 100 Ci of alpha emitters and 40 Ci of beta/ganrrna emitters is =smned. The

alpha activity is assorned to be composed of 40 percent ‘Cm, 50 percent ‘8Pu, and 10

percent ‘@u. The beta/ganrnra activity is assumed to be due to only ‘37CS.

4.1.3 S Area

The DWPF is located in S Area. The DWPF is used to vitrifi tigh-level radioactive waste.

o

The DWPF accepts liquid high-level radioactive waste stored in the F- and H-Area Td

Farms. The waste is punrped through a pipeline from H Area to the DWPF and passes

through the Low Point PurrIp Pit located in S Area. Operations at the DW’PF involve

irnnrobilizing the high-level waste by rnitig the waste with glass frit and melting the blend

of waste and fiit to produce molten glass. The glass is poured into stairdess steel canisters

and allowed to cool to an inert solid material which is suitable for storage onsite in the

Glass Waste Storage Building until it can be trmsferred to an offsite geologic repository

for disposal.

A by-product of the DWPF operations is waste benzene, contiated with radionuclides.

The waste benzene is transfemed to the Organic Waste Storage Tti (OWST) at S Area

for storage until it can be transferred to the CIF for irrcineration. The amount of

radioactive material in the OWST is very Io\v (less that 1 Ci) (USDOE 1994); therefore,

tie OWST is not included in this residual radionuclide invento~ estimate.
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Current plans me to D&D the DWPF buildiig ~d LOWpo~t p~p pit by removing and

disposing of all r~Oactive ~d h=rdous ~terials md dismmtltig and disposing of the

process equipment. For the puwoses of this residual radionuclide estimate, 3,785 L (1000

gal) of typical DWPF sludge slurry is assumed to remain in the DWPF canyon building

and 189 L (5O gal) of typicalDWPF sludge slurry is asswed to remain in the Low Point

Prrrnp Pit after D&D activities are completed.

4.1.4 Z Area

The Z-Area SaltStone Facility is designed to process and dispose of decontaminated salt

solutions from the F- and H-Area T* Farm and the ETF. The decon-ted salt

solution is mixed with a blend of slag, fly ash, and cement to generate a grout. The grout is

transferred to concrete vaults for disposal where it solidifies to a @ble, monoli~c solid

called SaltStone.

The Composite Analysis radionuclide inventory for the SaltStone vaults was taken directly

from the facility Performance Assessment ~SRC 1992b).

4.1.5 Spills within the GSA

Accidental spills and releases of radioactive waste have occurred at the SRS and have been

documented, in various degrees, since 1954 (Stephens and Ross 1984). For the purposes of

this residual radionuclide inventory estimate, all spills with an activity of less than one

Curie are considered to be isrsignificant and have not been included. This resulted in two

spills in the High Level Waste TA Farms being included in the analysis.
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4.1.6 Other RCR4/CERCLA Sites

Soil/Debris Consolidated FaciliN

The Soil/Debris Consolidated Facility (SDCF) is a waste disposd facility that will be built

in the future (Cole 1996d). Contaminated soil and debris from four SRS facilities will be

disposed in the SDCF. me residud radion.elide invento~ at the SDCF w= obtained by

adding the projected mdioauclide inventory from the four facilities contributing waste to

the SDCF (Cole 1996~ Cole 1996g; Cole 1996h;Cole 1997). 71refollowing facilities will

contribute waste to the SDCF:

. Ford Building Seepage Basin

e
me Ford Building Seepage Basin (FBSB) is an dined basin approximately 18 m (60 R)

by 6 m (20 Pc)at the bottom and 24 m (80 fe) by 12 m (40 R) at the ground level with a

depth of 3 m (10 ft). An underground retention tank with a capaci~ of 22,700 L (6,000

gal) is lwated adjacent to the Ford Building and is comected to tire seepage basin by an

undergromd sewer pipeline. The FBSB w= used for the disposal of wastewater from the

Ford Building from 1964 to 1984. The basb received a total of 1.44 million L (380,400

gal) of wastewater during this 20 year period. The FBSB and connecdng underground

retention tank are currently inactive and have not been backfilled. The radionuclide

inventory was determined horn soil core analysis (Stewart and Hamilton 1997).

. Ford Building Waste Site

The origin and history of waste disposal at the Ford Building Waste Site (FBWS) is

*own, although radioactive regulated equipment is suspected to have been worked on at

this site. Current knowledge indicates that an unknown volume of oil may have been

discharged at the site in the 1970s (Cole 1996e). The radionuclide irrvento~ was
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detetied from wtie characteri=tiOn forms for excavated soil and rubble (Stewart and

Hamilton 1997).

● Savannah River Laboratory Seepage Basins

The Sa- River Laboratory Seepage Basins (SRLSBS) consist of four unlined b=ins

used to dispose of low-level radioactive liquid waste generated in buildings 735A and

773A. The SRLSBS are inactive but have not been backfdled.

. TNX Burial Ground

The TNX Burial Ground (TNXBG) was used as a solid waste management unit. An

estimated 27 g of depleted uranyl nitrate remains buried in the ~XBG (DOE 1987).

During the course of work on the Composite Analysis, management determined that a

separate disposal facility for Environmental Restoration waste \vas not warranted. The

inventories for the four facilities described above were added to that of the E-Area

trenches.

Contaminated Stream Sediments

The sediments in tie streams that bound the GSA, Four Mile Branch and Upper Three

Runs, have potentially been contaminated with radionuclides released to the environment

during operations at the SRS, As with other potential sources of radioactive material, ordy

the sediments within the GSA are considered because it is those sources that could

influence decisions regarding operations of the LLW disposal facilities.
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4.2 Excluded Sources

The following types of facilities withier the GSA were excluded from this residual

radionuclide inventory estimate:

●

✎

✎

✎

✎

Facilities that have never been associated with the prmessirrg, management, or

disposal of radioactive materials or waste such as the Burma Road Rubble Pit, the

H-Area Acid/Caustic Basirr, and the 284-1OF Mairrtenance Shop. Such facilities are

assumed to be free of radionuclide contamination.

Administration buildings such as offices, control rooms, laun@ rooms, or clothing

change rooms. Although these facilities may support other facilities that manage or

dispose of radioactive materials or waste, sufficient controls are assumed to be in

place to ensure that these facilities are free of radionuclide contamination.

Temporary storage facilities such as material staging areas, waste storage buildings or

pa~, or equipment storage area. These facilities are assumed tn be free of

radionuclide contamination because either the probability of radioactive contamination

is low or they can be completely decontaminated of all residual radionuclides..

Mechanical equipment md systems such as diesel generators, exhaust systems, or

cooling water systems. These facilities are assumed to be free of radionuclide

contamination because either the probability of radioactive contamination is low or

they can be completely decontaminated of all residual radionuclides.

Facilities where radioactive material nr vfaste was processed, managed, stored or

disposed of but there is very little chance of residual contamination such as the Glass

Wtie Storage Building, the Beta Gamma Incinerator, the Consolidated Incineration

Facility, the Waste Truck Unloading Station(211 -3F), or the Waste Certification
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Building (724-8 E). These facilities areassumed to be&eeofradionuclide

contamination because materials prmessed have efiremely low concentrations of

radioactive contanrimmts, the probabili~ of radioactive contamination is very low

because radioactive materiaIs are contatied within externally clean containers, or they

carsbe completely decontaminated of all residual radionuclides

● Facilities or spill arm where the maximum amorurt of totrd radionuciides that could

ever be present is less than 1 Curie, even though radioactive materials or waste were

processed, rnarraged or spilled. Examples of such facilities irsclude the Effluent

Treatment Facility @TF) Basins, the spill at 200-F and UTR stream sediments within

the GSA (Carlton et al. 1992). Residual radionuclides that total less tharr 1 Curie for

ass entire facility or spill area are negligible, especially when compared to the total

residual inventories in all of the facilities within the GSA.

The following assumptions were made for reportirrg the radionuclides present at the GSA

facilities.

. Radionuclides reported as “Gross Alpha” and “Other Alpha” are assumed to be ‘vu.

● Radionuclides reported as “Non-Volatile Beta” are assumed to be ‘Sr

. Radionuclides reported as “Other Beta-Gamma” are assumed to be ‘“CS

● Radionuclides reported as “Radim” are assumed to be “~.

● The radionuclide reported as iAnr-241 (which is meant to designate ‘“]Am as a

daughter radionuclide) is assumed to be Am-241.
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. Radionuclides reported with daughter notation (i.e., “+d’) are recorded on the

summary sheet as without daughters. For example, ‘Sr+d is recorded as ‘Sr. This

notation is a remnant of the notation used in performance assessments to identify

decay daughters that must be considered in an intruder analysis.

4.3 Transport Pathway Identification

Dominant transport pathways, ultimately leading to human exposure to radionuclides

potentially rele=ed from GSA sources, must be identified before source terms are

estimated. Source term esdrnates are specific for each transport pathway. For example, if

grousrdwater transport is deemed important, then an estimate of the leach rate for a

subsurface source is required. Likewise, if resuspension of surface soil is considered an

important pathway to exposure, then root uptake by vegetation and the activi~ of

e

burrowing animals must be estimated to develop the source term at the grormd surface. In

this section, both the potentially important pathways to hwan exposure and those

pathways that can be eliminated horn further consideration by virtue of their very low

contribution to a measurable dose are identified.

A generalized diagram of pathways to human receptors horn a subsurface source of

radionuclides is given in Fig. 4.3-1. The pathways identified in this figure are for

undisturbed sources, from the standpoint of human intmsion. Boxes in Fig 4.3-1 represent

ecosystem compaments that could be contiated with radionuclides initially introduced

into the environment from a subsurface source. AITOYVSrepresent path}vays of

radionuclide movement from the source, between compartmen~, and eventually to human

receptors.

For a subsurface source, radionuclides maybe leached by infiltrating ,vater into underlying

aquifers or isolated perched water zones, they may diffuse in the air-filled voids in the soil

to the ground surface, or they maybe moved to the surface soil by burro~virrganimals or
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deep tree roots, Radionuclides that are leached to groundwater may be ingested by

humans directly, transported to the ground surface as a result of irrigation with

grormdwater, or they may eventually reach surface water at locations where there are seeps

or streams.

The arrow leading directly from the “Gromrdwater” box in Fig. 4.3-1 to the human

receptor is broken to indicate that this pathway is not considered a significant route of

human exposure in this analysis. Elimination of this route follows born plans for future

use (Appendix A) of the SRS, because unrestricted use of the region of the SRS in which

grormdwater could be contaminated by the GSA sources will not occur. Upper Three Runs

Creek and Fourrnile Branch effectively intercept grourrdwater aquifers beneath the GSA

that could be potentially contaminated by the GSA sources. The spread of contamination

in groundwater benea~ the GSA to gromrdwater beyond these two creek is not a concern.

● As depicted in Fig. 4.3-1, radionuclides in groundwater may exchange with surface water

and cover soil. The streams on the SRS are gaining streams; therefore, grormdwater is not

recharged by the streams and radionuclides discharged to the streams will not contaminate

gromrdwater in locations downstream from the GSA. This is indicated in Figure 4.3-1 by

the broken line leaving the “Surface Water” compatient and entering the “Grocmdwater”

compartment. However, groundwater from beneath the GSA does discharge to local

streams on the SRS; thus, radionuclide movement from gromdwater to surface water is

potentially significant, and is addressed in the composite analysis.

Radionuclides may move through ground~vater either as dissolved constituents or in a

suspended colloidal form Colloidal migration is a very dynamic process. As suspended

colloids encounter slight changes in ~vaterchemistry or flow rate along a flow path, they

may either deposit on the immobile soil surfaces, or become mobilized. Therefore,

colloidal transport in natural aquifer media can be vie~ved as a process with attributes
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sirrrilar tothosegoverrring sorption anddesorption of elements arrd compounds. Colloidal

forms are not explicitly addressed in this analysis for two reasons, discussed below.

First, colloidal forms arenotdirectly addressed intis anaIysis because reliable mearrsof

predicting site-specific colloidal influences on solute migration are not available. The ~es

of colloids present are not readily measured, and thus the sorptive potential and stability of

thecolloids carmot be predicted. Secorrd, colloids migrate accordirrg to complex physical

and chemical immobilization and remobilbtion mechanisms. These mechanisms are not

-ily determined in non-idealized media such as natural aquifer materials. Because of

these andother ucertainties, many consemative assurrrptions are used in tie composite

analysis toassure that these indeterrrrinate effects attributable to colloids will not have a

significant influence on the results.

Fnrliquid transport computations used in this analysis, a sorption coefficient, normally

referred toasa~, is used topatiition artionuclide beWeentie solid mdliquidphues.

Coefficients for each radionuclide are empirically determined, and are calculated from

experimental tests that either measure “hquid phase” and sohd phase concentrations of

radionuclides, or measure the retardation that occurs as a result of reversible sorption

processes when liquid constituents move through a porous medium “Liquid phase” in both

of these measurements is defied as that portion of the expetiental media that. passes

through a filter of a specified pore size. Because of this defition, the “liquid phase” may

actually contain some colloidal solid material that also passes through the filter. This

colloidal material isverysorptive because the particles aresmall tithavery kghsrrrface

to volume ratio. Thus, an experimentally determined K may include the colloidal fraction

pmsirrg through the filter, and may uderestirrrate the true sorption potential of the porous

media that is being tested. Because an experimental & may yield a liquid phase

concentration that is greater than or equal to the true volubility of a radionuclide due to the

presence of colloids, calculated doses from liquid pathways will al~vaysbe consemative.
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Irrigation of cover soil by grormdwater is practiced ordy occasionally in the SRS region,

due to abundant precipitation during the growing season (Murphy 1990). Because tbe

grourrdwater under the SRS is intercepted by on-site surface water streams rather than

flowing off-site, groundwater irrigation is not an important pathway to cover soil, and

ultimately to human exposure, Accordingly, in Fig. 4.3-1, the arrow that represents the

groudwater irrigation pathway from the “Groudwater” compatient to the “Cover soil”

compartment is broken.

Volatile radionuclides that diffise to the ground surface may be trarrsported in air and

eventually inhaled by hurrrans. These radionuclides may also exchange with the cover soil

and terrestrial biota compartments. Deposition on cover soil and plant surfaces leads to

exposure via ingestion of crops, milk or beef.

● In the Composite Analysis for the GSA, the radlonuclide inventory includes significant

quantities of 3H and “C, which have volatile forms. In order to evaluate the potential

significance of the atmosphere pathway, tritium monitoring data for the SRS were

consulted.

The 1995 Environmental Monitoring Repofi (WSRC 1996n’) protides information on

current atmospheric releases of radionuclides from the SRS, and dose associated with

them. In 1995, the SRS released 55,000 Ci of tritium oxide from all areas of the site, with

an estimated dose of 0.06 mrem to the maximally<xposed irrdividual at the site boundary.

Most of the tritium oxide (42,000 Ci) came from the GSA. Air monitors installed around

the E-Area solid waste disposal facilities and in H-Area sho~ved average tritium otide

concentrations irr air of about. 250 pCi/m3 and 650 pCtim3, respectively, in 1995. The

42,000 Ci released in 1995 from the GSA is greater that the estimated residual inventory

for the E-Area asrd H-area facilities. Therefore, the atmospheric dose that ~vould be
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calculated for the residual inventory in these facilities would be less than 0.06 rnrern/year,

even if the entire residual inventory were released in one year.

The esdmated inventory of tritium in the Old Burial Ground, the Mixed Waste

Management Facility and the E-Area Vaults is 6.9 x 10s Ci, about 125 tinres the total

mount released from all of SRS in 1995. Using a simple ratio and assuming all tritiunr

oxide, if this entire inventory were released in one year the calculated dose to the

maximally-exposed individual would be 7.5 rnrenr/yr (since the 0.06 mrerrr/yr dose was

based on the 55,000 Ci SRS release).

Though several million curies of tritiunr have been buried in E-Area since the mid 1950s,

the air monitoring results are so low that E-Area is classified as having no air emission

sources. Because of decay, Mltrating water sweeping through the vadose zone and

release to the grorrndwater little, if any, tritium activi~ is released to the a~osphere.

Factors which limit release of tritium to the atmosphere are likewise expected to limit l’C

releases. In addition, 68OOCi (94 percent) of the “C in the GSA is on ion exchange

resins, which are buried in sealed statiess-steel vessels, further Iizrritingrelease of this

radionuclide.

Based on tie above observations, it ~v~ not considered credible that any doses due to the

a~ospheric pathway could come within orders of magnitude of the 100 mrerrr/yr dose

objective or the 30 rrrrem/yr dose constraint for the matially exposed individual.

Therefore, the atrrrospheric pathway was eliminated from firther consideration, as

indicated in Figure 4.3-1.

Althou@ volatile radionuclides may also partition into surface water from the air, this

pathway is neglected for this analysis because tire dilution provided by air mtizes the

contribution of tis phenomenon relative to the direct discharge of radionuclides in

groundwater at the creeks.
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Radionuclides that are transported to dre cover soil by burrowing animals or intrusive

roots may be resuspended into air, or taken up by terrestrial biota. Although the

significance of burrowing animals or rmt uptake is difficult to quantify, neither of these

pathways are expected to lead to sigrdficarrt human exposure for hvo re=ons. First, the

presence of dense vegetation at the site limits resuspension of particulate from the GSA.

Thus, human exposures via this route are not Iiiely. Second, according to plans for fiture

use planning of the SRS, terrestrial biota used for hmrran consumption will not be

cultivated in the GSA. Long-tern control of tie GSA will also prevent deep-rooted

species, such as pine trees, horn growing over sources of radioactive material. This could

be accomplished by planting alternative climax vegetative species such as bamboo (Salvo

and Cmk, 1993). Therefore, cover soil contaminated as a result of on-site burrowing

animals or intrusive roots is considered a negligible source of potential human exposure in

dris Composite Analysis. The arrow leading horn the “Subsurface P.adlonuclides” to the

e “Cover Soil” compartment in Fig. 4.3-1 is broken to indicate the negligible contribution of

this patiway to human exposure.

Radionuclides in surface water may be ingested directly by human receptors, taken up by

aquatic biota, exchanged with sediment, volatilized to the air, or transferred to the surface

soil as a result of irrigation with surface water (Fig. 4.3-1). Ingestion of potentially

contaminated surface water is considered a relatively significant padrway to human

exposure in this analysis, as is contamination of aquatic biota. Because fish can

bioaccrmmlate radionuclides, ingestion of contaminated fish could lead to exposures

exceeding those associated with ingestion of contaminated water.

Radionuclides may exchange widr creek sediment, according to their sorption potential.

Deposition (or sorption) onto sediments is addressed in this analysis arrd external

exposures to shoreline deposits are calculated. However, the surface water (and aquatic

biota) pathway conservatively neglects the concentration-depleting effect of deposition on
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sediments, tiereby increasing the peak concentration for each radionuclide in surface

water. Bec’ause of this latter assumption, resuspension andor resorption of mdionuclides

sorbed on sediment are not explicitly addressed in ingestion pathways related to surface

waters.

Monuclides that have a volatile form, such as 3H and 14C, may volatilize from

contaminated surface water. This pathway, however, is irrsi~ficant compared to the

quanti~ of these radionuclides that could volatilize from the soil, because the radionuclides

are considerably more dilute in surface water. Therefore, the corresponding arrow in Fig.

4.3-1 is broken.

Inigation of cover soil and terrestrial biota with contaminated surface water is also

neglected in this analysis. Again, because of abundat rainfall, irrigation by surface water

is ordy occasional, Furthemrore, crops or other terrestrial biota irrigated by surface water

are not likely to significantly increase human exposure over the exposure derived from

direct ingestion of surface water.

In the analyses done for the E-Area PA, exposures born drinking water exceeded

exposures from the meat-milk-vegetable-soil ingestion pathway for a sampling of

taminants that have relatively high uptake dose factors. Four radionuclidesradioactive con

were selected as representative of those potentially significant to an irrigation scenario:

Tc-99, Sn-126, Pu-239, and CS-137. Technetium-99 wm selected because it represents

radionuclides with relatively tigh vegetative uptake factors, similar to H-3 and C-14.

However, although uptake potential is high, leaching from the root zone is rapid, as is

typically the cme; i.e., vegetative uptake and Kd are correlated. Tm-126 \vas selected

because it has a moderately tigh K& and thus is retained in the root zone, and has a

si@ficant ewerrral dose factor. Plutonienr-239 was selected because it has a Mgb Kd and

a high interred dose factor (altbou~ a Iotv vegetative uptake factor), Finally, Cs-137 kvas
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selected because it has a high Kd and also a moderate vegetative uptake factor, which is an

anomaly.

For Tc-99, Pu-239, and Cs- 137, the dose from all pathways associated with irrigation are

approfitely fictors of 6, 4, and 8 lower, respectively, than doses from the Mg

water pathway. For Sn- 126, the dose from irrigation pathways is about one-half the dose

from the drinking water pathway, due to external exposure to radiation from this isotope

when deposited on garden soil. These calculations assumed that half of all vegetables

consumed were irrigated with contaminated water at a rate consistent with what may be

found in the SRS region, and that all milk and beef consrrmed were derived from dairy and

beef cattle that M contaminated water. Because these assrunptions are conservative,

estimated exposures from cultivated foods and soil are not expected to exceed those

attributable to drinking water, but are expected to be several times lower. Therefore, the

*

surface water irrigation pathway is not considered a dominant pathway to human

exposure.

IIIsmnmary, the following transport pathways are identified= impO@t tOthe COmposite

Analysis: gromdwater transport horn the subsurface source of radionuclides to surface

water, and surface water trarrspofi to humrm receptors via direct ingestion and via aquatic

biota and creek sediment. In the next section, the source terms describirrg release of

radionuclides to the groundwater compartment and the air compar&nent are presented.

4.4

4.4.1

Source Term Estimates

Inventory Estimates

Data for the radionuclide invento~ estimates ~vere collected from a variety of sources

including reports, WSRC memomrrda, and process knowledge estimates. Table 3.2-1 lists

the contacts who provided information.
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The initial list of potential radionuclide sources was developed by the Data Resource Team

(see Table 3.2-1) and focused on specific facilities within tie F, H, S, Z, and E Areas.

~s list was expanded to include all facilities within the GSA that were associated with

radioactive material (CDM 1996). Data was provided by various technical personnel at

WSRC. Additional data were gathered from a variety of sources which included reports,

WSRC memoranda, process knowledge estimates, and interviews.

The original list was condensed to be a working list of facilities. Table 4.4-1 identfies

those facilities within the GSA considered but not included in the residual radionuclide

inventory. The raon that a particular facility was rejected is included in the table. There

are four reasons that a facility may have been rejected No Radionuclides, Clean,

Radionuclides <1 Ci, or Storage. The designation “No Radionuclides” was used for those

facilities that have never been associated with radioactive material. The designation

“Clean” was used for those facilities that processed radioactive material but are expected

to be completely free of residual radionuclide contiatinn as a result of D&D efforts

The desi~ation “Radionuclides <‘ 1 Ci” was used for facilities and spills where the

maximum amount of radionuclides that could be present is less than 1 Ci. The designation

“Storage” was used for facilities drat were used for temporary storage.

Table 4.4-2 presents the inventory for each facility which is expected to contain residual

radioactive material.

Appendix E provides the work sheets and data for the radionuclides and facilities included

with this inventory estimate.
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Table 4.4-1. Facilities Considered but not Included in Inventory

Area Facility Building Number Reason Not Included

E Area
Used Equipment Storage Area 643-7E No Radionuclides

Mixed Waste Storage 643-29E, 43E Storage
TRU Waste Stomge Pad 643-7E Storage
Waste Certification Bldg. 724-8E cl-

F Area
Waste Tmck Urdoading 211-3F Clean

U Oxide Storage 221-12F, 221-22F Storage
Cwling Water System 281-lF, - 6F, -25F Clm

U Oxide Storage 728-F, 730-F Storage
Diesel Generator 254-5F No Radiorruclides

Maintetmnce Shop 284-1OF No Radionuclides
F Canyon Exhaust System 292-F, 294-F Clean

Fans, Filter Houses, Stacks)
Burma Road Rubble Pit 231-4F No Radionuclides

F-Area Burnirr.glRubble Pit 23 l-F, -lF, -2F No Radionuclides

I
I F-Area Coal Pile Runoff Basin I 289-F I No Radionuclides

43G I No Radionuclides 1I F-Area Hazardous Waste I 904-4 IG, -42G, -
Management Facility

ETF Basins 281-8F, -97F Radlonuclides <1 Ci
H Area

Diesel Generators 2 18-H, 234-4-H, 238-H, No Radionuclides
254-1OH

Building Efiaust System 295-H, 296-H, 297-H, No Radionuclides
I 298-H

H Cooling Water System I 241-103H, 281-13H, - I ClearI i
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Table 4.4-1. Facilities Considered but not Included in Inventory (continued)

Area Facility Building Number Reason Not Included

H Area
(continued)

Beta Gamma Incinerator 230-H Clean

Compactor Building 253-H Clean

H-Area Coal Pile Runoff 289-H No Radionuclides
Basin
H-Area Acid/Caustic Basin 904-75G No Radionuclides

ETF Control Room 241-84H No Radionuciides

ETF Treatment Building 241-81H Clean

ETF Basti 241-8H, -103H Radionuclides <1 Ci

Tritium
Facilities

Receitig Basin for Off Site 244-H Clean
Fuel
Resin Regeneration 245-H Clean

Isotope 232-H clean
Separatioflurification o

Facility, Lisses~11
Tritimn Invento~ Storage 217-H Storage
Area
Storage, Spare Parts, and 237-H Clean
Shippiog
By Product Purification 236-H Clean
Facility
Burst Test Facfiity 236-IH Clean

Reservoir Reclamation 238-H Clean
Facility
Bldg. 232-H Etiaust Stack, 295-H Clean
Lines 11
Building 234-H Efiaust Stack 296-H Clean

Building 232-H Ehaust 297-H Clean
Stack, Line 111
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Table 4.4-1. Facilities Considered but not Included in Inventory (continued)

Area Facility Building Number Reason Not Included

S Area
Glass Waste Storage Building 250-S Storage

Orgasric Waste Storage Tank Radionuclides <1 Ci
(OWST)

Z Area
Process Building 21O-Z Clean
SaItstorre Operations Building 704-Z Clean

Spills
Spill at 200-F - 200-F Radionuclides <1 Ci

Strearrr UTR sediments within GSA Radionuclides <1 Ci
Sediments
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4.4.2 Excluded Radiamrclides

For some sources of radionuclides in the GSA, inventories discussed in the previous

section include some isotopes that are not expected to be significmt contributors to

potential dose in the Composite Analysis because of the extremely low quantities that are

present. Radionuclides that are negligible contributors to were identified in the present

analysis using trigger values (TVs) developed in a screening methodology originally

applied in tie E-Area PA (WSRC 1994).

The E-Area screening methodology considers the estimated concentration of each isotope

in groudwater afier transport from a subsurface source, such as the Burial Grounds,

suspect soil trenches, or the E-Area Vaults. Radiological doses, based on ingestion of 730

L/yr (2 L/d) of groundwater at the estimated concentration of radionuclides, are then

calculated using a number of conservative assumptions. Tri~er values, or TVs, are

calculated based on comparison to a 4 mrerrs/yr performance objective dose with these

calculated doses. Trigger values, irr tits of radioactivity per disposal unit, represent the

radionuclide-specific inventory at or below which doses from ingestion of groundwater are

not expected to approach the PA perfomrsmce objective of 4 rnrem/yr. In other words,

inventories of radionuclides below the TVs are irrsi@ficant with respect to radiological

dcse.

For the Composite Analysis, TVs for the unlined suspect snil trenches described in the E-

Area PA were used. Tire suspect snil TVs were considered most appropriate because

many of the sources in the Composite Analysis that were not addressed by PAs do not

have engineered barriers. The relevant dose nbjective (Sect. 2.4) in the Composite

Analysis is 30 mretiyr at the points of assessment, which are at the mouths of LITR and

FMB and on the Savannah River (Section 2.4.1). Thus, TVs from the E-Area PA, based

on a 4 mrenr/yr objective applied to groundwater 100 m from the trench, will be smaller

than necessary. Furthemnre, surface }vater concentrations that represent the point of
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assessment till be less than groundwater concentrations because they are calculated by

diluting grormdwater concentmtions cvithbaseffow occufig upstream of the region where

contamination occurs. For tils reason, TVs based on groundwater doses will again be

smaller tlmn necessary. Therefore, use of TVs

inappropriate exclusion of any radiormclides.

To derive TVs for suspect soil trenches, initial

from the E-Area PA will not lead to

concentrations of radionuclides in the

subsurface were calculated in tie E-Area PA by assuming that a unit inventory (i.e., one

Curie) of each radionuclide is placed in one unlined trench the size of the suspect soil

trenches (5200 m3). Groundwater concentration are estimated assuming the initial

concentration is diminished ordy by radioactive decay dtig the trssrsit time period.

Dilution as a result of plume dispersion is neglected. The transit time for non-sorbirrg

radionrrclides to the water table is assumed to be 5 years &er release from the source

(Flach 1997). Transport of sorbing radionuclides is retarded, and thus the transit time for

these radionuclides can be much longer, depending on the retardation factor assrmred.

The esdtnated minimum transit time for water arrd nonsorbing compounds to the nearest

surface \vater in the GSA must therefore be greater than 5 years, so the TVs are

consemative with respect to transit time from the waste to the point of assessment.

In applying TVs from the E-Area PA, the total inventory of each radionuclide in GSA

sources was assumed to be located in a single urrlied trench, thus m~tizing tie

radionuclide concentration considered in the screening procedure. This is conservative

because the volume of these sources is greater than the capacity of the trench (5200 m’),

and the actual sources are distributed throughout the GSA and thus are more dilute

initially. The total inventory of each radionuclide in the GSA, given in Table 4.4-2, was

calculated by sumrnirrg the inventory of each radionuclide for each source in dris table. The

TVs, from the E-Area PA, are also given in Table 4.4-3.
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Table 4.4-3. continued

Radionuclide~ TriggerVale Daughter S,gnificard Estimated Trigger
(a)

Exclude Radion.elide?
(Ci) Fmducts? Daughtetis) Activity of Value(s) of

Not significant significant
Included in Dauxhierfs) Daughter(s)
Dose Facto, -

S“-113~ >IE20 Daughters 1“-l13m 1.56.4 [d]
Sri-l 19m

>IE20
2.60E+05

Exclude
>1E20 NOdaughters

Sn-121m 2.61E+01 6.20E+14 NOdaughters
S“-123 7.55EM3 >1E20
Sb-lM 1.46E+05 >1E20
Te- 125m 8.48E& 1.40Et08
Sb-126 1.30EtOl >1E20
Sb-126m
S“-126
Te-127
Te-127m
1-129
cs-134
CS-135
Ba-137m
G-137
Ce-144
PI-144
Pr-144m
Pm-147
sm-151
EU-152
En-154
Eu-155

2.73E-01 >1E20
I,35E+02 6.20E-00
1.56MI >1E20
1.61E-01 2.20E+03

2.25E+01 2.30E-03
1.80E+04 >1E20
6.82E-02
2.92E+04
2.77E+05
1.95E+04
1.95E+04
2,25E+02
9,61E+04
4.87E+133
1.25E+01
1.35E+04
1.52E’H33

1.1
>1E20
>1E20
>1E20
>1E20
>1E20
>1E20

5.60E+I0
>1E20
>Imo
> IE20

Hf-lSl 2.40E+04 >1E20
Ta-182 5.66E+04 >Imo
Pb-212 9.35E-03 >1E20
Ra-226 1.54E-01 7.50E+oI

Ac-22S 2.40E-03 >1E20
TII-228 3.30EC13 >IE20

NOdau;hters
Danghtem

NOda”~hters
NOdau;htem

Dauchten
Da”chters

NOda;ghtem
Daughters

NOdaughters
NOdaughters
NOdaughters
NOdaughters

Danghtecs
Daughters

NOda”ghten
Da.ghtem
Daughters

NOda”ghtem
Daughters

NOdau~hters
NOda”ghtem
NOda”ghtem
NOdaughters

Dau;h!ers

Daughters
Daughters

T.- 125m

Sb-126
[b]

[b]

D]
[b]

Pr-144
sm-147

Gd-152

[b]
Pb-210
PO-210
Th-228

[b]

1.46E+05 [d] 1.40E+08

2.91&04 [a] > IE20

9.38E+OI [a] > IE20
3.65E-05 [a] 4,40E-01

1.55E-12 [a] 5.30E-01

1.64E-01 [d] >1E20
1.64E-01 [d] 9.3E-02
8,78E-07 [a] >1E20

Exclude
Exclude
Exclude
ticlude
Exclude
Excfude
Exclude

Include without daughters
Exclude
Exclude
[“elude
Exclude
Exclude
Exclude
Exclude
Exclude
Exclude
Exclude
Exclude
Exclude
Exclude
Exclude
Exclude
Exclude
Exclude
Exclude

Include with da.ghcem

Exclude
Exclude
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Table 4.4-3. continued

Radionuclide Toti Inventory Trigger Value~ Significant Btimated Trigger Exclude Radio”.elide?
(Ci) (Ci) Products? Da”ghtc<s) Activity of vat”.(s) of

Not significant Significant
Included in Da;ghtetis) Da;8hte<s)
Dose Factor

Ti-230 1.20E-03 8.80E-00 7.5E+O0 Exclude

771-231 1.30E-01 >1E20

Th-232 7.70EW 8.50E-01
u-232 2.20E-01 5.40E+03
u-233 2.40E+O0 1.50E-01
Pa-234 3.90E-03 > IE20
Th-234 2.WE.03 >IE20

u-234 7.88E+01 1.50E-OI

U-235
Pu-236

U-236
Np-237
Pu-238
u-238
Np-239
Pu-239
Pu-240
Am-241
Pu-241
Am-242
Am-242m
Cm-242

Pu-242

2.45EtO0
1.llE-01

8.82E+O0
1.43E+01
3.ME+W
6.36E+01
3.16E+03
2.02E+03
4,35E+02
2.33E+03
1.86E+04
9.07&02
4.38E-01
1.68E+01

1.08E-01

1.60E-01
>IE20

I .60E-01
2. 1OE-O3
8.20E+06
1.70E.01
>1E20

2.ME-02
2.40E-02
I.1OE+OI
> IE20
>1E20

7.70E+05
>1E20

1.90E-02

Daughters

Daughters

Daughters
Daughtcn
Daughtem
Daughters
Daughters

Daughters

Daughtem
Daughters

Daughters
Daughters
Daughters
Da.ghtem
Daughters
Daughters
Daughters
Daughten
Daughtem
Daughters
Daughters
Daughters

Daughtecs

R.-226
PO.210
Pa-231
Ac-227
R.-228
Th-228
Th-229
U.234
U.234
Th-230
R.-226
Th-230
R.-226
PO.21O
Pa-231
U-232
Th-228
TI-232
U-233
U-234
U-234
P“-239
U-235
U-236

Nv-237
A~-241
P.-242
P.-238
P.-238
U-234
U-238

4,20E-04 [c]
4.20E-04 [c]
2.28E-07 [a]
2.28e-07 [d]
7.70E+W [d]
2.20E-01 [d]
2.16WOI [c]
1.22E-I I [a]
5.4OE-10 [a],
4.82E-12 [c],
9.1OE-13 [c]
7.05E-01 [c]
1.33E-01 [c]
1.25E-01 [c]
5. 13E,02 [c]
4.40E-03 [a]
4.40E-03 [d]
2. 14E-03 [a]
6.21E-02 [c]
1.31E+OI [a]
1.80E-O1 [c]
8.45E-04 [a]
6.93E-02 [al
8.33e-OI [a]
4.70E-01 [a]
6.20E+02 [a]
4.4IE1O [a]
7.35E-02 [c]
5. 10E-03 [a]
1.83E-06 [a]
9 .08&06 [a]

9.3E-02
7.4E-05
>1E20
>1E20
>IE20

‘i.4E+02
1.50E-01
1.5E-02
8.8E01

7.5EtOi3
8.8E-01
7.5E+Oi3
9.3E-02

7.40E04
5.4E+02
>1E20

8.50E-01
1.50E-01
1.50E-01
1.50E-01
2.00E-02
1.~E41
1.60E-01
2,IOE-03
I. IOE+O1
1.90E-02
8.20E+06
8.20E+05
1.50E42
1.70E-01

Exclude

Include witiout da.8h1em
Exclude

Include without daughte~
Exclude
Exclude

Include with dau~htcm

Incl”dc wilh daughters
Exclude

Include witho.t daughters
l“cl.de with daughters
Include witi daughters
Include with daughters

Exclude
Include wi!h da.8hters
[“elude with dxughters
Incl.dc witi daughtem
Include witi daughters

ticludt
Exclude
Exclude

Include witho”l d.”ghters



Table 4.4-3. continued

~ Totallnvento~ TriggerValue Da.~htc, Significant Estimated Trigger Exclude Radion.elide?
(Ci) (Ci) Products? Daughtefi$) Activily of value(s) of

Not Significant Significant
Included in Daughter(s) Daughte<s)
Dose Factor

Am-243 1.99E+O0~ 3.70E-02 Daughters 3.06E-01 [a]
Cm-243

2.00E-02 Include wilh daughters
2.60E-02 >IE20 Daughters ti-239 3.07&05 [a]

Cm-244
2.00E-02 Exclude

4.79E+04 > IE20 Daughters Pu-240 1.33E+02 [a] 2.40E-03 Include wifh da”Ehters
U-236 9.17E+Ol [a]

PI-244
1.60E-02

8.88E-I 1 2.WE-02 Daughten Pu.240 9.82E- 15 [c] 2.40E-02
Cm-245 1.73E-02 2.20E-02

Exclnde
Daughters P.-241 1.73E-02 [d] >1E20 Exclude

Am-241 1.73E-02 [d] 1.IE+OO
NP-237 3.49E-06 [a]

Cm-246
2.lE-04

2.69E-02 2.50E-02 Daughters P.-242 3.40E-04 [a] 1.90E-02 Include without daughters
cm-247 1.27E.07 1.90E-02 Daughters Am.243 1,27E.07 [d] 3.7E-03 Exclude

P.-239 1.27&07 [d]
Cm-248

2.OE-03
5.97E-I 1 5.00E-03 Daughters PU-244 2.45e-13 [a]

cf-249
2.00E-02 Exclude

3.98E-10 2.40E-00 Daughters Cm.245 1.64.-1 I [a] 2.2Ce-3 Exclude
P.-241 1.64e.I I [d]

cf-251
>IE20

2.41E-09 1.20E-01 Da”ghtcrs CII-247 1.39E.13 [a] 1.90E-03 Exclude
Am-243 1,39E-13 [d]

cf-252 5.93E+OI
3.70E-03

>1E20 Exclude

NOW a- Radioactive daughter much longer-lived &an parcnc activiq of daughter calculated assuming pmcnt decays instantmeo”sly to daughter a time t = O.

Note c - Half life of radioactive daughter somewhat shorter than that of pant; daughter assumed t. be in S.C.IU equilibrium with parent at all times, ad initial
activify of daughter assumed to k the amount that would grow in hy 1CQOyean if tie parent we= not leached fmm tie facility

Note d - Half life of parent much longer than that of ,daughte~ activity of d?.ughte<s) assumed to equal tiat of parent at atl times
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For radiormclides that do not produce radioactive daughter products, a simple comparison

bemeen the surrrmed inventory and the TV for that rarlionuclide deteties if the

radionuclide can be excluded from the Composite Analysis. Those with inventories less

than tire TV can be assurrred to be negligible potential contributors to dose. In Table 4.4-

3, radiormclides that do not produce daughters are indicated, and a subset of those

radionuclides is indicated as “excluded” horn further analysis based on the comparison of

their total inventory with the Ws. Radionuclides that do not produce radioactive

daughters, and were not excluded from firther analysis are: “C, ‘sFe, 3H, 1~, % ‘“’Nb,

%, ‘%,, ‘Se, and -c,

Radionuclides that produce radioactive daughters are also identified irr Table 4.4-3.

Potential inventories of radioactive daughters must be considered in addition to the

inventory of the parent radionuclide for these radionuclides. For radionuclides with

*

shorter-lived daughter produch with half-lives on the order of a few days or less,

contributions of &ughter products to dose are addressed in the dose conversion factors for

tie parent. Consideration of these short-lived daughters separately is mwarranted because

these daughters are always intimately associated with the parent. Radionuclides with

daughters that fall into this category are “tiAg, ‘wCe, ‘37CS,2’2Pb, ‘03~u, ‘WRU,‘26Sn,

‘Sr, ‘z’We, and 22gTh. Screening of these radionuclides was done on the basis of the

parent inventory alone. All of these radionuclides, with the exception of ‘*bSnand ‘Sr, are

fairly short-lived and were excluded &om further consideration in the Composite Analysis.

Some radionuclides irrTable 4.4-3 are shorter-lived than one or more radioactive daughter

preducts. Therefore, a radioactive daughter could conceivably be more radiologically

significant than its parent, and this possibility was considered in the screening analysis.

For radionuclides with half-lives shorter tlran one or more daughters, the activity of the

daughters was conservatively assumed to be the activity that would result if the parent

decayed instantaneously to the longer-lived daughter when placed in the trench. me initial

activity of the daughter was calculated from:
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T
AD = A, ‘,

T1/2D

where

AD = initial activity of the daughter, Ci,

AP = initial activity of the parent, Ci,

T,n ~ = half-life of the daughter (yr), and

T,n p = half-life of the parent (W”).

In some cases, this was an excessively conservative assumption, because the half-life of

the parent was ol’ren si@ficant. For example, this equation was used to estimate the

activity of the 23~u daughter of ‘43AM. Even if ‘43AMand ‘3gPu were immobile and

remained in the trench for 1000 years, the activiV of “~u would ordy approach about 3

percent of the activiV of 241AM. However, for screening purposes, conservatism is

desirable. The daughter activities calculated usirrg the above equation were compared with

the appropriate TVs to determine if the daughters might make significant contributions to

dose. Radionuclides with potentially significant daughter contributions identified by this

method are: *’lAM,*43AM,‘wCm, ‘8Pu, ‘9Pu, 2aPu, and 241Pu.

Radioactive daughter products that are much shorter-lived than the parent radionuclide,

but not sufficiently short-lived that dre contribution to dose is fully accourrted for in the

dose factor are assumed to be in equilibrimrr with the parent radionuclide, and thus have

the same activity as the parent. This assumption was made for
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. the 2“PU and 241AMdaughters of “sCm,

● the 243Acn and ‘k. daughters of Cm-247,

● the *’@b arrd 210Podaughters of ‘6Ra,

● the ‘fin’Te daughter of ‘zSb,

. the 22SRSdaughter of’~

● the ‘Z*TISdaughter of ‘*U (m both the ‘CPU and ‘*U decay chains),

● the 93~ daughter of 93M0and 93Zr,and

. the 9@ daughter of ‘sZr.

The only identified parent radionuclides listed in Table 4.4-3 with potentially significant

daughters in equilibrium (that are not sufficiently accounted for in the dose factor) are

93M0and ‘3Zr.

Finally, some radioactive daughter products are characterized by half-lives ordy somewhat

less than that of the parent, such that a state of secular equilibrium is approached over

time. When secular equilibrium is achieved, a constant ratio is established between the

actitity of the parent and the daughter, which is not equal to tity. Depending on the half-

Iives of the parent aod dau@ter radionuclides, secular equilibrium may not occur within

1000 years, the mztim tirrreof assessment therefore, the activity ratio hat would occur

at 1000 years, neglecting leaching, ~vas assumed for the initial ratio of parent: daughter

activities in the Composite Analysis screening. This method greatly over predicts the
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activity of the daughter(s), but is appropriate for this screening exercise. Radioactive

daughter produc~ assumed to be in secular equilibrium with the parent rtilonuclide are:

● the ‘8Pu daughter of 24tiAm,

. the ‘3U daughter of ‘7Np,

. the “AC daughter of “Pa (i the “Th decay chain),

. the “U daughter of ‘~u ( in both the 2QPu arrd2+Pu decay cbairrs),

. the ““Po daughter of “%,

. the ‘%, 226Ra,and *’”Podaughters of ’34U(irrboth the 23% and

2~U decay chains),

. the ‘lPa daughter of 235U,and

● the “U daughter of ‘*U.

Parent radionuclides, with one or more daughters assumed to be in secular equilibrimrr arrd

that were identified as potentially significant contributors to dose are: “Np, “s% ‘“U,

“U, and “U.

Despite consideration of daughter products, some parent radionuclides were considered

potentially significant based on the activity of the parent alone; consideration of the

daughter products dld not indicate daughters would be potentially importaot contributors

to dose for these radionuclides. These radionuclides are: ‘tiCm, “:Pu, 233Th,‘3U, and ‘SU.

Rev. O



4-46 WSRC-RP-97-311

Breed on the screening procedure described above, 31 radionuclides were identified for

which a more detailed analysis of potential contribution to dose must be carried out. These

radionuclides are: *“Am, “’Am, “C, 24Cm, 2KCm, “Fe, ‘H, ‘~, ‘K, “Mo, 93~, %,

‘%i, “Np, ‘8Pu, ‘9Pu, ‘~u, 241Pu,242Pu,“Ra, ‘Se, ‘2’Sn, ‘Sr, Wc, “%, “U, “u,

‘5U, ‘~, ‘*U, and ‘Zr.

4.4.3 Source Term Estimates

In this report, the definition of source tem is the amount of each radionuclide released to

the environment per year. As shown in Section 4.3, the ordy path~vays of concern for the

Composite Analysis are those associated with initial gro~dwater transport of

The PATHRAE computer program (See Appendix D) was used to calculate tie annual

flux of radionuclides to the water table. Five input files are required for PATHRAE;

however, ordy three of them have information which is specific to a facility md the

grormdwater pathway, ABCDEF.DAT, INVNTRY.DAT, and RQSITE.DAT.

ABCDEF.DAT contains facility dimensions and hydrologic propeflies. MTRY.DAT

is the facility radionuclide inventory data, arrd RQSITE.DAT has the partition coefficient

(16) and leach rate information.

The areal dimensions for each facili~ ~vere measured from maps in the SRS Site Atlas

(WSRC, 1995b). Depth to the ~vater table was determined from an intranet page on the

SRS network supported by the Entirorrmental Geochetistw Group (WSRC 1997b).

Hydrologic parameters ~veretaken from the EAV PA (WSRC 1994). Facility inventories

and radionuclide screening have been described in Sections 4.4.1 and 4.4.2, respectively.

Partition coefficient values for geologic materials ~verealso taken from rhe EAV PA.
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With one exception, leach rates, as a function of waste zone ~, were calculated within

PATHRAE. The leach rate for “C from ion exchange resin was taken a modeling study

on this particular waste fomr (Cook 1989) based on data from Iysirneters (McIirtyre 1987).

Waste zone K values were taken from the EAV PA for those facilities where

radionuclides are in direct contact ordy with the soil column, ssrd from a recent reference

(Bradbury and Sarott 1995) for rhose facilities where concrete or cement-based materials

were involved. Table 4.4-4 provides & values asrdthe source of those values used in the

Composite Analysis. The PATHRAE analyses simulated releases over a period of 11,000

years.

For source temr modeling, the facilities can be divided into several groups. These are PA

derived, existing waste sites, tis, buildings and spills. The treatment of each of these

groups is discussed below.

PA Derived Source Temrs

Those new disposal facilities which have been modeled as part of a Performance

Assessment, Saltstone vaults, LAW vaults, ILT vaults, Naval Reactor Components and E-

Area Trenches used the results of the PA model for flux of radionuclides to the water

table.

Existirre Waste Sites

Existing solid waste sites were modeled for their actual time of operation. These were

1954 to 1972 for the OBG and 1972 to 1994 for the MWMF. Lysimeters ~veretreated as

separate sources within the kiWMF. The MWMF and OBG were modeled kvitbout a

closure cap. The F- asrd H-Area Seepage Basins ~vere modeled as closed systems,

includisrga closure cap, begiting in 1988.

Rev. O



4-48 WSRC-RP-97-311

Table 4.4-4 Sorption coefficients (&s) and half-lives OfradiOnuclides fOr which
transport is simulated in the composite snalysis of the GSA

Cement & Soil Kd clay Kd
Radionuclide (IId/gy (~s)b ....................l.w~t ........ ......................... .

Ac

h

Bi

c

Cf

Cm

Fe

H

I

K

Mo

Nb

Ni

Np

Pa

Pb

PO

Pu

Ra

Se

Sn

Sr

Ta

Tc

Th

u

Zr

5000

5000
--’

7000

5000

5000

100

0

2

0.1

0.1

500

500

5000

5000

500

500

5000

50

10

1000

10
--.C

1

5000

1900

5000

450

1900’

100

2“

1900d

1900’

220

0

0.6f

15

10

160

400

5

550

270

150

loof

500
jS

130
101

220

0.36h

3000

35

600

2400

8400’

600

1

8400’

6000’

165

0
1

75

90

900

650

55

2700

550

3000

5100

9100

740

670

110

1200

1

5800

1600

3300

aBradbury and Sarott, 1995; b Sheppard and ~bault, 1990; c Case does not occur

dBaes and Sharp, 1983; CMcIntyre, 19SS; f Hoefier, 19S5;’ Tlcknor and Rue~er, 1989;

hOblath, 1982
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Both high level waste tanks and solvent tis were represented as concrete monolitis,

based on the approved closure plans submitted to dre State of South Carolina. Each HLW

h W= modeled as containing the expected residual radionuclide inventory after ~vaste

removal and closure. Key assarrrptions were drat tie W remain intact for 300 years

and that infiltration was reduced by the concrete.

Buildings

Process buildisrgs, F- and H-Area Cruryons, the DWPF, the Sand Filters and the 772-F

laboratories, were modeled as a concrete slab, with tie footprint of the existing structure,

contiated with the assumed inventory. No cap was assumed for these facilities.

The oaly spills of sufficient magnitude (total activity> I curie) to be considered in the CA

were associated with the h@ level waste *S (D’Entremont, 1988). The spill inventory

was added to the residual inventory of the ti group within which the spill $vaslocated.

Contaminated Fourmile Branch Sedments

Foumrile Branch has received effluent from the F- and H-Area Seepage Basins and tie Old

Burial Ground (Cariton et al. 1992). Ho~vever, the quantities of radioactive material in

transport in FMB are very low. In 1994, a total of 3 nrillicuries of 13’CSwas in transport

isr FMB just downstream of the GSA (WSRC 1996c). If a person lvere to be exposed

directly to this amount of ‘3’CS,the resulting dose from all pathways, including drinking

730 liter of water per year, would be ordy 0,4 nrretiyear Thus, this source of radioactive

material is nnt significant and is not considered further.
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The individual facili~-specific parmeters used in the PATHRAE runs can be found in

Appendix B.

PA~ output consisted of curies per year of each radionuclide transported to the

water table. These results are presented io Figures 4.4.1 through 4.4.15.

4.4.4 Excluded Source Terms

The source terms derived for the composite analysis, describing radionuclide release to the

water table, varied greatly in ma~tude, from less than 1018to greater than 104 Ci/yr. A

methodology was developed to screen the source terms with respect to potential impact,

thereby focusing the subsequent analyses only on sources of potential significance. The

methodology implemented is described in this section.

e The source term criterion developed as part of the screening methodology is based on an

all-pathways dose aualysis. The criterion defies a magnitude of release to the water table,

below which associated impacts of the source term are expected to be considerably less

than 1 mrerrr/yr. In order to develop tis criterion, it was assumed that releases to the

water table were not tished by sorption or radioactive decay during transport in the

subsutiace, such that a release to the water table eventually became a disch.?rg?.to a

stream. Thus, a 1 Ctiyr release to the water table was considered a 1 Ci/yr release to a

Strm.

.,’..

In order to base the releme criterion on potential impact, a dose to a h~othetical

maximally-exposed individual was calculated for a unit release (1 Ci/yr) to the ~vater

table of each rad!onuclide listed in Table 4.4-3. The list of radionuclides ii tien from
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Figure 4.4-1. l’C flu to the water table
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Section 4.4 and augmented with potentially-significant radioactive daughters.

calculations were accomplished using the LADTAP XL code (Hamby, 199 la),

Dose

which

implements the U. S. Nuclear Regulatory Commission’s Regulato~ Guide 1.109 dose

models.

Iuitially, the hypothetical individual was assumed to obtain all drinking water (730 L/yr)

and all dietary fish (19 kg/yr) from a location on the Savannah River just downstream of

the Savannah River Site (near South Carolina Highway 301). The individual was also

assumed to be involved in recreational activities (boating aud swimming) on the Savannah

River at this location throughout the year. Flow of the Savarmrd”River at this location is

assumed to be 4000 cfs, which is considerably lower than the average flow rate of 10,500

cfs at this location, arrd thus provides an additional degree of conservatism in the

calculated doses since dilution is underestimated.

Individual aquatic pathway doses were calculated for the radionuclides of potential

concern in the Composite Analysis. The sum of these doses, for all of these radionuclides

released at 1 Ci/yr, is approximately 32 mrem/yr. However, other creeks with flows lower

than those of the Savannah River are potentially impacted by activities in the General

Separations Area. Although these creeks (Upper Three Runs Creek and Foumrile Branch)

are on-site, and thus not available for drinking water usage and recreational usage, the

screening analysis was applied to Aese creeks in order to ensure that the release criterion

selected was conservative. If these releases had occrrr’mdto Fourmile Branch, with a

minimum flow of 14 cfs, a total dose for all radionuclides (D~~~)of 9. lx 103 mrerrr/yr can

be estimated from

D
4000

FMB =D~Ry,

(4.4-1)
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Q
where D~Ris the total dose (32 mrem) calculated for Savannah River usage. This ratio is

valid because the only exposure parameter assumed to differ is flow rate (and thus

dilution). Likewise, for Upper Three Runs, with a minimum flow of 27 cfs, a total dose

(Dm.) of 1,000 mrern/yr is estimated,

Taking the largest total dose attributable to discharge of 1 Ci/yr of each radionuclide to

streams in the GSA vicinity (9.1 x 103mrerrr/yr), a release criterion, corresponding to a

maximum dose of 1 mrern/yr, was calculated. From

R, lCi/yr

lmremi yr = 9.1X 103mrem/ yr’

(4.4-2)

a release criterion (Rc) of 104 Ci/yr, is calculated. This release criterion corresponds to a

maximum dose to a hypothetical individual of 1 mrern/yr from all radionuclides. It is

highly improbable, however, that an actual dose would approach 1 mrern/yr at this

release rate, given the number of conservative assumptions incorporated in development

of this criterion.

The release criterion of 104 Ci/yr was applied in two ways. If the total release of all

sources of a particular radionrrclide to the water table was less than 104 Ci/yr during the

1000.yr assessment period (Table 4.4-5), then that radlonuclide was neglected for all

sources in subsequent transport and dose calculations. In some cases, however, release

of a radionuclide with multiple sources was greater than 104 Ci/yr from a few sources,

but much less than 104 Ci/yr from others. In those cases, only the sources characterized

by releases of the radionucfide greater than 104 Ctiyr were addressed. The results are

summarized in Table 4.4-6.

Rev. O

.



Table 4.4-5. Results of flux to the water table calculations up to 1,000 years

H-3
C-14
Ni-59
Se-79
Sr-90
Zr-93
Tc-99
Sn-126
1-129
Cm-246
cf-252

m Ra-226
z Th-228
0 Th-230

Th-232
U-233
U-234
U-235
U-236
U-236
NP-237
Pu-236
Pu-239
Pu-240
Pu-241
Pu-242
Am-241
Am-243
Cm-244

247-F DWPF LOWPT ILV LAw KAPL SALT
C@r Ciyr Cdyr Cilyr Cdyr Cilyr

1.70E-02 1.06E-03 6.54E-08 9.79E-05 <1.E-16 3.80E-06
6.36E-12 4.03E-06 3.60E-08 <1.E-16

<1OE-I6 <1OE-I8 2.63E-06 2.32E-05 9.16E-03 NA
7.30E-03 3.65E-04 <1.E-16 <1.E-18 NA <1.E-16
9.49E-04 3.65E-03 1.89E-12 .<l.E-16 <1.E-16 <1.E-16

<1.E-l 8 <1.E-16 NA NA 9.38E-06 NA
5.59E-01 3.93E-02 1.73E-04 6.1oE-05 <1.E-16 <1.E-18

<1.E-18 <1.E-18 <1.E-16 <1.E-18 NA <1.E-16
6.79E-04 6.75E-05 2.71 E-07 1.90E-07 <1.E-16 <1.E-16

NA <1.E-16 NA NA
<l>E-18 <1.E-16 NA NA

<1.E-18 <1.E-16 NA NA NA NA
NA NA NA NA

<1.E-16 <1.E-16 NA NA NA NA
<1.E-16 <1.E-16 1.06E-05 3.00E-05 NA NA

<1.E-18 <1.E-18 NA NA
3.61E-04 3.72E-05 3.02E-06 <1.E-16 <1.E-l 6 NA NA
2.76E-06 7.69E-05 <1.E-16 <1.E-16 <1.E-18 NA NA
4.42E-09 2.57E-06 2.09E-07 <1.E-18 <1.E-18 NA NA

<1.E-18 <1.E-16 NA
4.66E-07 3.60E-06 <1.E-l 6 <1.E-16 NA ~,

<1.E-18 <1.E-16 <1.E-16 <1.E-18 NA <1.E-18
<1.E-16 <1.E-16 <1.E-16 <1.E-18 <1.E-16 NA
<1.E-16 <1.E-16 <1.E-18 <1.E-16 NA NA
<1.E-18 <1.E-18 <1.E-16 <1.E-16 <1.E-16 NA
<1.E-16 <1.E-18 <1.E-18 <1.E-16 NA NA
<1.E-16 <1.E-16 <1.E-18 <1.E-16 NA <1.E-16

NA <1.E-l 8 NA NA
<1.E-18 <1.E-16 NA NA NA NA

SLIT
Cdyr

6.29E-01

2.31E-05

3.14E-05

2.93E-02

3.15E-09
<1.E-16

<l#E-16



Table 4.4-5. Results of flux to the water table calculations up to 1,000 years (continued)

H-3
c-1 4
Ni-59
Se-79
Sr-90
Zr-93
Tc-99
Sn-126
1-129
Cm-246
Cf-252
Ra-226

w
2 Th-226

0 Th-230
Th-232
U-233
U-234
U-235
U-236
u-236
NP-237
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Am-241
Am-243
Cm-244

HSEEP ST33-36 OBG
Ci/yr

3.60E+04
1.12E+O0

<I OE-16
6.98E-03
6.26E-04

4.34E-04 3.66E-02
<1.E-18

2.93E-02 3.93E-02

LYSIM SSLYSIM MWMF STI-22 ST23-32 247-F
Cilyr Cdyr C@r Cilyr Ci/yr Cilyr

1.28E-01 6.25E+04
6.16E-02 4.43E-09 1.35E+o0

<I OE-16 <1OE-I8
3.69E-04 1.1oE-o3

4.95E-11 8.94E-12 7.90E-04
<1.E-18

2.62E-01 5.75E-03
<1.E-16 <1.E-18

4.35E-05 6.21 E-03

<1.E-16
3.OIE-09 7.60E-06 I.42E-07<1.E-18

9.42E-10
1.60E-06 5.54E-07 5.30E-12<1.E-18

<1.E-18
3.16E-03

<1.E-18 <1.E-16
8.33E-03 <1.E-18

7.90E-09 3.67E-02
2. 13E-01
.1.52E-02 <1.E-18

4.17E-08 <1.E-18 <1.E-18
1.34E-06<I.E-18 <1.E-16

<1.E-18
<1.E-16

<1.E-16 <1.E-18

<1.E-18

<1.E-18
1.57E-06 3.50E-07

<1.E-18
<1.E-18 7.21E-11
<1.E-16 <1.E-18

6.36E-12 2.77E-02
<1.E-l 8 <1.E-18 3.61E-04
<1.E-18 <1.E-18 2.76E-06
<1.E-16 7.96E-02 4.42E-09

4.81E-12 6.27E-01
5.89E-11 9.31E-04

<1.E-18 <1.E-18 1.04E-08 1.52E-08
<1.E-18 <1.E-18 9.14E-09 1.16E-08
<1.E-18 <1.E-18
<1.E-18 <1.E-16

<1.E-18
<1.E-18 <1.E-18
<1.E-18 <1.E-18
<1.E-18 <1.E-18



H-3
c-1 4
Ni-59
Se-79
Sr-90
Zr-93
Tc-99
Sri-l 26
I-129
Cm-246
cf-252
Ra-226
Th-228
Th-230
Th-232
U-233
U-234
U-235
U-236
U-238
NP-237
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Am-241
Am-243
Cm-244

●

Table 4.4-5. Rwults of flux to the water table calculations up to 1,000 years (continued)

HSAND
C@r

<1.E-16

HLT9-12 HLT13-16 HLT21-24 HLT38-43 HLT46-51 ETFTANKS TRIT FSEEP
C@r C~yr Cilyr C@r Ci/yr Ctiyr Cilyr C~r

2.52E-02 6.30E+03
1.95E-07 7.07E-06 1.16E-07 1.36E-07 3.69E-09
8.36E-06 7.02E-06 <IOE-16 <IOE-16 <IOE-18
9.73E-04 6.66E-04 1.84E-03 <1E-16 <I E-16
1.22E-02 1.03E-02 <1.E-16 <1.E-18 <1.E-16 3.64E-10

1.65E-01 1.46E-01 2.56E-.O1 1.06E-01 9.49E-04
4.70E-05 4.16E-05 <1.E-16 <1.E-16 <1.E-18
4.08E-07 3.66E-07 6.73E-07 2.59E-07 2.63E-09 5.06E-06

6.05E-05

6.80E-04

1.51E-10 2.34E-10 2.74E-16 <1.E-16 <1.E-16 2.73E-13

6.16E-10 1.27E-09 4.03E-17 <1.E-16 <1.E-l 6 1.87E-12
1.04E-15 1.62E-15 <1.E-18 <1.E-18 <1.E-16
2.36E-05 2.73E-05 2.79E-05 <1.E-l 8 <1.E-18
3.65E-06 5.46E-06 1.35E-05 <1.E-l 6 <1.E-l 6
2.08E-07 1.74E-07 2.47E-07 <1.E-l 6 <fl.E-16
3.90E-04 2.96E-04 2.71E-06 <1.E-l 6
4.04E-06 2.39E-06 1.06E-06 <1.E-l 8
7.89E-03 2.62E-02 2.26E-06 <1.E-18
1.25E-06 1.94E-06 <1.E-16 <1.E-16

6.66E-07 1.94E-06 3.01 E-06 <1.E-16 <1.E-16
4.16E-05 3.16E-05 <1.E-18 <1.E-18
6.60E-17 1.34E-16 <1.E-16 <1.E-16

<1.E-16 1.98E-09 <1.E-16 <1.E-16
5.97E-16 7.70E-16 <1.E-16 <1.E-l 8

<1.E-16 <1.E-18 <1.E-18 <1.E-16

<1.E-16
<1.E-18
<1.E-16
<1.E-16
<1.E-16
<1.E-18
<I,E-16
<1.E-16
<1.E-l 6

<1.E-16

4.66E-09

1.88E-06



Table 4.4-5. Results of flux to the water table calculations up to 1,000 years (continued)

F-Canyon FSAND HLT1-8 HLT17-20 HLT25-28 HLT33-34
C@r C~r Cilyr Ci/yr Ci/yr Cfyr

9.20E+O0
8.07E-08 <1OE-I8 <1OE-I8 2.98E-07

<1OE-18 <loE-la <I OE-18 <1OE-18 <I OE-18
2.38E-03 <1OE-I8 <1OE-I8 <1OE-I8 <1OE-18

<1E-18 <I E-18 <I E-18 <l E-18 <l E-18

235-F 772-F H Canyon
Ci/yr C@r Cilyr

1.57E+o0 2.95E-01
9.25E-08

<1OE-I8
1.09E-07 3.59E-05

<l E-18 8.83E-08

H-3
c-1 4
Ni-59
Se-79
Sr-90
Zr-93
Tc-99
Sn-126
1-129

3.74E-01 3.28E-01 1.70E-02 7.36E-02 1.43E-01
<1.E-18 <1.E-18 <1.E-18 <1.E-18 <1.E-18

3.69E-04 <1.E-18 5.94E-08 2.53E-07 5.12E-07

1.85E-05 5.62E-03
<1.E-18 <1.E-18

2.33E-07
Cm-246
Cf-252
Ra-228
Th-228
Th-230
Th-232
u-233
U-234
U-235
U-236
U-238
NP-237
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Am-241
Am-243
Cm-244

<1.E-18

5. IOE-12 <1.E-18 <1.E-18 <1.E-18 <1.E-18 <1.E-16 <1.E-18 5.33E-15

1.54E-16
<1.E-l 8

3.82E-12
3.60E-08.
6.83E-08 <1.E-18
7.21 E-07
1.29E-08
1.09E-07

<1.E-18
<1.E-l 8 <1.E-18
<1.E-18
<1.E-18
<1.E-18
<1.E-18
<1.E-18
<1.E-18

<1.E-18
<1.E-18

<1.E-18
<1.E-18

<1.E-18
<1.E-18

<1.E-18
<1.E-18

<1.E-l 8 <1.E-18
<1.E-18

<1.E-18
<1.E-18

5.73E-14
3.59E-06
4.94E-08

<1.E-18
2.15E-09
I.1OE-O5

<1.E-18
<1.E-18
<1.E-18
<1.E-18
<1.E-18

<1.E-18
<1.E-18
<1.E-18
<1.E-18
<1.E-18

<1.E-18
<l,E-18
<1.E-l 8
<1.E-18
<1.E-18

<1.E-18
<1.E-18
<1.E-18
<1.E-18
<1.E-18

<1.E-18
<1.E-16
<1.E-18
<1.E-18
<1.E-18

<1.E-18

<1.E-16
<1,E-18

3.69E-04 <1.E-18
<1.E-18 <1.E-18

<1.E-18
<1.E-18
<1.E-16

<1.E-18
<1.E-18
<1.E-18
<1.E-18
<1.E-18

<1.E-18
<1.E-18
<1.E-18
<1.E-18
<1.E-18

<1.E-18
<1.E-18
<1.E-18
<1.E-18
<1.E-18

<1.E-18
<1.E-18
<1.E-18
<1.E-18
<1.E-18 <1.E-18

<1.E-18 <1.E-18
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Table 4.4-6 Results of Source Tem Screening

Sum of Peak Releases to the Water
Radionuclide Daughters Table Up to 1000yr (Ci/yr)

ScreeningResults

Am-241

Am-243

C-14

Cm-244

Cm-246

Fe-55

H-3

I-129

K-40

Mo-93

Nb-93m

Nb-94

Ni-59

NP-237

NP-237

NP-239
Pu-239

Pu-240
U-236

Nh-93m

Pa-233
U-233

1.27x10”’7
includedwith Np-237 parent

<10.18

<,..18

included with W-239 parent

2,53

<,.18

included wilh P.-24O p=nt

i“cl.dedwithU-236pmnt

<,..18

<lo-18b

1.05X10S

7.69x10Z

<,..18

7.4X1U7
<7.4x10“7c

<lo-18b

1.54X105

5.06x102
5.06x10”zd
includedwitiU-233pant

Excludea

Excludea
Excludea

Include

Excludea

Exclude

Exclude

Include

Include

Exclude

Exclude
Exclude

Exclude

Exclude

Exclude

Include
Include

Rev. O



4-73 WSRC-RP-97-31 1

Table 4.4-6 Results of Source Term Screening (continued)

Sum of PeakReleasesto tbe Water
Radionuclide Daughters Table Up to 1000yr (Ci/yr)

ScreeningResuIls

Pu-238 3,19X10”8 Excludea
U-234 included with U-234 parent

Th-230 included with 3’i-230 daughter of U-234
parent

Ra-226 included with Ra-226 p~cnt

Pb-210 included with Ra-226 parent

Bi-210 included with Ra-226 parent

PO-21O included with Ra-226 p=nt

Pu-239 8.22x10”7 Excludea
U-235 includedwith u-235 p=nt

Pu-240 7.36x1V5 Exclude’
U-236 includedwithu-236 p=nt

Pu-241 2.2X1O”’6 Excludea
Am-241 includedwithAm-24 1 pm.t

NP-237 includedwith Np-237parent

Pu-242 1.98x10”9 Exclude

Ra-226 2.15x10”6 Excludea
Pb-210 2.15x10”6d Exclude
Bi-210 2.15x10<4 Exclude
PO-21O 2.15x10<d Exclude

Se-79

Sn-126

sr-90

Tc-99

Th-232

U-233

2.22X1W2 Include

8.88X1O”5 Exclude

2.87x10”2 Include

2.52 Include

1.66X1O”’5 Exclude

3.09X102 Include
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Table 4.4-6 Results of Source Term Screening (continued)

Sum of Peak Releases to eheWater
Radionuclide Daughters Table Up to 1000w (Cm)

U-235

Th-230 S.91x10-’ Exclude
Pa-226 included tith Ra-226 parrot

Pb-210 includedwithM-226Went
Bi-210 inclu&d witi b-226 parent

PO-21O includedwilhRa.226parent

8,41x103 Include
Th-231 8.41x103d Include
Pa-231 <1.68 x 104 Include
Ac-227 <1,68 x 10-’ Include

U-236 1,19X1O’ Include

U-238 8.4x1O’ Include
Th-234 8.4x1O’d Include
U-234 includedwiti U-234parent

Zr-93 <10-18 Exclude
Nb-93m <10.18 Exclude

‘ Consider radioactive daughter fluxes at water table, which maybe sigrrificat with
respect to release criterion.

bNaval reactor source; casks aasmrred intact for 750 years. Radioactive decay renders tbe
inventories of these radionuclides insignificmt inventories by that time.

CTbeNb-93m daughter of Me-93 will not exceed the parent activity during the 1000-yr
assessment period; flux at water table will be less than that of Me-93, due to stronger
sorption.

‘The radioactive daughter is assomed to be irrsecular equilibrium with the parent, aod
travel witi the parent; thus, the fluxes to the water table are assumed to be the mme.

Rev. O



5.0 PERFORMANCE ANALYSIS
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The purpose of this section is to describe the methodology used to assess migration of

radionuclides horn their sources in the GSA to the points of assessment, defined in Section

2.4,1, Several analytical and numerical tmls were used in this analysis,

The flow diagram in Fig. 5.0-1 describes how these tools were linked to carry out the

required computation. Irr Section 4.4.1, the development of the inventory estirnatc for all

facilities was described. This information was screened according to procedures described

irrSection 4,4.2, in order to identfi radiormclides of potential si~ficarrce in the

Composite Analysis. The PATHRAE code was then used to develop an estinrate of the

flux of each radionuclide to the water table (Section 4.4.3) through application of

analytical solutions to rmsaturated flow and transport problems (Appendx D). me flux

to the water table was used as the mass source ternr for the PORFLOW code. The

e
PORFLOW code is capable of computing flow sod mass transport in the saturated zonq

however, for the Composite Analysis, the numerical flow simulations were accomplished

with the FACT code (Section 5.1 belo~v)because a flow field specific to the GSA had

previously been developed and calibrated using this code. This flow field, which provides

flow veloci~ and directions in the saturated zone, was used as input to the PORFLOW

cede for ms transport calculations (Section 5.2). The output from the PORFLOW code

was in terms of flux of mdionuclides to the Upper Three Runs and Fourrnile Branch

streams. These fluxes to the streams were utilized by the LADTAP XL code in calculating

surface water concentrations (Section 5.3) and m~tirrm individual and population doses

(Sections 5.4 and 5.5).

5.1 Hydrologic Model

The GSA model simulates grourrd~vaterflow tittrin the area bounded by Fourrrrile Branch

on the south, Upper Three Runs on rhe north, F Area on the $vest, and McQueen Branch

on the east (Figure 5.1-1) from ground surface to the bottom of the Gordon

Rev. O
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z’”
Radionuclides of
potential significance

PATHRAE Code
(simulate leaching and

mass transport in
unsaturated zone)

Radionuclide
flux to water table

FACT Code PORFLOW Code
(simulate water flow * (simulate mass transpoti

in saturated zone) in saturated zone)
Saturated

flow velocity
& Radionuclide

direction flux to streams

LADTAP XL Code
(calculated doses)

Figure 5.0 Model Flow Diagram
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c.mtination r~h8rgddrain bOundaVcOntitiOn,overentire!o surl.c.$Generalhead bOundavcO.ti!!.n .verentcrebOnOm’u ace

Figure 5.1-l Active mesh elements
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aquifer (Figure 5.1-2). ~e~uifer symempotentially fipaaed byra~onuclides releaed

from sources in tbe GSA is the Floridian aquifer system (Section 2.3.5), which is

comprised of two aquifer rrnits: the Upper Three Runs aquifer unit and the Gordon aquifer

unit. Bonndary conditions for the two aquifer units of concern in this analysis were

detirred according to the following ratiomle.

From thediscussionirr Section 2.3.5 .2, most of thegronndwater fiomthe Upper Three

Rrms (UTR) aquifer unit discharges to Upper Three Rnns, Fourrnile Branch and McQueen

Branch. Because these streams incise this unit, the remaining grormdwater moves

downward across the Gordon co-g unit. Therefore, these stre- provide natnral

boun~ conditions for most of the UTR ~uifer unit, and were prescribed as discharge

regions in the gromrdwater model. On the west side nf the unit, hydraulic head values

from a contour map nf measured grourrdwater elevations are prescribed in lieu of natural

flow boundaries.

Hydraulic head measurements indicate that the Gordon aquifer discharges fully to Upper

Three Rrms in the vicinity of the GSA (Section 2.3.5.2); therefore, a discharge bornrdmy

condition is specified over the north face of the model, along Upper Three Runs. Lacking

natural boundary conditions, hydraulic heads are specified over the west, south and east

faces of the model within the Gordon quifer, Areas of ground~vater recharge and

discharge consistent with computed hydraulic head at gromrd surface are computed as part

of the model solution using a combined recharge/drain bormdary condition. In areas ivhere

the computed head lies below ground elevation, recharge occurs. Recharge to the water

table is specified at an average rate of 0.37 m/yr (14,4 in/w) over the entire model surface

area. Various man-made features (e.g., b~ins) provide additional recharge in localized

areas, which are specified. Groundwater discharges to surface water in regions where the

computed head is at or above ground elevation.
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l.gl O(Kh)
~ 1.5

UTUaq.iler unit,
.UPP.? zone

Umaquifer“nit,
.Ianclay.*o..

UTUaquiferunit,
%wer’ zone

Gordonconfiningunit

Gordonaquifer“nit

Figure 5.1-2 Typical cross-section of stratigraphy-conforming
mesh and log 10 & field
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The areal resolution of the model is 122 mz (400 R*) except k peripheral areas (Fi@re

5. l-l). There are 58 elements along the east-west axis, and 44 elements along the north-

South tis. me vertical resolution varies depending on hydrogeologic unit and

terrain/hydrostratigraphic surface variations @igrrre 5.1-2). Each hydrostratigrapbic

surface isdeiined bynunrerous “picks” ranging inmmrberf iomapprotiately 70to 375

depending onthesrrrface. The’’upper’’ aquifer zone of Upper ~ee Rmrs~uifertitis

represented with9 finite-elements intbe vertical direction wbch irrcludesthevadose zone.

~e’’lower’’ aqrrifer zone contains 5 fite-lements whiletbe “tanclay’’c ofigz one

separating the aquifer zones is modeled with 2 vertical elements. The Gordon confining

and aquifer units each contain 2 elements, for a total of 20 vertical elements from ground

surface to tie bottom of the Gordon aquifer. The 3D mesh size is therefore 58x44x20 =

51,040 elements or 59x45x21 = 55,755 nodes. The relatively fme vertical resolution of

the model is designed to support subsequent contaminant transport analyses.

Hydraulic conductivity values in the model are based directly on a large characterization

database comprised of approximately 100 pumping and 500 slug test data points,

approfitely 250 laboratory permeability measurements, and approximately 40,000

lithology data records. The conductivity field is heterogeneous within hydrogeologic tits

and reflects variations present in the characterization data (Figores 5.1-2 through 5.2-7).

The aver@e horizontal conductivities in the “upper” Upper Three Rurrs aquifer zone,

“lower” UTR aquifer zone, and Gordon aquifer unit are 2.5x 10$, 3.Ox10”$,and 1.5x 10-

rn/s (7.2, 8.4, and 43 Wd), respectively. The average vertical conductivities for the “tan

clay” confining zone and tie Gordon cotig unit are 2.5x 10s and 1.5x 10’0 rrr/s

(7.OX103 and 4.2x 10”5frfd), respectively.

Rev. O



5-7 WSRC-~-97-311

log,, K,

i

1.5
1.4
1.3

::, 1.2
,; ;.1

::. 0.9
0.8
0.7
0.6
0.5

Figure 5.1-3 Simulated horizontal conductivity in the UTR Aquifer Unit
“Upper” zone (vertical average)
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Figure 5.1.4 Simulated vertical conductivity in the UTR Aquifer Unit
“Tan Clay” confining zone (vertical average)
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Figure 5.1-5 Simulated horizontal conductivity in the UTR Aquifer Unit
“Lower” zone (vertical average)
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Figure 5.1-7 Simulated horizontal conductivity in the Gordon Aquifer Unit
(vertic3J average)
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Model calibration targets include hydraulic head and strem baseflow measurements. The

overall rmt-mean-square (r.m.s.) difference be~een simulated head and approximately

665 time-averaged measurements is 1.37 m (4.49 fc). The r.m.s. residuals within the

“upper”, “lower”, and Gordon aquifer zones/units are 1.2, 2.0, and 0.5 m (3.9, 6,4, rmd

1.7 ft), respectively; (Figures 5.1-8 through 5 1-10). Figures 5.1-11 and 5.1-12 illustrate

the simulated vertically-averaged potentiometric surfaces for the aquifer zone containing

the water table (“upper” assd “lower” zones of the Upper Three Rrms aquifer) and the

Gordon aquifer urrit, respectively. Measured head issthe aquifer unit containing the water

table is show in Figure 5.1-13, for comparison to Figure 5.1-11. Measured head in dre

Gordon aquifer is shown in Figure 5.1-14, for comparison to Figure 5.1-12. These

comparisons isrdicate that the GSA model reproduces the head gradients in the respective

aquifer units fairly well, asrd thus should accurately simulate flow directions and rates in

these units,

The estimated discharge rates to Upper Three Rmrs, Fourmile Branch, McQueen Branch,

and Crouch Branch, based on baseflow measurements, within the model domain are O.52,

7.3x102, 4,2x102, and 5.1x102 m3/s, respectively (18,2, 2.6, 1.5, and 1.8 &/s). The

simulated discharge rates are 0.35, 9,6x1O*, 6.2x 10-2,and 3.4x 102 m3/s (12.4, 3.4, 2.2,

and 1.2 @/s), indicating reasomble agreement with measured rates. Maps of simulated

natural recharge and discharge snd of man-made recharge are provided in Figures 5. I-15

and 5.1-16, respectively. Locations of predicted seepage faces are consistent with field

observations (Figure 5.1-17). Figures 5,1-18 tiough 5,1-20 illustrate simulated flow

direction vertically.-averaged over the entire thiclmess of dre “upper” Upper Three Rrms,

“lower” Upper ‘1’lrreeRurIs, and Gordon aquifer zones/unit. For the “upper” and “lower”

zones of the Upper Three Runs aquifer tit (Figures 5.1-18 asrd 5.1-19), the influence of

Upper Three Runs and Fournrile Branch on flow directions is evident. A grourrdwater

divide occurs in tie vicini~ of the old Burial Gromds, representing the competing

irdluence of the NO creeks, For tie Gordon aquifer, the overwheltig influence of the

more deeply-cutting Upper ~ee Runs (Section 2.3 .5) is evident.
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F]gure 5.1-8 Head residuals in the UTR Aquifer Unit, “Upper” zone
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Figure 5.1.9 Head residuals inthe UTRAquifer Unit, “Lower’’znne
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Figure 5.1-10 Head residuals in the Gordon Aquifer Unit
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Figure 5.1-II Simulated hydraulic head in the aquifer zone containing the water table
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Figure 5.1-12 Simulated hydraulic head in Gordon Aquifer Unit
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Figure 5.1-13 Measured hydraulic head in aquifer unit containing the water table
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Figure 5.1-14 N1easured hydraulic head inthe Gordon Aquifer Unit
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Figure 5.1-15 Simulated groundwater recharge (discharge)
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Figure 5.1-16 Simulated groundwater recharge from artificial (man-made) sources
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Figure 5.1-17 Simulated seepage faces
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Figure 5.1-18 Groundwater flow directions in the UTR Aquifer Unit,
“Upper” zone
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Figure 5.1-19 Groundwater flow directions in the UTR Aquifer Unit,
“Lower” zone
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Figure 5.1-20 Groundwater flow directions in Gordon Aquifer Unit
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Fourmile Branch dms not incise this lower aquifer unit, and thus does not ti”ence flow

directions in this mrit.

The hydrologic medel described above was used to generate an annual average flow field

for the GSA. ~s flow field describes the quantity and rate of flow of water between

elements in the mcdel grid, and is utilized in the subsurface transpofi model (Section 5.2)

to predict movement of mdionuclides from their point of contact with the water table

through the groundwater to the streams in the vicinity of the GSA.

5.2 Subsurface Transport

Fluxes of contaminants at locatiom critical to analyzing dose at the points of assessment

(Section 2.4. 1) in this analysis require analysis of subsurface transport of radionuclides

from tie source locations identified (Section 4.1). These source locations include those

addressed in the Z-Area and E-Area PAs and others in the vicinity of these low-level waste

disposaJ areas. A discussion of the transport processes addressed, and assumptions made,

in simrrladng thtie processes is given in Section 5.2.1 below. Details relevant to

application of tie pORFLOW code to simulate t~sport are provided isrSection 5.2.2.

5.2.1 Transport Processes and Assumptions

Transport of radionuclides introduced to the saturated zone mder the GSA occurs as a

result of advective and dispersive processes, but is bindered by sorptive and radioactive

decay processes. These processes are simulated in the PORFLOW fluid flow and

contaminant mass transport code for the Composite Analysis.

The advectiorrdispersion equation implemented by POMLOW (Appendix D.4.3)

considers transport of solutes via the bulk motion of flo~virrg ground~vater, termed

advective transport Advective transport of radiomrclides is estimated for the Composite
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Analysis using flow fields simulated by the FACT code (Section 5. 1). In order to visualize

the directions of advective transport of dissolved constituents in the GSA subsurface, a

particle tracking simulation was completed, the results of which are shown in Figure 5.2- I

for sources in tie GSA. Using this me of analysis, a dissolved particle, representing a

conservative (i.e., nondecafig and non-sorbing) tracer, is “started” at a specified

lwation (e.g., the lneation of a GSA source) and tracked according to location over time.

Particle tracking is used to identify flow direction and velocity for grid nedes of interest in

contaminant transport simulations.

As a contaminant plume approaches a particular location, the concentration gradually,

rather than abruptly, builds to the mzfium concentration in the plume at that location

due to dspersion. Dispersion creates plme spreading as a result of diffusion of solute

molecules, and mechanical mixing. Diffusive transport, like advective trarrspofi, is

e

simulated in PORFLO W through implementation of the advectiorrdspersion equation

(Appendix D.4.3). In this equation, diffusion is a component of the hydrodtic

dispersion coefficient. The value of the difision coefficient for major ions in water at

25°C is on the order of 10”9mz(s (Freeze and Cherry 1979), and is fairly constant for most

dissolved constituents in water. In porous media, however, difision rates are decremed

due to the tortuous paths that ions must follow, Therefore, an apparent diffusion

coefficient of 1010 mz/s was used in this analysis, reflecting a tortuosity factor of 0.1,

which is within the comrrrody observed range of 0.5 to 0.01 (Freeze and Cherry 1979). In

the saturated zone at the SRS, however, advective transport of groundwater constituents is

sufficiently high to render diffusive transport relatively insi@ficant.

Mechanical dispersion, which causes spreading of a contaminant plume, is a property of

the aquifer matrix and flo~v characteristics. Dispersion increases }vith heterogeneity,

fracmring of the aquifer matri& and flo~v rate, In PORFLOW, mechanical dispersion

coefficients are components of the hydrodynamic dispersion coefficient in the advection-

dispersion equation. For this analysis, mechanical dispersion was neglected, and thus
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Figure 5.2-l Particle traclcing forthemajor contaminant sources
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dispersion coefficierrts were settozcro. Although mechanical dispersion mayresultintbe

dilute portion of a plume reaching a pssticular location somewhat earlier in time, neglect of

this process is not expected to lead to underestimates of radionuclide concentrations for the

following reasons. First, the time period of this assessment is 1000 years; this mount of

time is sufficient for arrival of tbe more concentrated portion of the plume at the location

of concern, and thus the more dilute front edge is not si@frcant with respect to the

resulting peak concentrations that are used in calculating doses. Second, some msrrrerical

dispersion is unavoidable in this analysis, because of computing limitations in dealing with

the large grid blocks used for the GSA model. Numerical dispersion, the effects of which

are not discernible from mechanical dispersion in mmrerical analysis, occurs when a grid

element is larger than the distance a molecule may travel by advection in one time step of

simulation. Since the amount of solute in that grid element at the end of the time step is

averaged over the grid element, some artificial spreading and dilution of the front edge of

the phmre wcurs under these conditions.

Sorption of contaminantts on solid surfaces is often viewed as reversible, achieving

equilibrium instantaneously, and applies ordy to immobile surfaces (i.e., sorption on

mobile colloids is not considered - see Section 4.3). This view of sorption is represented

by a sorption coefficient, ~, and is the view adopted for the Composite Analysis.

Sorption cmfficients are radionuclide- and media-specific, and are included in the

govemirrg equation for mass tmnsport which is implemented by PORFLOW (Appendix

D,4.3). Wonuclides that are sorbed on solid media appear to be retarded in their

movement, but m~tium concentrations downstream are not necessarily reduced below

the initial plume concentration unless the radionuclides decay appreciably as a result of

retardation before arrivsl at the point of interest downstream.

The value of& varies \vitb the contaminant and the media to a large degree. The values

used for the mass transport simulations using PORFLOW are given in Table 4.4-6. These

values are site-specific when possible, and are recommended values from literature sources
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when necessary. Sources of each K value are provided in Table 4.4-6. So~tion

cwfficients for soil were applied ~ this an~ysis when the vertical hydraulic conductivity

(Kv) of the media in a grid element is greater than or equal to 1 x 10-’ ro/s; a clay w is

used when the K. is less ~ 1.0 x 10-g ~s. me criteria Of 1 x 109 ~s for KY

corresponds to a 50 percent mud fi~ion ~ aquifer sedimenk; lower values of K,

correspond to mud fiacdom greater @ 50 percent. ‘Thisvalue was selected based on the

knowledge that grid elements represcodng dre Gordon confining tit, which is the ordy

continuous cofig unit in the hydrologic tits of concern, are generally characterized by

~ Kv less than 1 x 10”9m/s. Thus, the higher sorption capacity of clay is accounted for

ody in tis co-g unit, even though intermittent clay lenses exist in other hydrologic

units. This adds conservatism to the transport modeling, by neglecting the greater sorption

capacity of non-contiguous clays in the hydrologic units.

During transport and while sorbed, radionuclides are decaying at an exponential rate

determined by their half-lives. For radioactive decay chains for which transport is o

simulated (Section 4.4.2), daughter products enter the grormdwater at a rate determined by

the half-life of the parent and their own half-life.

Characteristics of the porous media crnderlyingthe GSA which must be specified for the

mass transport simulations include density and porosiV of the media. Matrix density of

the media is a property used by the simulation code PORFLOW to calculate retardation

based on the sorption coefficient, or K. Porosity (n) is related to matrix density ~, )

according to (Freeze and Cherry 1979):

(5.2.1)

where ~ is bulk density (i.e., oven-dried mass of a matrix sample divided by field vohurre).

A buk density of approtitely 1600 k#m3 is reported for the SRS (Looney et al. 19S7),
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although this vahre can be expected to vary throughout the different formations underlying

the SRS. The total porosity of SRS sediments have been found to range from 0.4 to 0.6

(Looney et al. 1987). Assuming a porosity of 0.4, a matrix density of approximately 2670

kg/m3 can be derived from equation 5.2.1, which is in agreement with the average value of

2650 k~m3 provided by Freeze and Cherry (1979) for mineral soils. Thus, this average

value of 2650 kg/m3 was used as a representative value in the POR~OW simulations.

Although porosities can be expected to vary between sand and clay sediments, sands tend

to have lower porosity than clays at the SRS (Looney et al. 1987), and sands dominate

the sediment distribution. Diffusional porosity, which is the term found in the advection-

dispersion equation for, simulating mass transport and is defined as the ratio Of the

volume of pores tbt parricipare in di~ion to the total matrix volume, is expected to be

somewhat less than the total porosity but slightly greater than effective diffnsivity. A

modeling study of tritium migration from the Old Burial Ground determined an effective

porosity of 0.23 based on calibration effons (Flach et al. 1996). Therefore, a diffnsional

porosity of 0.25 was assumed for this analysis.

5.2.2 PORFLOW Transport Simulations

Transport simulations using PORFLOW were accomplished using the simulation grid

established for the GSA model (Section 5.1, Figures 5.1-1 and 5.1-2). This allowed

utilimtion of the steady-state flow field computed using the FACT code in the transport

simulations. The flow field provided flow velocity and direction from the calibrated

model for the GSA. The PORFLOW simulations were carried out with the flow

simulation feature disabled; thus further calibration of the flow model was not

necessary. Checks of the PORFLOW simulation results were made to ensure that mass

balance errors were insignificant.
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The source Iocations identified in Section 4.1 were inteqreted in terms of the simulation

grid. The source terms, some of which were derived for the LArea and E-Area PAs and

some of which were developed using the PATHRAE code (Section 4.4.3), are specified

in the transport model as releases to the water table, in Ci/yr, as a function of time.

Source activities are reported as single curves for each radionuclide at each source,

representing all contributions of a particular radionuclide, whether arising from the

original invento~ or as a daughter product. For example, 241Amis a daughter of ‘lPu,

but is also present as a parent radionuclide. However, only one source of ‘lAm at a

particular location is specified in the 24]Puchain simulations in PORFLOW; this release

includes contributions due to the presence of “Am in the original inventory, and also

due to its buildup from the 24’Puparent in the original invento~. A discussion of the

flux to the water table for the radionuclides is presented in Section 4.4.3. The major

sources are depicted in Figure 5.2-2.

The grid elements into which the source is placed are actually one element beneath the

uppermost element, such that unrealistic dlffusi?rr out of the uppermost model boundary

is diminished. The number of grid elements with sources does not correspond exactly

with the. number of sources, because more than one source often fits into the area

encompassed by a single grid element.
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Figure 5.2-2 Location of major contaminant sources
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Each simulation was set up for one or more radionuclides, with all sources for each

radionuclide activated simultaneously. The simnlated plumes of radionuclides are thus a

composite of all sources in the GSA area, consistent with requirements of the Composite

Amdysis. Simulations were carried out for radlonuclide source terns for which the sum

of peak releases from all sources of the radionuclide were greater than or equal to 104

Ci/yr within the 1000 year period of assessment. Releases below this criterion lead to

calculated doses much less than one merrr/yr summed over all radionuclides; such

sources were excluded from the analysis.

Simulations of the radionuclide plumes were carried out for 1000 years, the time of

assessment identified previously. Time steps were selected to preseme numerical

stability and satisfy mass balance requirements on a grid element-by-grid element basis,

Output of the simulations was specified to provide the radionuclide flux (Ci/yr) out of

the capture zone encompassing Upper Three Runs and its tributaries (Figure 5.2-2), and

the radionuclide flux out of the capture zone encompassing Fourrnile Branch and its

tributaries. The fluxes are compared with global mass balance checks on the model.

This comparison provides assurance that all radlonuclide losses from the model domain

are accounted for in this analysis.

The results of the transport simulations are shown graphically in Figures 5.2-3 through

5.2-22. These results were used to calculate pek surface water concentrations of each

radlonuclide (Section 5.3) and exposure and dose (Sections 5.4 and 5.5, respectively) to

the maximally-exposed hypothetical individual.
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Predicted C-14 Flux to the Creeks
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5.3 Surface Water Concentrations

Concentrations of radionuclides potentially released from subsurface sources in the GSA

were calculated using the LADTAP (Liquid Annurd Doses To All Persons) XL

spreadsheet model (Hamby 199la). This spreadsheet, which essentially implements the

LADTAP II (Strenge et al. 1986) model based on the U. S. Nuclear Regulatory

Commission Regulatory Guide 1.109 (NRC 1977), with some improvements. The model

utilizes both default and site-specific data in calculating radionuclide concentrations in

surface water, and resulting internal and external radiological doses to individuals and

populations,

In order to calculate surface water concentrations of radionuclides, annual flux of

radionuclides (Ci/yr) to the surface water body must be specified, as well as flow rates of

the water body. Average concentrations at specified downstream locations are

calculated. These concentrations do not account for radionuclide decay during transit

from the point of discharge from groundwater, as this decay is acconnted for in the

exposure and dose calculations (Section 5.4).

Fluxes of radionuclides to Upper Three Runs and Forrrrnile Branch were obtained from

the contaminant transport modeling described in Section 5.2. As described in that

section, the total annual flux of each radionuclide out of the model domain was

apportioned to Upper Three Runs and Forrrmile Branch according to an analysis Of the

capture zone of each surface water body and its tributaries. ~Is provided assurance that

all radionuclides were accounted for in either the Upper Three Runs or Fourmile Branch

water concentrations. Calculated peak fluxes are given in Table 5.3-1.
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TabIe 5.3-1 1

.dionuclide Daughters

‘“Am
237Np

“c

‘sFe

‘H

129I

‘3M0
93’”Nb

93’”Nb

%

59Ni

237NP
7.33pa
233u

timated Peak Radionuclide Ffuxes to Surface 1

Jpper Three Runs Creek] Fourmile Brmch
Time of I Time of

Peak Flux Pew Flux Peak Flux Peak Ffux
(ci/yr) (yr) (Ctiyr) (Y

~

a I a

a I a

a I a

a a
a a

a I a

a I a

a I a

5.83 X 10-3 685 1.99x 10-2 476
5.83 X 10”3 685 1.99x 10-’ 476

ater

Savannah River
I Time nf

a

3.37 692

a

1.67 X 104 62

1.74 x 10-2 432

a

a
a

a

a

a

2.09 X 10”2 478
2.09 X 102 478

b
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Radionuclide Daughter!

1
238W

234

2’TY
226Ra
“%b

, Zl@o

23’PU
235T,

2%
236u

Xlfi

24]Am
237NP

242PU

226Ra

“@b
“TO

79~e

‘26sn

233u

Jpper Three

Peak Flux
(Ci/yr)

:
b
b
b
b

5-57

.uns Cr&k
Time of

Peak Flux
(yr)

:

a
L,45x 10’6 1020

h

a

a
a
a

2.22 x 103 608

a

8.94 X 104 488

8.73 X 10-2 533

5.63 X 10-3 545

Fourrrrile Branch
Time 01

Peak Flux Peak Flu
(Ci/yr) (yr)

;“
b
b
b
b

a

2.51 ; 10-’s 1010

a

a
a
a

4.18 X 10-3 436

a

8.93 X 10”3 416

1.49 x 10-’ 458

a

4.00 x 10-3 378

Savanm

Peak Flux
(Cifyr)

:
b
b
b
b

a
h

kRiver
Time of

Peak Flux
(yr)

a
b

a
Z.76X 10]5 1020

h

a

a
a
a

5.65 X 103 440

a

9.13 x 103 420

2.20 x 10”’ 520

a

9.50 x 103 378
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Upper Three Runs Creek Fourmile Branch Savannah River
Time of Time of Time of

iadionuclide Danghters Peak Flux Peak FIux Peak Flux Peak Flux Peak Flux Peak Flux
(Ci/yr) (yr) (Cilyr) (yr) (ci/yr) (yr)

234u 1.36 X 101 383 7.89 X 10”2 411 2.13 X 10”1 395
23% 4.20 X 104 587 1.59 x 10”4 465 5.21 X 104 565
226Ra 3.31 x 105 615 8.93 X 10+ 505 3.92 X 10”5 601
“~b 3,31 x 105 615 8.93 X 106 505 3.92 X 10”5 601
“TO 3.31 x 10”5 615 8.93 X 106 505 3.92 X 10”5 601

235u 4.99 x 103 548 5.06 X 10-3 344 9.01 x 103 362
231pa 3.64 x 105 582 1.75 x 10-5 .452 4.66 X 10s 554
‘z’Ac 3.35 x 10-5 584 1.52 X 10”s 460 4.26 X 105 556

236u 1.96 X 102 549 2.20 x 10-2 340 3.66 X 10-2 356

238u 1.44 x 10-’. 551 1.36 X 10”1 348 2.55 X 10-1 370
23% 1.44 x 1o”’ 551 1.36 X 10”1 348 2.55 X 10”1 370
234u b b b

93Zr a a. a
93’”Nb a a a

a - Radionuclidewas screenedfromfurtherconsiderationaccordingto and ysis in Section4.2.

b - Flux of radioactivedaughterwas addedto flux of sameradionuclideinitiallypresent in source.
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Surface water flow rates for Upper Three Runs, Fourmile Branch, and the Savannah

River were estimated from stream gauging data collected by the U. S. Geological Survey

(USGS 1997). For both on-site streams, flow data utilized were collected from regions

in close proximity to their confluence with the Savannah River. According to the USGS

data, the flow of Upper Three Runs near the point of confluence with the Savannah River

averages approximately 6.1 m3/s (217 cfs). The flow of Fourmile Branch near the point

of confluence with the Savannah River averages approximately 0.68 m3/s (24 cfs). The

flow rate of the Savannah River, at a location approximately 20 km downstream of the

site (where Highway 301 crosses the river) which is potentially affected by discharges to

both SRS streams, is approximately 300 m3/s (10,500 cfs) on average.

Calculated peak radionuclide concentrations in surface water are given in Table $.3-2.

These concentrations are calculated in the LADTAP XL spreadsheet by dividing the

peak flux of each radiormclide to each stream by the flow rates given above.

5.4 Exposure Scenarios

The points of exposure and dose assessment for this Composite Analysis were defined in

Section 2.4, Dose Objectives. Points of assessment at the mouths of UTR and FMB and

on the Savannah River were selected to correspond with the plans for future use of the

SRS. The Locations on Upper Three Runs and on Fourmile Branch, just downstream nf

the points at which radlonuclides may enter these streams as a result of discharge of

contaminated groundwater from the GSA, were selected as conservative points of

assessment to facilitate sensitivity analysis with respect to future land use. The purpose

of this section is to define the exposure scenarios that are assumed in calculating doses at

these points of assessment.
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.

0

Table 5.3-2 Calculated Peak Radionuclide Concentration in Surface Water

~adionuclide Daughters

241Am
237NP

‘3Am
23’Np
239PU

14a

‘&Cm

55Fe

‘H

129T

93M0
‘3”’Nb

‘3”’Nb

59Ni

237NP

233Pa
233,T

Upper Three Fourmile Branch Savannah River
Runs Creek

Peak Peak Peak
Concentration Concentration Concentration

(Ci/m3) (Ci/m3) (Ci/m3)

9.60 X 10-9 7.12 X 10-* 3.60 X 10-’0

a a a
b b b
b b b

a I a I a

a I a I a

a I a I a
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Radionuclide Daughters

238h
234

“w:
226Ra
“@b
““PO

239h
235U

2%
2361,

24’PU
241*m
237~

“2PU

‘6Ra
Zl@b
zl~o

19~e

126Sn

‘Sr

%C

233U

Upper Three
Runs Creek

Peak
Concentration

(Cilm’)

:
b
b
b
b

a
b

:

a
1.61 X 10”~

b

a

a
a
a

1.46 X 10”11

a

5.89 X 10-12

5.75 x 10’0

a

3.71 x 10-”

Fourrnile Branch

Peak
Concentration

(Ci/m3)

:
b
b
b
b

a
b

a
b

a
2.34 X 10”U

h

a

a
a
a

3.90 x 10’0

a

8.34 X 10’0

1.39 x 108

a

3.73 x 10’0

Savannah River

Peak
Concentration

(Cilm’)

:
b
b
b
b

a
h

a
b

6.17 ; 10s
b

a

a
a
a

1.27 X 10-12

a

2.04 x 10”’2

4.92 X 10-11

a

2.13 X 10”12

Rev. O



5-62 WSRC-RP-97-311

Upper Three ForrrrrrileBranch Savannah River
Runs Creek

~adionuclide Daughters Peak Peak Peak
Concentration Concentration Concentration

~

234u 8.96 X 10’0 7.36 X 109 4.77 x 1o””
“~h 2.77 X 10-’2 1.49 x lo” 1.17 X 1013
226Ra 2.18 X 10-’3 8.34 X 10-’3 8.79 X 1015
“@h 2.18 X 10”13 8.34 X 10”13 8.79 X 10”15
““PO 2.18 X 10”’3 8.34x 10”13 8.79 X 10-’5

235u 3.28 X 10”1’ 4.72 X 1010 2.02 x 10’2
23’Pa 2.39 X 10”13 1.63 X 10-12 1.04 x 10’4
227Ac 2.21 x 10’3 1.42 X 10-12 9.54 x 10’5

“w 1.29 X 10-10 2.06 X 109 8.20 X 10-12

238u 9.45 x 10”’0 1.27 X 10”8 5,72 X 10”11
;~h 9.45 x 10”’0 1.27 X 10-8 5.72 X 10-’1

u b b b

93Zr a a a
““’Nb a a a

a - Radlonuclidewas screenedfrom fartherconsiderationaccordingto analysis in Sections4.2 and
4.4,2.

b - Flux of radioactivedaughterwas added to flux of sameradionuclide initially present in source.
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In Section 4.3, the pathways to a human receptor from a subsurface source of

radionuclides were reviewed. As part of this review, pathways were considered to be

either dominant or insignificant. Those considered dornimmt are related to

contamination of surface water (see Figure 4.3-l), and include: 1) external exposure to

creek sediment, contaminated by deposition of radionuclides in surface wate~ 2)

ingestion of, and physical contact with, contaminated surface wateq and 3) ingestion of

aquatic biota exposed to contaminated surface water.

Scenarios which consider expnsure associated with contaminated surface water were

derived from the LADTAP XL spreadsheet version (Hamby 1991a) of the LADTM

generation of dose assessment codes. The LADTAP codes were originally developed by

the Nuclear Regulatory Commission to implement Regulatory Guide 1.109 (NRC 1977)

for surface water exposure and dose models. The LADTAP XL spreadsheet is a SRS-site

●
specific version of the LADTAP II model, since various site-specific factors have been

incorporated irrto the spreadsheet in the place of some of the more generic factnrs. The

exposure scenarios addressed in the LADTAP XL spreadsheet model are those associated

with: 1) surface water ingestion; 2) ingestion of aquatic foods; 3) direct exposure

during shoreline activities; and 4) swimming and boating. The LADTAP XL spreadsheet

allows calculation of both ma,tium individual doses and population doses.

Exposure via ingestion of sui-face kvater is assumed to occur as a result of ingestion of

surface water by a hypothetical individual. For the h~othetical maximally exposed

individual ks rate is 730 L/yr, and for the average individual in tie population, the rate is

370 L/yr. These water intake rates are consistent with rates suggested in the NRC

Regulatory Guide 1.109. The equation describing radinnuclide intake from irrgestion of

river water is

I: = Utvt’Cje-A[’, (5.4.1)
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where,

Ilw = individual exposure to radionuclide i from drinking water pathway (pCi),

U. = water consumption rate (L/yr),

f = intake duration (1 yr),

C, = concentration of radiormclide I in river water (pCL),

A = radioactive decay constant for radionuclide I, (~’), and

tw . trarrsit time between release and consumption (d).

Reduction of radionuclide concentrations as a result of sorption on sediment surfaces and

subsequent deposition, or as a result of water treatment, are not accounted for in the

LADTAP XL model. Reduction due to radioactive decay durirrg transit time (tw)between

discharge of radionuclides to the streams asrd consumption of tie water is accounted for,

based on an assumed average trarrsit time of 1.5 days.

Aquatic foods of potential importance to calculating dose are fish and invertebrates.

Exposure to radionuclides from iogestion of fish arrd invertebrates obtairred horn river

water contaminated with radionuclide i, at concentration Ci, is evaluated from:

I; = UFtf C, Bie-&[l, (5.4.2)

where,

I; = intake of radionuclide i from aquatic foods pathway

(Wci),

u, = aquatic food consumption rate (k#yr),

B, = bioaccmulation factor (LAg), arrd

~= transport time between harvest arrd consumption (d)
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Radionuclide-specific bioaccurmdation factors for these food sources are those provided in

the NRC Regulatory Guide 1.109 for tie radionuclides addressed in the Composite

Analysis. Aquatic fmdconswption rates aremswedto beamatiu ofl9k~~fora

hypothetical individual, and 9 k~yrfort heaveragem emberofthe population ~by

1991a). Average time between hacvest and consumption of fish rural invertebrates is

assued to be 2 days, during which radioactive decay may nccur.

Exposure to contaminated shoreline sediments is adcbessed io the LADTAP XL

spreadsheet model using the NRC Regulatory Guide 1.109 equations for this pathway. A

factor describing deposition of radionuclides on sediment was derived from empirical data

obtained from the Columbia River. A shore-width factor of 0.2 @RC 1977), also derived

horn experimental data, is used to represent the fraction of exposure to an intinite plane

source estimated for shoreline exposures. Urdike the Regulatory Guide 1.109, which

e

assmes a buildup time of 15 years, the LADTAP XL spreadsheet assumes the shoreline

sediments have been exposed to the calculated radionuclide concentrations for 40 years

(tb),corresponding to the approximate operatirrg period of SRS facilities. Exposure to

radiormclide i via the shoreline activities pathway is described by:

E: = IOOU,K 0.2Ciri (1 - e-+” ), (5.4.3)

where,

E:H =

100 =

USH =

0.2 =

r, =

tb =

individual exposure to radionuclide i from shoreline activities pathway

(~Ci-yr/m’),

water-to-sediment transfer coefficient (L/m2d)

time exposed to shoreline mually (yr),

shore width factor (titless),

radiological half-life of radionuclide i (d), and

time sediment is exposed to contaminated ~vater (yr).
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The time of shoreline exposure (Us~)is assumed to be 23 hours (2 6X103 W) dufig a year

for h~othetical members oftbe public, ~d 110 persOn-v for populations, based on a

study of water usage in the vicinity of the SRS (Hamby 199lb).

III the LADTAP XL spreadsheet, the hypothetical kditiduals and populations are assrrmed

to participate irr swimming and boating activities for periods of time (t,) consistent with

those reported by Hamby (1991b). me time spent by a hypothetical individual swimming

and boating is ~sumed to be 1.0x10”3yr (8.9 hr) and 2.4x103 yr (21 hr), respectively.

The population is assrrmed to spend 18 person-yr swimmirrg and 126 person-yr boating.

The external exposure received is estimated from

E: = Gt$C:3 , (5.4.4)

where,

E:=, individual external exposure to radlonuclide i from boating and

swimming pathway (pCi-yr/m3),

G= geometry factor (l for swimming; 0.5 for boatirrg),

t, = time spents wimming or boating (yr), and

c:’= concentration of radionuclide i in river water (~Ci/m3).

Complete submersion assumed fors wimmirrggives a geometry factor of I; for boating, the

individual is assumed to remain on the surface of tie ~vater, represented by a geometry

factor of 0.5,

Immersion in water contaminated with W can lead tn a dose via skin absorption. Intake of

‘H via this exposure route is estimated in LADTAF’XL from:

(5.4.5)
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where,

1{’” = intake of W through skin absorption,

c, = concentration of ‘H in river water (vCi/nsl), and

~wdn = water absorption rate for total body submersion (35 ~).

The water absorption rate of 35 nrl/hr is based on empirical data (Harnby 199la)

River water coricentrations used in the equations described above were presented in

Section 5.3. These exposure models were utilized in calculating doses to matially-

exposed h~othetical individuals (Section 5.5) arrd to hypothetical populations (Section

o 7,4)

5.5 Dose Calculations

Discharge of radiorruclides in gromdwater beneath the GSA may lead to human exposure

and dose. Potentially important pathways leading to dose were identified in Section 4.3.

These pathways include those associated with contiation of surface ~vater. Surface

water concentrations (Section 5.3) ad exposure scenarios (Section 5.4) ~vereevaluated

using the calculated fluxes of radionuclides to strems (Section 5.2) and the LADTAP XL

spreadsheet, from which all-pathway doses were calculated. Estimated doses to hurrran

receptors at the points of assessment identified in Section 2.4 are described in this section.

5.5.1 Equations for Dose Calculations

Doses calculated using the L~TAP XL spreadsbeet utilize the equations described in

*

Section 5.4 to evaluate the exposure of hypothetical individuals to radionuclides potentially
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discharged to Upper Three R~s ~d Foumrile B~ch, in fie ~cfiv of the GSA. The

ammal dose from ingestion of water, D,F(~em), is calculated frOm:

where I,r is the annual intake of radionuclide i (yCi) from ingesdnn of water (see Equation

5.4. 1), and DK1 is the irrtemal dose factor (mredwCi). Internal dose factors used by the

LADTAP ~ model are from DOEm-0071 (USDOE 1988b), with some modifications

allowing for daughter ingrowtb ~by 1991).

Anmral dose horn ingestion of aquatic foods, D? (mrem), is calculated from:

where I,F is the annual intake of radionuclide i (pCi) through cons~ption of aquatic foods

(Equation 5.4.2).

Annual dose from exposure to contaminated shoreline sedments is calculated from:

(5.5.3)

where E?n is the mual exposure to radionuclide i (LCi-yr/m2) from Equation 5.4.3, and

DF,G is the ground-she dose factor (mrem-m2/yr-pCi) taken from DOE/EH-0070 (DOE

1988c).

For swimming aod boating activities, the rourualdose, D?, in mrem, is calculated from:
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D,s = E; Dfiws , (5.5.4)

where E? is the annual exposure to radionuclide i (~Ci-~/m3) for these activities, horn

Equation 5.4.4, and DF,m is the water submersion dose factor (mrem-m3/~-pCi) from

DOE/EH-0070 (DOE 1988c). Intie of tritium via skin absorption during swimming may

lead to an annual dose calculated from:

where I{ti” 1s annual intake (pCi) of tritium through the skin (Equation 5.4.5), and DF+ is

the internal dose factor for tritirmr (mrern/pCi).

The half lives and dose factors used in these equations are given in Table 5.5-1

5.5.2 Results

The equations for exposure and dose, in Sections 5.4 and 5.5.1, respectively, were applied

to the surface water concentrations provided in Section 5.3 to calculate annual dose to the

hypothetical individual. Calculations were done for each radionuclide for which

subsurface contaminant transport !vas simulated. Radlonuclides ~vere selected based on

the screening procedures described in Sections 4.2 and 4.4.

Calculated doses as a function of time for each radionuclide are shown in FiWres 5.5-1

through 5.5-18. Zero on the time ~tis corresponds to the time at which ,vaste \va.sinitially

placed in the ground at the SRS, which was about 1952. The all-path~vay doses as a

function of time at the points of assessment (Section 2.4) on the Savamrab River at the

tighway 301 bridge and at the mouths of Upper Three Runs and Four klile Branch are

shown in the curves labeled “301 Bridge”, UTR, and FMB.

,
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Some of the dose vs. time curves show more than one peak. For example, the curves for

“Np and “U show dual peaks. Multiple peaks are due to the different release rates

associated with different facilities anwor ingroti of the radionuclide during transit in

groundwater. Both “~p and ‘SU are present in the source term initially, and are also

daughters in decay chains. Tlrerefore, the initial peaks generally correspond to the

radionuclide initially present, and subsequent peaks correspond to the same radionuclide

which has grown in during transit.

Figure 5,5-19 shows calculated doses from ingestion of drinking water at on-site locations

selected to assess the sensitivity of results to the point of assessment (Section 6.1): curves

labeled “UTR” represent doses from ingestion of water from Upper Three Runs just

dowstream of the GSA; curves labeled “FMB” represent doses from ingestion of water

horn Fourmile Branch, again just downstream of the GSA.

Figure 5.5-20 shows tie sum of doses from all radionuclides as a fiction of time. The

estimated peak all-pathway dose horn all radionuclides at the points of assessment for

individual dose (at the mouths of UTR and FMB and on the Savannah River) is

aPPro~ately 1.8 mrem/yr., 14 mrenr/y., and 0.1 mem/yr., respectively. Releases from

the active LLW disposal facilities for which this Composite Analysis is being done, the E-

Area Vaults and Saltstone facilities, contribute ordy to the dose calculated for ~

because a groundwater divide isolates these facilities from FMB.

Drisrking water doses for the on-site creeks potentially impacted by the GSA were

calculated as part of the sensitivity analysis. The estimated peak drinking water doses

from all radionuclides for these creeks are 23 mrernfyr for Fourrnile Branch, and about 3

rnrem/yr for Upper Three Runs. Doses at the mouths of UTR and FMB, from all

pathways, were calculated as a function of stream flow as part of the sensitivity analysis.

These results are presented in Figures 5.5-21 and 5.5-22, The maximum drinking }vater

dose, corresponding to the nrininruIo stream flow, is about 3 mrem/yr. at UTR and about

25 mernlyr at FMB.
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The major contributors to dose are 3H, “C, ‘7NP, ~d isotopes of uranium. At the

mouths of UTR and FMB, l<C is the largest contributor to the peak dose, due to

consumption of aquatic foods.. At the highway 301 bridge on the Savannah River, ‘H

and “C contribute about equally. Drinking water is the largest source of the tritium dose

in the Savannah River. Neptunium-237 and the isotopes of uranium are significant dose

contributors between 350 and 700 years.. The peak dose attributable to each of these

radionuclides is broken down by pathway in Table 5,5-2.
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Table 5.5-1 Factors Used in Dose Calculations
Water Freshwater saltwater

Ingestion GroundShine Immersion Fish Invertebrate
Radio- Decay Dose DoseFactor Dose Factor Accumulation Accumulation
nuclide Consmnt Factor (nuem m’) (nuem m’) Factor Factor

(l/day)

H-3 1.54E-04 6.30E-05 0.00E+OO O.WE+OO 9,00E-01 9.30E-01
C-14 3,31E-07 2.1OE-O3 0.00E+OO O.WE+OO 4.60E+03 1.40E+03
N1-59 2,53E-08 2.00E-04 4.16E-02 4.84E-04 1.00E+02 2.50E+02
Se-79 2.92E-08 8.30E-03 0.00E+OO 0.00E+M 1.70E+02 1.00E+03
S1-90 6.64E-05 1.30E-01 0.00E+OO 0.00E+OO 3.00E+O1 2.00E+O1
zr-93 1.27E-09 1.60E-03 0,00E+OO 0.00E+OO 3.30E+O0 8.00E+O1
Nb-93m 1.40E-04 5.30E-03 1.03E-01 1.75E-03 3.00E+04 1.00E+02
Nb-94 9.35E-08 5.1OE-O3 1.59E+02 1.77E+01 3.00E+04 1,00E+02
TC-99 8.91E-09 1.30E-03 6.26E-05 6.18E-06 1.50E+01 5,00E+01
Sn-126 1.90E-08 1.70E.02 6.18E+O0 5.75E-01 3.00E+03 1.0i3E+03
1-129 1.21E-10 2.80E-01 2.20E+W 1.07E-01 1.50E+01 5.00E+O1
Pb-210 8.53E-05 5.IOE+CS3 3.00E-01 1.68E-02 3.00E+02 1.00E+03
Bi-210 1.38E-01 5.90E-03 0.00E+OO 0.00E+W 1,50E+01 0.00E+OO
PO-21O 5.OIE-03 1.60E+O0 8.60E-04 9.57E-05 5,00E+02 2.00E+04
Ra-226 1.19E-06 1.1OE+W 7.60E-01 7.64E-02 5,00E+01 1.00E+02
Ac-227 8.72E-05 1.40E+01 2.12E-02 1.44E-03 2.50E+01 1.00E+03
Th-230 2.47E-08 5.30E-01 9.07E-02 4.ME-03 3.00E+O1 2.00E+03
Tb-231 6.52E-01 1.30E-03 1.91E+O0 1.37E-01 3.00E+O1 2,00E+03
Tb-232 1.35E-13 2.80E+O0 6.66E-02 2.26E-03 3.00E+O1 2,00E+03
Tb-234 2.88E-02 1.3E-02 6.69E+01 9.13E-02 3.00E+O1 2,00E+03
Pa-231 5.80E-08 1.1OE+O1 3.58E+O0 3.34E-01 1.1OE+O1 1,00E+O1
Pa-233 2.57E-02 3.30E-03 2.36E+01 2,37E+O0 1.1OE+O1 l,WE+O1
U-233 1.19E-08 2.70E-01 5.00B02 2.76E-03 2.00E+CG 1.00E+O1
U-234 7.77E-09 2.60E-01 8.07B-02 1.86E-03 2.00E+OO 1.00E+O1
U-235 2.70E-12 2.50E-01 1.71E+01 1.72E+W 2.WE+OO 1.00E+OI
U-236 8.llE-11 2.50E-01 7.33E-02 1.50E-03 2.00E+OO 1.00E+O1
U-238 4.25E-13 2.30B01 6.46E-02 1.29E-03 2.WE+OO 1.00E+O1
NP-237 8.87E-10 3.90E+O0 3.24E+O0 2.68E-01 1.00E+O1 1.00E+O1
Pu-238 2.16E-05 3.80E+00 8.58E-02 1.12E-03 3.50E+O0 2,00E+02
Pu-239 7.87E-08 4.30E+O0 3.78B02 9.74E-04 3.50E+O0 2.00E+02
Pu-240 2.89E-07 4.30E+W 8.20E-02 1.1OE-O3 3,50E+O0 2.00E+02
Pu-241 1.32E-04 8.60B02 0.00E+OO O.WE+OO 3.50E+W 2.WE+02
Pu-242 5.05E-09 4.10E+OO 6.82E-02 9.32E-04 3.50E+O0 2.00E+02
Am-241 4.39E-06 4.50E+O0 2.99E+O0 2.33E-01 2.50E+01 1.00E+03
Am-243 2.57E-07 4.50EW 6.61E+O0 6.09E-01 2.50E+01 1.00E+03
Cm-244 1.05E-04 2.30E+O0 8.29E-02 1.07E-03 2.50E+01 1.00E+03
Cm.246
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Table 5.5-2 Peak dose, broken down by pathway, for major contributors to
individual dose for points of assessment on Savannah River, Upper
Three Runs, and Fourmile Branch

~~- Tme of Peak Fish Water Shoreline Swimming Boating Dose
nuclide Dose (yr) Ingestion Ingestion Dose Dose Dose All

Dose Dose Pathways
Inremlyr nuemlyr mremlyr nuetiyr nuemlyr nued~

Savannah River, 301 Bridge

H-3
C-14
Np-237
U-233
U-234
U-235
U-236
U-238

62
692
478
378
395
362
356
370

1.9E-03 8.lE-02
6.6E-02 5.5E-04
1.6E-03 6.3E-03
l, OE-05 2.OE-04
2.2E-04 4.3E-03
9.lE-06 1,8E-04
2.7E-05 7.OE-04
2,5E-04 4.6E-03

Upper Three Runs, near mouth at Savannah River

O.OE+OO
O.OE+OO
3.8E-06
2.7E-08
9.7E-07
8.7E-06
1.5E-07
9.3E-07

3.5E-05
O.OE+OO
6.lE-10
2.8E-12
4.3E-11
1.7E-09
5.9E-12
3.6E-11

H-3 62 5.9E-02 Nfl O.OE+OO
C-14 728 1.8E+O0 NA’ O,OE+OO
Np-237 685 2.2E-02 NA’ 5.2E-05
U-233 545 3,0E-04 NA’ 7.7E-07
U-234 383 6.9E-03 NA’ 3. lE-05
U-235 548 2.4E-04 NA’ 2.4E-04
U-236 549 9.6E-04 NA* 3.9E-06
U-238 551 6.5E-03 NAa 2.6E-05

O.OE+OO
O.OE+OO
7.2E-10
3.4E-12
5.lE-11
2.OE-09
7.OE-12
4.2E-11

8,3E-02
6,7E-02
7.9E-03
2. IE-04
4.5E-03
1.9E-04
7.3E-04
4.9E-03

1.lE-03 O.OE+OO 6.OE-02
O.OE+OO O,OE+OO 1.8E+O0
8.2E-09 9.6E-09 2.2E-02
8.lE-11 9.6E-11 3.OE-04
1.3E-09 1.6E-09 6.9E-03
4.5E-08 5.3E-08 4,8E-04
1.5E-10 1.8E-10 9,6E-04
9.7E-10 1.lE-09 6.5E-03

Fourmile Branch, near mouth at Savannah River

H-3 61 3.2E-01 NAa O,OE+OO 5.8E-03 O.OE+OO 3.2E-O1
C-14 592 1.3E+OI NA= O.OE+OO O.OE+OO O.OE+OO 1,3E+01
NP-237 476 7.OE-01 NAa 1.6E-03 2.5E-07 3.OE-07 7,0E-01
U-233 378 1.9E-03 NA’ 4.9E-06 5.2E-10 6.2E-10 1.9E-05
U-234 411 3.6E-02 NA’ 1.6E-04 7.OE-09 8.2E-09 3.6E-02
U-235 344 2,2E-03 NAa 2.2E-03 4. IE-07 4,9E-07 4,4E-03
U-236 340 9.8E-03 NA’ 5,0E-05 1.6E-09 1.8E-09 9.9E-03
U-238 348 5.6E-02 NA’ 2.2E-04 8.3E-09 9.8E-09 5.6E-02

‘NA= Not applicable; exposure scenario does not include ingestion of drinking
water (Sect. 5.4)
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6.0 SENSITIVITY ANALYSIS
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The results presented in Section 5.5 are consewative estimates derived from past and

present meteorological and hydrologic conditions at the SRS. In this section, the

sensitivity of these results to potential changes in selected conditions is addressed. Per

DOE guidence, the sensitivity analysis has focused on the effect of land use controls.

6.1 Sensitivity to Point of Assessment

Human exposure to radionuclides released to the subsurface of the GSA may occur after

mdionuclides reach the nearby streams and are transported to a location of potential

exposure to sutiace water. Current plans for future use of the SRS (Appendix A) specify

that on-site streanrs potentirdly affected by GSA radionuclides (Upper Three Rurrs and

Fournrile Branch) will be within the controlled boundaries of the site; the points of

assessment were chosen outside the controlled boundaries, and thus at the mouths of these

e
two streams and on the Savannah River (SR) rather than on the two streams at the GSA.

To understand the sensitivity of the results of this analysis to the point of assessment,

doses associated with ingestion of water from Upper Three Runs (UTR) and Fourrnile

Branch (FMB), at the GSA, were calculated (Section 5.5). The calculated drinking water

doses assume an ingestion rate of 730 L/yr, which corresponds to the rate for a maximally-

exposed individual. These doses do not include recreational pathways (i.e., swirmning,

boating, shoreline) or the fish consumption pathway because recreation and fishing on

these smaller creeks are not considered realistic activities. Average flows of these streams

at the GSA are approximately 6 m3/s for UTR and 0.4 m3/s for FMB. These low flows

are not expected to support large enough populations of fish to constitute a significant

fraction of the diet of any user of tie stresuns.

Peak doses due to consumption of water from UTR and FMB, at the GSA, surnrned over

all radionuclides, are given in Table 6.1-1. Peak doses for principle radionuclides

contributing to dose are also given in this table. These doses are dominated by ingestion of

3H in drinking water, unlike doses calculated for exposure near the mouths of these

streasrrs (Table 5.5-2), which are dominated by ingestion of “C in aquatic foods. Total
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doses from ingestion of water from UTR or FMB at the GSA exceed those calculated for

the stream mouths by less than a factor of two.

The results of this sensiti~ty ~alysis su%est tit, w~le sensitive to the point of

assessment, peak doses =sOciated with subsufiace mdionuc1ides tithe GSA remain below

the 30 mrem/yr dose constraint md are, thus, well below the 100 mretiyr dose limit.

Table 6.1-l Comparison ofpe&doses forthemaimally-exposed hypothetical
individual due to drinking water from UTR and FMB at the GSA

Radionuclide(s)

H-3

C-14

Np-237

U-234

U-235

U-236

U-238

All Radionuclides

Water Ingestion Dose
Associated with Use of

Upper Three Rrms Creek at
the GSA

(mrerrr/yr)

2.4

1.5 x 102

8.7 X 10-2

1.3 x 1o”’

4,6 X 10-3

1.8 X102

1.2 Xlo’

2.4a

Water brgestion Dose
Associated with Use of
Fourmile Brmrch at the

GSA
(mretiyr)

24

1.8 x1O”’

4.6

1.2

7.6 X102

3.3 Xlo’

1.8

24’

a “All Rarfionuclides” does not reuresent the addition of Desk doses. because the Derrk
doses for individual radionuclid~s occur at different pohts in time
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6.2 Sensitivity to Stream Flow

WSRC-RP-97-311

Doses calculated at the points of assessment in the mouths of UTR and FMB (Section

5.5.2) are based on the average flow of these streams. To assess tie sensitivity of the

results to changes in stream flow, doses were also calculated for the minimum and

maximum average annual flows (Section 5.5 .2). The results in Figures 5,5-21 and 5.5-22

show that doses are inversely proportional to stream flow. There is little difference

between the doses calculated for the average and maximum flows because the average and

maximum flows differ only slightly (for ~ the average flow is 217 cfs and the

maximum flow is 228 cfs; for FMB tbe average flow is 24 cfs and the maximum is 32

cfs). Doses are si@ficantly higher for the minimum flows because the minimum flows are

much loweq for UTR tbe minimum flow is 127 cfs, while dre FMB minimum flow is 14

cfs. Calculated dose will also be inversely proportional to stream flow at other points of

6.3 Sensitivity to Use of Land not Permanently Controlled by DOE

PlasIs for future use of the SRS (Appendix A) propose that release of the site to the public

for unrestricted use will not occur over the time period of this analysis. The GSA, which

is the focus of this analysis, is located near the center of the SRS. The potentially

contaminated gromdwater considered in this analysis is completely captured by the

surface streams which bound the GSA. Therefore, no foreseeable use of land outside the

SRS boundaries is likely to alter the results presented in Section 5.

If plans for fiture use of the SRS were revised to allow unrestricted public use of land

adjacent to the streams which bound the GSA, but not the GSA itself, it is conceivable that

some use of the adjacent land could potentially affect the results of this Composite

Analysis. The ordy alternative use of land, outside the GSA, which could affect the

migration of radionuclides from sub-surface sources viithin tie GSA to surface ~vater is

large-scale irrigation, If large volumes of ground~vater are removed from the Crouch
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Branch or McQueen Brarrch aquifers, the O~Y aquifers capable of sustaining such

volumes, the head reversal phenomenon discussed ~ SectiOn 2.3.5 could be affected. If

the head-reversal phenomenon were compromised, contiants releaed from sources

witi the GSA could migrate to the deeper aquifers ~d, potentially, result in exposure via

tire groundwater pathway. However, since such large-scale irrigation is not practiced in

the vicinity of SRS, this possibility was not explored further.

Gther use of land outside the GSA, but adjacent to the bounding streams, could

compromise the capture of groundwater by the streams that bourrd the GSA. For example,

if the land were cleared and there were no controls to mitigate erosion, the streams could

become broader and more shallow due to sediment Ioadiig. In this case, isolation of the

grormdwater by the streams could be compromised to some extent. The result would be

that contamisrated grormdwater outside the GSA would become a viable pathway for

exposure to the public. This possibility was not explored further here. However, if the

plans for future use of the SRS were to be revised to make the land surrounding the GSA

potentially available for unrestricted public use, this Composite Analysis would have to be

revised to consider such a scenario.

6.4 Sensitivity to Natural Barriers

The SRS GSA has three natural barriers which are discussed in Section 2.3.5. They are

the head-reversal phenomenon, the ground-water divide, and the capture of potentially

contaminated groundwater by the streams (UTR and FMB) that bound the GSA.

Sensitivity to the head-reversal phenomenon has been discussed in Section 6.3 above. The

potential sensitivity to the grourrd~vaterdivide and to the capture of grormdwater is

discussed in this section.

Groundwater Divide

As discussed in Section 2.3.5, ordy the tsvouppermost aquifers (Upper Three Runs aquifer

and Gordon aquifer) are potentially contaminated by releases from the facilities in tie

GSA. The flow in the uppermost aquifer is divided within the GSA by a topographic high.
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The groundwater divide lies between the OBG arrd the MWMF, arrd is defied mairdy by

the competing intluence of UTR and FMB on the Imal groundwater flow patterns. The

effect of the divide is to direct contaminant: released”from tie OBG toward FMB while

hose relemed from the MWMF and the E-Area Vaults facilities are directed toward WI’R.

Because the grormdwater divide is largely tiuerrced by the bounding streams,

topographical changes which affect the streams will tend to afFectthe location of the

divide. The most likely cause of such changes is closure of various facilities, particularly

the OBG ad the ~. If the divide moved toward the MWMF, more of the

contaminants horn the MWMF would be directed toward FMB. Alternatively, movement

of the divide toward the OBG would direct contamicmnts from the OBG toward UTR.

Such changes would not tiect the calculated fluxes of radionuclides from subsurface

sources to the water table. They would, bowever, tend to affect the migration of

mdionuclides within the saturated zone because the flow path to the intercepting stream

would change. Jn the event of a shifi in the groundwater divide, the summed flux of

*
radionuclides to both streams, however, would not charrge si@ficantly. An upper bormd

on the effect of a shifi can be estiiated bys mrunirrgthe fluxes to both streams, and

calculating the dose associated with that flux for a hypothetical individual ustig FMB, as

this stream affords the least dilution. Tire esticnated upper bomrd is approximately 29

mretiyr, which is about a 10OOAincrease over the matium estimated dose to a

hypothetical individual in this Composite Analysis.

Groundwater Caoture

As discussed in Section 2.3.5, the GSA is bounded by two surface streams, UTR and

FMB which capture all the gromdwater potentially contaminated by releases from

facilities in the GSA. The capture of contaminants is ensured by two features of the GSA:

the head-reversal phenomenon discussed isr Section 6.3 arrd the incision of the strearrrs

through the uppemrost aquifers.
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within the GSA, the Upper ~ee Runs aquifer is recharged by precipitation at the GSA.

The Gordon aquifer is recharged boti by precipititiOn within the GSA and by lateral flow

from outside tie GSA. Incision oftbeaquifers bythestrems depends ondrestreanr bed

beisrg at tie smeelevation ordeeper timtieuppe~Os pofiion oftieticised quifer.

The relative position of the Strem bed, in relation to tit of the aquifer, maybe altered if

1) tiedepti oftie~rembed istishe~or 2)tiedepti oftieaquifer isticre=ed.

The depth of the stream could decreue if a large amount of sedment were to be deposited

inthestrm bed. This scenario isintreduced in Section 6.3, butwasnot explored further

inthis sensitivity analysis. Increase inthedepth oftietop oftbeaquifers is not considered

plausible, Loss ofgroundwater isolation viathis latter route would require thatthe water

table drop beloythe depth of UTR, aphenomenontiat would likely ordy be precipitated

by major climatic changes, which are not within the scope of consideration for the

Composite Analysis.

6.5 Sensitivity to Source Term

Aerexplicit analysis of thesensitivity of the results of this Composite Analysis to source

terrnwas notperforrrred. Rather, consistent }vithDOE guidance, theassessment of sources

other than the two LLW disposal facilities used conservative, bounding assumptions to

assess the mrctium potential impact of these sources.
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7.0 INTEtiRETATION OF RESULTS

In this section, the results of the Composite Analysis for the GSA are discussed in terms

of th’edose limits and constraints set forth in Sect. 2.4.3, the principal sources (facilities)

contributing to dose, and the effects of sensitivities (Section 6) on these results.

Consideration of the ALARA principle, as it applies to this analysis, is also giveu.

7.1 Comparison with Dose Limits and Constraints

The peak doses calculated to hypothetical maximally-exposed individuals within the

performance time period of 1000 years are estimated to be approximately 1.8 mrem/yr at

the mouth of UTR, 14 mrenr/yr at the mouth of FMB and 0.1 mrenr/yr at the highway

301 bridge on the SR, just downstream of the SRS (Section 5.5.2). These doses are well

below the primary dose limit of 100 mre~year established by DOE Order 5400.5

(Section 2.4.3).

In the Composite Analysis Guidance document, an additional dose constraint of 30

mrern/year is used “to ensure that no single source, practice, or pathway uses an

extraordinary portion of the primary dose limit”. Estimated doses in this Composite

Analysis are also below this constraint. Thus an options analysis is not required.

7.2 Principal Sorrrcw Contributing to Dose

The major radionuclides contributing to dose in the. Composite Analysis are 14C, 3H,
237~p ~d isotoPes of Umjum (Section 5.5). The predominant sources Of these

radionuclides are the Mixed Waste Management Facility (MWMF), the Old Burial

Grounds (OBG) and the high-level waste ti as indicated in Table 4.4-5.

The active low-level waste disposal facilities addressed in the Composite Analysis, the

E-Area Vault (EAV) and the Saltstone facilities, are relatively insignificant sources of

these radionuclides. The saltstone wwteform and the naval reactor components disposed

in the WV resist leaching, and the vaults control infiltration of water into the wastes.
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These barriers to leaching reduce and delay the release of radlonuclides to the subsurface

environment. Predicted releases from these facilities during the first 1000 years after

disposal are therefore negligible and the doses attributable to the facilities during this

time period are insignificant relative to total dose calculated for the Composite Analysis.

7.3 Effects of Sensitivities

The sensitivity analysis (Sectiou 6) shows that the results of the Composite Analysis are

most sensitive to the selection of the point of assessment. The point of assessment was

derived from plans for future use of the SRS (Appendix A) which project no unrestricted

use of any of the current SRS lands. Near the GSA the dose to the hypothetical

maximally%xposed member of the public would approach, but not exceed the dose

constraint. Given the conservatism of the current analysis, potential doses to members of

the public, even on the streams at the GSA, are unfikely to excmd the dose constraint.

7.4 ALARA Considerations

The maximum peak dose of 14 rnrem/yr calculated for the GSA in this analysis is

considerably lower than the dose limit (100 mrenr/yr) and dose constraint (30 rnrern/yr).

Thus, a quantitative ALARA analysis of options for reducing future doses may not be

warranted. Such an assessment analyzes the cost-benefit of dose reduction; however, if

the estimated cost of the analysis alone is liely to exceed the moneta~ equivalent of

reducing the dose to zero, then the assessment is not warranted.

To determine whether. a quantitative ALARA analysis is warranted, a monetary

equivalence of poterrtial dose reduction must be assigned. The DOE recommends an

equivalence in the range from $1,000 to $10,~ per person-rem reduced. Thus,

calculation of population doses associated with the GSA was required to make this

detemdnation.
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7.4.1 Population Doses

The population doses calculated for the ALARA process in this composite analysis

consider the populations served by the City of Savarmab Industrial and Domestic Water

Supply Plaot (formerly Cherokee Hill Water Treatment Plant), near Port Wentworth,

Georgia (10,000 persons), by the Beaufort-Jasper Water Treatient Plant, near Beaufort,

South Carolina (60,000 persons), andthepopulation irra80-km (50-mile) radius of tie

SRS wfricfrmay participate in recreational arrd commercial usage of the Savamrah River

(620,000 persons), Exposure tom&onucIides ofpopulations sewed bytreamentplmtsis

=surnedto take place as a result of *g water at concentrations formalat the location

of the plants, which are approximately 160 !undownstream of the SRS. Exposure of the

populatiorr inthe80-h radius is assumed tooccur asaresult ofharvest ofaquatic fish

and invertebrates, and as a result of shoreline activities, swimming, and boatirrg; ingestion

of contaminated water by members of this population is assumed to be negligible. The

concentration of radionuclides in river water for the 80-h radius population is assumed to

e

be the concentration 20 km dowrrstream of the SRS (at Highway 301) - the same location

assumed for a hypothetical m~tilly-exposed individual (Section 5.3). The population

locations rmd exposure routes described above are consistent with those described in the

SRS Environmental Repofi for 1995 (WSRC 1996c).

Population doses were calculated using the LADTAP XL spreadsheet model (Hamby

199 la), described irr Sections 5.4 and 5.5. Flow arrd exposure parameters assumed for the

calculations are summarized in Table 7.4.1, and explained below.

The Bcaufort-Jasper arrd Port Wentworth water treatment plants are the nearest such

plants downstream of the SRS. The flow rate of the Savarmah River at the location of

these plaots is assumed to be 13,000 cfs, which is the estimated average flow rate for this

location (Hamby 1991b). A travel time of 4 days for radiorruclides Ieaviog the SRS before

consumption is assrmred, which includes trsmsit down the Savamrah River and residence in

the water treatment system. Individuals in the population exposed are assumed to, on the

average, consume water at a rate of 370 L/yr.
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The flow rate of the Savacmah River at the location of recreational usage and harvest of

fish is ~srrrned to be 10,500 cfs, which is an average for this location (Section 5.3). For

the Savannah River estuary, from which saltwater invertebrates are hacvested, the flow

rate entering the estuary is assmned to be 11,500 cfs, which can be compared to tie

average rate of 13,000 cfs msruned for this estuary in the 1995 annua[ report ~SRC

1996). A dilution factor of three (Harrrby 1991a) is assmned for the estuary, to account

for the dilution of fresh Savannah River water with ocean water.

It is consematively assumed that the population within an 80-km mdius conswes tie

complete harvest of aquatic foods, because the potential consrmrption of fish (5.6 x 106

k~yr) and of invertebrates (1.2 x 10s k~yr) by the population based on the average

individual ingestion rates of 9 kg/yr for fish and 2 kg/yr for invertebrates, exceeds the total

annual harvest (approximately 3.8 x 104kg for fish, and 3,9 x 105kg for invertebrates).

Recreational usage, in person-hours, is based on regional data obtained by Hamby

(1991 C).

Based on these assumptions, summarized in Table 7.4.1, doses were calculated for both

populations described. The results are presented in Figure 7.4-1 in terms of person-rem

per year over the time period of assessment (1000 yr). The peak dose to either population

and to the aggregate of all the populations was less than 3 person-retiyr.

7.4.2 ALARA Analysis

An ALARA analysis calculates the cost of actions that could be taken to reduce population

dose versus the benefit of the dose reduction. However, when m~timum irrdivid”al doses

are calculated to be below the 30 cnrem/yr dose constraint in a composite analysis, the

question becomes whether the cost of a quantitative ALARA analysis is justified,
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In tis Composite Analysis of the GSA, the maximum individual dose was calculated to be

14 mrerrr/yr for all radionuclides: well below tie 30 mrem/yr dose constraint. To evaluate

whether an ALARA analysis is warranted, population doses were alsn calculated. The

-UM population dose was calculated to be approximately 3 person-rem/yr. Using the

DOE’s estimate of monetay equivalence for dose reduction of between $1,000 to $10,000

per person-rem potentially avoided, a maximum cost of dose reduction of $30,000 is

calculated. This maximum cost is calculated assuming dose is reduced to zero, at an

upper+nd COStof $10,000 per person-rem and assuming a dose irrtegration time of one

year. The many conservative assmnptions that went into estimation of population dose

further _zes this cost, The cost nf the present analysis of the base case far exceeds

this maximum cost, ad thus the cnst of evaluating the impact of more than one option for

the GSA is expected tn greatly exceed the maximum cost. The conclusion is, then, that an

ALARA analysis is not warranted because nf the very low population dose potentially

assmiated with the presence of subsurface radlonuclides in the GSA.

● The conclusion that an ALARA analysis is not war-ranted is strongly influenced by the

selection of the time river which population dose is integrated. DOE guidance on the dose

integration time has not been issued. Due to the conservative assumptions used in this

Composite Analysis, a one-year integration time was selected.

7.5 Options Analysis

The calculated doses to the hypothetical ma,,ally-exposed member of the public of 14

mrerrr/yr is well below the dose constraint of 30 mrerrr/~. Thus, per DOE guidance, an

nptiom analysis is not required.
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7.6 Composite Analysis Maintenance

The Composite Analysis is required to be maintained, after the initial analysis is complete.

Maintesrance of the composite analysis requires a periodic review to ensure that tbe bases

of the analysis remain valid. If any of the bases change significantly, the analysis must be

revised and submitted to DOE for review. Based on the current anaIysis, only changes in

the plans for future use of the SRS would be expected to increase calculated doses.
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@

Table 7.4.1 Flow and Exposure Parameters Used in LADTAP XL for Calculating
Population D-oses

Value used for
Treatment Plant Value Used for 80-km Parameter

Parameter Description Population Doses Population Doses Urrits

Savannah River Flow Rate 13>000 10,500 Cfs

Estuary Flow Rate na 11,500 Cfs

Beaufort-Jasper Population 60,000 Oa persons

Port WentwOrdr Population 10,000 na persorrs

80-h Population na 620,000 persom

BJ/PW Travel Tirrre 4.0 na d

Pop. Water Usage 370 na Llyr

Pop. Fish Usage na 9 kg/yr

Pop. Invertebrate Usage na 2 kg/yr

Total 80-km Fish na 5.6 X 106 k~yr
Consumption

Total 80-ktn Invertebrate m 1.2 x 106 k~yr
Consumption

Annual Sport Fish Harvest na 3.5 x 104 kglyr

Annual Commercial Fish na 2.7 X 103 kg/yr
Harvest

Annual Invertebrate Harvest na 3.9 x. 105 k~yr

Sport Fish Trarrsport Tme na 10.0 d

Corrrrrrercia~vertebrate na 13.0 d
Transport Tme

Estuary Dilution Factor na 3 urritless

Pop. Shoreline Usage na 9,6 X 10* person-hrs

Pop. Swimmisrg Usage na 1.6 X 10s person-hrs

Pop. Boating Usage na 1.1 x 10’ person-hrs

Rev.O



7-8 WSRC-RP-97-311

1

0.5 [

L0’0

Population Dose

.J””““”BJ-PV.L-—-....-.,,..,,,,——___\,-.>.‘ <O;fin
I>...-.,’” , , ,

100 200 300 400 500 600 700 800 900 1

Figure 7-4.1. Collective dose to the Port Wentworth, Beaufort-Jasper and

80 km (assessed at the highway 301 bridge) populations
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WSRC, 1994. Radiological Perforrrrance Assessment for the E-Area Vaults Disposal

FaciliV. WSRC-RP-94-218. Westinghouse Savannah River Company, Aiken, SC.

WSRC, 1995. Savannah River Site Atlas, 0SR3-158. Westinghouse Savannah River

Company, Aiken, SC.

WSRC, 1996a. Central Laboratory Facili~ - Buildings 772-F, 772-IF, and 772-4F,
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River Company, Aiken, SC.
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WSRC, 1997a. WSRC Waste Acceptance Criteria, Procedure WAC 3.15, SRS

Radioactive Soil and Rubble Management Program and Waste Acceptance Criteria.

Rev. 1, Interim. Wesdnghouse Savannah River Company, Aiken, SC.

WSRC, 1997b. G[MS Repofls, http://pleiades .srs.gov/G~Sl. Westinghouse Savannah

River Company, Aiken, SC.

Rev 0.



8-12 WSRC-RP-97-3 [ I

THIS PAGE INTENTIONALLY LE~ BLANK

Rev0.



9-1 WSRC.RP-97-31 1

AKNG, BRIAN R., WSRC/AID/PMNID, Procurement Specialist

M.S. Logistics Management, Air Force Institute of Technology, Wright
Patterson AFB, OH

B.S. Business, Miami University, OH

Experience: Mr. Aring has 9 years of experience at the Savannah River Site in
Procurement, 6 of which have been in support of Site wide and off-Site
environmental and h=ardous waste studies, evaluations and assessments.
He negotiated, awarded and administered contracts for environmental
engineering services, Site seismic analysis and risk assessments,
nondestructive testing, engineering services, and Site benefits and payroll
contract transition. Mr. Aring was extensively involved as a team member
in the planning and execution of two major Vendor Foroms, the High Level
Waste Management Forum and the Special Consolidated Solicitation
Vendor Forum on Site-wide problems.

Contributions: WSRC Procurement and Contract Administrator for subcontracted work
effort on the Composite Analysis program.

BUTCHER, BYRON T., WSRC/SRTC, Civil, Environmental Engineer

M.S. Environmental Engineering - University of Tennessee
B.S. Civil Engineering - University of Tennessee

Experience: Mr. Butcher is currently a manager of an applied R&D group at the
Savannah River Technology Center. This group, Waste Disposal and
Environmental Development, is responsible for providing technology
development and applications in support of SRS waste management,
environmental restoration, and decontamination and decommissioning
missions. Areas of support include geochemical and groundwater
modeling, radiological performance assessments and Inw-level waste
disposal technology; hazardous and radioactive waste treatability studies;
development of grout-based wasteforms and barriers; and radioactive
decontamination technolo~es. Previous assignments at SRS have included
three years each as an environmental project manager in the Environmental
Restoration Department and as a solid waste technology manager (and
process engineer) in the Waste Management Technology Department.

Contributions: Composite Analysis project planning and management oversight
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CARLTON, WILLIALM H., WSRC/SRTC, Health Physics

Ph.D. Biophysics - Rutgers
MS. Physics - Emory
B.S. Physics - Emory
Certified by the American Board of Health Physics

Experience: Dr. Carlton has 16 years of academic experience at Rutgers and the Medical
College of Georgia. During his 17 years at the Savannah Rive Site, he has
served as a manager in Health Physics and Waste Management Operations.
The last six years have been spent in Environmental Dosimetry modeling
the dose from atmospheric and aqueous releases of radioactivity

Contributions: Environmental dosimetty

COOK, JAMES R., WSRC/SRTC, GeOlOgy,GeOchemistv

M.S. Geochemistry - State University of New York at Binghamton
B.S. Geology - University of Arizona

Experience: Mr. Cook has 18 years of experience at the Savannti River Site, 16 of
which have been in various aspects of low-level waste research. Research
topics have included site selection, site characterization, site closure, and
performance assessment. Mr. Cook served on the revision team for Chapter
3 of DOE Order 5820.2A and was a member of the Performance
Assessment Task Team. He serves as the technical lead on the Composite
Analysis advisory team.

Contributions: WSRC Technical Leader Composite Analysis team, inventory estimates
and source term modeling.
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FLACH, G~GORY P., WSRC[SRTC, Numerical modeling and simulation

Ph.D. Mechanical Engineering - North Carolina State University
M.M.E. Mechanical Engineering - North Carolina State University
B.S. Mechanical Engineering - University of Kentucky

Experience: Dr. Flach has 9 years of experience at the Savannah River Site focusing on
numerical modeling and code development. Specific topics have included
Woundwater flow, solute contaminant transport, and mrdtiphase,
multicomponent reactor thermal-hydraulics. Recent efforts have involved
grormdwater flow modeling to optimize remediation strategies, future site
characterization, and regulatory compliance boundary placement. Current
research and development activities center on automating groundwater
flow model development and c~ibratiOn. ~d creating realistic
heterogeneity in model hydraulic conductivity fields.

Contributions: Groundwater flow modeling.

FOWLER, JOHN R., WSRC~LwE, Chemistry

e Ph.D., University of Kansas, Inorgarric Chemistry
B.A., McMurry University, Chemistry

Experience: Dr. Fowler has more than 30 years of professional experience with more
than 20 years experience related to nuclear fuel reprocessing, aqueOus high-
Ievel waste characterization, aqueous waste processing, and general
technical oversight for regulatory compliance of radioactive waste
treatment, storage and disposal. Specific experience includes collection and
analysis of data on aqueous high-level nuclear wastes stOred at the
Savannah River Site, development of methods and processes for waste
treatment, and flow sheet modeling of chemical processes for waste
treatment. In bis more recent role related to reewlatory compliance, he
provided general and technical oversight for the preparation of the
Radiolo@cal Performance Assessment for the Z-Area Saltstone Disposal
Facility (SDF) at the SRS, the closure plan that was prepared for the SDF,
and the projected composition, total inventory and Waste Acceptance
Criteria for liquid waste used to produce Saltstone.

Contributions: Advisor to CA Team. Served as one of the principal technical reviewers
for the CA report.
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GOLDSTON, WELFORD T., WSRC/SWD, Senior Technical Advisor

BS Chemical Engineering - University of South Carolina
Masters in Business Administration, University of South Carolina

Experience: Mr.. Goldston has served over 20 years with SRS in vmious roles
including technical, project management, and progam management in
chemical separations, high level radioactive waste management, DWPF,
and low-level radioactive waste marragement. He has spent over 25 years
in the chemical and nuclear industv in various engineering and
management capacities. He has been integrally involved in the
preparation of the Saltstone and E-area Vaults Radiological Performance
Assessments and the startup of the Saltstone facilities. He has worked for
the Dept. of Energy, Westinghouse, and is now assigned by Westinghouse
to British Nuclear Fuels in the Solid Waste Dept. and is the Solid Waste
Lead for the Composite Analysis.

HANE, RICHARD A., WSRC/SRTC, PHYSICS, Waste Disposal

M.S. Nuclear Engineering - University of Missouri - Columbia
M.S. Physics - University of Missouri - Columbia
B.S. Physics - Southwest Missouri State

Experience: Mr. Hane has 8 years of experience at the Savannah River Site, 6 of which
have been in various aspects of radioactive waste research. Research topics
have included waste characterization, transportation, packa~ng and
disposal and impacts to perfomrance assessments. Mr. Hane served on the
revision team for WIPP requirements and was a contributor to the re~ision
of DOE Order 5820.2A. He serves as a technical resource on the
Composite Analysis advisory team.
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JANNIK, GERALD T., WSRC/SRTC, Environmental Health Physics

MS. Health Physics - Georgia Institote of Technology
B.S. Mechanical Engineering - Villanova University

Experience: Mr. Jamrik has 8 years of experience at the Savannah Rive Site, 7 of
which have been in various aspects of Environmental Monitoring and Environmental
Dosimetry. Prior to SRS, Mr. Jarrnik has 12 years of engineering and engineering
supervisory experience, m~nly in the nucle~ power industry.

Contributions: Environmental dosimetry

LOWE, PAUL E., WSRC)SRTC, Quality Assurance

BS Industrial Engineering - University of Akron
Graduate Engineefig studies - University of Michigan
Professional Engineer, certified auditor

Experience: Mr. Lowe bas 9 years experience at SRTC which have been in various
aspects of QA relating to waste isolation of High and Low level waste. He
also served with Battelle Memorial J.nstitute in site selection and
characterization. Mr. Lowe hm over 25 years experience in the
Nuclear, Aerospace, and Commercial Industries in various engineering and
management positions.

Contributions: SRTC Quality Assurance oversight, member of team
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McDOWELL-BOYER, LAURA M., ALARA ENVIRONMENTAL ANALYSIS,
INC., Environmental Engineering, Health Physics

Ph.D. Civil/Environmental Engineering, University of California, Berkeley
M.S. Radiological Health Physics, Colorado State University

Experience: Dr. McDowell-Boyer has 12 years experience in radiological exposure
assessment, has directed the development of a multi-media envimnmerrtal
transport model, studied mechanisms of subsurface contaminant migration
via colloids, modeled goundwater flow and transport, and developed
source terms for health risk assessments. Dr. McDowell-Boyer was the
principal investigator from Oak Ridge National Laboratory on the Z-Area
Performance Assessment, co-principal investigator on the E-Area
Performance Assessment, and is responsible for pathway and dose analysis
and technical documentation of the majority of the Composite Analysis.

Contributions: Pa&way and dose amdysis; documentation of the Composite Analysis.

NEWMAN, JEFFRY, WSRC/HIGH LEVEL WASTE DNISION

MS. Pablic Herdth - University of South Carolina
B S. Public Administration - Kutztown University of PA

Experience: Mr. Newman has 18 years of environmental experience, seven years of
which were in a large city public health depaflment. Mr. Newman spent
five years as an environmental rea~lator with the South Carolina
Department of Health and Environmental Control. For the last six years
Mr. Newman has managed various regulatory aspects of the environmental
protection program for the Savannah River Site’s High Level waste
division. Most recently, in the capacity of environmental lead for the HLW
Tank Closure Program,

Contributions: HLW regulatory advisor to the Composite Analysis team.
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PULVER, ELIZABE~ G., RCS CORPORATION, Technical Assistance

Associates Degree in Applied Science

Experience: Ms. Prdver has over nine years experience in the field of environmental
regulatory compliance. Her work experience includes RCRA/CERCLA
compliance assurance, environmental assessments and audits, and
compliance inspections of hazardous and mixed waste management
facilities.

REYMERS, VANESSA J., Hydrogeologist

B.S. Hydrogeology - Northern Arizona University

Experience: Ms. Reymers is working as an intern at Savannah River Site before entering
graduate school to pursue a M.S. in Civil Err~neering. As an
undergraduate, she completed a senior thesis on the hydrological
characterization of a perennial stream to provide data for an environmental
restoration project.

o Contributions: Assisted with subsurface flow and transport modeling

STEVENS, WILLIAM E., WSRCISRTC, R & D Management

M.S. Chemical Engineering
BS. Chemical Engineering

Experience: Mr. Stevens has 21 years of industrial experience in chemical processing,. .
waste” management, and environmental restoration. HIS asslamments
include process engineering, development engineering, md management Of
process and project erretieering groups, maintenance groups, and R & D
groups. For the past eight years, he has managed sm R & D organization
that develops technoloa~ for support of environmental restoration and
minimizing, recycling, treating, handling, and disposing of low-level
radioactive, mixed, hazardous, and sanitary waste. The group has expertise
in site closure, environmental transport, groundwater mOdeling. and
decontamination, Mr. Stevens is a licensed Professional Engineer.

Contribution: Advisor to PA team.
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TURNER, TIMOTHY R., CDM l?EDERAL PROGRAMS CORPORATION,
Environmental Engineering

B.S. Civil Engineering

Experience: Mr. Turner is a registered professional engineer and has over 6 years of
experience working on environmental projects at the SRS. His work
experience includes the preparation of RCRA Part B permits for several of
the waste management facilities at the SRS.

Contributions: Provided technical assistance in the gathering and compiling of the
residual radinnrrclide inventory.

WATKINS, DAVD) R., CDM ~DERAL PROGRAMS CORPORATION, Data
Quality Assurance

B.S. Geology

Experience: Mr. Watkins has over 10 years of experience as a professional geologist.
He has sewed as the Quality Assurance/Quality Control (QMQC)
Coordinator for the CDM Federal Alken, SC branch office for over five
years. Mr. Watkins has received specific training as a QAfQC Coordinator
and Auditor for NQA- 1 projects. His work experience includes QA/QC
audits and the establishment of Data Quafity Objectives (DQOS).

Contributions: Quality Assurance and Data Quality Objectives
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WILHITE, ELMER L., WSRC/SRTC, Advisory Scientist

BS Chemistry, Uriiversity of Missouri, Columbia, 1966.
MS Inorganic Chemistry, Washington University, St. Louis, Me., 1969.

Experience: Mr. Wilhite has 28 years experience at the Savannah River Site. His
assignments include environmental research, high-level and low-level
waste research, supervision of environmental monitoring and analytical
chemistry groups. Mr. Wllhite has served as a consultant to DOE
Headquarters on low-level waste management for 9 years. He was the
chaiman of the former DOE Peer Review Panel and is the technical lead
for DOE for the radiological assessments section of the response to the
DNFSB recommendation 94-2.

YOUNG, RAREN E., CDM FEDERAL PROGRANIS COLORATION,
Regulatory Compliance Specialist

B.S. Environmental Resource Management

● Experience: Ms. Young has over 5 years of experience as an environmental scientist
with expertise in reawlatory compliance. She is an expert in Resource
Conservation and Recovery Act (RCRA) compliance and has assisted the
Environmental Protection Agency (EPA) in developing RCRA regulations.

Contributions: Regulatory Compliance

YU, ANDREW D., ALARA ENVIRONN~NTAL ANALYSIS, INC.

B.S. Chemical Engineering - National Taiwan University

Ph.D. Chemical Engineering - University of Wisconsin

Experience: Dr. Yu has 22 years of experience in subsurface flow and transport
modeling. He worked 12 years in simulating enhanced oil recovery
processes in the oil industry and 9 years in groundwater modeling with
Savannah River Technology Center. His current interests are in
performance assessment, groundwater modeling md waste disposal
technology.

Contributions: Performed subsurface flow and transport modeling
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Executive Summary

For nearly 40 years, the Department of Energy and its predecessor agencies produced nuclear
materials for the nation’s defense programs at the Savannah River Site. Today, the focus of the
Department has shifted to waste management and environmental remediatiorr. Decisions and
planning for managing these activities will depend on the future use of the land and facilities at
SRS. This document summarizes the findings of the SRS Future Use Project and provides
recommendations to the Department of Energy to aid in those future decisions.

In January 1994, DOE directed each site to develop stakeholder-preferred future use options by the
end of 1995. The Savannah River Operations Office initiated the SRS Future Use Project in the
spring of 1994. Because the future use of SRS will affect a wide diversity of stakeholders, a
variety of public involvement approaches was used to reach them.

In the initial SRS Future Use Project public meetings, stakeholders expressed a preference that the
report be a summary of the comments received as many individuals wanted the opportunity to
provide input into the process independently. While there was no general consensus reached,
several common themes emerged during the Future Use Project. These themes, recognized by the
Savannah River Future Use Project Team as recommendations, are summarized in the following
vision, and are listed as recommendations below.

●
Vision

The Savannah River Site should remain a national asset. It must be maintained and improved to
meet governmental needs for both its historical defense capabilities and new nuclear and non-
nuclear missions, and support commercial industrial initiatives that enhance the local and national
economy. Of equal importance, as the first and most diverse National Environmental Research
Park, the site must sustain and expand its internationally recognized ecological and environmental
restoration research and maintain and improve its natural environment. These two interrelated
concepts will ensure that new missions, industrial activities, remediation, research, educational
programs and recreational opportunities are pursed in harmony.

Recommendations

. SRS boundaries shaufd remain unchanged, and the land should remain under the ownership of
the federal government, consistent with the site 8s designation as the first National
Environmental Research Park.

● Residential uses of SRS land should be prohibited.

● If DOE or the federal government should ever decide to sell any of the SRS land, then DOE
shall seek legislation to permit former landowners (as of 1950-52) ador their descendants to
hove the first option to buy back the land they once owned.

● All SRS land should be available for multiple use, except for residential use, (e.g., industry,
ecological research, natural resaurce management, research and technology demonstration,

●
recreation, and public education) wherever appropriate and non-conflicting.



●
.

.

.

.

.

Some of the land should continue to be avaifable for nuclear and non-nuclear industrial uses,
and commercial industn”alization should be pursued.

Industrial and environmental research and technology development and transfer should be
expanded.

Natural resource management shouti be pursued wherever possible with biodiversity being the
primary goal.

Recreational opportunities shoufd be increased as appropriate.

Future use planning should consider the full range of worker, public, and environmental risks,

benefits, and costs associated with remediation.

These stakeholder-preferred recommendations and map will be considered by the Department
throughout future planning and decision-making activities as it weighs mission needs, technical
capabilities, legal requirements, and funding.

‘o,
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Savannah River Site Future Use Proiect Report

● 1.0 Overview of the
Savannah River Site Future Use
Project

1.1 Introduction and Objectives

In January 1994, the Department of Energy
(DOE) initiated a complex-wide process to
seek internal and external stakeholders’
recommendations on the future uses of the
land and facilities at each of the DOE sites.
Each field office was to obtain its
stake holder-preferred future use
recommendations independently using
methodologies suited best to its stskeholders.
Forging the Missing Link: A Resource

Document for Identtfiing Future Use Options

provided guidance for the process.

The purpose of this SRS Future Use Project
Report is to summarize Savannah River Site
(SRS) stakeholder-preferred future use

●
recommendations, to explain the process
used to obtain those recommendations, and to
provide these recommendations for the
Department to use in its decision-making
activities. These stakeholder-preferred
recommendations will be considered by the
Department as it weighs ongoing and future
mission needs, technical capabilities, legal
requirements, and funding throughout future
planning and decision-making activities.
These activities include strategic planning,
comprehensive planning, siting new
facilities, decommissioning surplus facilities,
environmental research, and remediation
decision-mti]ng. All planning and fiture use
decisions will require additional pubIic input
and these recommendations will change as
missions and requirements evolve.

1.2 Stakeholder
Recommendations for Future Uses

In the initial SRS Future Use Project public
meetings, stakeholders expressed a

●
preference that the report k a,summary of the

comments received, as many individuals
wanted the opportunity to provide input into
the process independently. With few
exceptions the comments fit several common
themes. These themes, constituting the
recommendations, and a brief summary of
stakeholder comments are shown below.

. SRS boundaries should remain
unchanged, and the land should remain
under the ownership of the federal

government, consistent with the site’s
designation as the first National
Envirorrwntal Research Park

Comments addressed concerns ranging
from maintaining federal ownership
within existing boundaries to returning
land to counties or private individuals.
Most participating stakeholders expressed
a desire to keep the existing SRS
boundaries intact for security and safety
concerns. Many consider SRS to be a
national asset and were concerned about
future national needs for the land. Others
expressed a concern that if this land were
sold or given away, the government
could never acquire this land again. In
addition, many wanted SRS to continue
its environmerrtaf research and recognized
a need to isolate the site for this purpose,
consistent with its current designation as
a National Environmental Research Park
(NERP). As a NERP, SRS is a field
laboratory, dedicated to ecological
research with studies of environmental
impacts of site operations and public
education. The Department is supporting
Congressional legislation that would
formalize the Atomic Energy
Commission’s designation of the site as
the first NERP. The Department also has
an ongoing effoti to encourage private
operation of many site facilities. These
activities are currently performed through
lease agreements. The SRS Citizens

I
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Advisory Board (CAB) also commented
that the fair market value of the land is
less than estimated cost of remdlation.

.

s Residential uses of SRS land should be
prohibited.

Although suggestions were made to
reserve land for prisons or shelters for
homeless families and individuals, most
did not advocate general residential use.
Current and proposed future missions for
the site preclude any residential use.
Previous comments addressing keeping
the site boundaries intact also apply to
this section.

. ffDOE or the federal government should
ever decide to sell any of the SRS land,
then DOE shall seek legislation to permit

former landowners (as of 1950-52)
anaYar their descenhnts to have the first

option to buy back the land they once
owned.

Several former landowners expressed an
interest in having their land returned to
them. Many have strong ties to the land
as some of the families had lived on this
land for two or three centuries before
1951. They requested the return of the
land they once owned either for prsonal
use or to profit from any future economic
development. These citizens believed
they had done their patriotic duty in the
1950s but wanted the opportunity to buy
their formerly owned land if the
Department ever decided to sell this land.
Most former landowners who participated
suggested that they be given the right of
first opportunity to buy this land if it is
ever to he sold. However, under current
regulations, the federal government
cannot give or sell excess property
preferentially. All surplus property,
including land, must be excessed to the
General Services Administration which

has specific requirements for disposition
of this excessed property.

All SRS land should be available for
multiple use, except for residential use,

(e.g., industry, ecological research,
natural resource management, research
and technology demonstration,
recreation, and public education)
wherever appropriate and non-
conflicting.

Comments on multiple land uses ranged
from industrial, recreational,
ecological/natural resource management
to no use. Since its inception, SRS has
accommodated multiple uses on most of
its land area. Many stakeholders are
interested in continuing, if not expanding,
this multiple use concept. Various
members of the public mentioned the
site’s status as the first National
Environmental Research Park and
expressed a desire to continue or expand
the opportunities that designation offers
including co-locating industrial,
ecological, resource management, and
recreatiomd activities within limitations of
health, safety, and security.

Some of the land should continue ta be
available for nuclear and non-nuclear
industrial uses, and commercial
industrialiwtion shoufd be pursued.

Comments on industrial uses for the site
ranged from seeking new nuclear and
non-nuclear missions (private and
government); continuing new missions;
increasing industrial and environmental
research, development, and technology
transfer to completing current missions
and closing the site. Some wanted
current o~rations terminated and the site
permanently closed, but DOE is required
to continue” ongoing defense and
environmental management missions to

o ‘

‘0
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● ensure national security and safe handling
of the legacy of defense production. In
an effort to offset the economic impact of
declining defense activities, DOE and its
contractor, with community involvement
and support, is actively pursuing
industrial diversification and privatization
both on and off site.

.

●

[rrdu.rtrial arrdenvironmental research and
technology development and transfer
should be expanded.

Comments included using the site for
broad research and development

.,
aPPhcatlOfls such as nuclear, nmr-mrclear,
light industrial, waste, storage and
treatment, bioremediation, aquacrrlture,
forest products, anti-matter energy
sources, transportation, recycling,
medical, and renewable energy. In
addition, many comments addressed the
site’s status asa National Environmental
Research Park where contaminated sites
could be used in the development and
demonstration of technology and where
long-term environmental studies are
secure from outside interference.

. Natural resource management shoufdbe
pursued wherever possible with
biodiversity being the primary goal.

Comments ranged from expanding
current forest management activities to
introducing indigenous species to allow
natural restoration, to assuring no loss of
wetlands.

● Recreational opportunities should be
irrcreared as appropriate.

Predominant preference of stakeholder
participants was to expand current
recreational uses (hunting and walking)
and allow addhiorral recreational activities

●
as deemed appropriate. These include

fishing, biking, bird watching, bird
hunting, boating, camping, canoeing,

photography. off-the-road driving. etc.

, Future useplanning should consider the
full range of worker, public, and
environmental risks, benejits, and costs
associated with remediation.

Commenters expressed a broad range of
concerns related to the level of risk,
benefits, and costs which should be
evaluated before decisions are made.
Concerns addressed both onsite and
offsite potential impacts. Most expressed
the desire that the health and safety of
workers, the public and the environment
be the primary consideration in planning
the future of SRS. However, they also
advocated increased consideration of
risks, benefits, and costs associated with
future site activities. This was
particularly true where future remedlation
activities were concerned. In addition,
many endorsed continuing and expanding
ongoing studies of ecological and human
health.

1.3 Process To Identify Future
Use Options

From the beginning, the SRS Future Use
Project Team sought stakeholder input on the
processes to be used in obtaining and
reporting their input. (See Appendix Efora
list of the team members.) Based on that
input, SRS used a variety of public
participation activities to share information
and obtain stakeholder-preferred future use
recommendations. These activities included
public meetings, presentations to civic and
community organizations, briefings for
elected officials, and working with interested
citizen groups as shown in Appendix F,
Organizations. Aprepared script wasusedto
ensure consistency in” presentation of
information to all stskeholders.

3
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Baseline Repor( for review and com”ment and ●Throughout the process, many forms of
information were made available for
interested stakeholders. Some information
was mailed to all interested stakeholders;
other information was available to those who
requested it; and specific contacts were
named to provide answers to any questions.
A database of the names and addresses of
interested stakeholders was created,
eventually numbering more than 300. Types
of information mailed to all interested
stakeholders included meeting notes from all
public meetings, meeting notices for
upcoming meetings, and the SR.S Future Use
Project Public Participation Plan. In
addition, other documents including the
Savannah River Operations O@ce Strategic
Plan and the Lund Use Baseline Report were
mailed to individuals upon request. A folder
of information about the Future Use Project
was also available at public meetings and was
also mailed to anyone who had general
questions about the Future Use Project. The
folder included a list of related documents
available; fact sheets about key SRS
activities; and the names, addresses, and
phone numbers of contacts for additional
information. A toll-free telephone number
was made available to facilitate the process
with stakeholders.

1.3.1 SRS Future Use Project Public
Pariicipatwn Pfarr

As the initial step in developing this report,
the Future Use Project’s first public meeting
focused on the development of a public
,participation plan. At that meeting, a
workshop held in Alken in September 1994,
citizens discussed what process should be
used to identify stakeholder-prefemed future
use options and what type(s) of public
participation approaches would best meet
their needs. Also, stakeholders were
provided a copy of the Draft, Land ,Use

to provide education on current site uses.

Those who attended that meeting suggested
that SRS staff provide a “strawman” of the
p,ublic participation pIanning process, based
on the input received from the workshop.
Some believed that the SRS Citizens
Advisory Board (CAB) should be the
primary focus for stakeholder involvement so
that a consensus of stakeholder-preferred
future use recommendations could be
developed. Others wanted an open forum in
which they could provide their individual
preferences directly to DOE. Many
suggested that regulatory agencies’
involvement, i.e., South Carolina Department
of Health and Environmental Control
(SCDHEC) and Environmental Protection
Agency @PA), was critical for the success of
this project.

In January 1995, a draft public participation
plan for the project was sent to interested ●
individuals and groups for comment. The
draft plan contained a strategy that included
public meetings or workshops and a survey
of community leaders. At the Augusta public
meeting in February 1995, held to collect
comments on the draft plan, questions were
raised about the use of surveys as a
technique. As a result of these comments,
the survey was dropped from the process.
The public participation plan for the Future
Use Project was finalized and mailed to
interested stakeholders.

Also at the February meeting, concerns were
raised that DOE had not reached the
economically disadvantaged commuriities and
people of color in the past and needed to
focus its efforts to involve these
stakeholders. While the draft SRS Future
Use Public Particirration Plan reflected a
commitment to reach, those communities,
additional efforts were made to”include those ●
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● interested communities by identifying and
contacting organizations which had not
previously expressed interest or attended a
Future Use Project meeting.

1.3.2 Pufrlic Meetings and Fee&ack

During the Future Use Project process, six
public meetings, as shown in Figure 1, were
held in South Carolina and Georgia. (See
Ap~ndix G for complete summaries for each
public meeting.)

Numerous organizations were invited to co-
host these public meetings. After the first
meeting, all meetings were co-sponsored by
the Department and the SRS CAB
Subcommittee on Risk Management and
Future Use. The second meeting, held in
North Augusta, was also sponsored by the
Savannah River Regional Diversification
Initiative. Co-sponsorship streamlined the
process; Iowered costs; assured that all

● parties shared information; reduced the
burden on stakeholders; and provided
stakeholder groups the opportunity to take a
more active, visible role.

At the November 1994 meeting, held in
North Augusta, the Draft M Use Baseline
Report was presented to stakeholders for
information, review, and comment. This
report was developed to provide a simple and
easy-to-read narrative and map display of
information related to current SRS land uses.
The Savannah River Operations Office

Straregic Plan was also presented. The
Strategic Plan, developed by the DOE
employee stakeholders, describes DOE mis-
sions and outlines the employees’ vision of
future programs and activities, interactions
with regional partners, and commitment to
worker and public safety. Six business
lines—Industrial Competitiveness, Energy
Resources, Science and Technology,
National Security, Environmental Quality,

and were discussed in the context of future
use.

Also at this November meeting, participants
“brainstormcd” ideas on possible future uses
for the land and facilities at SRS. Various
groups suggested marry industrial and/or
commercial uses and encouraged the
Department to have an open process.

Additional public meetings were held in
Barnwell, and Beauforr, South Carolina, and
Augusta, and Savannah, Georgia, to accept
comments on the public participation plan and
solicit recommendations for stakeholder-
preferred future uses.

During the spring and summer of 1995,
several presentations about the Future Use
Project were given to civic clubs and
community organizations including the
Savannah River Regional Diversification
Initiative, Lions’ Clubs, Ellenton Reunion,
Augusta Sierra Club, Aiken Chapter of the
NAACP, and African-American
representatives and other citizen groups.
(See Appendix F for complete list of
organizations.) A prepared script was used at
these meetings so that all participants in the
Future Use Project process would receive the
same information. These groups were
interested in the Future Use Project, but other
than the former landowners at the Ellenton
Reunion and the Citizens for Environmental
Justice, these civic clubs and groups did not
formally express any additional
recommendations for the Future Use Project.
Many attendees of the Ellenton Reunion
expressed the desire they should have first
right of refusal to buy land formerly owned,
if the land was proposed for sale. Offers
were made to brief elected officials, and on
request, a briefing was given .to a staff
member for U. S. Representative Charles
Norwood (R-GA).

●
and Infrastructure-are integral to the plan
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Date Location Purpose

September 19, 1994 Aiken, SC Discuss the public participation process

November 1, 1994 North Augusta, SC Review the DOE-SR Strategic Plan and Land-Use
Baseline Report

February 2, 1995 Augusta, GA Solicit comments on the draft Future Use Public
Participation Plrm

April 11, 1995 Bamwell, SC Solicit recommendations for future uses

May 3, 1995 Beaufort, SC Solicit recommendations for future uses

May 4, 1995 Savannrdr, GA Solicit recommendations for future uses

Figure l-Future Use Pruject Public Meetings

1.3.3 Other Stafcehofder Groups

The SRS Citizens Advisory Board (CAB)
formed the Subcommittee on Risk
Management and Future Use in June 1994 in
response to tbe Department’s Future Use
Project initiative. This subcommittee,
composed of CAB members and other
stakeholders, met on a regular basis to
develop their recommendation for the full
CAB. Atitx September 1995mcetingtbe full
CAB
recomm~~~l~;~%E. ap~;~;;cti;
2.1.1, SRS Citizens Advisory Board

Recommendation and Appendix B, Citizens
Advisory Board Recommendation.)

In response to stakeholder comments and the
Department’s environmental justice policy,
specific attention was given to the
economically disadvantaged communities
surrounding SRS. A briefing was given to
the Alken Chapter of the National Aasmiation
for the Advancement of Colored People
(NAACP) to determine their level of interest
in the Future Use Project. In addition, a
Future Use Project team member also met
with representatives of several African-
American communities to determine the level

of interest in this project from residents in the
Augusta, Georgia, region.

The Department of Energy also held a public
meeting in Savannah in May targeting
minority groups. The meeting date, time,
place, and advertising were coordinated with
Citizens for Environmental Justice, a ●
minority-focused community group in
Savannah, Georgia. In addition, the Future
Use Project was the topic for discussion at a
workshop sponsored by Citizens for
Environmental Justice held in September.
The summary of recommendations from this
group can be found in Section 2.1.2,
Summary of Citizens for Environmental
Jastice Recommendations and the full list of
recommendations can be found in Appendix
C, Citizens for Environmental Justice
Recommendations.

A group of site employees, the Land Use
Technical Committee, also provided their
input into the Future Use Project. These
internal stakeholders are 23 senior technical
experts from all the major site organizations
(Savannah River Ecology Laboratory,
Savannah River Forest Station”,
Westinghouse Savannah River Company,
etc.) representing all major program areas. A
summary of their recommendations is shown @
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● in Section 2.1.3, Summary of SRS hnd Use
Techriical Committee Recommendations and
additional information is in Appendix D, SRS
Land Use Technical Committee
Recommendations.

2.0 Stakeholder Preferences
For Future Use

This section provides a summary of
recommendations from the SRS Citizens
Advisory Board, Citizens for Environmental
Justice, the SRS Land Use Technical
Committee, and comments received at public
meetings and by the mail by interested
stakeholders. The additional information
about these recommendations can be found in
the appendices. These recommendations are
shown here in no particular order of
importance and all comments were
considered equally.

2.1 SRS Citizens Advisorv

●
Board Recommendation -

The recommendation and the Vision. a
supplemental document, are shown in
Appendix B, Citizens Advisory Board
Recommendation. The map, shown on the
following page is part of the recommendation
passed by the Citizens Advisory Board in
September 1995.

(1) SRS boundaries shall remain
unchanged and the land shall remain
under the ownership of the federal
governmen~ national security shall not
be compromised. Private use of the
land will be implemented by lease
agreements,

o Unforeseen national needs may
wcur

“ Fair market value of the land is less
than estimated cost of remdlation

(2) Multiple uses (excluding residential)

●
shall be considered for in-dividual SRS

zones. Land use planning shall be
directed toward subdivision of the site
into nuclear (defense and commercial),
non-nuclear, and environmentally
protected sectors. Industrial
development may only be located in
defined industrial zones.

● Currently many land areas have
several non-conflicting uses

● Small areas can be dedicated to
s~itic use

● Examples of concurrent multiple
uses include environmental
remediation research, ecological
research, recreational, ecological
preserves, and education and
research areas

(3) Residential uses of SRS land are to be
prohibited.

o Liability concerns and public
perceptions of risk would make it
difficult to market SRS land

o Residential development is not
consistent with meeting goal of
unforeseen national nds

(4) Future use planning shall consider the
full range of worker, public and
environmental risks, benefits and costs.
.

.

.

.

Risks, costs, and resulting benefits
must be studied before decisions are
made

Risks inherent in remediation must
be considered (Example:
transportation)

Public wants to see appreciable
benefits and risk reduction for costs
of remediation

Studies of human and ecological
health must continue

(5) Commercial industrialization of
industrial zones (about 1/3 of the land)
shall be actively pursued. Within

‘1



industrial zones the land is available for
multiple use and non-conflicting
multiple uses may continue after a site
is industrialized.

. To ensure viability of local region,
addhional industrialization is ndcd

o Opportunity to demonstrate how
well industry can be integrated with
environmental park

● Future industrial siting should
consider use of adjacent land and
incorporate an appropriate buffer

. Industrial development should be
encouraged

● Industrial sites include current
industrial uses and groundwater
plumes and 1000-foot buffer

● Industrial cleanup standards should
be applied to industrial areas

(6) Research and technology demonstration
activities shall b actively pursued.

● SRS was first NERP, as such it is a
major center for ecological and
radloccologicai research

● Areas of contamination can provide

OPPofiunities for field testing of
new cleanup technologies

● Opportunities for public education
on industrial/ecological interactions
should be expanded

Savann ah River Site Future Use Proiect Retrort

●
- Land use controls and securitv

(7)

(8)

systems are important to researchers

● SRS shouId continue a strong
technology transfer program

Natural resource management activities
in non-nuclear and non-industrial zones
shall actively pursue biodiversity.

● Biological diversity shall be
encouraged on SRS lands with

special emphasis on nOn-industrial
are?.

Increased recreational opportunities
shall be actively promoted (with
appropriate controls and/or
restrictions).

● Current recreational activities can
and should & expanded

● Other recreational activities should
he considered with appropriate
restrictions ●

(9) Should the federal government decide
to sell any of the SRS land, then former
landowners (as of 1950-52) and/or their
descendants shall have first option to
buy back their formerly owned land for
uses consistent with land use zones and
appropriate standards.

s





● 2.2 Summarv of Citizens for
Environmental J~sti~e

Recommendation

The complete recommendation can be found
Appendix C, Citizens for Environmental
Justice Recommendation.

It was strongly urged and reiterated that the
Savannah River Site’s land be used for a
cemetery only, because of the level of
contamination it should and could not& used
for any other reasons.

Overall Rmommendations

. It was suggested that the land never be
used for inhabitation by stakeholders.

c Only trained personnel should be allowed
to work and inhabit the land.

●
o Continued research on the site was also

recommended.

Overall, the community exhibited distrust
with the whole idea of any future use of land
masses that are so thoroughly contaminated
with all major categories of highly radioactive
nuclear waste along with tons of
contaminated equipment, supplies, and
clothing. There was agreement that the site
should be cleaned up to the highest possible
standard that technology will accommodate.
The development of newer, more efficient,
and more scientifically sound technology was
encouraged.

Scientific. Recommendations

● Initiate biological research that use
microorganisms to breakdown nuclear
radioactive waste that in the process
reduces the level of radioactivity.

. Incorporate pollution prevention into all
clean-up activities to stop further nuclear
contamination.

2.3 SRS Land Use Technical

Committee’s Future Use
Recommendations

These recommendations provide the
conceptual design of the future use of the
Savannah River Site, as envisioned by the
internal stakeholders represented by the site’s
Land Use Technical Committee (LUTC).
These recommendations can serve as a guide
for program planning, facility siting, and
waste site remediation. Both the
opportunities and the limitations of SRS land
and existing facilities, as well as regional
economic development goals, have been
considered in arriving at recommended
primary future use and ancillary activities.
While many future “uses” are envisioned for
the site, a “primary use” has been
recommended to meet the requirements of the
Comprehensive Environmental Response
Compensation and Liability Act (CERCLA)
and the Resource Conservation and Recovery
Act (RCRA). Compatible land-use activities
also were listed to illustrate that the “multiple
land use” concept should continue to be
employed at SRS. The LUTC recommends
that the primary future use be industrial and
that primary supporting activities be
consistent with the site’s designation as a
National Environmental Research Park
(NERP).

These recommendations were compiled by
the LUTC, which is a comprised of 23 senior
technical experts from all major site
organizations who supply in-depth technical
land-use technical analysis to site
management regarding project siting, land-
use conflict resolution and planning, and
CERCLA and RCRA compliance.
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Recommendation One - Continue federal
ownership, with industrial ares as prima~

The LUTC proposes that the site remain
under federal control and that industrial uses
continue as in the past, with emphasis on
stabilization activities of surplus materials and
facilities. However, the percentages of land
used for particular activities may change
(current percentages are 15 percent developed
and 83 percent undeveloped). Except for
inquiries from former site residents, there
appears to be no public demand for SRS
land. Although contarrrinated areas and waste
sites do not present an immediate threat to
public and environmental health, the
contamination is dispersed across much of
the site, thus rendering most areas of the site
incompatible with public transference.
Additionally, regulators have indicated they
would oppose any move to release land that
bad not been cleaned up to residential
standards. SRS has demonstrated that many
diverse activities can coexist. Eliminating
federal ownership would significantly affect
these relationships and eIiminate wme of
them altogether. Also, the number, time
frame, complexity, and costs of required
studies would be major impediments to an
SRS real estate turnover.

Recommendation Two - Increase
environmentaffgeological research

SRS leads the DOE complex in many areas:
established as the first NERP in 1972; known
as a leader in environmental remediation
technologies; and seen as a treasure trove of
cultural information. The unique research
conducted by the Savannah River Forest
Station (SRFS) and the reputations of the
Savannah R[ver Ecology Laboratory (SREL),
and Savannah River Technology Center, and
the Savannah River Archaeological Research
Program (SRARP) contribute to the viability
of potential future uses for SRS,

w
Researchers have indicated that foundation,
university, and government funding support
would be forthcoming with a more stabilized -
planning base. The research and technology

application also could expand to unexploited
areas of study, such as algaculture,
aquiculture, and medicine—and could
broaden cumrrt programs in

● bloremediation

● forest products
. the fate and effects of contaminants in the

environment

o archaeology and cultural anthropology

Recommendation Three - Designate no area

0s residendal

A number of reasons preclude “residential”
designation for SRS. First is contamination.
While the most dangerous contamination is
contained and is not a health hazard, “”
remediation cannot be accomplished in some
site areas—mostly water bodies—with “o

today’s technology. While most site land is
free of contarrrination, future residences could
be located near water bodies, which may
present a risk, albeit, remote, to full-time
residents. For protection, each water body ,,
would have to be fenced and patrolled, and
such restrictions would create an
unacceptable, checkerboard pattern of land
use. Also, many research projects,
technology demonstrations, meteorological
towers, and monitoring devices would have
to he relocated or eliminated. Finally, federal
liability has not been determined, With
controlled access, the government can be
reasonably assured that the public and site
employees will not be exposed to undue
risks. With unrestricted public access,
however, government liability would need to
be determined. Thus, the government should ~
maintain ownership responsibility and
ultimate oversight of SRS.
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● Recommendation Four - Consider
remediarion risfi.r and costs

Because of SRS’S mix of contamination and
the constraints surrounding remediation
program budgets, there are limits on how
much of the site can reasonably he remccliated
to regulation-acceptable levels. Therefore,
efforts should concentrate on containment
and monitoring to protect public health and
the environment and on the cleanup of areas
that may limit future land-use activities.

Recommendation Five - Maintairr/increase
natural resource nranagermmt

Natural resource management activities play a
significant role at SRS. Increases in these
activities could enhance other future uses.
For example, using the present acreage of
forested lands and the conmpt of multiple-use
management, additional opportunities can be

●
created for recreation, education, and
research. According to the Water Branch of
Georgia’s Environmental Protection
Division, very little assimilative capacity is
left in the Savannah River because of waste
dumping by industries and municipalities.
Consequently, keeping large areas such as
SRS along the river in a relatively natural
state would preserve the site’s environmental
integrity and promote offsite river
development.

Recommendation Six - Maintain cultural

resource compliance

The Savannah River Archaeological Research
Program’s primary purpose is to provide
DOE-SR with recommendations about
cultural resource management to ensure that
DOE remains in compliance with federal laws
and regulations. Because proper

management of these resources depends on
assessment of archaeological site

●
significance, SRARP began a phased

approach to compliance in 1973 with a
program of reconnaissance, watershed, and
project-specific surveys and of excavation.
This program, conducted in conjunction with
major land users, helps identify and preserve
SRS cultural resources. Cultural research
provides background data for former
landowners and Native American
constituencies and assists local planners.
Resource management activities should
continue to focus on I ) research-based
compliance to ensure proactive management
and 2) dissemination of new knowledge.

Recommendation Seven - Increase

compatible recreation

Several large tracts at SRS may be suitable
for low-impact, controlled, outdoor
recreational activities—such as hunting,
hiking, bird watching, camping, and
bicycling—without impacting the site’s
industrial missions. Also, controlled access
would enable other uses to continue
unaffected by the increased recreational
population.

Recommendation Er’ght - Increase public
education

Public education activities could be greatly
expanded without jeopardizing industrial
missions. Such expansion, which would
meld well with concurrent uses, has received
considerable support, and various task
groups have been exploring the feasibility of
establishing a museurn/educatiotilnterpretive
center on the site. The LUTC endorses this
concept.

Recommendation Nine - Establish a land-use

decision process

DOE land- and future-use planning is
changing. New directives call for an increase
in planning, with greater input into the
decision-making process. One approach
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would be to expand the Land-Use Steering
Committee-which consists of WSRC senior
managers—into a sitewide land-use advisory
committee of experts from each major land-
use organization. This group would
. advise the DOE-SR site manager about

current land uses
. assist in planning other land uses or

expanding current uses

. provide expert judgment should land-use
conflicts arise

While important for future-use planning, the
establishment of use and activity zones was
not considered in the LUTC report.
Development of planning zones for
compatible uses and activities requires a
Iarge, time-intensive, concerted effort. The
LUTC has resources that can provide active
support for development of such a concept.
Establishment of a decision hierarchy based
on use-compatibility criteria and adhererice to
the multiple-use concept would strengthen the
land-use decision process. The LUTC also
strongly endorses establishment of use-
compatibility criteria and would provide a
lead technical role in such an endeavor.

2.4 Savannah River Operations
Office Recommendations

The Department of Energy employees at the
Savannah River Site (collectively known as
the Savannah River Operations Office, or
DOE-SR) have the responsibility for directing
and overseeing all Departmental activities at
SRS. As part of their ongoing efforts to
establish constantly improving, high-quality
operations at the site and to support continued
viability of surrounding communities in an
era of reduced federal budgets and decreasing
defense missions, the DOE-SR employees
created a strategic plan that sets forth their
vision and hopes for the future of the site.
The SR S?ra?egic P/an, published in
September 1994, promotes a vision of the

Savannah River Site as the Department’s site
w

of choice for all ongoing and potential DOE
missions. To make this vision a reality, the ‘
Strategic Plan sets several goals as shown
below.
.

.

.

.

.

Using the vast scientific and technological
assets and expertise at SRS to increase
the Nation’s global competitiveness and
through partnerships with industry,
promote economic growth, technology
transfer, and creation of high-wage jobs,
particularly at the local and regional
levels.

Using the site’s core competencies in
nuclear energy, national security, and
environmental programs to develop new,
clean, renewable energy sources and
pursue and acquire new missions such as
the International Thermonuclear
Experimental Reactor, becoming an
internationally recognized research center
for future energy technologies.

Sharing assets and expertise through
educational outreach programs to help
establish the United States as the world
leader in science, mathematics, and
engineering.

Playing a key role in meeting DOES
national security requirements and
supporting DOE’s transition from
weapons production to other critical
missions, such as stabilization and
disposition of nuclear materials,
nonproliferation and nontraditional
missions.

Becoming the top-performing DOE site in
achieving environmental management
excellence by expanding and improving
ongoing programs and interactions with
regulators and the public to identify,
prioritize. and. mitigate risks oosed bv
~RS facilities and ~ctivities
health and the environment.

to human
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o Maintaining an infrastructure of physical
and intellectual assets that is capable of
supporting existing and potential new
missions in accordance with regulatory
and industry standards; preserving, in
pristine condition, certain environmental
assets with unique ecological
biodiversities; and pursuing research
initiatives for all these assets on the local,
national, and international level.

In addition to the future uses represented in
these general goals, there is an overarching
future use that both accommodates and
supports all of these goals—the site’s
designation as the country’s first National
Environmental Research Pink.

The Atomic Energy Commission, DOES
predecessor agency, established the NERP

● concept in 1972 to ensure that the impacts of
industrial activities on the naturaI
environment of the sites in the nuclear
weapons complex are monitored, anafyzed,

minimized to the extent practicable, and
rernediated when necessary. Indeed,
research on the interrelationships between the
environment and industry has been a
hallmark of the site since it was established
and constitutes one of the site’s most
significant legacies.

To preserve this national treasure and ensure
the site’s long-term commitment to
continuing these studies, DOE-SR supports
Congressional legislation to formalize the
NERP designation in law. The legislative
designation would permit a wide variety of
activities including industrial research and
development in specific areas and
environmental research, natural resource
management, public education and outreach,
and technical training across the site. The
Proposed National Environmental Research
Park map shows the various areas and
possible future uses under the proposed
NERP legislation.
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● 2.5 Public Comments

Throughout the Future Use Project process,
stakeholders provided comments to the
Future Use Project Team by a variety of
methods. Most of thecomments came from
the public meetings; other comments came
from the mail or by telephone.

As discussed previously, six public meetings
were held in various locations throughout the
Future Use Project process. At the Aiken
meeting, comments were solicited on the
methodology !!,hich should be used to reach
interested stakeholders. At the North
Augusta public meeting, participants
reviewed the DOE-.SR Sfraregic P/aII smd the
Land Use Baselitte Report. Many
stakeholders who attended this meeting also
suggested various types of industrial uses for
the land. Solicitations for specific future use

●
recommendations were made at the Bamwell,
Beaufort, and Savannah meetings. Since the
majority of the participants at the Barnwell
meeting were hunters, various types of
hunting activities were suggested. At the
Beaufort meeting, most stakeholders were
former residents of the land and expressed an
interest in the return of their property. At the

Savannah meeting, only one member of the
public attended the meeting whose interest
was the present state of the water quality for
the Savannah River.

In the Draft P[lblic Participation Plan a
“strawman” survey was included to be used
if the survey method was adopted. As stated
earlier, the survey was dropped from the
process. However, some people believed
that the draft plan included an actual survey to
be completed and mailed their comments to
the Department by completing this
“strawman” survey. Apparently a copy of
this survey was sent to many hunting
organizations bec~use tile vasr majority of the
surveys sent in wc.re from hunters requesting
additional land to be available for various
types of huntin!. Comments were also
received on the two drafts of this report.
These comments and responses can be found
in Appendix H, Com)llents O}ZDraft Future

Use Project Report with SRS Responses.

A brief summary of comments is shown in
Section 1.2, Stakeholder Recommendations

for Future Use. A more comprehensive list
of comments is shown in Appendix A,
Responsiveness Summary.
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● Appendix A Summary of Stakeholders Comments for Potential Future Uses

Appendix A Summary of Stakeholder Comments for Potential
Future Uses

Below is a summary of public comments, from public meetings, written comments, and telephone
calls. Many identical comments received have been consolidated. No attempt has been made to
quantify the references to any one item. Also, this list is not prioritized in any way, These
comments have been placed in land use categories to help the reader find specific comments. Tbe
“General Comments Section” was added for comments that did not fit a specific land use category.

Industrial/Commercial
.

● ✎

.

.

.

.

.

.

.

.

.

.

.

.

Commercial industrialization of industrial zones (about 1/3 of the land) shall be actively
pursued. Within industrial zones the land is available for multiple use and non-conflicting
multiple uses may continue after a site is industriafized.

To ensure viability of local region, additional industrialization is needed

Opportunity to demonstrate how well industry can be integrated with environmental park

Future industrial siting should consider use of adjacent land and incorporate an appropriate
buffer

- Industrial development should be encouraged

Industrial sites include current industrial uses and groundwater plumes and 1000-foot
buffer

Using the vast scientific and technological assets and expertise at SRS to increase the Nation’s
global competitiveness and through partnerships with industry, promote economic growth,
technology transfer, and creation of high-wage jobs, particularly at tbe local and regional
levels.

Using the site’s core competencies in nuclear energy, national security, and environmental
programs to develop new, clean, renewable energy sources and pursue and acquire new
missions such as the International Thermonuclear Experimental Reactor, becoming an
internationally recognized research center for future energy technologies.

Playing a key role in meeting DOES national security requirements and supporting DOES
transition from weapons production to other critical missions, such as stabilization and
disposition of nuclear materials, nonproliferation and nontraditional missions.

Do not use as a tritium production facility!

Build future business for the city. They need to cleanup tbe waste before building tfre city.

Keep the site as a industrial research park with a mix of nuclear and non-nuclear uses.

Use the facilities to prwess fissile materisd from commercial fuels.

Continue manufacturing with an environmental mix.

Consider the medical use of isotopes, maybe from existing high-level waste.

SRS could be used for energy production, possibly nuclear energy.

SRS is an ideal area for developing nuclear industrial research.

Warehousing

High tech nuclear materials handling/disposal

SRS FutureUse Projat Report A-I
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.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Appendix A Summary of Stakeholders Comments for Potential Future Uses

Continue industrial uses that support continuing DO~OD missions.
~~●

Offices for support personnel

Do not use it as a tritium production source.

H]gh tech, service industry

Light manufacturing; emphasis on nuclear, forest products, and chemicals.

Laundry, (service without need for much “walk by” traffic)

“Anti-matter” research and development for an energy source for space exploration

Low pollution, labor-intensive industry

Waste management and environmental restoration research and development demonstration
projects

Consolidation of Defense Programs missions; test site for environmental restoration and waste
management technologies

Vehicle manufacture or assembly

Waste incineration, vitrification

Research to irrigate deserts, make gas and oil, distill water, treat garbage, recover metals

Dismantling of weapons, plutonium storage, plutonium reactor

Heavy/dirty/chemical & manufacturing industries

Regional recycling center, for goods such as batteries, metal, paper, etc. ...

Mixed waste storage, treatment, & advance waste minimization, technology development - also
monitored retrievable storage center ●
Heavy industry that takes advantage of existing infrastructure

No industrial use

Tritium is the best mission for SRS.

SRS haa a base economic development that should diversify with more plants like the John
Deere plant in Grovetown.

Keep the site operating u a regional research and storage facility.

K*P the site open and active so that it will continue to be an asset, not a burden.

Make the SRS the “hub of U.S. nuclear industry.

Need to improve facilities for water transport via the Savannah River and improve rail
connections.

Because of its isolation and dedicated workforce, we could bring industries to this area that
other areas do not wan~ these industries could be managed effectively at SRS.

We should commercialize storage and have entities pay the state and SRS for storage.

There should not be industrial development on the site; research and development cleanup near
site related private development, e.g., plutonium-burning ~wer reactor should be allowed.

cultural and Archaeological

● Maintain cultural resource compliance

● Use the site for a cemetery.

SRS FutureUse Project Report A-2



● Appndix A Summary of Stakeholders Comments for Potential Future Uses

Residential
.

.

.

.

.

.

.

.

.

.

.

● Agricultural

Residential uses of SRS land are to be prohibited.

Designate no area as residential.

The land should be developed as another homeless shelter site instead of always wanting to put
shelters within the city limits and within residential districts. This area would serve as an

OPpofiune place fOrtbe shelter. Residential standards for clean-up.

Clean back to residential standards, Research educational facility concentrating primarily on
developing the technology for nuclear cleanup.

Use for prisons for non-violent criminals.

Vacation resort area

The U. S. and Georgia-South Carolina have adequate residential lands - land bas not become a
premium for residential development.

Residential development should be located a safe distance from industrial & commercial
facilities.

Residential area should only be on the periphery,

There should be no residential usq leave off-site to tbe market.

Tbe land should be developed as another homeless shelter site.

It should be a ~rmanent position to prevent any typ of life form on this landsite.

● Wood Farming

● Do not use the site for farming or cattle grazing

Recreational
.

.

.

.

.

.

.

.

.

.

.

● ✎

Increased recreational opportunities shall be actively promoted (with appropriate controls
and/Or restrictions).

- Current rwreationaf activities can and should be expanded

- Other recreational activities should be considered with appropriate restrictions

Use as a free recreational area for citizens of Savannah and South Carolina.

Increase compatible recreation

More diverse public hunting programs

Walking trails

Areas should be open for controlled public use.

Fishing

Boating

Camping

Hiking

Bird watching

Nature trails

SRS FutureUse ProjectReport A-3
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o Horseback riding

● Savannah River waterfront recreation

● Canoeing

. Photography

● Motor Biking

. 4 wh=ling

o Use of Par Pond and L Lake

. R]ver accessed beaches

● Photography

● Do not use the site for social hunting.

Resource Management Areas
.

.

.

.

.

.

.

.

.

.

.

.

.

Research arrd technology demonstration activities shall be actively pursued.

SRS was first NERP, as such it is a major center for ecological and radioecological
research

Areas of contamination can provide opportunities for field testing of new cleanup
technologies

Opportunities for public education on industrial/ecological interactions should be expanded .

Land use controls and security systems are important to researchers

SRS should continue a strong technology transfer program. ‘“* ~

Natural resource management activities in non-nuclear and non-industrial zones shall actively
pursue biodiversity.

Biological diversity shall be encouraged on SRS lands with special emphasis on non-
industrial areas.

Since the land has a large percentile of forces and farm land, it should become a wildlife and ,
environmental consewatory (Park).

Use the site as a national environmental research park.

Should be preserved as a safe sit~ environmental park.

Maintaitilrrcrease natural resource management.

Increase environmental/geological research.

The site should continue to be one of the world’s premier ‘natural resource management areas
co-located with integrated manufacturing to prove not only that these are not excludable
functions, but also demonstrating that these two dissimilar activities can coexist with
appropriate planning.

Site should not hold environmental activities hostage to economic development hopes or plans.

DOE should ensure that the conclusions of environmental research and findings from natural
resource management are published in the casual press (newspapers, etc.) so the local general ,
public can see what a jewel we have at SRS.

No net wetland loss, Continue habitat set-asides.

Keep the site for ecological and environmental research and education. ‘“’●
SRS Future Use Project Reporr A-4



● Appendix A Summary of Stakeholders Comments for Potential Future Uses

- Retained open park land.

s National Wildlife Research Area

. Returned to long leaf pine ecosystem.

● Environmental conservation and research

● With the endangered species at SRS and set-asides for red-cockaded woodpeckers, we should
develop a community education effort and re-introduce other endangered species back to SRS
land.

. I see deer, turkeys, and other wildlife in my back yard; (her backyard faces SRS property), I
would like to continue to see these wildlife and want my children and grandchildren to see
them,

. More natural forest management I am disappointed with the cument forest management.

s The Ecology Lab does a tremendous amount of research and educational activities every year—
continue that.

General
● SRS boundaries shall remain unchanged and the land shall remain under the ownership of the

federal government; national security shall not be compromised.

Unforeseen national needs may occur

●
Fair market value of the land is less than estimated cost of remediation

● Multiple uses (excluding residential) shall be considered for individual SRS zones. Land use
planning shall be directed toward subdivision of the site into nuclear (defense and commercial),
non-nuclear, and environmentally protected sectors. Industrial development may only be
located in defined industrial zones.

Currently many land areas have several non-conflicting uses

Smafl areas can be dedicated to s~ific use

Examples of concurrent multiple uses include environmental remediation research,
ecological research, recreational, ecological preserves, and education and research areas

. Future use planning shall consider the full range of worker, public and environmental risks,
benefits and costs.

Risks, costs, and resulting benefits must be studied before decisions are made

Risks inherent in remedlation must b considered (Example transportation)

Public wants to see appreciable benefits and risk reduction for costs of remediation

. Should the federal government decide to sell any of the SRS land, then former landowners (as
of 1950-52) and/or their descendants shall have first option to buy back their formerly owned
land for uses consistent with land use zones and appropriate standards.

● Sharing assets and expertise through educational outreach programs to help establish the
United States as the world leader in science, mathematics, and engineering.

. Becoming the top-perfomsing DOE site in achieving environmental management excellence by
expanding and improving ‘ongoing programs and interactions with regulators and tbe public to

●
identify, prioritize, and mitigate risks ~sed by SRS facilities and activities’ to human health and
the environment.
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.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

w
Maintaining an infrastructure of physical and intellectual assets that is capable of supporting
existing and potential new missions in accordance with regulatory and industry standards;
preserving, in pristine condition, certain environmental assets with unique ecological
biodiversities; and pursuing research initiatives for all these assets on the local, national, and :
intematiomd level.

Make the Savannah River Site become as safe as humanly possible. If not, don’t use this area
forsocial hunting, etc. This area isnot SA~forhuman life asit is now.

It should be cleaned up to the same standards to which government subjects businesses.

Theuseofthe lmdshould hinge ontiedegree theresponsible agencies canget itclean. A land
“half-cleaned” so to say could leave the “watchdog agency” open to a law suit, the originators
of theproblem will find arr escape route. Flrstpriority iscleaning --the land.

Itshould beleftalone andpreserved. Yes, they should cleanup toasafestandard.

Remediation then turn to research reservation.

There should be mixture of uses: 1) light industrial 2) reserved SRS/water
conttinatiotiremdiation &a3)msidentid site cleaned toresidentid environmental standards
4) recreationrd sites cleaned up per applicable standards.

DuPont and Westinghouse should clean up the Savannah River Site and should not be a cost
left for taxpayers to absorb.

Forthenext 20-30yews, thesite should notkused foranything butcleanup. After cleanup, :
the property needs to beusedfor pwk, recreation puqoses ornon-polluting, non-radioactive
business purposes. ●
How do youclean thesite tothelevels atwhich they received itand what do you do with ,
waste, where do you take it? Clean-up to residential standards.

Environmentally controlled to safe guard for the future of our kids. Discontinue all dumping,

It is rather difficult to determine this future usage of the land. However, it should be a
~rmaoent position to prevent any ty~ of life form on the land/site.

1) Area for future testing of chemicals keep isolated. 2) grave site space is needed 3) clean up
should be a cautions procedure in eradicating the area. Factors are of natural causes: weather,
wind, rain, dry spells.

Clean-up and leave it until a later date then decide to do whatever it is used as necessary

Continue federal ownership, with industrial uses as primary.

Consider remediation risks and costs.

Increase public education

Establish a land-use decision process.

Industrial cleanup stand~ds should be applied to industrial areas.

Studies of human arrd ecological health must continue. ,.

Significant levels of contamination are located at specific area on this site; breaking apart the
site, or opening it up to unrestricted use, could lead to the premature movement of
radionuq]ides; the ]onger the site remains intact, possibly more than one century, the safer it

wi]l be for unrestricted use. .,

●
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.

.

.

.

.

.

.

.

.

.

.

.

● ✎

✎✎
✎

● ✎✎

SRS is a national asset ; unrestricted use should not be permitted until after its national security
mission has been completed.

Keep separate the issues of national security and environmental remediation; national security
should not be a reason to permit environmental contamination, but neither should ER
regulations be allowed to affect national security interests.

ht’s open our site for more observance and participation of the beauty of God’s earth, but let’s
not let down our security; we must all take great efforts to safeguard and keep intact the
environment and God’s bountiful nature as it is.

Shut SRS down and clean it up.

Please return all wastes to where it was generated or where it came from.

Do not use undeveloped land for new development -- use existing industrial sites and leave
buffer zone as pristine.

Offer the land back to the counties.

Keep future land uses flexible.

Maintain the site as a unit for potential future federal government purposes.

Maintain a buffer zone.

Keep the land for multiple uses.

Maintain nuclear weapons expertise and safe handling of nuclear materials plus selected
commercidlzation.

Maintain 300 square miles, nuclear waste handling (saltstone, DWP~, multi-purpose reactor,
tritium process, some industry in leased lands - show that industry & environment can live
together.

Isolate permanently high risk areas.

Cleanup of site and turn over as much as possible to private owners and make use of remainder
for public use.

The level of remediation should be proportional to the use that the given part of the site will
play; cost, of course, makes a significant difference; I do disagree with current remediation
plans; that is, remediation to an unrestricted use basis (e.g., residentird use); site remediation
should use the following prioritization scheme; this scheme assumes that the government will
maintain the site for the next 25 years and for the 21st century:

locations presenting imminent risk to the workers and public should be remediated to a
level sufficient for safe controlled use as is proposed
locations presenting significant long term risk to the public, under from the controlled use,
should be remediated as a wend priority
third priority should be given to locations that provide risk to the site workers or others
using the site; this risk should be evaluated arid mitigated, where possible, by specific
controls, to levels of remdiation to minimize land use concerns
fourth priority should be given to remediating the outer zone of the site if required to
minimsd controls

- lastly, if money is plentiful, remediate the outer zone of the site to an unrestricted level

Improve facilities for water transport via Savanmdr River, improve rail connections.

Return the land for former residents.
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.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

As a former resident of Ellenton with rwts in Dunbarton, I do not wish to take the land back; I
—

would like to visit the areas where my family lived for many generations; I do not feel SRS is
a place where I would want to go back to retake the land.

I am against giving the land to counties; the cities and counties depend on DOES money in lieu ~
of taxes; this loss of revenue for our local governments would be devastating; privatization
would help these locrd governments.

No one should get hurt from the contamination at SRS.

One criteria for decision makers should be risk; to avoid risk exposure, the site should be kept
intact untiI aII cleanup is comp[eted; there should be a priority system developed where there
would be priorities for the next 5-10 years, 10-25 years, and 25-100 years.

Recognize that most hazardous areas area a small percentage of the entire site; there is a
tremendous amount of land that is uncontaminated.

We want to scc recommendations, not just a report.

We should look at future use in the long term, not just the present administration; it is clear that
this administration wants to dispose of plutonium; this may not be true in future
administrations.

There are but two ways to get public invol~rement: the ballot box or elected officials; don’t call
these public meetings “public” inprru they are only for special interest groups, as is the CAB.

Cost is a factor in remediation decisions.
Cost of remediation does (and should) make a difference; unrestricted access to the entire site ‘
would be a’ridiculous goal, and “complete” decontamination should not be a requirement for ●
access to any particular area, suggested guidelines include: for controlled areas, ALARA with
emph~is on “reasonabl y“; for uncontrolled areas, 5t)~o above background; for water table,
etc., normal unrestricted assumption giving dosages equivalent to 109oof background.

SRS is (a) in important part of our nation’s defense establishment, (b) a major contributor to
scientific and technical progress, and (c) a good neighbor in tbe area.

There should be a fusion reactor on the central east side of the site for power production and
nuclear waste production; there ‘should be heavy industry on tbe lower east side, a large
technology park near New Ellenton, light industry and residential area from Augusta to Aiken
on “highway, and improved residential area from Wllliston to Bamwell with a major technology
center associated with the University of South Carolina or Clemson; Charleston and Savannah
should grow toward the site in support of industry and education complex; this vision needs an
area planning or zoning committee or combined chamber of commerce for effective
implementation.

Maintain federal government ownership with management of SRS forests.

Cleanup the site to the degree necessary to preclude groundwater contamination problems
offsite, cost must be a factor.

Site should be cleaned up to the highest possible standard that technology will accommodate;
the development of newer, more efficient, and more scientifically sound technology is
encouraged.

Initiate biological resewch that use microorganisms to breakdown nuclear radioactive waste that
in the process reduces the level of radioactivity.
Incorporate ~lhrtion prevention into all cleanup activities to stop further nuclear contamination.

o
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Appendix B Citizens Advisory Board Vision Document

Appendix B is the Vision document which supports the Savannah River Site Citizens Advisory
Board recommendation on future use for the site. The recommendation was passed unanimously
at the September 1995 Board meeting and this Vision document, also passed unanimously, was

approved at the January 1996 Board meeting.

January 23, 1996

VISION

FUTURE LAND USE - SAVANNAH RIVER SITE

This Vision document has been a working paper of the Risk Management and Future Use

Subcommittee of the Savannah River Site Citizens Advisory Board throughout the discussions on
future use in 1995. It formed the basis for the Citizens Advisory Board Recommendation Number
8 which was approved by the Citizens Advisory Board on September 26, 1995. Minor changes
have been made in this document to make it consistent with modifications made during Citizens
Advisory Board discus,rion on this recommendation prior to its approval. This version of the
Vision document (dated January 23, 1996) is the final version arrd supersedes all previous drafts.
This version of the Vision was approved by the Citizens Advisory Board on January 23, 1996.

● “\71srolY

The Savannah River Site Citizens Advisory Board Risk Management and Future Use
Sukommittee have the following vision for the site:

The Savannah River Site will remain intact, under federal ownership and will become a 21st
century role model of the mutually supportive coexistence of advanced industrial and commercial
developments, futuristic nuclear enterprises, and an environmental research park. The public will
become more knowledgeable on nuclear, industrial, and environmental issues as a result of
educational and recreational opportunities at the Savannah River Site which are integrated with the
continuing wildlife and natural resources management programs. Privatization of some of the
Savannah River Site government-owned facilities will be successfully accomplished through
leasing facilities. All stakeholders will work cooperatively to further improve the site. The
Savannah River Site will become a vibrant part of the economic health of the Central Savannah
River Area.

The transformation will take place by identification and active pursuit of new governmental
missions and private industrial and commercial ventures for the Savannah River Site. Below are
two lists of suggestions of possible industrial uses of the site to be considered in future plans for
the site, one for possible nuclear uses and one for non-nuclear uses. These are merely lists of

●
possible missions gathered from several sources; the Citizens Advisory Board may not have
endorsed any particular mission.
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.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Possible Nuclear Missions (Defense And Commercial)

Construction and o~ration of a tritium productiori andor processing facility (or facilities)
(for example, multi-purpose reactor or accelerator)

Construction and operation of a prototype fusion power reactor (International
Thermonuclear Experimental Reactor)

Development and operation of a medical radioisotope production facility

Purification and/or fabrication of plutonium-238 for thermo-electric generators

Development of a nuclear power park (for example, multiple reactors producing power for
commercird purposes)

Stabilization, dilution, temporary storage, and preparation for disposal of fissile materials

Demonstration of advanced nuclear power systems

Demonstration of mixed waste destruction, stabilization, and disposal

Development of a contaminated metal cleaning and recycle facility

Development and demonstration of commercial uses for depleted uranium

Others as identified

Possible Non-Nuclear Missions

Construction of electro-mechanical facilities (robots, electric cars, decontamination
equipment, et cetera)

Development of hydrogen economy facilities (generation, pumping, separation, storage, ●
hydrogen fueled vehicles, et cetera)

Development of aluminum and aluminum-alloy parts manufacturing

Development of additional methods for destruction, stabilization, and disposal of hazardous
and sanitary wastes

Development of fiber manufacture for textiles

Performance of chemical analyses of environmental samples

Development and field demonstration of alternative energy production methods (other than
coal, oil, gas, hydroelectric or reactor-nuclear) to gain more independence from foreign oil

Others as identified

In addition to the possible future industrial missions listed above, there are a variety of other
missions that can build upon current activities. These possibilities include
. Development of recreation facilities (hiking, biking, and horseback riding trails; picnic

shelters; sanitary and drinking water facilities boating facilities at Par Pond, et cetera)
. Construction and operation of a visitor and education center, possibly making use of a

decommissioned nuclear production reactor
. Enhanced biorfiversity and ecological research
. Enhanced controlled hunting (turkey, dove, quail, et cetera); sports fishing opportunities

might & developed subject to appropriate restrictions to protect the public
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This Vision reflects the goals for Savannah River Site land uses to satisfy the needs of the nation
and the surrounding communities as established by the Citizens Advisory Board. Key participants
in development and support of the future of Savannah River Site lands and facilities are the local
communities, concerned state agencies, the Savannah River O~rations Office of the Department of
Energy, the Savannah River Site Management and Operating Contractor, the Savannah River
Ecology Laboratory, the U. S. Forest Service, and other internal stakeholders. The Savannah
River Site internal stakeholders have prepared a draft report which is consistent with the direction
of this Vision document. In addition, much input was received from various external stakeholders.
The majority of external stakeholder input from the Savannah River Site future use meetings
conducted by Savann& River Operations Office of the Department of Energy in late 1994 and
1995 have been included in this document. (See the Drafi Savannah River Site Future Use Projecr

Report, a Department of Energy report issued in October.) Essentiaf to the implementation of this
Vision is effective land use planning for the location, integration, and utilization of new facilities
with the infrastructure, existing facilities, environmental attributes, and cleanup goals in a cost-
effective manner.

Savannah River Site is the United States leader in tritium technology, handling, processing,
storing, and recycling and the national leader in high-level waste processing and encapsulation in

● glass. The site maintains a skilled and highly trained staff with expertise to handle major new
missions for the nation. The site has many existing facilities (for example, metal fabrication,
radlonuclide and hazardous chemical analysis laboratories, heat trarrsfer laboratories, metallurgical
facilities, et cetera) that could be reconfigured for commercial enterprises. With its large
infrastructure of roads, railroads, steam, sewer, cooling water, drinking water, phone system, et
cetera, the site could support a new exparrded industrial base.

The current waste management, tritium recycling, decommissioning, decontamination, and
environmental remediation missions shall continue as well as the wildlife and natural resources
management and environmental research programs. With diverse activities and fewer classified
activities at Savannah River Site in the future, security arrrmgements may need to be reconfigured.

The 310-square miles of Savannah River Site should be zoned for land use planning and control,
and such zoning should provide the basis for environmental remdlation goals assmiated with the
Federal Facility Agreement. f_and use categories are defined by the Comprehensive Environmental
Restoration, Compensation and Llabllity Actor Superfund. (See Appendix 1.) For the Savannah
River Site land use planning, the following categories are appropriate:
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Citizens Advisory Board Citizens Advisory Comprehensive
Land Uses Board Definition Environmental Restoration,

Compensation and Liability
Act Cleanup Standards

Industrial - Nuclear Areas of current and Industrial

Industrial - Non-Nuclear possible industrial
development

Forest and Wildlife Environmental Protection: Recreational with restrictions as
Management Areas to be left in natural described in sub-part 8 of Citizens

Rmreational state (with no industrial Advisory Board Recommendation

Ecological Preserves
development), but can be 8.

Education and research
used for multiple,
concurrent uses.

It is recormized that the industrial area, as shown on the map aspart of the Citizens Advisory

.

Board Re~ommendation Number 8, includes Carolina bays, threatenedendangered species, plm-t
habitats, archaeological sites, etcetera Aspartofsiting anew activity within theindustrial zone,
the required environmental reviews should consider and protect these areas. [Environmental
reviews include National Environmental Policy Act, Clean Water Act, Clean Air Act, Endangered
Species Act, wetlands protection, Resource Conservation and Recove~ Act, et cetera.]

●
if{EcoMmDATIoiY

To achieve the vision by 2025, the Savannah River Site Citizens Advisory Board makes the
following nine-part recommendation forland useand cleanup goals. This recommendation was
unanimously approved as Citizens Advisory Board Recommendation Number 8 on September 26,
1995.

(1) Savannah River Site boarrdaries shall remain unchanged and the land shall remain under the
ownership of the federal goverrrrnent; national security shall rrotbe compromised. Private

use of the land will be implemented by lease agreement.

. Unforeseen national needs may occur

. Fair market value of the land is less than estimated cost of remediation

(2) Multiple uses (excluding residential) shall be considered for individual Savannah River Site
zones. Lund use planning shall be directed toward subdivision of the site into nuclear “
(defense and commercial), non nuclear, and environmentally protected sectors. Industrial
development may only be located in industrial zones.

● Currently many land areas have several non-conflicting uses

o Small areas can be dedicated to spcific use

. Examples of concurrent multiple uses include remediation research, ecological
research, recreational, ecological preserves, and education and research areas ●

sRS FutureUsc ProjectRepon B-4
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(3) Residential uses of Savannah River Site are to be prohibited.

● Liability concerns and public perceptions of risk would make it difficult to
market Savannah River Site land

. Residential development is not consistent with meeting the goals of unforeseen
national needs

(4) Future use planning shall consider the full range of worker, public, and environme]ztal
risks, benefits, arid costs,

o Risks, costs, and resulting benefits must be studied before decisions are made

● Risks inherent in remediation must k considered (Example: transportation)

● Public wants to see appreciable benefits and risk reduction for costs of
remediation

● Studies of human and ecologicrd health must continue

(5) Commercial industrialization of industrial areas (about 1/3 of the land) shall be actively
pursued. Within industrial zones the land is available for multiple use and non-conflicting
multiple ares may continue after a site is industrialized.

.

.

.

.

.

.

.

.

.

.

To ensure viability of local region, additional industrialization is needed

Opportunity to demonstrate how well industry can be integrated with
environmental park

Future industrial siting should consider use of adjacent land and incorporate
appropriate buffer

Industrial development should be encouraged

Industrial sites include industrial uses and groundwater plumes and 1000-foot
buffer

Industrial cleanup standards should he applied to industrial areas

Areas of contamination can provide opportunities for field testing of new
cleamrp technologies

Opportunities for public education on industrial/ecological interactions should
be expanded

Land use controls and secur’hy systems are important to researchers

Savannah River Site should continue a strong technology tzansfer program

(6) Research and technology demonstration activities shall be actively pursued.

● Savannah River Site was first National Environmental Research Park, as such it
is a major center for ecological and radioecological research

. Areas of contamination can provide opportunities for field testing of new
cleanup tihnologies

● Opportunities for public education on industrial/ecological interactions should
be exprarded

● Land u= controls and security systems are important to researchers

● Savannah River Site should continue a strong technology transfer program

SRS FutureUse ProjectRepon B-5
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(7)

(8)

(9)

Natural resource management activities in non-nuclear and nort-industrial zones shall
actively pursue biodiversity

● Biological diversity shall be encouraged on Savannah River Site lands with

swlal emphmls on non-industrial areas.

Increased recreational opportunities shall be actively promoted (with appropriate conrrols

ador restrictions).

o Current recreational activities can and should k expanded

● Other recreational activities should b considered with appropriate restrictions

Should the federal government decide to sell any of the Savannah River Site land, then
former landowners (as of 1950-52) andor their descendants shall have first option to buy

back their formerly owned land for uses consistent with land use zones and appropriate

standards.

sRS FutureUse ProjectReport B-6
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The following information is provided to explain each part of the recommendation in more detail,
Each subpart of the recommendation is in the boxed areas shown below with an explanation
following the box.

(1) Savannah River Sire boanhries shall remain unchanged arrd the land shall remain [lrrder the
ownership of the federal government; natiorra lsecurit yshallno tbecom promised. Privirte
use of the land will be implemented by lease agreement.

- Unforeseen national needs may occur

. Fairmarket value of theland islesstian estimated cost ofremediation

The federal government must remain the owner of the current Savannah River Site land area for
future, unforeseen national needs that might require such a land area; it would he difficult to
obtain such a large land area today. The federal government also is liable for the cleanup
required by environmental laws consistent with Iand use described in this document and the
Citizens Advisory Board Recommendation Numkr 8.

(2) Multiple mes (excluding residential) shall be considered for individual Savannah River Site

zones. tind use planning shall be directed toward subdivision of the site into nuclear
(defense andcomercial), nonnuclear, andenvironmentally protected sectors. Industrial
development may only be located in industrial zones.

I ● Currently many land areas have several non-conflicting uses

o Small areas can&ddlcated tospecific use I
I ● Examples ofconcument multiple usesinclude remediation resemch, ecological research,

recreational, ecological preserves, arrd education and research areas

Savannah River Site must be managed in such a way that the majority of the site land is available
foranurgent natiortaf need ifrequired inthe future. The310-square mile Savannti.River Siteisa
multiple-use site now (1995) with many land areas having several different, non-conflicting uses
with small areas dedicated to a specific use. This multiple use should continue. In the
Recommendation Number 8 map, the primary use is shown for industrial areas, but other non-
conflicting uses can be made in these industrial areas. For non-industrial areas, it is not always
possible to distinguish between forest and wildlife management, recreational, ecological preserves,
education, and research areas, as many of these uses occur simultaneously on the same area of
land. Examples of concurrent, multiple uses include.environmental remediation research,
ecological research, andhabitats forendangemd species. Additional data exists in the Savannah
River Site brrd Use Baseline Report, June 1995. The Recommendation Number 8map and this
document should be used as a basis for site planning.

SRS FutureUse ProjectReport B-7
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●
(3) Residential uses of Savannah River Site are to be.prohibited.

● Liability concerns and public perceptions of risk would make it difficult to market
Savannah River Site land

● Residential development is not consistent with meeting the goals of unforeseen national ;
needs

(4) Future use planning shall consider the full range of worker, public, and environmental
risks, benejits, and costs.

● Risks, costs, and resulting benefits must be studied kfore decisions are made

. Risks inherent in remediation must be considered (Example transportation)

● Public wanta to see appreciable benefits and risk reduction for costs of remediation

“ Stodles of human and ecological herdth must continue

(5) Commercial industrialization of industrial areas (about 1/3 of the land) shall be activel>
pursued. Within industrial zones the fand is available for multiple use and non-corrjlicting

multiple uses may continue afier a site is industrialized.

L
..........

To ensure viability of local region, additional industrialization is needed

Opportunity to demonstrate how well industry can k integrated with environmental
park

Future industrial siting should consider use of adjacent land and incorporate appropriate
buffer

Industrial development should be encouraged

Industrial sites include industrial uses and groundwater plumes and 1000-foot buffer

Industrial cleanup standards should be applied to industrial areas

Areas of contamination can provide opportunities for field testing of new cleanup
twhnologies

Opportunities for public education on industrial/ecological interactions should be
expanded

Land use controls and security systems are imprtant to researchers

Savannah River Site should continue a strong technology transfer program

Industrial uses are further subdivided into current (1995) and possible industrial zones on the
Recommendation Number 8 map. The site should continue to develop a strong technology transfer
program that is the basis for new private industrial development. These industrial areas also
include groundwater contamination plumes with a 1000-foot buffer that are an integral part of the
Citizens Advisorv Board Recommendation 2 of Januarv 24, 1995. Monitoring the groundwater
plume should co~tinue and control activities should pro~ect the public health, in ind~strial areas,

●
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protection can be obtained by providing alternative sources of drinking water. Industrial cleanup
standards should generally be applied to industrial areas.

The industrial zones are divided into nuclear and non-nuclear zones. Either government or private
enterprise (under long-term leases) could establish new missions in these zones but each specific
proposed site would undergo the specific site-use approval process and appropriate environmental
reviews (National Environmental Policy Act, Clean Water Act, Clean Air Act, Endangered Species
Act, wetlands protection, Resource Conservation and Recovery Act, et cetera) before final
approval.

In general, the nuclear zone is near the center of the site and includes the existing nuclear facilities.
The non-nuclear industrial zone is near A, M, B, D and TNX areas and along Highway 125
between Savannah River Site Roads 1 and 6. Within these zones, other activities could take place
such as timber operations, wildlife manageinent, environmental research, and field-related
educational activities until a specific area is needed for industrial development. If any land is
removed from an industrial zone through rezoning, then cleanup levels for contaminated areas
must be re-evaluated.

The remaining portions of the land are designated for multiple use (that is, forest and wildlife
management, recreational, ecological presewes, andeducation andresewch). These areas should
k cleaned up to rmreational standards’ with appropriate controls established on the use of the land.

● As an example of an area that needs appropriate controls, some Savannah River Site lands have
residual contamination from past relemes from Savannah River Site facilities. Inparticular, there
iscesium-137 contamination in many of the Savannah River Site waterway s from releases in the
1960s. These aredetectable, meabove global background levels, amwellmapped, and are being
allowed toradioactively decay in place. (Cesium-137 hasa30-year half life.)

Besides cesium- 137 there are other radiomrclides detectable above global background levels in the
Savannah River Site (that is, tritium, uranium, iodine-129, phrtonium-238, plutonium-239,
carbon- 14, et cetera); but the same commitments on appropriate controls should apply.

Existing areas of contamination at Savannah River Site provide an opportunity for field testing of
new cleanup technologies. This ty~ofactivity should kincremed todevelop more cost-effective
technologies forcleanup throughout the United States. Savannah River Site, with itsland area and
technicrd staff, is an ideal Incation to perform these field tests.

There is currently a system in place to approve and coordinate spcified land uses at Savannah
River Site; this should continue as a method of appropriate controls of land use.

●
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e

5) Research and technology demonstration activities shall be actively pursued.

● Savannah River Site was first National Environmental Research Park, as such it is a
major center for ecological and radtoecological research

● Areas of contamination can provide op~rtunities for field testing of new cleanup
technologies

● Opportunities for public education on industrial/wological interactions should be
expanded

. Land use controls and security systems are important to researchers

● Savannah R]ver Site should continue a strong technology transfer program

‘he primary land use in the Education and Research category is for student and public education,. .
research on the structure and function of ecosystems, and the interaction of industrial facilities with
the environment. Basically this can be done on any of the 310-square miles of the Savannah River
Site on a non-interfering basis through specific site-use requests approved by Department of
Energy. The ability to have a protected environmental research field site, because of land use
control and security systems at Savannah River Site, is a very valuable attribute for researchers.
Education and research facilities should b maintained and o~rated throughout the site by a variety
of contractors.

...

Savannah River Site was the first National Environmental Research Park designated by the
DeptimenG is a major center of ecological research; and is the major field site for radioecological
research in tbe United States. It is considered a national asset because it is uniquely suited for the
demonstration of new environmental restoration technologies. These research and technology
demonstrations should be actively pursued.

(7) Natural resource management activities in non-nuclear and non-industrial zones shall
actively pursue biodiversity

. Biological diversity shall be encouraged on Savannah River Site lands with spcial
emphasis on non-industrial areas.

Presently Savannah River Site has about 9070 of its land used for timber production, natural
resource and wildlife management, and environmental research. This research includes studying
thermal effects on aquatic organisms, studying the effects of coal power plants on the environment,
studying the transfer of radionuclides through various environmental pathways, et cetera; these
activities should continue and be increased. Opportunities for public education on these industrial/
environmental interactions should be expanded.

Ecological preserves have been established and should continue to be protected to follow the
evolution of natural ecosystems over time. Biodiversity should be encouraged with special
emphasis on non-industrial areas. Limited use should be made of this area for education and
research, as long as any man-made disturbance to the area is at an absolute minimum. If any waste
sites exist in these areas and if any cleanup is required, it should be done with an absolute
minimum impact on [he environment. Department of Energy, with stakeholder input, shall identify
the areas of major Se[-asi(fes m ecological preserves.

@ ‘
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(8) Increased recreational opportunities shall be actively promoted (with appropriate controls
andfor restrictions).

● Current recreational activities can and should be expanded

I . Other recreational activities should& considered with appropriate restrictions 1

The Savannah River Site lands can and should provide major opportunities for public recreation.
Some recreational activities occur now (that is, deer and hog hunting), but this can and should be
actively promoted so that local residents can benefit from such opportunities. Examples include
turkey hunting; hiking, biking and horseback riding trails; fishing; boating, et cetera.

There should be appropriate restrictions on some recreational activities such as water skiing,
swimming, et cetera.

I(9) Should the federal government decide to sell any of the Savannah River Site land, then

1“former landowners ?as of 1950-52) arrtior their descendants shall have first option to buy
back their formerly owned land for uses consistent with land use zones and appropriate

Due to the concern of former residents of the land where Savannah River Site is now located, the
Citizens Advisory Board believes that this group of people should have the right of first refusal to

●
buy their formerly owned land, if it should ever become available. Evaluation of the particular
parcels of land and cleanup to Comprehensive Environmental Restoration, Compensation and
Liability Act residential standards must be done by the federal government prior to the release of
that land. However, the Citizens Advisory Board does not believe this land should be available
for sale.

Thus, in the 21st century, the Savannah River Site will continue and strengthen its role as the
premier national environmental research park with the addition of new major missions: meeting
the government needs, developing industrial uses with private industry, stabilizing closed nuclear
facilities, cleanup of environmental contamination, enhanced educational opportunities and
ecological research and developing recreational opportunities. Careful planning, adequate
resources, and determined execution will result in harmonization of these missions.

●
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Land Use Categories, As Defined Under Comprehensive Environmental

Restoration, Compensation and Liability Act Guidance Documents

Under current environmental guidance document, when deciding the appropriate technology for
cleanup and the resulting costs, a risk assessment is done to determine the risks once a future land
use is determined. The guidance includes the following definitions and guidance for various risks:

Residential — Residential exposure scenarios and assumptions should be used whenever there are
or may be occupied residences on or adjacent to the site. Under this land use, residents are
expected to be in frequent, repeated contact with contaminated media. The contamination may be
on the site itself or may have migrated from it. The assumptions in this case account for daily
exposure over the long term and generally result in the highest potential exposures and risk.

Commercial/Industrial — Under this type of land use, workers are exposed to contaminants within
a commercial or industrial site. These scenarios apply to those individuals who work on or near
the site. Under this land use, workers are expected to& routinely exposed to contaminated media.
Exposure may be lower than that under the residential scenarios, because it is generally assumed
that exposure is limited to 8 hours a day for 250 days per year.

~ — These scenarios address expsures to people who live on the property (that is, farm
family) and agricultural workers. Assumptions made for worker exposures under the
industrial/commercial land use may not be applicable to agricultural workers due to differences in “●
workday length, seasonal changes in work habits, and whether migrant workers are employed on
the affected area. Finally, the farm families live in the area.

~ — This land use addressed exposures to people who spend a limited amount of time .
at or near the site while playing, fishing, hunting, hiking, or engaging in other outdoor activities.
This includes what is often describd as the “trespasser” or “site visitor” scenario. Because not all “.
sites provide the same opportunities, recreational scenarios must be developed on a site-specific
basis. Frequently, the community surrounding the site can be an excellent source of information
regarding the current and potential recreational use of the site. The RPM/risk assessor is
encouraged to consult with local groups to collect this type of information.

In the case of trespassers, current exposures are likely to be higher at inactive sites that at active
sites because there is generally little supervision at abandoned facilities. At most active sites,
security patrols and normal maintenance of barriers such as fences tend to limit (if not entirely
prevent) tresp~sing, When modeling potential future exposures in the baseline risk assessment,
however, fences should not be considered a deterrent to future site access.

Recreational exposure should account for hunting and fishing seasons where appropriate, but
should not disregard Iwal repofls of species taken illegally. other activities should also be scaled
according to the amount of time they actually occur, for children and teenagers, the length of the
school year Can provide a helpful limit when evaluating the frequency and duration of certain
outdoor exposures.

@
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Department of Energy
Savannah River Operations Ofice

PO. Box A
Aiken, South Carolina 29802

OEC 201990

Dr. Mildred McClain, Co-Chair Mr. Bob Slay, Co-Chair
Savannah River Citizens Advisory Board Savannah River Citizens Advisory Board
720 ,Maupas Avenue P.O. BOX 192
Savannah, GA 31401 Beech Island, SC 29842

Dear Dr. McClain and Mr. Slay:

SUBJECT Citizens Advisory Board’s (CAB’s) Eighth Recommendation - Future Uses of
Savannah River Site (SRS) (Your letter, 10-03-95)

Tfmrrk you for submitting your eighth recommendation to the Department of Energy (DOE)
regarding the future uses of SRS. We agree with the substance of your recommendation. It is
very similar to our own internrd ideas of designating the SRS as a Nationaf Environmental
Research Park (NERP) and to the many commen~ received during the SRS Future Use Project.

Your recommendation has been incorporated into the dti SRS Future Use Project Report,
which is currently being revised to reflect your comments provided at the November 28, 1995,
Board meeting. while we are in substantial agreement with the CAf3’s proposal, we take the

●
following minor exceptions:

. Under the NERP proposal, Savannah River Operation OffIce’s (SR’S) intent is to limit
industrial development to those &-eas currently being osed for industrial purposes. This will
not necessarilyy limit any future development of those areas, but will provide maximum
flexibility for use of the land.

● As far m. ~ecreational opportunities are concerned, we have recently expanded the hunting
opport~tles m the Crackemeck portion of the site. While we will continue to review
recreatlorral proposals on a case-by-cue basis, we believe it is pmdent to take a conservative
approach for the foreseeable future, rather than “actively promote” increased recreational
activities at the site.

● SR afso agrees with the intent of the ninth part of yoor recommendation, but in accordance
with current laws and regulations, we have no mechanism to give first refusal to former
property owners. In fact, those regulations specifi a procedure for disposing of excess
property.

These differences wi!l be discussed in more detail in the report. It is our intent to discuss these
with you prior to dlstrrbuting another version of the report. Tbis repo~, along with your
recommendation, will be used for future planning and decision-making activities for this site.

Mario P. Fiori
Manager
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Appendix C Citizens for Environmental Justice Recommendations

The information provided in Appndix A is shown as it was given to DOE by the group, Citizens
for Environmental Justice, as their recommendation for future land use. The Citizens for
Environmental Justice came into being to help increase the level of participation of people of color
in the work for a safe and clean environment, This group’s main focus is in the African-American
community, but works with all people who are struggling for environmental justice. This
organization educates, organizes, and mobilizes the Black community to actively work in
protecting human resources as well aa water, air, and land resources.

These responses represent a synthesis of all the comments received. They do not ref7ect any order

of priori~.

How should the land be used at the Savannah River Site in the Future?

The overriding theme was that cleanup to industrial standards was the minimum standard to be

applied os decisions are made,

● Do not use it for farming or cattle raising. It is unsafe even to wildlife. Use for a cemetery
only.

● ● It should not be used for residential property.

. Store other waste material. Use it as a grave yard for the community after cleanup.

● Make the Savannah River Site become as safe as humanly possible. If not, don’t use this area
for social hunting, etc. This area is not SAFE for human life as it is now.

● It should be cleaned up to the same standards to which government subjects businesses.

● The use of the land should hinge on the degree the responsible agencies can get it clean. A land
“half-cleaned so to say could leave the “watchdog agency” open to a law suit, the originators
of the problem will find an escape route. First priority is cleaning -- the land.

. Do not use aa a Iritium production faciliV!

● Clean back to residential standards. Research educational facility concentrating primarily on
developing the tahnology for nuclear cleanup.

● It should be left alone and preserved. Yes, they should cleanup to a safe standard.

o Remediation then turn to research reservation.

● There should be mixture of uses: 1) light industrial 2) reserved SRS/water
contamination/remdlation area 3) residential site cleaned to residential environmental standards

●
4) rareational sites cleaned up per applicable standards.

. Use as a free rwrcational area for citizens of Savannah and South Carolina.

SRS FutureUse ProjectRe~rt c-1
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. The land should be develop=d as another homeless shelter site instead of always wanting to put
shelters within the city limits and within residential districts. This area would serve as an
oppofiune place for the shelter. Residential standards for clean-up.

● Build future business for the city. They need to clean up the waste for the up build of the city

. DuPont and Westinghouse should clean up the Savannah River Site and should not be a cost
left for taxpayers to absorb.

. For the next 20-30 years, the site should not be used for anything but cleanup. After cleanup,
the property needs to be used for park, recreation purposes or non-polluting, non-radioactive
business purposes.

o How do you clean the site to the levels at which they received it and what do you do with
waste, where do you take it? Clean-up to residential standards.

. Environmentally controlled to safe guard for the future of our kids. Discontinue all dumping.

. It is rather difficult to determine this future usage of the land. However, it should be a
prmarrent position to prevent any ty~ of life form on the land/site,

. Since the land has a large percentile of forces and farm land, it should become a wildlife and
environmental conservatory (Park).

>
0 “

. Use the site as a national environmental research park.

. Clean-up and leave it until a later date then decide to do whatever it is used as necessary.

. Should k preserved as a safe sit~ environmental park.

● 1) Area for future testing of chemicals keep isolated. 2) grave site space is needed 3) clean up
should be a cautions procedure in eradicating the area. Factors are of natural causes: weather,
wind, rain, dry spells.

SRS PutureUse ProjectReport c-2
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Addendum

“Charting a New Course” Community Conference, September 23, 1995

[t was strongly urged and reiterated that the Savannah River Site’s land be used for a cemetery
only, because of the level of contamination it should and could not be used for any other reasons.

. It was suggested that the land never be used for inhabitation by stakeholders

. Only trained personnel should bc allowed to work and inhabit the land.

. Continued research on the site was also recommended.

Community Perspective

Overall, the commuriity exhibited distrust with the whole idea of any future use of iand masses that
are so thoroughly contaminated with all major categories of highly radioactive nuclear waste along

●
with tons of contaminated equipment, supplies, and clothing. There was agreement that the site
should be cleaned up to the highest possible standard that technology will accommodate. The
development of newer, more efficient, and more scientifically sound technology was encourage.

● Initiate biological research that use microorganisms to bre~down nuclear radioactive waste that
in the process reduces the level of radioactivity.

● Incorporate pollution prevention into all clean-up activities to stop further nuclear
contamination.

●
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1.

2.

3.

4.

5.

Citizens for Environmental Justice Stakeholder Survey

Do you think current zoning laws shmdd be changed to prevent residential areas from being
located near industries that pose a potential threat to health?

_yes —no

Should industry be responsible for compensating residents?

._..._Yes —no

Should there be a citizens oversight board?

~es _no

Should Congress cut the budget for clean-up at the Savannah River Site?

_yes _no

How should the land be used at Savannah River Site in the future?

~es _no
..0’
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Appendix D SRS Land Use Technical Committee Recommendations

The Land Use Technical Committee is a group of 23 senior technical experts from all major si{e
organizations. The recommendations shown below is quoted from their report of their
recommendations verbatim. This group worked for over two years to develop these
recommendations, using their site expertise.

Introduction And Overview

The U, S. Department of Energy (DOE) has requested that each of its sites prepare a report
depicting stakeholder preferences for future use, given each site’s unique characteristics. The
purpose of this document is to provide the conceptual design of the future use of the Savannah
River Site, as envisioned by the internal stakeholders represented by the site’s Land Use Technical
Committee (LUTC). The document will serve as a guide for program planning, facility siting, and
waste site remediation. Both the opportunities and the limitations of SRS land and existing
facilities, as well as regional economic development goals, have been considered in arriving at
recommended primary future use and ancillary activities. While many future “uses” are envisioned
for the site, a “primary use” has been recommended to meet tbe requirements of the
Comprehensive Environmental Response Compensation and Liability Act (CERCLA) and the
Resource Conservation and Recovery Act (RCRA). Compatible land-use activities also were listed

●
to illustrate that the “multiple land use” concept should continue to be employed at SRS. The
LUTC recommends that the primary future use be industrial and that primasy supporting activities
be consistent with the site’s designation as a National Environmental Research Park (NERP).

This report was compiled by the LUTC, which is a comprised of 23 senior technical experts from
all major site organizations who supply in-depth technical land-use technical analysis to site
management regarding project siting, land-use conflict resolution and planning, and CERCLA and
RCRA compliarr~.

The report’s future use recommendations are expected to help DOE determine suitable activities that
are compatible with primary use. The LUTC recommends that all site land remain under federal
ownership, but notes that some land and facilities could be used by public or private sectors in a
lease agreement with the federal government. Because many areas are suitable for multiple uses,
the LUTC did not propose specific uses for specific areas; these will be decided via established
policy and internal regulations.

Policy Guidance, Plans And DOE Orders

Possible future-use options at SRS will be subject to administrative constraints stemming from
federal, state, and local laws, regulations, permits, and agreements, as well as DOE orders, policy,
guidelines, directives, and mission plans. Under the Nationat Environmental Policy Act (NEPA),
RCRA, CERCLA, and other statutes, DOE must consider tbe wological health and ultimate fate of
its natural resources in land-use planning—and is liable for damages resulting from CERCLA
releases of contaminants.
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CERCLA is the driving force for most SRS remediation activities. The U. S. Environmental
Protection Agency (EPA) has assumed under CERCLA that land will k become residential unless
it is in areas where residential use is unreasonable. Consequently, it is implied that the cleanup
standard for contaminated waste sites is residential, which assumes that a family would live on the
land and obtain their drinking water from a well at the site, and that their children would plan in
and eat the dirt. From a land-use planning pers~tive, this is unrealistic and unreasonable for site
having a continuing DoE-managed mission with stringent safetylsecurity measures. EPA recently
issued new guidance on land use, stating that the CERCLA baseline risk assessment “generally
needs only to consider the reasonably anticipated land use. ” This supports the LUTC
recommendation that the site’s primary future land use remain industrial.

Primary Future Land Use

Industrial

The primary industrial future use for SRS relates to continuing missions related to stabilization and
preparation for disposal of high- and low-level wastes, management of surplus nuclear materials,
and support of the nation’s nuclear weapons stockpile. In addition, related nonnuclear industrial
missions would be able to utilize the site’s unique infrastructure. The site is one of the few areas in
the nation that can support future missions with a combination of extensive industrial production
areas, existing infrastructure, and a substantial buffer zone from the public. In addition to nuclear
uses, future compatible industrial uses could include commercial industrial development and
technology demonstration.

Land-Use Activities Comr)atible Whh Industrial Use

The LUTC has carefully considered the following complementary activities that would support the
site’s primary mission:

. environmental and geological research (including continuation and expansion of NERP
program)

. natural resource management

. cultural resource management

. recreation

● public education

LUTC ConceDt of Future Use of SRS — Mrdtiole and Compatible Uses

LUTC future-use recommendations arc based on multiple use, in which many compatible uses and
activities can “occupy” or use the same space simultaneously. Multiple-use management focuses
on optimizing the functions of the entire ecosystem.

SRS has informally used a classic ring-or “target’’-approach to land-use planning, with the
center ring being an industrial area and surrounding areas being security and/or safety buffers.
This concepts Imates within the inner ring rdl facilities that handle or process radioactive materials.
Nuclear materials outside the ring ultimately would k decommissioned or relocated.

●
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LUTC Recommendations For Future Uses Of SRS

Recommendation One - Corr(inue federal ownership, with itu’fustrial uses as prima~

It is proposed that the site remain under federal control and that industrial uses continue as in the
past, with emphasis on stabilization activities of surplus materials and facilities. However, the
percentages of land used for particular activities may change (current percentages are 15 percent
developed and 83 percent undeveloped). Except for inquiries from former site residents, there

appears to be no public demand for SRS land. Although contaminated areas and waste sites do not
present an immediate threat to public and environmental health, the contamination is dispersed
across much of the site, thus rendering most areas of the site incompatible with public transference.
Additionally, regulators have indicated they would oppose any move to release land that had not
been cleaned up to residential standards. SRS has demonstrated that many diverse activities can
coexist. Eliminating federal ownership would significantly affect these relationships and eliminate
some of them altogether. Also, the number, time frame, complexity, and costs of required studies
would be major im~diments to an SRS real estate turnover.

Recommendation Two - Increase environmental/geological research

SRS leads the DOE complex in many areas: established as the first NERP in 1972; known as a
leader in environmental remediation technologies; and seen as a treasure trove of cultural

●
information. The unique research conducted by the Savannah River Forest Station (SRFS) and the
reputations of the Savannah River Ecology Laboratory (SREL), and Savannah River Technology
Center, and the Savannah River Archaeological Research Program (SRARP) contribute to the
viability of potential future uses for SRS. Researchers have indicated that foundation, university,
and government funding support would be forthcoming with a more stabilized planning base. The
research and technology application also could expand to unexploited areas of study, such as
algaculture, aquaculturc, and medicine—and could broaden current programs in

. bioremediation

. forest products

. the fate and effects of contaminants in the environment

o strcbaeology and cultural anthropology

Recommendation ~ree - Designate no area as residential

A number of reasons preclude “residential” designation for SRS. First is contamination. While
the most dangerous contamination is contained and is not a health hazard, remediation cannot be
accomplished in some site areas-mostly water bodies—with today’s technology. While most site
land is free of contamination, future residences could bc located near water bodies, which may
present a risk, albeit, remote, to full-time residents. For protection, each water body would have
to be fenced and patrolled, and such restrictions would create an unacceptable, checkerboard
pattern of land use. Also, many research projects, technology demonstrations, meteorological
towers, and monitoring devices would have tObe rclOcated or eliminated. Finally. federal liability
has not been determined. With controlled access, the government can be reasonably assured that

●
the public and she employees will not Qe exposed to undue risks. With unrestricted public access,
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@
however, government liability would need to be determined. Thus, the government should
maintain ownership responsibility and ultimate oversight.of SRS.

Recorrrrnendation Four- Consider remediation risks and costs ,:

Because of SRS’S mix of contamination and the constraints surrounding remediation program ~
budgets, there are limits on how much of the site can reasonably be remediated to regulation-
acceptable levels. Therefore, efforts should concentrate on containment and monitoring to protect
public health and the environment and on the cleanup of areas that may limit future land-use
activities.

Recomsrrendation Five - Mairrtairr/irrcreose natural resource mgernent

Natursd resource management activities play a significant role at SRS. Increases iri these activities
could enhance other future uses. For example, using the present acreage of forested lands and the
concept of multiple-use management, additional opportunities can be created for recreation,
education, and research. According to the Water Branch of Georgia’s Environmental Protection
Division, very little assimilative capacity is left in the Savannah River because of waste dumping
by industries and municipalities. Consequently, keeping large areas such m SRS afong the river in
a relatively natural state would preserve the site’s environmental integrity and promote offsite river
development.

Reconrmendotion Six - Mairrtain cultural resource compliance
‘o

The SRARP’S primary purpose is to provide DOE-SR with recommendations about cultural ‘-
resource management to ensure that DOE remains in compliance with federal laws and regulations.
Because proper management of these resources depends on assessment of archaeological site j.
significance, SRARP began a phased approach to compliance in 1973 with a program of ~
reconnaissance, watershed, and project-specific surveys and of excavation. This program,
conducted in conjunction with major land users, helps identify and preserve SRS cultural
resources. Cultural research provides background data for former landowners and Native
American constituencies and assists local planners. Resource management activities should
continue to focus on 1) research-based compliance to ensure proactive management and 2)
dissemination of new knowledge.

Recommendation Seven . Increase compatible recreation

Several large tracts at SRS may be suitable for low-impact, controlled, outdoor recreational
activities—such as hunting, hiking, bird watching, camping, and bicycling—without impacting the
site’s industrial missions. Also, controlled access would enable other uses to continue unaffected.
by the increased recreatiomd population.

Recommendation Eight - Increase public education

Public education activities could be greatly expanded without jeopardizing industrial missions.
Such expansion, which would meld well with concurrent uses, has received considerable support,
and various task groups have been “exploring the feasibility of establishing a
museutieducatiotilnte~retive center on the site. The LUTC endorses this concept. ●
sRS Future Use ProjectRePrt D-4
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Recommendation Nine - Establish a lcmd-use decision process

DOE land- and future-use planning is changing. New directives call for an increase in planning,
with greater input into the decision-making process, One approach would be to expand the Land-
Use Steering Committee—which consists of WSRC senior managers—into a sitewide land-use
advisory committee of experts from each major land-use organization. This group would
. advise the DOE-SR site manager about current land uses
. assist in planning other land uses or expanding current uses

● provide expert judgment should land-use conflicts arise

While important for future-use planning, the establishment of use and activity zones was not
considered in this report. Development of planning zones for compatible uses and activities
requires a large, time-intensive, concerted effort. The LUTC has resources tfrat can provide active
support for development of such a concept. Establishment of a decision hierarchy based on use-
compatibility criteria and adherence to the multiple-use concept would strengthen the land-use
decision process. The LUTC also strongly endorses establishment of use-compatibility criteria and
would provide a lead technicrd role in such an endeavor.

Conclusion

●
In this report, the LUTC has used its cumulative knowledge to present an appraisal of future land
use. While no one can predict the future, the LUTC has provided its best judgment on the
utilization of site attributes that will most wisely use the physical and natural resources of SRS.
The corrrmittee envisions expanded, dynamic site functions that meet the needs of the country and
respond to regional concerns. From a land-use perspective, there is considerable capacity for
expanding both the primary industrial use and the compatible supporting facilities. The committee
klieves that a site as unique as SRS can meet the needs of diverse interest groups.
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EXECUTtVESUMMARY

The Department of Energy has charged each site to prepare a future use report that depicts
stakeholder preferences for future use, given each site’s unique characteristics. The purpose of
this document is to provide the conceptual design of the future use of the Savannah River Site
including its existing facilities as envisioned by internal stakeholders represented by the Land Use
Technical Committee (LUTC). The document is to serve as a guide for program planning, facility
siting and remediation Of waste sites. Both the Opportunities and limitations Of the land and
existing facilities at the SRS, as well as regional economic development goals, have been
considered in arriving at the recommended primary future use and ancillary activities. While there
are many future “uses” envisioned for the site, a “primary use” (industrial) has been recommended
to meet the requirements of Comprehensive Environmental Response Compensation and Liability
Act (CERCLA) and the Resource Conservation and Recovery Act (RCRA). Compatible land use
activities were also listed to illustrate that the “multiple land use” concept could be employed at
SRS. The LUTC recommends that the primary future use of the site be industrial with primary
supporting activities being consistent with the site’s designation as a National Environmental
Research Park. [DOE Headquarters defines a NERP as a field laboratory set aside for conducting
ecological research, studying environmental impacts of energy development and informing the
public of environmental and land use options.]

The SRS Land Use Technical Committee has completed an analysis of the issue of future SRS use
and has developed recommendations listed below. The background and justification for each ●
recommendation begin on page 8. While it is envisioned that all land on the site will remain under
federal control in support of planned or unforeseen future DOE missions, some of the land could
be used by the public or private sector via spcial arrangements with the government.

RECOMMENDAmONSFOR FUTUREUSE

Industrial Use

SRS boundaries should not change and the prima~ future land use should continue to be
industrial, with multiple, concurrent supporting [and use activities.

Environmental and Geological Research

Cotlsistent with designation of the site as a National Environmental Research Park, research uttd
related technology demonstration activities shoufd be increased.

Residential Use

No area of the site should be designated as potential “residential” (u-eas.

Consideration of Risks and Costs

Future use planning shou[d consider the ful[ range of risks and costs associated with remediatiorr.

Resource Management
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Natural resource management activities should be mintainedincreased.

Cultural Resources

Cultural resource compliu!?ce activities should be maintained at current levels to ens[~re pro-active
management.

Recreation

Recreation activities compatible with other site uses arrd activities should be increased

Public education activities should be signtjicarrtly increased.

hrrd Use Decision Process

Additional mechanisms should be established to assist the DOE-SR Site Manager in the land use
decision process.

SRS’ LAND USE TECHNICAL COMMITTEE’S FUTURE USE REPORT

INTRODUCTIONANDOVERVIEW

● The purpose of this report is to provide technical guidance to site decision makers from “internal
stakeholders” regarding the selection of a primary future use of SRS land and facilities. When the
primary future use is decided by the Department of Energy (DOE) with input from stakeholders,
remediation decisions can be made based on realistic future uses; “Superfund” and RCRA goals
can be addressed; and future project siting and economic development goals will be enhanced.
This report was compiled by the SRS Land Use Technical Committee (LUTC), which is
comprised of 23 senior technical experts from all the major site organizations representing all major
program areas. The LUTC was chartered to supply in-depth land use technical analysis to site
management with regard to project siting, resolution of land use conflicts and land use planning. -
as well as with Comprehensive Environmental Response Compensation and Liability Act
(CERCLA) and the Resource Conservation and Recovery Act (RCRA) compliance. If, for
example, a contaminated area will be used for homes in the future, its clean-up goals may be very
different than if it were to be paved for an industrial park.

This report also provides guidance regarding economic development. Llrsking the report to
economic development is important for two reasons. First, to facilitate major economic
development, the site must decide on a k future land use. Second, many of the supporting
future land use activities are in the economic development realm and cannot be implemented until
future use decisions are made.

The report should be read in the context of other future use efforts, most notably the site Future
Use Project Report and the future use recommendations being prepared by the SRS Citizens

●
Advisory Board (CAB). DOE Headquarters has charged each site to prepare a future use report
that depicts stakeholder preferences for future use, given each site’s unique characteristics.
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●
While the major goal of this report is to provide recommendations for future SRS land use, land
use recommendations will also help DOE decide suitable activities which are compatible with and
support the primary use. Both the opportunities and limitations of the land and facilities at SRS
have been considered in arriving at the recommended primary future use and ancillary activities .
(e.g., the National Environmental Research Park program, education, etc.). While the Land Use
Technical Committee recommends that all land on the site remain under federal ownership, some of
the land could be used by the public or private sector in a lease arrangement with the federal
government. Because many site areas are suitable for multiple uses, the LUTC did not propose
specific areas for specific uses. Specific uses and activities for site areas will be decided via
established site policy and internal regulatory processes for site use.

The Savannah River Site

The 198,000-acre site contains four “shut-down” nuclear production ~actors, one reactor in “cold-
standby”, two chemical separations areas, a fuel and target fabrication facility, a heavy water
extraction plant, a defense waste processing facility, a saltstone waste facility, waste management
areas, and various supporting facilities. These facilities extend over approximately 17,000 acres.
The remaining 181,000 acres is largely forested and is used as a safety and security buffer zone for
the production areas. This buffer zone provides valuable habitat for plant and animal species native
to South Carolina, a protected area to conduct ecological research, and a large land expanse for
timber production. SRS provides high quality wetland and wildlife habitat within a surrounding
matrix of private agricultural and timber land. Wildlife is abundant and several endangered species ;
populations are increasing as a result of the work funded by DOE and performed by the Savannah ●
River Ecology Laboratory (SREL) of the University of Georgia, Westinghouse Savannah River
Company (WSRC), and Savannah River Forest Station (SRFS) of the U.S. Forest Service
(USFS) with support from state and federal wildlife agencies. Controlled public hunting is
conducted on over 90 percent of SRS for both recreation and herd control. Additionally, SRS is
an important National Environmental Research Park - a unique outdoor laboratory where research
is carried out to achieve nationaf environmental goals.

SRS was constructed from 1950-1955 to support the U. S. nuclear weapons program. Production
of nuclear materials (tritium, uranium, plutonium, and various other elements) in a safe and secure
manner in support of our nation’s defense was the primary mission of SRS. In support of this
mission, the site designed, constructed, and operated a wide variety of industrial facilities to
manufacture nuclear materials. The industrial processes utilized include heavy water production,
alloying, extrusion, and machining of metal alloy fuel and targets; irradiation of materials in nuclear
reactors; chemical separation of desirable isotopes using remote operation technology; and other
chemical and mechanical processes to form products and manage wastes. This wide range of
industrial processes was augmented by support facilities for research, development,
administration, and infmstnrcture, and includes laboratories, power plants, water treatment plants,
fire stations and office buildlngs.

The tritium recycling mission, modified by anticipated program changes, will continue at SRS. “
Tritium activities include recyc]ing of the active stockpile and extraction of tritium from remaining
irradiated targets. ,41s0 continuing are the missions of environmental restoration and waste
management.

.:.“o
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The 40+ years of rapid-pace nuclear production has taken its environmental toll. The WSRC
Environmental Restoration Division estimates SRS environmental clean up ranges from $4.7 to
$10.2 billion (depending on the chosen land use scenario). This does not include the “D & D“
(Decontamination & Decommissioning) costs associated with 212 contaminated facilities. As
traditional DOE production missions are terminated with the end of the Cold War, the site
workforce is being significantly reduced. This has affected land use in many ways, such as re-
alignment of infrastructure support, “privatization” of facilities, increased public access and
possible expansion of the site’s ecological research,

SRS has been a leader in the application of technology. Much of SRS’ success in technology
demonstration and the field application of research has come in the environmental arena. SRS
scientists and engineers have been studying the effects of contamination since before construction
began in 195Q and new methods of environmental remediation have ken successfully field-tested
at actual sites at SRS.

In 1972, the National Environmental Research Park (NERP) system was established by the Atomic
Energy Commission to make available large areas of ecological variety for the purpose of
environmental research. SRS was named the first NERP in 1972. Under this program, scientific
investigators from universities and other research organizations use SRS as an outdoor laboratory
to study the impact of man’s activities on the environment. Spcific DOE Headqrrtiers’ guidance
defines a NERP as “a field laboratory set aside for conducting ecological research, studying

● environmental impacts of energy development and informing the public of environmental and land
use options. ”

For any future use plan, SRS should concentrate on its strengths, such as the size of the land area,
its NERP designation, and its history of successes in the demonstration of technologies. In this
time of transition, SRS is working with industry, academia, and government and has been striving
to be a leader and partner in developing and exchanging applied science and technology to support
SRS missions, enhance industrial competitiveness, and serve public needs.

policv Guidance. Plans and DOE Orders

Possible future use options at SRS will be subject to administrative constraints stemming from
federal, state and local laws, regulations, permits, and agreements. In addition, Department
Orders, policy, guidelines, directives, and mission plans could also affect future uses. Under the
National Environmental Policy Act (NEPA), RCRA, CERCLA and other statutes, DOE must
consider the ecological health and ultimate fate of its natural resources in its future land use
planning. Those resources will be affected by waste management, environmental remediation,
future missions and D&D activities aimed at alternative land use activities. DOE is liable for
damages resulting from CERCLA releases of contaminants at SRS.

CERCLA is a driving force for most SRS remediation activities. The Environmental Protection
Agency (EPA) has, in the past, assumed under CERCLA [bat land will become residential in the
future w it is in areas where residential land use is unreasonable. Consequently, this
requirement implies that the clean-up standard for contaminated waste sites is residential.

● Residential standards assume that a family would live on the land, obtain their drinking water from ,
a well dug at the site, and children would play in the dirt and eat it. In a land use planning sense,
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this scenario is unrealistic and unre~onable for sites with a continuing federal mission managed by
DOE with stringent safety and security measures. To support this view, EPA recently issued new
guidance on land use in the CERCLA Remedy Selection Process (OSWER Directive No. 9355.7-
04). In this directive, EPA stated that the CERCLA baseline risk assessment “generally needs only
to consider the reasonably anticipated future land use.” This new guidance supports the Land Use

Technical Committee’s recommendation that the site’s primary future land use remain industrial
and that no residential uses be considered.

The DOES environmental management policy has been developed in respOnse tO mandates from
the U.S. Congress under the National Environmental policy Act of 1969 (NEPA), to protect the
ecosystem processes and achieve environmental quality. NEPA subsection 101(a) states that the
Federal government shall “use all practical means and measures...to create and maintain conditions
under which man and nature can exist in productive harmony, and fulfill the social,. economic, and
other requirements of present and future generations of Americans.”

Lesser known but equally important statutes govern SRS land use. Acts such as the American
Indian Religious Freedom Act, National Historic Preservation Act, and Archaeological and
Historic Preservation Act may constrain site uses. These acts direct federal departments and
agencies to evaluate their policies and procedures in order to determine appropriate changes
necessary to protect and preserve Native American religious cultural rights and practices.

“Ecosystem Management” is a federal program to which DOE-SR ascribes. Ecosystem
management has been defined a variety of ways. Principles common to most definitions include:
(I) integration of ecological, economic, and social factors, (2) maintenance and restoration of
healthy ecosystems, (3) enhancement of biodiversity, (4) restoration of the original ecosystems,
(5) long range planning, (6) landscape scale planning, and (7) incorporation of the human
component. In short, ecosystem management means integration of ecological, economic, and
social factors in order to maintain and enhance the quality of the environment to best meet current
and future needs.

●

●

DISCUSSIONOF PRIMARYFUTURELANDUSE CATEGORY

Below is a discussion of the primary future land use category proposed by the LUTC. Narrative is
provided in lieu of maps because much of the site could be used concurrently by compatible
activities, and hence, is not readily subject to mapping. While planning is useful in siting new
facilities, the actual decision to site specific uses is a function of the established SRS site use
process involving all SRS organizations.

Industrial

The primaw industrial future use for SRS relates to stabilization and preparation for disposal of
high and low-level wastes, managing surplus nuclear materials and support of the nation’s nuclear
weapons stockpile, In addhion, related non-nuclear industrial missions would be able to utilize the ““”
unique infrastmcture developed over the past forty-five years. Nuclear missions include tritium
production facilities, tritium recycle facilities, and possibly weapons fabrication, storage, and
maintenance. With its existing tritium capability, SRS is uniquely capable of supporting virtuaily
all aspects of nuclear weapons stcckpile maintenance. The site is one of the few areas in the nation ●
SRS Future Use project Reporl D-10
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that can support future missions with a combination of extensive industrial production areas,
existing infrastructure, and a substantial buffer zone from. the public. Other future uses involve
alternative uses for the facilities that remain, and include metal-forming operations, storage of
materials requiring high security, interim waste storage and technology development. Alternative
land uses may include both commercial and governmental industrial activities. Some of the
existing and potential future government missions for the SRS nuclear industrial areas are included
in the following:

1)

2)

3)

4)

5)

6)

7)

8)

the stabilization of site nuclear material inventories, including the processing of fuels and
plutonium residues;

the treatment of DOE spnt fuels (including foreign fuels) and residues;

the de-militarization and storage of surplus plutonium pits with international surveillance and
with potential interim immobilization as a vitrified form;

plutonium disposition preparation of disposable form or MOX (mixed oxide) fuel;

support of fusion research, including International Thermonuclear Experimental Reactor
(ITER) fusion energy demonstration:

“blend-down” of surplus highly enriched uranium for commercial use, either as uranium or
mixed phrtonirrtirrranium fuel;

tritium production (accelerator or reactor technology) and recycling;

defense production (new pits);

●
9) commercial spent fueI management, ~tentially to include reprocessing;

10) regional energy park with siting of multiple commercial units and closed loop fuel with MOX
fuels; and

11) decontamination/d~ommissioning and environmental restoration programs.

Besides governmental nuclear uses, future industrial uses of the site could also include commercial
industrial development. Whlie specific industrial endeavors are still being examined, general areas
could include the following:

1)

2)

3)

4)

5)

6)

7)

8)

robotics technology development

power generation;

state-of-the-art groundwater technologies development

forest products development and production ;

aquiculture;

improved concrete production technology;
“washing” of contaminated soils; and

industrial metal works.

Also, technology demonstration would be compatible with industrial areas. Most technology
demonstration projects are associated with industrial areas, cleaning Up contamination in soils and
water (surface and groundwater). SRS technologists have a solid national record of technology
development and demonstration.
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DISCUSSIONOF LANDUSE ACTIVITIESCOmpatible WtTR INDUSTRIALUSE

The following activities are considered to be compatible with an industrial land use at SRS.

Environmental and Geological Research

Environmental and geologic research has been perfOrmed principally by SREL, Westinghouse’s
Savannah River Technology Center (SRTC), the SRFS and University of South Carolina’s
Institute of Archaeology and Anthropology Resea~h program. Scientists from Other Organizations
have conducted studies in cooperation with these groups an~or under the auspices of the SRS
NERP.

SRS facilities and their operation afford Opportunities for conducting ecological research on
interactions between industrial activities and the natural environment. Large portimss of SRS are
not directly affected by DOE operations (e.g., buffer and security areas). These areas are managed
by the SRFS and are used for research purposes by the Forest Service and its 13 co-operating
universities, the SREL, and Westinghouse Savannah River Company (WSRC). The unique
configuration of the SRS, with laboratories and controlled field environments, allows scientists
and engineers to take laboratory scale technologies into the field for evaluation and testing. SREL
generates about 150 technical publications pr year assmiated with the effects of site operations on
ecosystems, The SRTC js the site’s applied research and development laboratory. Examples Of ,,

SRS research include remote radiological and non-radiological sensor technologies, robotics, and -
development of improved technologies for remediation of environmental contaminants.

Natural Resource Management

SRS contains extensive, widely distributed wetlands, most of which are associated with
floodplains, Carolina bays, creeks, and impoundments. The southwestern boundary of SRS
adjoins 17 miles of the Savannah River, which has a floodplain supporting an extensive swamp
forest. The base floodplain of 37,128 acres is associated primarily with tbe Savannah River and ‘
five principal streams that drain the SRS. Nearly half the base floodplain is adjacent to the
Savannah River. Many wetland communities occur within the floodplains, but others, such as
Carolina bays, are isolated from river and stream interactions.

A diversified and abundant wildlife population including insects, fish, amphibians, reptiles, birds
and mammals inhabit SRS. The site also serves as a refuge for the federally endangered red-
cockaded woodpecker, short nosed sturgeon, wood stork, and smooth purple coneflower and the
threatened American Bald Eagle. Scientists at SREL and the SRFS conduct research on these
species. In addition to administering the threatened and endangered species program, the SRFS
oversees timkr management through its natural resources management program.”

Cultural Resource Management

The cultural materials of previous occupants of the SRS are abundantly scattered throughout the
site and are important to the national heritage and culture. The Savannah River Archaeological
Research Program (sRARP) of the South Carolina Institute of Archaeology and Anthropology,
University of South Carolina, began in 1973 with a “phased approach” with reconnaissance ●
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surveys, general intensive watershed surveys, and data recovery (excavation). The SRARP has
recorded more than 1,000 archaeological sites - the largest archaeological investigation in the
region,

SRS’ visitors program offers site tours and recreational sites for non-exclusive use by area
organizations. Controlled hunting for large game animals (such as deer and feral hogs) is allowed
on SRS. For most of the site’s existence, recreation by the public was considered to be too much
of a safety and security risk, and therefore was not advocated. With this policy in place, the deer
population grew from a few dozen in 1951 to 5,000 in the 1970s. As a result of the increased deer
population and an increase in site work force automobile/deer accidents grew at an alarming rate.
To control the rising numbers of deer and subsequently to reduce the number of deer/automobile
accidents, public hunting was introduced on the SRS. WSRC conducts 14 controlled deer hunts
annually which cover the entire site. Another hunt conducted at SRS is administered by South
Carolina Department of Natural Resources and involves approximately 10,~ acres designated as
the Crackemeck Game Management Area. Except for Crackemeck Game Management Area, all
large game taken from SRS are tested for possible radionuclide contamination.

As hunting has grown from herd control to recreation, site organizations have slowly increased
recreational activities. Recent mission changes have allowed recreational additions to include

● improved “wellness facilities, ” such as running tracks and walking trails. The SRFS Forest
Manager is charged with planning and directing a visual and welhress facilities management
program that includes planning, development, and maintenance of on-site wellness facilities and
improvement of the visual qualities of SRS forest lands. At present, these facilities are only for the
use of SRS employees.

Public Education

In 1994, 4,500 people visited SRS through WSRCS outreach program which responds to
requesters’ needs for information, tours, data and seminars. One hundred and fifty tours of SRS
in 1994 bad participation from schools, senior citizens groups, civic organizations, environmental
groups and others.

SRS also has an active technical educational outreach program. This program uses hundreds of
scientists and engineers who volunteer their time and talents judging science fairs, speaking to area
schools during Engineers’ Week and representing their universities at yearly college fairs. There
are also programs for college and high school interns and teachers to work with SRS scientists and
engineers on environmental, natural resource and engineering issues. SRS has designated land
that is used for a regional Boy Scout Camporee; Hundreds of Boy Scouts from the surrounding
area meet at SRS every two years for their camporee. Site personnel provide classes on ecology,
environment, forest management, wildlife management, water resources and archaeology. There
is also a proposal underway to establish a similar program for the Girl Scouts. Tbe youth
education program provides a “classroom” at SRS to study engineering, science and natural

●
resources. Any local class can attend a particular session at SRS provided by the SRFS. Teachers
and lesson plans arc also provided, with the average session ttitng requiring three visits to the site.
In the first year of thiprogrfi ( 1994) over 3,000 studentipstrticipated.
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The SREL has recently built a conference facility which is on-site but outside the general site fence.
This allows for greater access by “uncleared” visitors.” The conference center is the focus of
scientific meetings, site tours and environmental instruction. SREL also sponsors “Ecocamps” and
a “Saturday Morning Seminar Series. ..

LAND USE TECHNICAL COMMI~E’S CONCEPT OF FUTURE USE OF SRS

Multiple ad Compatible Uses

SRS has informally used a classic ring or “target” approach to land use planning with the center
ring being MSindustrial area, and other areas being security and/or safety buffers. The guiding
principle of the “inner ring” concept is the desire to locate all facilities which handle or process
radioactive materiafs within the inner ring. Facilities outside the inner ring would ultimately be
decommissioned or relocated. The SRFS has used this planning concept in its program to
establish red cockaded woodpecker (RW habitats onsite. Human-induced habhats are promoted
in the priphery of the site. However, in the industrial core, establishment of man-made RCW
habitats is discouraged.

To understand the LUTC’S future use recommendations, one has to understand multiple use. In
this land use planning concept, several (or many) compatible uses and activities can “occupy” or
use the same space simultaneously. Multiple use management focuses on optimizing the functions
of the entire ecosystem. Although SRS is not a “community” per se, it can still utilize the multiple
use planning concept. Consequently, an analysis of use compatibility has been prepared for the ●
site in the form of the matrix below.

PRIMARY FUTURE USE Current Acreage Potential Acreaee in 30 Years

(Approximate)

Industrial 17,000 50,000

(developed) (developed)

CONC URRENT SRs
FUTURE ACTIVITIES

Most ComDatib]e Activities Current Acrea~e Potential Acreage in 30 Years

(Approximate)

Research & Technology 50,000 180,000
Demonstration

Public mutation 50,000 180,000

Recreation 4,800 130,000

Natural Resouu Management 180,000 180,000

Cultural Resource Management 180,000 160,000

(reduction occurs as more
,. sit= arc characterized)

.

,,

,,:

.’0
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The aggregate of the categories in the matrix equal more than the site’s total acreage of 198,000
because of the Land Use Technical Committee’s recommendation for multiple uses occupying the
same area.

LAND USE TECHNICAL COMMITI’EE RECOMMENDATIONS FOR FUTURE USE OF SRS

Based on the summary in the preceding pages, the following recommendations are presented with
supporting information.

Recommendation One - Industrial as the Primarv Use

SRS boundaries should not change and the primary future land use should
continue to be industrial, with multiple, concurrent supporting land use activities.

It is proposed that industrial uses of the site continue as in the past, with emphasis on stabilization
activities of surplus materials and facilities. However, the percentages of land used for particular
activities may change (current percentages are 1570 developed and 85% undeveloped land). There
are many reasons for maintaining site boundaries. Except for inquiries from former site residents,
there appears to be no public demand for SRS land. This has been substantiated in numerous
public meetings, where site planners heard no outcry for the commercial or developmental use of
the land or facilities at SRS. However, local chambers of commerce and civic organizations have

●
stressed that the site remain open to undertake industrial activities.

Also, although contamination is not severe, (given the size of the site), it is dispersed, being
spread throughout much of the site, thus rendering not only the contaminated areas, but also those
in-between, incompatible with public transference. Additionally, regulators have indicated they
would oppose any move to release land that had not been cleaned up to residential standards.

Finally, for forty-five years the site has demonstrated that many diverse activities can coexist with
each activity performing to its full potential. Eliminating federal ownership would have a
significant effect on these relationships and eliminate some of these uses altogether. There are
other reasons for keeping the site intact. These reasons are identified below.

Possible fiture national needforfederal activities

Uncertainties in the world situation indicate that there is a need for some type of large, secure,
government facility which could respond to a currently unknown threat. Although the exact nature
of the threat may ‘not presently be known, history shows that such threats do occur and that the
nation needs to be prepared. Whh the current “downsizing” program, many DOE and DOD sites
have ken eliminated, leaving planners fewer available large sites should the need arise.

SRS uniqueness

With SRS under federal control for almost fifty years, many unique features now exist that should
be maintained. The USFS h=” created and enhanced habitat for threatened and endangered species.

●
Beaver ponds and natural wetlands abound. Many of the site’s 200+ unique Carolina bays have
been allowed to regain their wetland value and function. The portion of Up~r Three Runs Creek
in the northern region of the site has been documented as having one of the highest levels of
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●
aquatic insect biodiversity of SMYstream in the world. Site impoundments and the Savannah River
Swamp serve as wintering refuges and migration rest stOps for waterfowl and also serve as nesting
and foraging areas for bald eagles; endangered wood storks forage in the swamps. The SRS has
the highest biodiversity of amphibians and reptiles of any area in the Southeast. Game species,
such as deer and turkeys, are in abundance On the site; and turkeys from the SRS are used to
restock other suitable habitats in South CarOlina. Also, during this period of government
protection, archaeological sites have been protected and large-scale, Iong-tem ecological research
has been undertaken. SRS plays an important regional role in maintaining and enhancing
biodiversity and in providing critical habitat for plants and animals of the southeastern United ‘
States. Finally, SRS is unique as a well-established NERP, contributing valuable scientific
information to the region and country.

The number, time frame and cost of studies prior to turnover.

The number, time frame, complexity and cost of required studies are major impediments to an”SRS
real estate turnover process. Experts at SRS have compiled a partial list of studies that would need
to be undertaken prior to transferring land to non-federal entities. Some examples of these studies
are included in the appendix.

Recommendation Two - Environmental and Geological Research

Consistent with designation of the site as a National Environmental ResearcJ1
Park, research and related technology demonstration activities should be
increased ‘•

Good planning dictates that decision makers responsible for’ the defense sites “do what they do
best” when considering future uses. SRS leads the DOE CompIex in many areas: established as
the first “NERP” in 1972; known throughout the DOE Complex as a leader in environmental
remediation technologies; seen as a treasure trove of cultural information; the unique research
conducted by the USFS and the reputations of the Savannah River Ecology Laboratory, the
Savannah River Technology Center and the Savannah River Archaeological Research Program m
contribute to the viability of potential future uses for SRS. However, these programs have a
tenuous status. The NERP program, while recognized to have many benefits in the scientific and
land use communities, is not legitimized by statute and hence could be eliminated. While
technology transfer efforts are slowly coming to fruition, they are not sufficient to provide a new
site mission to maintain the economic viability of the SRS in the near future. Archaeological and
anthropological research is often conducted in a reactive mode - responding to the need to survey
sites to ascertain their cultural significance prior to initiation of construction. The SRFS research is
based on a funds available basis, and SREL and SRTC conduct research primarily in support of
the site’s nuclear/industrial mission.

As future land use questions are settled, many of the programs above will k stabilized. Research
has ind[cated that if a more stabilized planning base existed, foundation, university and government ,
funding support would be forthcoming. In addition to being geared predominately to the site’s
previous defense mission, the research and technology applications could expand to be applied to
unexploited areas of study.

SRS FutureUse ProjeclReport

Studies have indicated that the site is well suited for research in
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algaculture, aquactdture, medicine, (expanded) bioremediation, forest products, the fate and effects
of contaminants in the environment and archaeology and cultural anthropology,

No area of the site should be designated as poteutial “residetztial” areas,

In addition to the explanations provided in Recommendation One, there are other reasons which
preclude “residential” designation for SRS, First and foremost is the extent of contamination.
While the most dangerous contamination is contained and is not a hazard to health, there are areas
of the site where remediation cannot be accomplished with today’s technology, would require
unrealistic resources or would destroy valuable habitats. Most of these areas are water bodies.
For example, much of the Savannah River Swamp is contaminated with low levels of cesium,
many of the stream beds have unacceptable levels of heavy metals and radionuclides, groundwater
under the industrial areas is contaminated, and the 2,640 acre PAR Pond benthos has unacceptable
levels of cesium and mercury.

While the preponderance of the site land area is free of contamination, under a residential scenario
many future residences potentially would be located near the many on-site water bodies. This
could present a risk to full-time residents, no matter how slight and remote. To protect the public,
each stream, lake and pond would have to be fenced and patrolled. Restricting access to these

●
water bodies would create a checkerboard pattern of land use which would not be acceptable for
residential, industrial or a NERP. Additionally, many research projects, technology
demonstrations, meteorological towers and monitoring devices would need to be relocated or
eliminated due to their proximity to residential areas and the potential vandalism that can occur in
unsecured sites. Also, while there has been some interest in returning the SRS to its previous
owners, there has been no appreciable demand for the land as has occurred at other federal
facilities. Release of the land could have unexpected negative effects on CSRA land prices.

Finally, the institutional question of federal liability has not been determined. With the present
situation of controlled access to and monitoring on the SRS, the government can be reasonably
assured that the public and site workers will not be exposed to undue risks. However, if the site is
opened to unrestricted public access, especially through the most open residential scenario, the
question of the government’s limit of liability will need to be determined. Because of this, any
future, non-governmental uses should be implemented with requirements that the federal
government maintain ownership responsibility and ultimate oversight of the SRS.

Recommendation Four - Consideration of Risb and Costs

Future use planning should consider the full range of risks and costs associated
with remediation.

Because of the site’s unique mix of contamination and the constraints surrounding remediation
costs, there are limits on how much of the SRS can reasonably be remediated to regulato~-
acceptable levels. Therefore, efforts should concentrate on containment and monitoring to protect

● public heafth and the environment and clean up of areas that may limit future land use activities.
This is a strategy recommended in published reports by policy researchers at the University of
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Tennessee, the Congressional Office of Technology Assessment and the Congressional Budget
Office. In conjunction with this strategy, future land use planning should prioritize environmental
remediation baaed on one specific typ of land use (e.g., industrial) and supporting activities.

Recommendation Five - Maintain Natural Resource Management

Natural resource management activities should be maintained/increased.

Natural resource management activities have played and continue to play a significant role at SRS.

These activities could be increased and not inhibit other possible future uses. In some cases
increasing natural resource management would provide more enhancement for other proposed
future uses. For example, using the present acreage of forested lands and the concept of multiple
use management, additional opportunities can be created for recreation, educational, and research
activities. Also, an increase in the endangered species population could allow for expofi of these
species “banks” to other areas.

According to Georgia’s Water Branch of the state Environmental Protection Division, there may be
resource-limiting factors that would curtail industrial growth and encourage expanded resource
management at SRS. The chief of the branch told a public meeting in Augusta in 1992 that there is
very little assimilative capacity left in the Savannah River due to the number of industries and
municipalities dumping waste into the river body. Consequently, keeping large areas such as SRS
along the river in a relatively natural state would k an excellent idea - not only to preserve SRS’
environmental integrity, but to aflow for planned off-site river development. “e

Rmommendation Six - Cultural Resource Comoliarrce Maintenance

Cultural resource compliance activities should be maintained at current levels to “”
ensure pro-active management.

The primary purpose of the Savannah River Archaeological Research Program (SRARP) of the
University of South Carolina, is to provide DOE-SR with recommendations concerning the
management of cultural resources so that DOE will be in compliance with federal laws and
regulations. Because the proper management of these resources is dependent upon on-going
research to assess archaeological site significance, SW began a phased approach to compliance
in 1973 with a research program involving reconnaissance surveys, watershed surveys, project-
specific surveys and data recovery projects (excavation). These archaeological activities, operating
in close coordination with major land usera, facilitate the identification and preservation of cultural
resources at SRS.

Through tbe integration of cultural resource management and research, SRARP acquires new “
knowledge about the past for dissemination to the local and national public and the professional ~
archaeological community. In addition to their responsibility to DOE-SR, the missions of SRARP
form the foundation for the decision process with many stakeho]der groups. Cultural research ‘.
provides background data for former land owners and Native American constituencies and assists ‘
local planners in their comprehensive planning. Cultural resource management activities should .‘
continue to focus on: I) reseamh-bmed compliance to ensure pro-active management, and 2) the
dissemination of new knowledge to the public. ●
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Recommendation Seven - [rrcrease Comrratible Recreation

Specific recreation activities compatible with other site uses and activities should
be increased.

Several large tracts of SRS may be suitable for low impact, controlled, outdoor public activities
such as hunting, hiking, bird watching, camping, and bicycling without impacting the industrial
missions of the site. Also, with controlled access, other uses could continue unaffected by the
increased recreational population. Controlled access would continue to ensure the safety of the
public and, in the case of hunting, assure monitoring of game.

Recommendation Eight - Increase Education

Public education activities should be significantly increased.

Public educational activities could be greatly expanded without jeopardizing current or future
industrial missions. Expansion of public education activities, advocated by many groups, would
meld well with other concurrent uses. Increasing these activities haa received support from the
South Carolina Department of Parks, Recreation and Tourism, the [old] Ellenton Reunion
Committee, the U. S. Forest Service, planners preparing the South Carolina Heritage Corridor
plan, and various local planning and economic development organizations. Recently, various task

●
groups have heen exploring the feasibility of establishing a musetsm/education/inte~retive center
on the site. The Land Use Technical Committee endorses this concept.

Recommendation Nine - Establish a brrd Use Decision Process

Additional mechanisms should be established to assist the DOE-SR Site Manager
in the land use decision process.

DOE land and future use planning is undergoing change. New directives call for increased
planning activities with expansion of input to assist the decision making process. One
organizational approach for land use planning would be to expand the membership of tbe Land
Use Steering Committee (presently consisting only of WSRC senior managers), creating a truly
site-wide land use advisory committee consisting of exprta from each major land use organization.
~ls group would advise the DOE-SR Site Manager on the status of the current Iand uses, provide
assistance in planning other land uses or expanding current uses, and provide expert judgment
should land use conflicts arise. Concurrent with the establishment of this committee would be
increased support, coordination and consolidation of site land use activities.

While important for future use planning, the establishment of use and activity zones were not
considered in this report. Development of planning zones for compatible uses requires a large,
concerted effort and is time-intensive. If SRS management wishes to pursue a zoning concept for
future use planning, the LUTC would provide active support. Establishment of a decision
hierarchy based on use-compatibility criteria and adherence to the multiple use concept would
strengthen the land use decision process. The LUTC also strongly endorses establishment of

●
uae-e~mpatibility criteria and would provide a lead technical role in such an endeavor.
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●
CONCLUS1ON

In this report the SRS Land Use Technical Committee has used its cumulative knowledge to
present afairappraisal of future land use. While noonecan predict the future, the LUTC has
provided its best judgment on the utilization of site attributes which will most wisely use the
physical andnatural resources of SRS. Whatthe committee envisions areexpanded site functions
that are dynamic and meet the ntids of the country while still responding to concerns of the region.
From alanduse prspctive, allsite activities could be expanded. Thecommittee believes thata
site asunique andlarge as SRScanalso meet theneeds ofdiverse interest groups. SRS’ natural,
industrial, cultural and demographic resources are indeed a treasure that should be preserved.

EXAMPLES OF REQUIRED STUDIES PRIOR TO TURNOVER OF FEDERAL LANDS

National Environmental Research Park (NERP) Status - Although SRS was designated the first
NERP in 1972, it has no legal status as such and could be “undesignated” quite easily.
Consequently, elimination of the NERP program would not require studies. However, the 30
NERP “set-aside” areas may require study to determine their ecological value and, if necessary,
what protective steps could be taken to ensure their continued existence in a protected status. An
option which DOE-SR is currently pursuing is having the NERP designation institutionalized via
federal legislation.

Transportation - A detailed study would need to be completed to fully determine the impacts that
opening the site would have on U. S. Department of Transportation compliance. These studies “ ●
include adequacy of bridge and road bed load capacity, hazardous waste transportation, traffic flow
and intersection safety. Site transportation planners estimate that the increased transportation costs
could amount to an additiomd $3 million per year in o~rating costs and as much as $38 million in
one-time expenses. The time to implement these changes, from the initial study phase through
implementation would be from 3 to 20 years.

Threatened and Endangered Species - Although much of the site has been surveyed for threatened “
and endangered (T&E) species, a complete site inventory of T&E species would need to be
completed. Because the SRS T&E species are federally protected, consultation with the U. S. Fish
& Wildlife Service would be required. In the past, these studies have cost $70 per acre.
However, because of the opportunity for economy of scale provided by SRS’ 198,000 acres,
SRFS planners estimate the cost of the inventory process could be as low as $3-10 per acre.

Cu[tural and Archaeological Heritage - Several federal statutes are quite explicit as to the
responsibilities of federal agencies in this area. Studies are required prior to transfer of federal land
(e.g., National Historic Preservation Act, Archaeological and Historic Preservation Act and the
American Indian Religious Freedom Act). The time and money involved in the turnover process
depends on a range of variables, including: size of survey area, archaeological sensitivity zones
represented, intensity of survey and site testing, number and complexity of sites, and, if : “

appropriate, the level of data recovery for the significant resources. Since no comparable
government site this large has been intensively surveyed before, only extrapolation of cost and time
factors can be used. If siting the New Production Reactor is used as a baseline, the cost would be
$90 million. Again, due to economies of scale, it could be assumed the cost and time factor would
be lower, ●
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Safety Analysis Reports (SARS) - The impact and risks from potential accidents at SRS nuclear
facilities are analyzed in formal “Safety Analysis Reports” (SARS), Each of the twenty-four
nuclear facilities has a SAR. These reports describe each facility and its operations with special
emphasis on safety features. The reports also consider all possible accidents and analyze the risk
to site workers and the general public in the site vicinity. Since SARS are based on the current site
boundary they would need to be revised if the boundary is changed. Costs per SAR for :m
individual facility range from ten thousand dollars to hundreds of thousands of dollars. The higher
costs would accrue if boundary changes are at locations of the highest consequences from potential
accidents.

National Environmental Policy Act (NEPA) Review - If a land transfer were to occur, it would
constitute “a major federal action,” and the NEPA process would be in effect. However, there are
many variables associated with this process; the most important variable king the future use of the
land. If the future use is not significantly different than the historic DOE use, then a “Categorical
Exclusion” (CX), the lowest NEPA requirement, would be required. However, if there was a
significant change in future use or if the site boundaries changed as in the SAR example above,
then an environmental impact statement (EIS) would be required. An EIS can cost $2 million over
2 years.

Findings of SuitabiliV for Transfer - The Community Errl,ironmental Response Facilitation Act
(CERFA), National Defense Authorization Act (FY 94) and the “Hall Amendment” (Public Law

●
103- 160) govern transfer of public land. The most important requirement of these statutes is that
an “Environmental Baseline Survey” (EBS) must be completed prior to land or facility transfer.
The survey identifies property on which hazardous substances, petroleum or their derivatives were
stored, released or disposed. The results of these surveys must be approved by the EPA
Administrator with concurrence by the State of South Carolina. Based on an EBS of D Area, it is
estimated that two months or more study time would be required for each of the 15 major site
areas.

Morriroring - Prior to transfer, various sampling regimens would need to be completed and an
ongoing sampling program initiated. Monitoring of the air, surface water and groundwater,
regardless of future use, would have to be continued, and in some cases, expanded. Costs cannot
be determined at present due to the uncertainty of property location, size and possible
contamination.

Mapping - Subdividing parcels of SRS real estate for transfer would require extensive surveys.
Since the land has not been publicly occupied since the early 1950s, existing parcel boundaries
and corresponding monuments do not exist. Site surveyors estimate mapping would cost $500 per
acre.

SRS FutureUse ProjectReport D-21

Security - Wackenhut Services, Inc. has indicated that if site boundaries change significantly
an~or a large number of guard posts are eliminated or re-located, additional security studies would
be required to ensure the security of the site’s classified missions, employee/public safety, and
protection of DOES assets would remain at acceptable levels. To date, no cost or time estimate of
this task has been made.
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Appendix E SRS Future Use Project Team

Don Druelle, DOE-SR Project Team Leader

Gerri Flemming, DOE-SR

Virginia Gardner, DOE-SR

Jerry Nelsen, DOE-SR

Rick Ford, DOE-SR

Gail Jernigan, WSRC

Robert Meadors, WSRC

Chris Noah, WSRC
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Appendix F Organizations

The following organizations expressed an interest inthe SRS Future Use Project by havinga
Future Use Project Team member speak at a meeting, by attending a SRS public meeting on the
Future Use Project, or by providing written or verbal comments on recommendations or the
process forthe Future Use Project. Summaries of therecommendations from the SRS Citizens
Advisory Board, Citizens for Environmental Justice, and the SRS Land Use Technical Committee
arein Section2; the full text from these groups arein the appendices.

Aiken Lions Club, Aiken, SC
Aiken Midday Lions Club, Aiken, SC

Augusta Retail Credit Ass~iation, Augusta, GA

Barnwell Lions Club, Barnwell, SC

Citizens for Environmental Justice, Savannah, GA

Citizens for Nuclear Technology Awareness, Columbia, SC

Ellenton Reunion

Energy Research Foundation, Columbia, SC

●
Hyde Park community group, Augusta, GA

Lower Savannah Council of Governments, Aiken, SC

National Association for the Advancement of Colored People (NAACP), Aiken, SC

National Turkey Federation, Edgefield, SC

Savannah River Site Citizens Advisory Board (SRS CAB)

Savannah River Regional Diversification Initiative (SRRDI)

Savannah River Site Citizens Advisory Board

Savannah River Site Land Use T=hnical Committee (LUTC)

Sierra Club, Augusta, GA

South Carolina Department of Natural Resources, Columbia, SC

South Carolina Quail Unlimited, Columbia, SC

St. John’s Methodist Church, Aiken, SC

●
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Appendix G Summary of Public Meetings

This appendix is a summary of the six public meetings held by the Department of Energy on the
issue of future use. Except for the September 19, 1994, public meeting, these meetings were also
co-sponsored by the Risk Management and Future Use Subcommittee of the SRS Citizens
Advisory Board. The November 1, 1994, meeting was also co-sponsored by tbe Savannah River
Site Diversification Initiative.

While not all comments have been listed in this appendix, tbe essence of tbe comments bas been
shown below,

September 19, 1994, Public Meeting in Aiken, South Carolina

The purposes of this meeting were to: (1) present the Drafi Current Land-Use Baseline Report to
stakeholders, (2) discuss the future use planning process and receive stakeholder input, and (3)
obtain stskeholder input on the method and degree of public participation in the development of
SRS future-use recommendations. Tbe meeting was held from 6:00 p.m. to 9:00 at the Stevenson-
McClelland Building in Aiken, South Carolina, and approximately 60 people attended.

Bill Nell, (the Deputy Assistant Manager for Engineering and Projects for Department of Energy

●
Savannah River Operations Office [DOE-SR]) provided an overview of the Future Use Project.
Ernie Chaput, Deputy Manager for DOE-SR, introduced the topic, specifically, “How do the
various stakeholders, both groups and individuals, want to interact with the Department of Energy
(DOE) on the future use of SRS as a resource of the U. S. Government?”

The purpose of the Future Use Project was defined as a process to produce stakeholder-preferred
future use recommendations for SRS by September 1995, where these recommendations will be
used to aid DOES decision-making. This process was not to develop missions for DOE at SRS.
The stakeholder-prefe~d recommendations may be used by:

● defining “how clean is clean” for site planning activities,

waste cleanup goals

- decontamination and decommissioning goals

● developing cconornic opportunities by ~tential re-use of surplus land and facilities, and

● planning for site development and future land use and determining the level of infrastructure
maintenance necessary to implement these plans.

Future use dwisions will be based on stakeholder-preferred uses, technical considerations, legal
constraints, and DOE mission requirements.

The participants were divided into four different groups and each group was given the same
discussion topic: to discuss how the public should be involved in the process. Ideas from the
breakout sessions included the following.

●
● DOE should provide a strawman and guidelines for the Future Use Project process and for the

public participation plan. Stakeholders want to become involved, want to be heard, and want
to be active in this process. ,.
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. The SRS Citizens Advisory Board (CAB) should be the primary focus for stakeholder

involvement Others disagreed. Those who believed that the CAB should be the focus of the
project thought that a consensus could be developed by using this method.

. Regulator involvement (South Carolina Depaflment Of Health and Environmental Control and
the Environmental Protection Agency) is necessary for the success of this project.

o organizational stakeholders could submit reports from their Own subcommittees.
(Organizational stakeholders suggested were schools, National Association for the
Advancement of Colored People [NAACP], chambers of commerce, the University of South
Carolina at Aiken, etc.) These Organizational stakehcdders could attend CAB meetings and
members of the CAB could attend organizational stakeholders’ meetings.

● Meetings should be focused and Organized with defined deliverables and agendas. This
information should be sent to participants prior to any public meeting so that participants can
come prep=d.

● Participants want a written summary of all meetings.

● Environmental Impact Statements could provide some guidelines for future missions and
direction for the site.

● Open public meetings and working in subcommittees and with tile SRS CAB were the best
approaches for public involvement in the Future Use project process.

. Participants should be “educated about the Savannah River Site and the Future Use Project. ‘
Suggested sources included the Savannah River Operations Strategic Plan, the hnd-Use
Baseline Report, SRS fact sheets, other DOE field offices’ exprience in the Future Use Project - ●
process, and a designated point of contact.

Don Dr-aelle was announced as the DOE pint of contact.

November 1, 1994, Public Meeting in North Augusta, South Carolina

The objectives of this meeting were to provide information through presentations and discussions
to interested citizens on the Draft FY 1995 Current hnd Use Baseline Report, the Savannah River

Operations Ofice’s Strategic Plan, and proposed process for developing stakeholder-preferred
future use recommendations. The meeting was held from 4:00 p.m. to 7:00 p.m. at the North
Augusta Community Center with approximately @ people attendbrg.

he Watkins, the DOE-SR Assistant Manager for Engineering and Projects, opened the meeting
with introductions and a review of the meeting agenda. Rokrt Meadors, Westinghouse Savannah
River Company Strategic Programs and Planning Department, discussed the Draft FY 1994
Currenl hnd Use Baseline Report including the purpose of the report, stakeholder participation,
the goal and organization of the report, major mapping categories, and plans for the final report.
He also announced that the final report would include health risk mapping and that comments on
the Current bnd-use Baseline Report would be accepted through November. ..;

Ernie Chaput discussed the DOE Savannah River Operations Ofice Strategic Plan regarding its ,
implications on the Future Use project. His presentation included the background of the Strategic
Plan, its ~contents, impact, and the six business lines (Industrial Competitiveness, Energy
Resources, Science and Technology, National Security, Environmental Quality, and ●
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Infrastructure). This plan is a living document and will be updated periodically and comments
would be.accepted on this plan through January 1995.

Larry Synder presented information on the DrafI Public Participation Plan for the Future Use
Projecr including the proposed outline, process, and project steps. He also discussed the previous
public meeting and how DOE had incorporated those comments in the proposed plan.

Comments from the public are shown below.

s The Metro-Augusta Chamber of Commerce advocated new missions for SRS and hoped that
SRS is actively pursuing activities such as the ~ER (International Thermonuclear Experimental
Reactor), new tritium source for the nation, etc., and hoped that DOE would continue its
technology transfer activities. SRS is the economic engine for the region.

. The Citizens for Nuclear Technology Awareness (CNTA) also supported new missions for
SRS such as fTER, new tritium source, etc.

.

● ✎

The Savanrr~ River Regional Diversification Initiative (SRRDI) believed that at least three
areas should be given serious consideration in the development of future land use:
environmental management, future defense missions, and industrial development.
Consideration from economic and technology transfer perspective should be given to using the
site’s land and facilities as an asset for local development. SRRDI also would like to see the
availability of the site’s land and facilities on a lease basis for other industries.

The Lower Savannah Council of Governments thought that this Future Use Project should
continue to be an open process which would solicit comments from the various counties and
municipalities in this region.

● The SRS Citizens Advisory Board strongly encouraged comments from the public since the
CAB makes recommendations to DOE, the Environmental Protection Agency, and the South
Carolina Department of Health and Environmental Control on the future use issue.

. The South Carolina Department of Commerce thought that there should be more technology
transfer to private industry and stated that they planned to become more active in the. future use
planning process.

February 2, 1995, Public Meeting in Augusta, Georgia

The stated objectives of this public meeting were to: (1) provide an opportunity for public
comment/discussion on the strawmarr Draft Public Participation Plan for the Future Use Project.
(2) discuss the roles and responsibilities of the co-hosts for the meeting, (3) discuss the objectives
of the Future Use Project, (4) presenf the Secretary’s Land Use Initiative, and (5) by using a
“brainstorming” technique, solicit potential future use options and begin to categorize according to
industrird, recreational, resource managemeirt, etc. However, due to numerous comments from the
audience, the brainstorming for potential future use options was done first, followed by comments
on the Draft Public Participation Plan for the. Future Use Project. The Secretary’s Land Use
Initiative was not discussed. The mee~trg was from 4:00 p.m. to 6:00 p.m. and approximately 75
people attended the m=ting at the Augusta Richmond County Civic Center in Augusta, Georgia.
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Brian Costner, chairman of the Risk Management and Future Use Subcommittee of the SRS CAB,
provided a brief overview of the CAB and this subcommittee. Susan Payne provided a brief
overview of SRRDI, a community reuse organization and its interest in the Future Use Project. ~‘

Below are some of the suggestions received during the brainstorming session of the meeting. This
brainstorming session was to generate ideas for possible uses for the land and facilities at SRS. “
(See Appendix A for a summary of potentiaf uses for land and facilities; this summary includes
suggestions from public meetings, written comments, and other comments received by DOE.)

.

.

.

.

.

.

.

.

.

.

.

.

.

The site is over 300 square miles; turn the uncontaminated land back to the counties from
which it waz taken and let them deal with it.

Use only the industrial areas and leave the buffer zone as pristine sections. Do no use
undeveloped land for new development.

SRS is a unique place in that part of the land is contaminated and part of the land is pristine.
This is not true of any other place or public land. Look at this unique combination and make
this land a National Environmental Research Park. YOUcan address many things by saving
and using the contaminated areas as testing for future studies on the affect of radiation and
future contamination research. This minimizes the costs and maximizes the information
gained. have some contaminated land for future research.

Maintain the site as a unit for potential future federaf government purposes.

Keep future land, uses flexible.

Keep the land for multiple uses, such as timkr management, recreation, research, etc. .,‘e
Keep the site for ecological and environmental research.

Keep the site as a research park with a mix of nuclear and non-nuclear uses.

Use the facilities to process fissile material from commercial fuels.

Maintain the site as an entity. Continue manufacturing with an environmental mix. . .

The United States depends on foreign oil and energy. Presently 60% of our energy comes
from foreign suppliers. SRS could be used for energy production, possibly nuclear energy.

The site is a national asset and has interested parties across the United States, both economic
and environmental.

SRS is an ideal area for developing nuclear industrial research.

Below are some of tbe comments received on the Draft Public Participation Plan for tlze Future Use
Project.

● How many more meetings with DOE hold without representation from the African-American
community?

● DOE must consider environmental justice concerns.

- Th? documents that support this project are not written so that the average person can read and ~
understand them. If you want real stakeholder involvement, you must give the public
something they can use and understand.
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● The survey in the Draft Public Par[icipafiorr Plan is poorly worded and does not ask good
questions. There is value in a survey if it is done accordjng to accepted practices. This survey
does not meet objectivity. To get meaningful results, the survey must be credible.

● Need to keep a direct link between DOE and the public.

. Public comments should not be filtered through intermediaries such as SRRDI, CAB: etc.

[NOTE: Due to the numerous negative comments on the survey at the February 2 public meeting
and other comments received by DOE, the survey was dropped from the public participation
planning process.]

April 11, 1995, Public Meeting in Barnwell, South Carolina

The purpose of the meeting in Barnwell was to ( 1) provide background information on the Future
Use Project including the status, purpose, and objectives of the project and (2) using a
brainstorming technique, solicit potential future use options and begin to categorim them according
to industrial, recreational, resource management, etc., land uses. The meeting was held at the
Barnwell State Park from 6:f)0 p.m. to 9:00 p.m. and approximately 25 people attended.

Robert Meadors o~ned the meeting with a pre-meeting briefing. This presentation was prepared
so that all participants attending these public meetings would receive the same information,
regardless of the speaker. This presentation was also used at various civic clubs, churches, and

● other organizations who requested a speaker on this topic. The overview presentation briefly
describes paat and current land uses and missions at the Savannah River Site , discusses possible
future land use categories such as industrial, agricultural, residential, environmental research, etc.,
and presents a Department of Energy ~rspective of the site’s future:

Julie Arbogast, a representative of the SRS Citizens Advisory Board Subcommittee on Risk
Management and Future Use, gave a brief background of the work this subcommittee is doing.
The subcommittee plans to have a recommendation to the full Citizens Advisory Board in
September for the members’ consideration and a recommendation to the Department of Energy, the
Environmental Protection Agency, and the South Carolina Department of Health and
Environmental Control by Decemkr.

Below is a summary of comments received at the meeting.

● The land at SRS should be given back to the former residents of the area. My land was legally
“stolen” from me in 1952 at $42 per acre.

● Mike Caudell, a biologist with the South Carolina Department of Naturaf Resources (DNR),
read from a prepared letter requesting that all future use plans contain additional outdoor
r~reational opportunities for the general public. Specifically, DNR suggested diverse public
hunting programs. ,,

● As a member of the Bamwell County Council and the Citizens Advisory Board and a former
resident of EIlenton with roofs in Dunbarton, I do not wish to take the land back. I would like
to visit the areaa where I grew up and my family lived for many generations. I believe that

●
r~reational use of the land is a good idea and I do want to see a safe environment for all local

,.
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.

.

.

citimns. I also want to see our cid=rts employed and the facilities should be kept in use. This
is an imprtant program.

John Edwards read a letter to Don Droelle, Project Team Leader, from James Earl Kennamer of
the National Wild Turkey Federation. This letter encouraged hunting, fishing, and other
outdwr activities at SRS where possible.

Joe Hamilton from the South Carolina Department Of Natural Resources spoke in favor of
“quality deer management.” Quality deer management strives to improve the quality of deer
herds and deer hunting experiences through sound management of buctidoe ratio, buck age
structure, and deer densities that are compatible with habitat conditions and land use objectives
of landowners.

A “Ducks Unlimited representative spoke in favor Of the Department Of Natural Resources
&ommendations.

The chairman of the Aiken Quail Huntem said that the cooperative agreement with the Forest
Service and the Department of Natural Resources has been good for hunting and for our natural
resources.

The participants in the meeting were also asked for criteria that decision makers should use in
making decisions for the future use of land and facilities at SRS. Suggestions included:

● No one should get hurt from contamination at SRS.

. The land should stay set aside for national security.

. To avoid risk of exposure, the site should be kept intact until all cleanup work is complete.

May 3, 1995, Public Meeting in Beaufort, South Carolina

The objectives of the public meeting in Beaufort were ( 1) provide background information on the
Future Use Project including the status, purpose, and objectives of the project, (2) using a
brainstorming technique, solicit potential future use options and begin to categorize according to
industrial, recreational, resource management, etc., and (3) solicit values from participants. The
meeting was held at the Holiday Inn, Beaufoft, South Carolina, from 4:00 p.m. to 7:00 p.m. with
approximately 16 people in attendance.

Don Droelle opened the pre-meeting with the same overview that was used at the Bamwell, South
Carolina, public meeting. After a brief break, the main portion of the meeting agenda was opened
by Lee Watkins, the Assistant Manager for Engineering and Projects, who welcomed the
participants to the meeting. Mr. Watkins explained that a strawman report will be prepared in June
with additional public meetings on the strawman to b held in July.

Brian Costner discussed the work the CAB Subcommittee on Risk Management and Future Use is
doing. This subcommittee plans to have a proposal for the full Citimns Advisory Board review in
September as a recommendation to the Department of Energy, the Environmental Protection
Agency, and the South Carolina Department of Health and Environmental Control. He explained,
as an example, that it is estimated to cost $2 billion to drain Par Pond ahd dig up the contaminated
sediments or it will cost $ I million per year to maintain the current water level at Par Pond. -By
maintaining the current water level, the water acts as a shield against radiation. However, if the $ I
million option is chosen, the subcommittee would like assurances that this $1 million is available
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each year—for the hext 50, 100, or 500 years. Existing conditions at SRS like Par Pond will
determine the future use of the land and facilities, A member of the audience also asked about the
risk benefit. For example, if Par Pond was dug up, this type of construction would probably
result in 10-20 deaths of construction workers, whereas if the pond is left alone, we could save
these lives.

Several citizens read prepared letters. These citizens are former residents of the land and would
like the opportunity for first refusal if there is a chance that land would be returned to private
ownership. They would like the chance to benefit from the sale of any land for privatization.
Many believe that their heritage was taken from them in the early 1950s, as many displaced
families had lived on this land for generations, dating back to the eighteenth century. Some have
lost family cemetery plots and do not know where family members are currently buried.

Brian Costner suggested that a map showing former land ownership should be shown in the brrd

Use Baseline Report which is currently being prepared. He also suggested that former residents
should meet with the Citizens Advisory Board and the CAB Subcommittee on Risk Management
and Future Use.

The participants were asked for criteria DOE should use when making decision. Their answers
included:

●
. fairness

o putyour heart into it, notjust financial gain
. reality
. who’s most justified to use the land?

. . consider people before wildlife and waterfowl

● giveus achoice

May 4, 1995, Public Meeting in Savannah, Georgia

The next public meeting was held in the public library in Savannah, Georgia from 6:00 p.m. to
9:00 p.m. Because only one citizen came to the meeting in Savannah, the formal agenda was not
used. Instead, a roundtable discussion was used to answer questions and provide information to
this citizen. Don Druelle reviewed the purpose and status of the Future Use Project and Brian
Costner explained the purpose of the CAB Subcommittee on Risk Management and Future Use,
The participant was asked what criteria DOE should use when mafdng decision. Her answer was
“the water qmdity. The Savannah River and the quality of the groundwater is important tome and
others in this area. ”

●
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Appendix H Relevant Maps From the SRS Land-Use Baseline Report

One of the comments we received on previous drafts of this report was to include the SRS brrd-
Use Baseline Report as one of the appendices in this report. Due to cost considerations, we were
unable to use the entire report as an appendix; however, we have include some of the relevant
maps in this appendix. Copies of the SR,S Land-Use Baselirre Report can be found in the
Department of Energy Reading Room as shown below.

U. S. Department of Energy Public Reading Room

Gregg-Graniteville Library

University of South Carolina at Aiken

171 University Parkway

Aiken, South Carolina

Hours: Monday-Thursday, 8 a.m. to 11 p.m.

Friday, 8 a.m. to 5 p.m.

Saturday, 12 noon to 5 p.m.

Sunday, 2 p.m. to 11 p.m.
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Administrative/Nonnuclear Facilities

OverviewfProgram Description

As of November 1995, SRS employees were
housed in 96 administrative office facilities, 567
administrative trailers, and 9 off-site leased
administrative facilities. The site’s major
contractor, WSRC, is responsible for the
administration of office facilities and fwctions.
Office space consists of permanent buildings on
site and permanent and temporary office trailers.
The program for office space management also
encompasses persomel relocation in facilities on
and off site. Subcontracts provide janitorial,
laundry, food services, pest control, termite
treatment and general labor services sitewide to
support administrative facilities.

The nomuclear facilities include Central Shops
(N Area), Heavy Water Area (D Area), and part
of SRTC.
PurpOse/hlissiOns
Administrative Facilities
The administrative facilities provide office
space, general ~a~~g, md records storage for
SRSpersomel to conduct normal operations in
support of the site’s mission.
A Area and B Area are the primary
administrative areas.’ A Area provides office
space for 4,027 employees, and B Area provides
office space for 885employees. A Area houses
DOE and WSRC senior management and other
personnel and is the location of SREL and SRTC.
B Area houses WSRC, DOE, and WSI persomel.
Adminktrative facilities also are located in
each process area to provide office space for
persomel who support the areas’ specific
flmctiom.

Forty-three percent of the site’s office buildings
are more than 30 years old, 15 percent are from 10
to 29 yea= old, and 42 percent are less than 10
years old. Several modular facilities will be
proposed during the next five years to facilitate
the removal of on-site office trailers. A Area and
B Area will be primary administrative areas. A
sitewide training facility is scheduled for
completion in H Area by fiscal year 1996.

Existing administrative space in production areas
that are not scheduled for decontmirtation and
decommissioning (D&D) and that have adequate
infrastructure wiff continue to be utilized to meet
overall housing needs. The existing facilities are
expected to be well-maintained to extend their
useful lives.
~Es most recent priorities for providtig
administrative facilities are to
. relieve facilities that have serious,

irreparable health and safety concerns
. eliminate off-site leased space
. eliminate on-site leased trailers
. relieve compression

Nonnuclear Facilities

Central Shops (N Area)
Central Shops (N Area) house construction and
craft facilities, such as fabrication and welding
shops, and associated materials in support of
construction activities. This area also is the
primary storage facility for operations and
maintenance materials, including supplies and

spare parts.
Heavy Water Area (D Area)
D Area actually is a “dual use” facility in that it ●
has significant nucfear and nomuclear”operations.
D Area contains facilities for supplying heavy
water coolant/moderator to the reactors. Heavy
water purification facilities, an analytical
laboratmy, and a powerhouse are operating in
the area. D Area’s mission will be the cleanup
and concentration of tie existing inventory of
heavy water.

Savannah River Technology Center
SRTC conducts research, development, and
tecfmical support activities. Laboratory

OperatiOns are cOnducted ~ tie Technical Area
(7W) and the TNX Prototype Testing Area (600).
SRTC also has nuclear facilities within the
Tecf’mical Area. As an incentive to industry (1) to
locate or expand operations within the local
region and (2) to enhance technology transfer, a
plan will be implemented to establish user
facilities, thus serving a dual-use function that
supports the SRS mission but is available to the
private sector.
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Nuclear Industrial Facilities

OverviewfFrograrn Description

The nuclear industrial facilities at SRS are
owned by DOE and operated and maintained by
WSRC. The purpose of these facilities is to
provide stabilized, secure storage and disposition
of nuclear materials. Because a number of these
facilities are no longer in use, SRS is developing
D&D plans for the facilities’ final disposition.
These plans wifl include the m.unbers and
locations of buildings, cost estimates, and health
and safety considerations.
Purpose/Missions
FueffParget Fabrication (300 Area)
Metallurgical/fomdry facilities for fabricating
reactor fuel and target elements for SRS reactors
are Iocated in the ~ Area. AISorderly phaseout
of alf prudution activities for reactor fuel and
target mamrfacturing is ucctig. Materi& in
fie area are being proces~ for shipmmt to
permanent storage sites or declared excess and
dsposed. Subsequently, the retired facilities
wifl be tmnsferred to the Facilities Transition
Program and placed in a surveillance and
maintenance mode pending D&D or reuse by
commercial firma.
Nuclear Production Reactora (100 Area)
Five reactors for nuclear materird production
originaRy were buift at SRS. AH five reactors–
C, K, L, P, and R-are now classified as surplus
facilities. Fuel storage basins in L Reactor and P
Reactor contain irradiated fuel and targets
awaiting a decision on future disposition. K
Reactor is h “cold standby; Future prodution of
new tritiw by a new reactor or accelerator is the
subject of ongoing DOE strsdies.
Nuclear Materials Processing Facilities (200
Area)
The processing, stabilization, separation, and
recovery of nuclear materiafa are performed in
two main operating areas, ZOO-Frmd ZOO-H.Each
has (1) a large shielded “csnyon” buifding for
processing .tiadiated matefi~, (2) glove box
facilities for product firriahing and plutonium
residue processing, and (3) ass~ted support
facilities. In addition, F-Area contains an
analytical laboratory, the Plutonium
Metallurgical Building, and the Naval Fuel
Facility (crsrrmtly in standby). H Area contains
the Receiving Basin for offsite Fuel, whirh

.,. .

... . .. .’. .. . : . .,

provides interim cooled storage for off-site spent
fuels. ●
The nuclear materials management mission
includes stabfiation, secure storage, and
disposition of the large quantities and various
types of nuclear materials at SRS, as follows:
.

.

●

Stabilize SRS nuclear materials for safe,
secure storage and eventual disposition.
Many activities are contingent upon the
completion of pending National
Environmentrd Policy Act (~PA) actions.
As required to implement prefemed
alternatives identified through an ongoing
NEPA process, processor stabilize existing
inventories of nuclear materiafs, including
mtable spent fiefs, to forms suitable for safe,
secure sto;age for eventual disposition as
waste or as usable materiala (F Area/H
Area).
Receive and store off-site suent nuclear fuels.
contingent upon completion of appropriate
NEPA quiremenfi.

Tritirrm Facilities
The tritiurn facilities, located in H Area,
extracted tritirrns from irradiated targets and
rrsdoaded returned reservoirs, purified recycled
titium, and reloaded reservoirs. The tritium
recycfing mission, modfled by anticipated
progmrn changes, wiU continue at SRS.
Activities include recycling of weapon compo-
rumts for the active stockpile and extraction of
tritium from remaining irradiated targets. In the
long term, SRS will continue to recycle tritium
and to add new nonnuclear fisiom.
Waste Management Facilities
High-level waste storage tanks are located in F
Area and H Area. In S Area, the Defense Waste
Processing Facifity, which is mdergoing startup
testing, will -obifize the high-activity
portion of this waste in glass. Tire Saltstone
Facifity, afready in operation, solidifies the
low-level fraction in grout (srdtcrete) in Z Area.
The Effluerd Treatment Facifity (ETF) for low-
activity liquid waates also is located in H Area.
Solid Waate Disposal Facility (SWDF)
The SWDF is a centrally located, 195-acre .. ..
complex in G Area and E Area that stores and
disposes of radioactive solid wastes. Facilities
include tfae Low Level Radioactive Waste
Disposal Facility, Transumnic Waste Storage
Pads, and ‘tie Mixed “Waste Storage Buildings.

. . . . .

“e

““o
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Utilities
Overview/ProWam Description
l’he Power Operations Department oversees
facilities that provide electricity, steam, river
cooling water, domestic water, service water, and
sanitary waste treatment. Steam and electricity
are produced in the coal-fred cogeneration plsnt,
while steam only (for K Area) is supplied by the
operation of three diesel fuel-fired boilers
within the area. Reactor cooling water is
pumped from the Savannah River through a
system of mdergroud pipes into the 186b~irra
located throughout the reactor areas. Power
operations controls the pumping rate and the
basin level. Domestic and service water are
suppfied through a deep-well pump system
within the site’s areas, and sanitary waste is
treated in 20 plans located throughout the site.
Power Operation personnel monitor and sample
SU sanitary outfalls for National PoUutant
Discharge EWmation System (NPDES) permit
compliance. They abo operate
● chilled water systems for air conditioning

and process ventilation
● process cooling water systems and air

compressors for inshument air service
● prwess air service
● plant air service
● the large exhaust fan facilities in the canyon

areas

m~ “ ions
Domestic Water
SRS haa 28 domestic water systems that provide
water for drinking, washing, showering, and
lavatories. Twenty-seven water systems are
supplied with treated groundwater from site
production weUa.
Earthen Dams
SRS has 13 structures that are considered dams by
definition. Built of earthen materials, they were
constructed to create tooting re.servoira and aah
containment basina, or were original (pre-SRS)
farm ponds. AU the dams are located in D Area,
G Area or H Area. me largest dam ia at Par
Pond, a 2,640-acre reservoir on bwer Three Rurrs
Creek. ~e resemoir’s purpose was to serve as a
recirculating cocdiig basin for R Reactor and P
Reactor, which no longer are operating.
The ~& ,Dam Safety Program, estabUshed in
“1990,,is”re$.bnsible for maintaining the structi~
.- ,. .,,

I

integrity of the darns while minimizing
environmental impacts.
Electricity
The SRS electric grid is a 115-kilovolt (kV)
system in a ring arrangement that supplies power
to operatig areas, water pumping stations,
administrative areas, and a ntiber of
independent and support function areas. Three
commercial ‘“tielines” connect with the SRS grid.
The 115-kV system includes about 100 miles of
transrniasion lines. Power normally is supplied to
the SRS grid by South Caroka Electric & Gas
Compmy. SeverI on-site, coal-fired
turbogenerators supply a fraction of the on-site
load and Umited reserve power.
Sanitary Waatewater
SRS has 20 operating package-type sanita~
wastewater treatment plants in 13 site areas.
Becauae of changing .mvironmental compliance
requirements, sitewide area population shifts,
asid existing plant optimum capacity limits,
systems in the fotlowing areaa are now considered
inadequate A, B, C, F, H, N, F, and S. The
Central Sanitary Wastewater Treatment facility
is currently under construction to replace these

systems. TOtal desigrr capacity is rated at 1.05
miUion gallons per day.
Steam
Building and process steam is provided to various
areas across the site using the steam distribution
system. The interarea steam distribution system
consists of more thm 20 miles of interarea steam
piping ranging in diameter from 6 inches to 24
inches. he BArea Powerhouse is the primary
soum of prtiss steam on site. Supplemental
steam k produced by the H-Area powerhouse.
Steam lines operate between other areas to
provide an alternate source of steam in case of
boiler faih.rre and to provide a supplemental
source htwem areas of peak demands.
River Water
The river water systsm provides coofing water for
various process uses, primarily reactor

OperatiOm/ ~Om the Savarmti River ~d tie pm
Pond reservoir. ~ system consists of four
pumping stations-three on the river and one on
Par Pond. SRShas a network consisting of more
than 50 miles of underground piping, ringing in
diameter from 48 inrhes to 84 in&es.

. -. ,.....,.

.
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Threatened/EndangeredSensitive-Species
Management
Overview/Program Description
An endangered species is one that is in danger of
extinction throughout all or a si@lcant portion
of its range. A threatened species is one that is
likely to become endangered throughout all or a
significant portion of its range within the
foreseeable future. Sensitive species are simply
those for which population viability, or
continued existence, is a “concern.”
The overall objective of the USFS wildlife,
fisheries, and botany progrsm at SRS is to attain
and maintain viable populations of all phmt and
animal species native to the region to ens- the
maintenance of biological diversity. The
Endangered Species Act (ESA) requires a
proactive approach to endangered- and
threatened-species management on federally
owned land. However, no minimum acreage is
required by law. SRS work closely with the U.S.
Fish and Wddlife Service (USF&WS) to
determine the adequate habitat necessary to
maintain threatened and endangered species.
Endangered and threatened species are
designated and administered by the USF&WS.
The management of rare species, a vital part of
the overaIl wildlife, fisheries, and botany
program at SRS, is the responsibility of SRFS.

PqosefMissiOns
SRS Drovides habitat for five endangered ●
species. Several reside on the site year-round,
while “others are transient visitors. The number
of red-cockaded wmd~kers has grown from four
btids in 1985 tO77 btids in 1994, and the site
supports hvo active breeding pairs of bald eagles.
Atso, the endangered wood stork forages on site,
and the shortnose sturgeon, an anadromous fish,
has been reported in the Savannah River
adjacent to SRS. The American alligator, fairly
abundmt on the site, ia listed as threatened (lJy
virtue of similarity in appearance to the
endangered crocodile). The $mooth purple
coneflower is w endangered plant feud at two
locations on the site.
SRS also is home to many sensitive species,
including 28 plsnts, five birds, three reptiles, one
fish, two mussels, three mammals, an amphibian,
and an insect. These are species, without ESA
protection, for which the population viability is
of concern to the USFS. The purpose of
identifying sensitive species is to ensure species
viability and to prevent any trend toward
endangerment that would result in the need for
federal tisting uder the ESA. ●
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Recreation
Overview/Progr- Description
Trails
SRFS has constmcted and maintains three
walking trails at SRS to provide opportunities
for employees to exercise during hmch brew and
nonwortig hews. The Piiey Woods Trail is on
the north side of SRS Road 1, across from the 7~
Area. The “S Area Trail is on the north side of
SRS Road F across from S Area complex. The
third trail is located at the SRFS administrative
site.
Boy Scout Carnporee
SRFS supports SRS each year in hosting the
annual Georgia-Carolina Boy Scout Cooncil FaR
Csmporee, where about ~ scouts work towsrd
merit badges during a weskend of camping snd
other activities on the site.
Huntin~lshing
A portion of SRS is open to the public for hunting
snd ffihing. Public hunts are allowed under DOE
Order 4300.lC, which states that “all
installations having suitable land and water
areas wifl have programs for the harvesting of
fish and wildlife by the public.” The
Crackemeck WiIdlife Management Area is
comprised of 4,780 acres of the site located
adjacent to the Savannah River. This area is

Sportsmen must obtain a permit to hunt or fish
this area; however, there is no charge. ●
cooperatively managed by SRFS and the South
Carolina Department of Natural Resources.
opportunities exist to hunt waterfowl and big
(deer, hogs, and turkeys) and small (quail,
squirrels, and rabbits) game, and to catch a
variety of fish.
Controlled Huts
Hunting opportrmities aIso are available on much
of tie rest of the site. SRFS is responsible for
developing and coordinating a comprehensive
deer control program-in close cooperation with
WSRC, SREL, the South Carolina Department of
Naturaf Resources, and Wackenhut Security, Inc.
Recreation is not the primary purpose of these
controlled hunts. The mission of this activity is
to conduct harvests that will
. lower the incidence of animal-vehicle

collisions on site
● prduce a healthy deer population
. reduce the feral hog damage to valuable

plant communities, reforestation efforts, and
ecological research sites

There is a $S0 fee to hut, and hunters are chosen
at random from a list of those who registered. ●
Each animal harvested is monitored for
contsrninants, and harvest data such as age, sex,
snd weight are compiled.

‘o
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Recreation
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RCRAICERCLA Waste Units and Site
Evaluations
Overview/Program Description
SRS manages waste materials regulated rmder
Resource Conservation and Recoveq Act (RCRA),
a comprehensive law requiring stringent
management of hazardous waste/constituents.
The Hazardous and Solid Waste Amendments
were passed in 1984 to further augment RCR4.
Regulated units are surface impomdmmk,
landfills, and waste piles (collectively termed
“land disposal units”) that have received
hazardous waste since November 19,1980, and
that require RCRA operating or post-closure
permits. Nonregulated units, termed Solid Waste
Management Units, may include any activity
where hazardous constituents may remain
uncontrolled and potentiaRy released to the
environment. Investigations and corrective
actions at these units are mandated by RCRA
Section 3004(u).
On December 21,1989, SRS was placed on the
National Priority List. A site included on the list
falls under the jurisdiction of Comprehmive
Environmental Response, Compensation, and
Llabiability Act (CERCLA), as amended by the
Superfund Amendments and Reauthorization Act
of 1986. ~ese acts impose requirements for the
remediation of hazardous substance releasss and
of inactive hazardous waste disposal sites. The
National Od and Hazardous Substances
Pollution Contingency Plan (40 CFR 300) was
established under Section 105 of CERCLA. Its
purpose is to provide the organizational strocture
and pr~ures required to prepare for and
respond to d~charges of oil and releases of
hazardoua substances, pollutants, and
contaminmts.

According to section 120 of CERCLA, DOE has
negotiated a Federal Facility Agreement (FFS)
with EPA and SCDHEC to coordinate remedial
activities at SRS into one comprehensive strategy
that fu~is both RCRA 3W(U) and CERCLA
investigation and remediaI action requirements.
Figure 6-26 shows the location of RCRA Facility
Investigation/Remedial Investigation units
listed in the FFA, which was executed January
15,1993, with an effective date of August 16,
1993.
Purpose/Mission
The SRS Site Evaluation L,st, Appendix G, of the
FFA, identtiles areas that will require an filtial
evaluation to determine if remedial action is
necessary. Approximately 300 such areas have
been identified as potential waste tits at SRS.
Appendix C, the RCRA/CERCLA Units List,
identifies waste units that will be subject to the
integrated remedid investigation program
specified in the FFA. Appendix H of the FFA
lists the RCRA-regulated units subject to
corrective action under the South Carolina- ●
designated program.
SRS is in the process of coding waste sites
according to the FFA schedule. The F-Area
B-g/Rubble Pits, the D-Area Burning Rubble
Pits, the Burma Road Rubble Pit, the Old F-Area
Seepage Basin, the Silverton Road Waste Site,
the M-Area West, and the L-Area Ofl/Chemical
Basin and Acid/Caustic Basin have an FFA f~cal
year 1995 commitment for a “Corrective Measure
Study/Feasibility Study Report.”
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● Appendix I Responsiveness Summary

Appendix I Responsiveness Summary

Comments on Draft Future Use Project Report, Revision O, October 1995, with
SRS Responses

The following comments were rceeived by Don Druelle, DOE-SR Future Use Project hader, The
comments are shown in italics and the responses arc shown in plain text.

This is an excellent draft product. While I have not seen the missing enclosures, you and your
team “caught” the feeling and concerns of all of the stakeholders. In addition you did an excellent

job of compiling the inforrnotion into a usable document.

Your document did bring us several new concerns that to date I have not heard mentioned:

a. With all of the millions of tu dollars being spent to clean up SRS, 1 can not believe SRS

would allow a new industry to come on site and further contaminate the ground or surface
water.

While I WOUU prefer to see only federal research or state college level (SREL} education at

SRS, the decision maybe made to allow public or corporate industry to locate on SRS.

●
MY concern is the inability of Westinghouse or DOE to monitor and then control any
contamination caused by this new indusoy. Then the question of whose contamination it is,
was it there before the industry dumped its waste on the ground. Who will pay to clean it up.
Then the law suits. Private land is worthless once contaminated. Best to contaminate federal
property if you are a business. For that reason, this document needs to state only

“environmentally safe” private or corporate clean industries will be permitted to lease land.
industry that poses no threat to the environment.

This does not even get into the question of ‘~avoring” one business over another. Once you
allow one “of a kind” how are you to stop “another” of the some kind.

My recommendation is to not allow any that are not completely “environmentally clean. ” Then
you have less ofa problem.

Resrronse 1. Any new industry that is allowed on SRS property will be required to seek
appropriate environmental permits from the State of South Carolina and the Environmental
Protection Agency. In addition, the lease agreement will require the industry to close the site in an
environmentally protective manner and will also require any post-closure monitoring. A financial
disclosure statement will afso be required to assure that a private industry will have the finances to
perform any remediations activities, if needed. The Department will remain responsible for any
pre-existing conditions.

b. Page 7, Para. 2.1.1 (5) Commercial industrialization of industry zones needs to have an
additional “bullet” added

●
SRS Future Use project Rewrt I-I



A~oendix I Responsiveness Srrmmarv

I remember at one of the meetings adding this “bullet.” It was probable one that the minutes
have not yet been included.

Small critical ecology areas may be identified in an Industrial ZOne. These sites need to be
identified and protected with easements and buffer zones.

~ The bullet is correct aS shown. Although here was discussion about the ecological
zones, tbe final recommendation did not include this “bullet”. However, this is included in the
discussion in the Vision document. please see Appendix B, Ci/izens Advisory Board Vision
Docrorrent.

Please emphasize DOE shall vigorously pursue commercial industrialization of approximately 1/3
of site land area. I would like to see them issue a Request for Proposal to a real developer.

~ While we agree that we should allow commercial industrialization on SRS proprty,
we have not completely industrialized the 10% of the land cumently “zoned” as industrial. We
would prefer to use existing industrial areas for future industrial uses before we consider using
previously undeveloped land.

The Savannah River Site (SRS) Future Use Project has yet to develop a credible strategy for
incorporating land use planning into decision-making. The analysis and conclusions offered in the

draji report were not developed through an effective public participation process. In addition, the
draf~ report does not reflect a well developed, implementable plan. The findings of the report
wordd be better presented as the early, and inconclusive, results of a process which must continue

if a quali~ product is to be produced.

~ The SRS Future Use Project Report was not intended to be a planning nor a
decision-making document. The objective of the report was to determine interested stakeholders’
future use options. Planning activities and resulting documentation are done through an
independent process. The data provided in the this report will be analyzed and considered in future
Iong-tem planning and decision-making activities. Although the final report does not reflect a
consensus recommendation, all comments gathered during the project were shared in full with the
Citizens Advisory Board, which dws have federal advisory committee status and provided specific
recommendations. The recommendations in this report parallel and, in all but three instances,
duplicate the consensus recommendations of tbe Citizens Advisory Board.

Below are several of our specljic concerns related to the draft report. Since we believe the report
needs substantial revision, we request that a revised draft be issued for additional comment before

the report isjinalized.

Process. ,The draft report fails to adequately discuss the process by which public input was
solicited. Instead it presents too strong an image of agreement and conclusiveness, even referring

to the results as ‘ktakeho[der-pre ferred options. ”

In fact, though, the public participation process was unnecessarily divisive and did not include the
kind of meanin~ul dialogue or substantive discussions necessary to evaluate !he merits of vario~tx
options, let alone truly arrive at a list of alternatives preferred by the public.

‘.:.

“o .,

.

.:,

“o
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—
Res~onse 5. The input process is now explicitly described and the lack of consensus explained,
We believe that, because the majority of comments fit into a.msmber of specific themes and because
these themes so closely match the consensus-driven CAB recommendations, these can truly meet
the definition of “recommendations.” Furthermore, comments and preferences that did not fit
particular themes are also included,

There was often poor cooperation between the Department of Energy (DOE) and the SRS Citizens

Advisory Board (CAB) Risk Management and Future Use Subcommittee. For example, DOE
frequently changed its plans for working with the Subcommittee, At the beginning of the process,

DOE approached the Subcommittee about jointly sponsoring the first meeting, then reneged on the
offer and almost made no mention of the CAB k role during the meeting. Similar actions continued
throughout the process, and while better cooperation was eventually established, the degree varied
considerably from meeting to meeting.

~est)onse 6. Admittedly there were difficulties in defining the roles the Future Use Project Team
and the Citizens Advisory Board subcommittee. The example cited above is typical of the
unintended results of letting the public define the meeting agenda and was not meant to diminish
the role of the subcommittee. We believe the final product proves how mutually supportive that
process was.

Additionally, the nature of DOE> pablic meetings allowed little opportunity for detailed discussion

●
of the merits of various comments, including the potential implications of acting upon them. ”

Instead the meetings were more designed to simply record whatever thoughts were offered.
Consequently, there was no meaningful efiort to understand differences among various opinions
or to arn’ve at agreement among the parties participating. There was also inadequate opportuni~
for participants to openly develop their ideas into a workable plan.

The final report should describe public input received to date as a foundation on which future
discussions could be based to perhaps eventually arrive at a better, more representative plan. It

shouti also propose a plan to bn”ng concerned citizens together in a meanin&l dialogue to develop
a workable method for better considering land use planning in decision making at SRS.

ResDonse 7. At our first public m=ting, we were asked to accept all comments aa meritorious and
to include each in our report. Further, many participants asked the Department to develop
strawman options and a public participation plan for their consideration and approval. The public
participation plan, focusing on both DOE and CAB, was approved by the involved stakeholders,
and the strawman options provided a starting point for discussions and brainstorming. PIease see
Response 4.

“Stakeholder Preferences”. The failure of the process is apparent when analyzing the details of the
report. This is simply not an adequate plan on which to base the many important decisians which

cordd ultimately be impacted by land use. Several of our more signi~cant concerns in this regard
are described befow.

The first so-called stakeholder-pre ference is that, “SRS boundaries should remain unchanged, and

●
the land should remain under the ownership of the federal government.” (p. I) The text
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●
acknowledges public disagreement with this preference, highlighting the fact that the process did
not reach definitive conclusion.

Please see Response 4. ‘%

Additionally, the rationale Offered for maintaining the land intact is an insufficient basis for
decision making. For example, keeping bO~daries intactfOr “securiw ~d safe~ concerns” does
not reflect consideration of actual site conditions which don ‘t necessarily require the existing

bohries for maintenance of securiw and protection of the public. It alsO doesn ‘t reflect changes
which might occur over time as conditions and local needs evOlve. The Other principal rationale

offered for keeping the current site boundaries is the view of SRS as a national asset for ‘~uture
national needs” and a location for environmental research. Again, this may support long-term

federal control of some portion of the land but not necessarily all of it.

Resoonse 8. The majority of stakeholder comments on this theme did not qualify or define specific
future needs, merely the fact that the current activities, includlng environmental research and future
national security efforts could benefit from an intact SRS.

The second so-called stakebolder-pre ference is that, “Residential uses of SRS land should be
prohibited. ” Public comments recorded in the document, though, show that some citizens

suggested limiting - not prohibiting - residential development. (p. A-3) This is an important
distinction becaue it demonstrates that some citizens recognize the differences in risk associated .

with various parts of SRS and that pressures to residentially develop some portion of SRS may
emerge. Consequently, decision makers wordd do better to keep the potential for residential use in ●
mind than to assume that it will be prohibited.

ResDonse 9. We agree that a few individuals desired limited residential use. However, it was
clearly evident that the majority of stakeholders dld not want residential uses.

The fifih so-called stakeholder-pre ference is that, “All SRS land should be available for multiple
use (e.g., ecological research, natural resource management, research and technology

demonstration, and recreation). ” (p. 2) The explanatory text, though, only indicates that many

citizens expressed an interest in “continuing, tfnot expanding” current multiple use practices. This
is an important difference since maintaining some land areas for exclusive uses (e.g., ecological
research set asides, security zones) might be important.

Response 10. Under the National Environmental Research Park (NERP) concept, multiple use of
SRS land can continue by allowing ecological research, natural resource management, research and
technology demonstration, and recreation. However, the appropriateness of any combination of
us= would be determined in specific planning documents.

The SRS Future Use Project has introduced many ideas of land use planning to communities
around SRS and begun cataloging public concerns and opinions. Building upon this foundation to
obtain agreement among diverse interests and create a credible, implementable future use plan will
require considerably more work, As this work continues, it is important for DOE to remember that .
regulato~ and other key decisions which might consider land use should be based on a well :

●
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reasoned plan that is consistent with the Department’s many responsibilities, not merely on the
stated wishes of any particular group(s).

ResDonse II. We agree that planning and decision-making activities will require continued public
input which will require a review and update of the stakeholder-preferred future use options
described in this report at some point in the future.

I have received the package on the potential future projects here at SRS. I was disturbed by some

of the camments that people made, but one thing I am sure of is there is slot of fear and ignorance
about [he site. Growing up in New Ellenton, I was in the company of people who worked at SRS
and [, too, new nothing about the SRS because of the code of silence, Now that the media has

examined and cross-examined the site, you would think people would wise up. There is so much
mistrust about the government. I praise the job you and your staff are doing. ~ve been employed
on the site now for 13 years, and things have changed. [ remember well the code of silence.

I’ve been an avid hunter all my l~e so you know where this letter is going. If you were a hunter,

you would understand why I’m pushing for this land to come under the SCDNR. Private land
owners are going to where the money is, and that is leasing their land to out-of-state stakeholders
such as Florida and North Carolina. Did you know that land per acre is paying $30.00 for hunting
rights. Where does this have the middle class and lower class.? There is nowhere to hunt because

currently the land is being over crowded. I would like to thunk DOE for expanding Crackemeck,

●
There was an accident waiting to happen f they hadn’t, due to overcrowding. I would like to see
the area west of 125 opened up to SCDNR and other areas as well for hunting and recreation but

not for industry other than DOE, and the boundaries should be tightened. Sandia Labs and

bwrence Liverrnore don ‘t take up that much space. ,!.et’s protect the environment and protect
endangered species. I would like my children to be able to walk the woods of SRS with their
children and explore the beauty and receive the bounty of this beautiful place that ~ve grown up on
and worked on. I don ‘t think I have to make you knowledgeable of the fact that hunting and
fishing in South Carolina are their largest money makers in our state.

Response 12. As you know, there is limited hunting allowed on SRS property now, and we have
given some additional land to South Carolina Department of Natural Resources on a trial basis for
one year. After one year, we will evaluate this decision. Aboutyour comment on addhional land
available for recreational use, we will continue to look at each proposal on a case-by-case basis; for
example, Boy Scouts have used portions of SRS lands for the last few years for their Camporee,
and now Girl Scouts are using parts of SRS land for their activities.

Apperrdti B Citizens Advisory Board Recommendations (page B-1) of the subject report states that
the RMFVS’ “vision” document will be included in this appendti in the final report if completed in
time.

This timeframe for inclusion of the Subcommittee’s workproduct which refi’ects its consensus-
building efforts and gives justification for, support OJ and the reasoning behind the CAB
Recommendations is not known to me. However, knowing the amount of time and effort put forth
by all parties, I cannot believe the SRS Future Use Project Team would publish the final project

● report without such “vision” document.
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Res~onse 13. We agree that the Vision document should be included in the report and were glad
that the SRS Citizens Advisory Board voted on the final version in time for this report. See
Appendix B for the final Vision document, as voted on by the SRS Citizens Advisory Board on
January 23, 1996.

Thank you for the opportunity to comment on the October Draft of SRS Future Use Project

Report. Ifind the drafi to be inadequate and almOst shows an abdication of DOE-SR responsibility
for SRS future use of ESR lands to DOE-HQ. I recommend strongly that this report be rewrilten

and reissued for camments before it is sent to DOE-HQ. I have reached these strong conclusions
from the following:

. Having been involved in this activiryfor the last 1 to 1-114 years, the report doesn’t seem to
display any process for reaching consensus among the stakeholders nor no DOE-SR views on
the future use of SRS lands.

~ Because some of our stakeholders wanted to use the SRS Citizens Advisory Board
and others wanted to provide input directly to DOE on their preferences, we did not design the
process to reach consensus, However, the report recommendations do reflect the majority of
opinions we received during the process.

In addition. we have included the DOE-SR views of future use of SRS lands. See Section 2.1.4, ‘
Savannah River Operations Oflce Recommendations.

..

. I participated in most of the public meetings and they were all meetings (as listed in Section ●
1.3.2) to listen to the public’s views on future use of these lands. This resulted in a diverse set
of comments identified in Appendix A but no attempt, at those meetings, to reach consensus ‘
and I see none in the report except into the very general categories discussed.

e.

Resuonse 15. You are correct. See Response 4.

● The SRS Citizens Advisoq Board went through a more complete process of obtaining
stakeholder input from a smaller population consisting of those attending the CAB
subcommittee on Risk Management and Future use and the CAB itselfl and reaching consensus
on a vision for SRS Future Use. As a result, the CAB made a nine part recommendation to
DOE several months ago (listed in your report as Appendix B), Six of the nine part
recommendation show Up as themes in the Executive Summary and Section 1.2 of your draft
report. TISefollowing parts were omitted:

- Research and technology demanstrarion (Part 6 of the CAB recommendation)

- Natural resource management striving for biodiversity (Part 7 of the CAB recommendation)

- Increased recreational opportunities (Part 8 of the CAB recommendation).

The reason for omitting these three parts, which are in good agreement with many of the comments
received at the public meetings, as themes is not clear to this reviewer. They should be included.
(The CAB consensus was by far the most complete effort described in this report.) ●
SRS FutureUse project Re.poII I-6



● Appendix I Responsiveness Summary

ResDonse 16. We have revised the report to more closely follow the recommendations of the SRS
Citizens Advisory Board. Our intent in the first draft of. this report was to include the CAB’s
recommendation, but due to editing, the meaning was lost.

● Section 2.1.2 is given equal weight to the CAB recommendation in Section 2.1.1 suggesting
that the Citizens for Environmental Justice went through a similar process. The report is silent

on what the group did and the level of consideration provided by that group. Appendix C

doesn ‘t indicate that the Citizens for Environmental Justice reached consensus. How were the
views expressed in Section 2.1.2 reached? The consensus does not seem to represent the
individual views.

Resuonse 17. The Citizens for Environmental Justice did not provide us with the details on the
process they used for their recommendations on future use. However, we do know that they held
a one-day workshop on future use in Savannah and presume that the recommendations were
provided as a result of that workshop.

● The Site bnd Use Technical Committee information should be made available for review. The

conclusions of these “23 senior technical experts” represent a significant and important group

of stakeholders.

ResDonse 18. We agree. We have included their recommendations in the final report.

● . I conclude that no other group provided recommendations by the absence of information in
Appendix G.

Res wnse 19. You are correct. No other group has provided recommendations to DOE-SR

. Appendiz F identifies the Future Use Project Team and Section 1.3.2 infers this group briefed
a number of clubs and organizations (listed in Appendix G) but I could find no input from

these organizations. It sounds like these groups said “nice presentation and thank you for
coming” but gave no input. That seems incredible to me; the input obtained should be
included.

Resrronse 20. Of the groups listed, only the SRS Citizens Advisory Board, SRS Land Use
Technical Committee, and Citizens for Environmental Justice chose to provide DOE-SR with
recommendations on future use.

● A section should be added on stakeholder participation resulting from mail-outs provided for

this project. I am sure you received comments from these extensive mailings. This section

should also inchsde the level of effort your staff has expended obtaining these comments (both
in mail-outs and responses received). SRS should benefit from attempts to get comments even
though, in some cases, comments were not received. Those receiving the mailings were given
the opportunity to respond. (You can lead a horse to water but you cannot make him drink.)

Resrronse 21. We agree and have added Section 2.5 to the report to include what we heard from

●
pubic m~tings arrd rnailings.
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*
. The report contains no information on individual participation in the process. The number of

individuals, the type of stakeholders (internal and external) and location are needed. This
would help readers of the report understand the level of stakeholder input and the regional .
diversi~ of the comments.

Response 22. It would be difficult to provide the statistics you requested because people from
various parts of South Carolina attended public meetings outside their “home” area. For example,
at the meeting in Beaufort, the most Of the people who attended were from North Augusta and
Aiken, South Carolina.

. The report lacks clarity. I did not provide these specific comments since I expect my major
comments to be incorporated and the document reissued. [f YOU desire spectfic comments,

have someone call me.

Res~onse 23. Thank you for your suggestions. We did talk to YOUon January 17, 1996, and you
provided some additional comments which we believe have made the report better. Thank you.

Per your invitation for public comments regarding the future use of the Savannah River Site, those
participants at the November 4-6 meeting of the From Trident To Lt~e Campaign, a Southeast

Regional campaign to redirect resources from miiitary spending toward the mee~ing of human
needs, meeting in Columbus, Georgia, wish to transmit to you the following comments:

. All nuclear production should be halted. .e;

. No tritium production facili~ shordd be constructed.

Response 24. We are no longer producing plutonium and tritium due to the end of the Cold War;
however, the Department must maintain this capability and retains the mission of recycling tritium
in the active weapons stockpile. A Record of Decision on the Final Programmatic Environmental
Impact Statement for Tritium Supply and Recycling was issued on December 6, 1995. It :
recommended an accelerator or a commercial reactor as the new tritium supply technology with
SRS being the preferred site for an accelerator.

. There should be no residential development (except that one wag, to general approbation,
suggested the possible exception of a retirement community for former DOE and Westinghouse

management).

Resrronse 25. NO residential use is one of the recommendations made in this report

. Nuclear materials from other countries should not be stored at SRS.

R~ The only nuclear materials being considered for storage at SRS are spent nuclear ;
fuel that the United States lent to other countries for their universities to study, and various ~
National Environmental Policy Act documents have been prepared and additional documents are ~~
being prepared to address this issue. The Record of Decision for the .Envirorrmental Assessment .,

for Urgent Relief Acceptance of Foreign Research Reactor Spent Nuclear Fuel determined that
there would be minima], if any, increased environmental effects from temporarily storing spent
nuclear fuel at SRS. In addition, another document called the Proposed Policy for the Acceptance o
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of U. S. Origin Foreign Research Reactor Spent Nuclear Fuel Programmatic Environmental Impact
Staremen[ is currently being prepared and is expected to be Feleased in January 1996 with a Record
of Decision projected for Febmary. This Environmental Impact Statement will address spent
nuclear fuel from other countries.

. The only appropriate industrial activity would be the development and use of cleanup and
containment technologies for nuclear and hazardous wastes.

Resrsonse 27. We agree that development of cleanup and containment technologies for nuclear and
hazardous wastes are industrial activities that should take place on SRS property; however, with
over 310 square miles, we also believe there are other possible uses for the land. See the
recommendations from the stakeholders in the Executive Summary and Section 1.2, Stakeholder

Recommendations for Future Uses.

. Savannah River Site should begin consultation with the Nuclear Guardianship Project in order
to develop a very long-term method of safeguarding the mess there.

Resmnse 28. DOE welcomes public input in all of its planning and decision mtilng

● We are opposed to privatization of the Site.

●
Restsonse 29. While we considered your comment, most stakeholders disagreed and expressed an
interest in additional industrialization on the site. This report reflects all recommendations provided
to DOE in summary form, including no private industry on the site. However, current
Congressional guidance and Executive Branch policy is to save tax dollars through privatization,
where appropriate.

Thank you very much for your consideration of our wishes.

On behaffof the From Trident To L$e Campaign, I am yours for a Nuclear-free Future.

The draft report does a good job of capturing the common land use themes but not the future ase
themes. My interpretation of future use includes these and there were certainly many future uses

suggested; active pursuit of these was recommended. “Having land avai[able for many uses” is
necessary but not suficient. For instance, the government missions section only discusses the

current activities but not future possible ones such as tritium production, HEU stabilization and
temporary storage, plutonium pit manufacture, etc.

~esrsonse 30. We have modified the explanation of industrial uses at SRS to incorporate your
comment.

The request for this report came from DOE-HQ and I consider DOE-SR also a local stakeholder.
What does DOE-SR recommend? It seems tome that DOE-SR should synthesize the input from
the local internal contractors and the local external public stakehofders, & the DOE-SR input and
come up with a set of recommendations to DOE-HQ. The report suffers from the lack of

●
recommendations to DOE-HQ.
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Res~onse 31. We have included the DOE-SR views of future use of SRS lands. See Section
2.1.4, Savannah River Operations Oflce Recommendations. DOE-HQ has not provided any
recommendatimrs as they want to know what internal and external stakeholders recommended. A
summary report Of all DOE sites recommendations is currently being prepared and should be
available in March 1996.

A future land ase map should also be includedfrom DOE-SR and the internal stakeholders. Except
for public stakeholders and the Citizens Advisory Board (CAB) recommendation 8, the only

indication for land use zoning is reference to multiple use including industrial. In my view, that
will not be suficient with the regulators (EPA and DHEC) to allow industrial clean up standards to

be used for actions on SRS. I also do not believe that they would allow industrial standards to be
used for the whole 300 square miles. I believe that they are receptive to considering such
standards for parts of the site where clearly they are appropriate - only if DOE formally makes a
land use commitment. Such a commitment by DOE is cheap to do and will save millions of
taxpayer dollars. A land use map is incladed as part of the CAB recommendation 8 but there is no
reaction to it by DOE-SR. I believe that the CAB is expecting DOE-SR reaction to all nine parts of
recommendation 8. I expect that is also true of the rest of the stakeholders. Hence, it is important

for DOE-SR to givs their response in the form of recommendation to DOE-HQ. This report is the

pface to do it.

Resnonse 32. The second draft and final report of the Future Use Project included a map provided ‘

by DOE-SR as well as a recommendation. This map is the prefemed map as it does not allocate as
much land for industrialization as the SRS CAB-recommended map. We are not using all the ● .
currently “zoned” industrial areas now which are only 10% of the site land. We would prefer to ..
use currently industrial areas before using previously undeveloped land.

Many will only read the fiecative Summary. The carrent draft discusses the groups giving input

but no mention is made of the internal stakeholders and their report. I hope that by your listing of
external stakeholder groups that yog did not mean to imply that you gave more weight to input
from the CFEJ than the CAB; it wasn’t even alphabetical.

In conclusion, the draft report does a good job of explaining what was done and what input was
received. [t needs to be strengthened by inclasion of DOE-SR recommendations to DOE-HQ
including a land use map.

Response 33. All stakeholders comments and recommendations were considered in developing the
recommendations. DOE-SR’S recommendation can be found in Section 2.1.4, Savannah River

Operations O@ce Recommendations.

bst week 2 received a COpY of Revision 0 of the Future Use Project Report and appreciate you
including me on your mailing list. The report seemed to be fairly complete and detailed as I ~
remember the meeting I attended in Beaufort, SC. The concerns of the fo~er landowners were

well documented in several places in the report.

Since talking to you at the Beaufort meeting, I have received a letterfrom Mr. Donald Pearman of ‘
the Department of Energy thrOugh Senator Thurmond’s ofice basically explaining that even
though my ““icws ‘Swill be considered, any proper~ determined to be excess will be disposed of ●
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—
by the General Services Administration through oficial actions required by the Federal Property
and Administrative Service Actof1949 ''offering it forsale !othegeneral public on a competitive

basis. ”

Resoonse 34. Because werecognize theclose tiesthat many fotmerlandowners have tothe SRS
lands, wehavemodified thethird recommendation to read: “IfDOEort hefederal government
should ever decide to sell anyofthe SRS land, then DOEshall seek legislation to permit folmer
landowners (as of 1950-52) and/or their descendants to have the first option to buy back the land
they once owned.”

So, since the interests ’of the former landowners isa moot question, I have only one more
comment (orrequestofDOE). Atthe Beaufortmeeting, Ipointed outthat steps I understand were
taken by DOEaths Alamos, New Mexico, and Hanford, Washington, todocument those areus
byproviding museum displays, etc. Atthatmeeting Mr. Rick Ford, Ibelieve of the Aiken DOE
public relations ofice, told meunoflciall ytha the thought surely some monies could be made
available tomuseum theant~acts andother historical memorabilia available todocumentthe area
arrd towns before the coming of the plant to SC.

My request is for you to follow up this possibility with Mr. Ford and others to at least see a

museum become a realiV. The USC Architecture Departmerrt does not have a strong interest in
this as a project. Mr. Hamer of the SC State Museum in Columbia and I would welcome working

●
with you if such a project could be funded. Let me know if I may assist you in this area.

Resuo nse 35. While, in these times of tightening of federal budgets, it is difficult to find the
funding for such projects, we and a number of external stakeholders are pursuing the idea of a
visitors center for SRS and welcome your participation. Any description of site history would
include the sacrifices former landowners made, as you have described.

Thank you for allowing my input as minimal as it may be.

Comments on Draft Future Use Project Report, Revision 1, January 1996, with
SRS Responses

Thank you for the opportunity to comment on the new (January 1996) Draft of “SRS Future Use
Project Report’e. Ifirrd the draft to be much improved over the October 1995 draft. Thank you for
incorporating rrumy of my suggested corrections. Our telephone conversation on your intent for
the document helped clear up some of the points I have on this Jarrrsary report.

I would like to make the following comments on Revision 1. They are:

. The report idendfies themes and says (on P. i) they are called recomrrrerrdations. Please add a

sentence or two saying how these themes became recommendations and who’s
recommendations they are (DOE-SR, the Future Use Project Team or who). I support these
being called recommendations: it adds strength to the document. Revise the report title to
include recommendations. For example, ;Stakeholder-Pre ferred Options for SRS hnd and

●
Facilities and (who~) Recommendations for SRS Land Use’”.

SRS Future Use Project Report 1-11



Appendix I Responsiveness Summary ●
Response 36. We have changed the title of this report to Savannah River Site Future U$e Project
Report, Statiholder-Pre ferred Recommendations for SRS bnd and Facilities.

. According to our phone conversation, Section I is intended to represent the Future Use Project
Team’s conclusion. To give balance I believe that the section needs a paragraph on the Team’s
conclusions from the comments received from those attending the public meetings.

Resuonse 37, We have added Section 2.5 to include the comments DOE-SR heard from public
meetings and mailings. Section 1 is a brief summary of all comments and Section 2 is more details
of recommendations from various groups and individuals.

● As we discussed, Section 2 is a summary made by the Future Use Project Team of the major

groups comments. The section provides a summary of the CAB Subcommittee, the
Environmental Justice, the SRS LUTC, and the SRO recommendations. It omits the summary
of comments from the public meetings, the letters and telephone comments received. Please

include a summary of this input in Section 2.

Resuonse 38. We have added Section 2.5 to include comments from public meetings, mailings,
and telephone calls.

. Recommendation five on page 13 and on page D-4 uses the word “crated which I expect

should be “created”. Please correct it in Section 2 (I don ‘tfeel correction is necessary in the ,.
Appendix since it is a quote of the report received.)

0’
Resrsonse 39. This was a typogmphicd mistake in both places which has been corrected. .,

. That same recommendation quotes a member of the Water Branch of Georgia’s Environmental
Protection Branch. It maybe a correct quote but the facts do not sound credible. Please have “s
someone vertfi that they are correct. Iffound to be incorrect, do not use the quote in Section
2.

Response 40. This is a correct quote,

● In several places, Section 2 uses the same words as used in the LUTC letter. This section is a
samrrrnry prepared by the Future Use Project Team and should be carefully worded to ensure it
is correct. For example in the middle of page 14 the sentence says “While important for future-

use planning, the establishment of use and activity zones was not considered in the report, ”
The statement is corrector the LUTC report and in Appendix D but is not correct in Section 2
since the CAB referenced material does not ase this term. (see Section 2.1. 1.)

~ This has kn corrected.Res

. I question the benefit of having two figures in Section 2. If both jigures are retained, explain s
the d[ferences and their significance.

4

Resoonse 42. There are two maps included in the report, one was the map recommended by tbe ;
SRS Citizens Advisory Board and one recommended by DOE-SR. We have added wording in
each section explaining tbe maps. ●
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“ Add references to the CAB Recommendation 8 and the CAB backup documerrl in Section 3.
A[so add the reference to the Citizens for Environmental Justice input.

ResDonse 43, We have added the references you suggested as well as adding the Land Use
Technical Committee as a reference.

. As we discussed by phone, Appendix A is suppose to represent all stakeholders ’ comments.
Since the land use category “Cultural and Archaeological” section says no comments were
received in this land use and pages C-1 discusses cemeteries and grave-yards and D-4 and D-
12 have recommendation 6 on cultural resources, I must question the completeness of
Appendti A. Please have Appendti A checked for completeness and modl~ as needed.

ResDonse 44. We have checked the Appendix A for completeness and have modified as you have
suggested.

● Since Appendices B, C, and D are reproductions of reports received on Future Use, I propose
a lead in paragraph telling the reader that the following materials is a verbatim copy of the

group’s document. I think the source reference should be added in the paragraph. I further
suggest reducing the print size and slightly indenting the quoted material so it is obviously a
quoted source.

●
ResDonse 45. We have added a paragraph to each appendix as you suggested. We have also
changed the body of the report to two columns to differentiate it from the appendices.

. A section should be added to the report on stakeholder participation from mailings on this
project. I am sure you received comments from these extensive mailings. This section should
also include the level of effort your staff has expended obtaining these comments (both in mail-
outs and responses received).

Resuonse 46. We have added Section 2.5 for the comments received from public meetings,
mailings, and phone comments.

s The report contains no information on the number of individuals participating in the process.
The type of stakeholders (internal and external) and locations are needed. This would he[p
readers of the report understand the level ofstakeholder input and the regional diversity of

these comments,

Response 47. We have the total number of people who participated in the public meetings, but
because many local residents added meetings in other regions, this information does not
necessarily reflect accurate geographic diversity.

I have received a copy of Revision 1 of the Future Use Project Report. I think the thoughts of
former residents of the area have been heard in that there areas many as nine references to fomrer
area residents or descendants. Also, my comments to the Revision O in November to you, I
mentioned my desire for funding of a museum to preserve the heritage of the area. These

●
comments have also been referenced in Revision I.
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●
My only concern now is that I do hope DOE will go forward with this idea of a rnuteum. Surely if

—

DOE can absorb “as much as $1 million” mistakes due to the installation of wrong flanges by
Bechtel Savannah River Company, $50-100,000 could be found for an educational purpose.

Please help by pursuing this project.

~ While, in these times of tightening of federal budgets, it is difficult to find the
funding for such projects, we and a number of external stakeholders are pursuing the idea of a
visitors center for SRS and welcome your participation.

We have seen a copy of the latest draft of the SRS Future Use Project Report. We are concerned ;

about its conclusions on the relationship between land use and protection of human health. We
certainly object to the reference to “sttikeholder-pr eferred options” and “stakeholder

recommendations. ” As ‘ktakeholders” ourselves, we do not consider that there has been proper

analysis of the comments you have received, and we certainly have not noted-any consensus-

bui[ding efforts on DOES part.

See Response 4.

You recommend that residential ases of SRS land shmdd be prohibited and immediately thereafter
say that DOE will seek legislation to assure that fomrer owners have the jirst option to buy back

what was once their land. For what purpose ? To provide a vantage point to enjoy a desolate
nuclear dump area ?

Response 49. As the report states individual purchase is not currently possible, but would be ●
pursued if conditions changed.

We are very much concerned about the current push to “privatize” many of the functions of SRS,
and to move them off-site. The current plan to move the plant laundry operation off-site and turn it
over to a private firm already cited for misbehavior at other sites, is a case in point. In the
beginning, Aiken County turned over a huge area for SRS use. Evidently the present plan is to
sprinkle the remaining county territory, particularly the north end of the courrty, with transplanted,
privatized operatiow from the plant reservation.

The infrastructure to suppon such operations exists only in the pfant reservation-it would have to

be provided at taxpayer expense off-site.

We would become famou.r as “Aiken CounV—the county that glows in the dark”! We desperately
need to diverstfi [oCal indu.rt~, to protect our economic future. But if you carry out this off-plant
privatization scheme, what chance would we ever have on attracting, say, something like the Volvo “
plant? And do you udere~tand the proper~ value damage that is done to communities out in the ~

county when you move such projects in among them?
.

DOE and SRS are beginning to be considered bad neighbors in Aiken County. ,,.

See Response 29.

Please include the Land-Use Baseline Report as one of the appendices. ..0
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ResDonse 50. Due to the costs involved in copying numerous color maps, we have included parts
of the Land-Use Baseline Report, See Appendix H, Relevant Maps From the SRS brrd- Use
Baseline Report.

Please do not use words like “minori~” and “disadvantaged”; instead use words like ‘>eople of

color”, “economically disadvantaged”, or “disenfranchised.”

Resuonse51. We have changed the wording as you have suggested.

The Executive Summary needs a vision statement, similar to the one in the Citizens Advisory
Board Vision document.

Resuonse 52. We have added a vision statement, as you have suggested.

The SRS Land-Use Baseline Report is a valuable document and should be incladed as an appendti

in the SRS Future Use Projecl Report.

ResDonse 53. We have cited the SRS bnd-Use Baseline Report as a reference, but due to costs of
copying the color maps, we could not use the document as an ap~ndix. However, we have added
Appendix H, Relevant Maps From the Land-Use Baseline Report which has several maps. The
SRS Land-Use Baseline Report can be seen at the DOE Reading and copies are available by
contacting

● Christopher Noah, Land Use Coordinator

Building 773-41A

Westinghouse Savannah River Company

Aiken, South Carolina 29808

803-725-5997

Internet: chris.noah@SRS.gov

We are writing to express concern about the January 1996 drafi Savannah River Site Future Use
Project Report. ~erelationship beMeenland useanathe protection ofpublic health and the
environment is important, andrelated decisions should be supported by credible analysis and

adeqaate andmeaningtidpublic involvement. Unforturrately, thedraft repotifalfs short on both of
these counts.

The public participation process was designed to solicit a range of independent comments and
result in a summa~ of those comments. Now, though, the Department of Energy (DOE) is
presenting the summary as a list of “stakeholder-pre ferred options” and “stakeholder
recommendations. ” ~eseassertiom areunfoded as(I) there wasnoconsensus building effort
of similar exercise to bring together the options of concerned citizens into a single set of
recommendations, and (2) the catalog of public comments in the draft report makes it clear that
there was dtiagreement on the so-called recommendations.

Perhaps the most significant, and troubling, so-called recommendations are those two that prohibit

● residential land use. Despite the strong wording of the recommendations themselves, the draft
report makes it clear that this position was not favored by all participants, and the draft report even
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●
presents a contradictory recommendation 10 ofier the land back to former landowners if DOE

decides to sell it. To presume to take the mix of comments received and portray it as a public
recommendation is imprudent, t~not reckless. A premature assumption that there will never again

be any residential u.re of the SRS Iand could lead to a weakening or abandonment of goals for truly ‘
cleaning up contaminated portions of SRS and might even result in decision allowing ‘:

contamination of land on the site.

We do not advocate residential development of SRS land. We are very aware, however, of the ‘

importance of evaluating residential land use in environmental decision-making, and the possibility
that residential development of at least part of SRS one day occur. Clearly, the risks at SRS vary ~
significantly from the very highly contaminated burial grounds and separations areas to relatively
pristine areas miles away. A blanket policy prohibiting residential development ignores the

variabili~ of risk and presumes too muchfiom the limited and inconsistent comments received.

We urged DOE to continue public discussion of land use at SRS but not to overstate the

conclusions of citizen involvement to date. Also, we ask that the final report make clear that (1)
there is as yet not mectiism to prevent residential land use for the length of time contamination at
SRS will pose health risks, (2) there is no clear consensus that residential use of some portion of
SRS will not one day be desired or that it should be prohibited outright, (3) a residential scenario
will continue to be used in risk assessment and other aspects of decision-making, and (4) land use
planning will proceed with greater attention to the unique characteristics of various sections of

SRS.

Finally, we reiterate by reference those of our comments submitted on November 29, 1995, which ,*

were not factored into the current draji, especially those comments regarding weaknesses in the
public participation process. We also ask that you review and incorporate our related comments

submitted to the Citizens Advisory Board on November 5 and 27, 1995, and January 18, 1996.

Thank you for considering these comments.

Response 54. We disagree that our analysis of the comments was not credible and we do not
believe the process was flawed. It was not the intent of thii document to determine what analyses
would be needed to support future decisions effecting the protection of the public and the
environment. Adequate analyses would be pecforrned for each activity requiring a decision.

Your comments about residential uses is a good case in point. The report does not preclude
residential scenarios in risk assessments for a contaminated unit. Alternative scenario decisions
would be made by DOE and the regulators, using this report as a tool.

For additional responses to your concerns, please see Responses 4-11.

The League of Women Voters is in agreement with the analysis being sent to ,you by Energy
Research Foundation. AS an organization committed to the informed participation of citizens in
their government, we are particularly concerned about the flawed public participation process on
which serious decision making [s being based. There is no way a true consensus could emerge
when this matter has not been disc~sed in enough forums in a suficient variety Of Sbtiih Carolina

●
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locations to make the process available to all South Carolina citizens. I understand that most

meetings have been in the A iken area, and none in Columbia,, the state capitol.

Indeed, from our experience, we believe there is an overall deterioration of the public participation

process as it relates to this site. A few problems are the following:

(I)

(2)

(3)

The concept of stakehalder is a good one. You seem to be making a worthy effort to reach
out to a good ethnic and socioeconomic mti, but broader geographical outreach is needed.

Dialogue on important issues should be accessible to all South Carolinians through
meetings in a variety of locations including the state capitol. All South Carolinians are
stakeholders because of the inherent danger this major nuclear site poses for a very broad
area, and becaase the economic impact on the state as a whole.

The whole public participation process should be re-examined. A year or more ago, there

were so many meetings on so many issues, many with little substance and a waste of time
from attendees perspective (and certainly a costly exercise for DOE) that it became
impossible for those of us who have been following these issues for years to (a) travel to

so many meetings often at great distances, (b) distinguish the important from the
unimportant. Consequently, many meetings have had poor attendance. Better coordirratian
and planning from your end is essential.

● Your consideration of these comments is greatly appreciated.

Resuonse 55. We appreciate your input into the public participation process. We recognize that
we have had numerous meetings in the recent past. We are working to consolidate public meetings
to make them more effective and more meaningful. We would appreciate your input for improving
these meetings, as we consolidate them.

For additional responses to your concerns, please see Response 54.

●
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ALARA ENVIRONMENTAL ANALYSIS, INC.

SOFTWAM QUALITY ASSURANCE PLAN FOR PO~LOW CODE

USED IN CO~OSITE ANALYSIS PROGRAM

1.0 PURPOSE

This plan describes the steps taken by AL~ Environmental Arralysis, Inc., to implement

sohare quality assurarrce (SQA) prwdures, developed with consideration of the CDkl

Federal Programs Corporation Quality Assurance Manual (CDM 1996) and the AShIE

NQA-2A (ASME NQA-2A-1990) for the acquired computer code PORFLOW (Runchai

1997).

2.0 SCOPE

The SQA plan applies to life-cycle phases of PORFLOW as it is used in conducting

composite analyses of etistirrg and predicted ground~vater contaminant plurrres at the

Savannah River Site (SRS). These phases including installation, testing, operation and

maintenance, and retirement of this pre+tistirrg custom sofivare. Cordiguration control

aod quality control procedur~ are also included in the plan,

Rev.O
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3.0 TEWMS/DEFINITIONS

WSRC-P.P-97-311

CDM PEDERAL PC/SOFIWARE COORDINATOR

The CDM Federal PC/Sof’cwareCmrdinator is the person responsible for ensuring tit PC

systems aud sotiare at CDM Federal Programs Inc. have adequate backup, ad that

sotiare quality control plans are appropriately developed.

COMPUTER APPLICATIONS SPECIALIST (CAS)

The Computer Applications Specialist is tie person employed by ALARA Errtiromrrerrtal

Analysis, Inc., having overall technical responsibility for computer simulations for

Composite Analysis project.

*
CONFIGURATION CONTROL

Configuration control is the process of identifying and detig the cofi~ration items in

the PORFLOW sofivare system, controlling the release and chacrge of these items

throughout the system life cycle, and recording and reporting the status of configuration

items and change requests.

PORFLOW

PORFLOW is a commercially-available computer code acquired by WSRC for use in

simulating mass transport in the samrated portion of the subsurface. Simulation results

will provide ground~vater concentrations of radionuclides originating from proposed lo\v-

Ievel waste (LL~ facilities ad orher pre-etisting sources at the SRS

(Westinghouse Savannah River Company) directive, it is subject to NQA-2.A

By sponsor
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SOFTWARE

Software refers to computer prop, procedures, associated procedure manuals,

computer source codes and program disks.

SOFTWARE VALIDATION

Validation of software refers to tie testing of the soPrware with respect to tie accuracy of

decisions or assumptions incorporated into tbe software.

SO~ARE VERIFICATION

Verification of sotiare refers to the testing of the sotiare with respect to accuracy of

numerical algorithms.

4.0 RESPONSIBILITIES FOR SQA

CDN1 FEDERAL PC/SOFTWARE COORDINATOR

The CDNI Federal PC/Sotivare Coordinator keeps an original copy of tbe version of tie

PORFLOW code to be used irrthe Composite Analysis project, and revie,vs tie SQA plan

to evaluate compliance \vitb CDNI Federal and WSRC SQA requiremen~,

COMPUTER APPLICATIONS SPECIALIST

Tbe Computer Applications Specialim (CAS) for the Composite Analysis project is

responsible for defig ~ofivare ~eeds, IJpon acquisition, the CAS is responsible for

overseeing that tie sofivae life CVCIe procedures are comectly implemented and for

overseeing configuration control and quali~ control procedures. The C.4S is also
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respomible for detetig sofrware compatibility with etisting or acquired hardware md

maintaining documentation of SQA procedures.

5.o SOFTWARE LIFE CYCLE

5.1 Software Installation

Because PO~LOW is pre-existirrg sotiare, installation must be preceded by tests to

assure the software is complete and &se of vimses that may tiect tie computer system on

which it is installed. Backup copies of the software shall be made, and used for

tistallation. The original copies of dre software shall be stored irr a location safe from

theft, loss, aod enviromrrental damage by the CDM Federal PC/SoNare Coordinator.

Installation will take place in accordance with the tistallation instructions provided by the

*

developer of PORFLOW.

Once installed, the corriiguration control shall be initiated, in which date of installation,

version installed, arrd installation notes are recorded in a SQA Logbook. ~s Logbook

shall contain the me arrd telephone rruber of the CAS responsible for PO~LOW and

the name and contract nmber of the Composite Analysis project for \vhich it Ivas

acquired. Source code listing, sotivare documentation and user’s manuals will be stored isr

a location accessible to designated users of the sofiare, aod shall not be removed \vithout

pefission of the CAS.

5.2 Software Testing

Testing is required to confim that PONLOW satisfies the objectives and requirements of

the simulations to be earned out for the Composite Analysis. Verification tes~~g,

described io Section 5.2.1, belo~v, is a demonstration of >vhether PORFLOW meets tie

requirements specified regwding fiction, perfomrarrce, ememal interfaces and attributes.
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The capabilities of PORFLOW must be verified by comparing aoal~ical solutions of the

desired simulation equations for a defied problem to PORFLOW output to evaluate tie

accuracy of numerical algorithms. Comparison of software simulation results with results

from a previously verified versiorrsor cdes (temed benchmarking) is acceptable.

5.2.2 Validation or Benchmarking

Complete validation of POMLOW requires data that not ordy test the ability of the code

to predict contaminant trmsport under present conditions, but also test tie predictability of

results when perturbations are made to the grourrdwater system and similarly to the code.

These data are not presently availab[e, nor will they be available for the Composite

Analysis project. Ho~vever, benchmarking of PORFLOW results to results from sotivare

that has gained high acceptability by acknowledged experts has been carried out. These

results are considered acceptable for validation of PORFLOW for the purposes of the

Composite Analysis project.

5.2.3 Dou~mentation of Testing

Results of efforts to reproduce verification tests of PORFLOW shall he recorded in the

SQA Logbmk which is initiated w-hensofhvare is installed by the CAS (Sect. 5. 1).
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5.3 Software Operation and Msintenarrce

5.3.1 Operation

Operation of PORFLOW will be conducted by persomel approved by tie CAS, who in the

CAS’sjudgement, are appropriately trained. These individua.ls will have access to the

user’s manual of the code and the SQA Logbook.

Operational tests will be performed whenever PORFLOW is tilled nn a different

computer to be used in this project, or when configurational changes are made to the

software or hardware system. The results of these tests will be documented in the SQA

Logbook.

a 5.3.2 Maintenassce

Maiotenmrce to correct sotiare errors or adapt to chaoges io software requirements or the

operating environments will be made ody tith the CAS’S approval, and documented in the

SQA Logbook. Written requests for maintenance actions to WSRC will be kept in a

specified location by the CAS.

5.4 Software Retirement

Because PORFLOW \\ill

responsibility of WSRC.

be licensed to WSRC, retirement of the code \*ill be the
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6.0 CONFIGURATION CONTROL

6.1 Configuration Identification

A configuration baseline shall be defied for PORFLOW, described by ioput data sets

including test cases, simulation results, aud hardware as the tested and approved

conli~ration. A labeling system will be implemented for each of these components of the

system, such that each item is uniquely identified ad tit Cofiwmtiom resul~g from

revisions of each item are uniquely identified.

6.2 Configuration Change Control

Changes to cofi~ration items, iocluding the POWLOW code, input data sets, simulation

results and hardware stroll be fomrally documented under the folloitig .midelhes.

6.2.1 Changes to PORFLOW

Chasrges to the baseline version of POWLOW must be approved by the CAS.

Verification testing (as described io Sect. 5.2.1) shall be performed to ensure that changes

do not nullify the code testing results.

6.2.2 Changes to/Creation of Data Sets asrd Simulation Results

Changes to, or creation of new, data sets must be documented in a mancrer rhat uniquely

identifies each set and corresponding simulation results set.
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6.2.3 Changes in Hardware Conligrrration

Changes to hardware may affect the operation of PORFLOW. Therefore, such changes

shall be reflected in the architig, or trackicrgprocedure, and in the documentation.

6.3 Configuration Control Documentation

Configuration control documentation shall contairr the information needed to manage the

PORFLOW configuration and accompanying data sets, simulation results and hard~vare

requirements, Tlris information shall identify the approved cofi~ration (via a well

docuented naming conventions for sofrware, data sets, and simulation results) and will be

kept in the SQA Logbook. This Logbook shall be easily decipherable tith respect to

reflecting modification made to tie various corrfWrations.

7.0

7.1

QUALITY CONTROL

Technical Review of Software

The CAS shall periodically review the approach and key assumptions, and evaluate input

data sets to assure that QA procedures have been applied and that proper doccutrentation is

being generated throughout the life cycle of PORFLOW. When necessary, tbe CAS \vill

call on others to revietv USurrrptions and input data to verifi their appropriateness and

accuracy.

7.2 Sign-off acrd Approvals

The sign+ff and formal approvals on key assumptions and input data \\ill be

accomplished with cover letters transmitting the information being approved. Individuals

whose approval is sou~t \vill be identified by tie CAS, and \sil[ include those \\ith
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particular howledge of tie specific infomration from both CDN1Federa[ and WSRC, md

appropriate managers.

7.3 QudLty Control Documentation

Documentation of Qualiw Control prwedures will be kept in the form of the sign-off and

apprOvd cover letters that transmit tiormation that has submitted to these pr~edures.

These sigrrature forms arcd attached information will be kept in a separate notebook,

entitled Software Quality Control Notebook.

8.0 PROBLEM REPORTING AND CORRECTIVE ACTION

A formal procedure of software problems and corrective action reportirrg shall be

established by the CAS for PORFLOW errors and failures. The reporting system sball

=sure drat problems md corrective actions tien are promptly reported to affected

organizations, such as CDN1Federal and WSRC. Problems and corrective actions shall be

reported in the form of letters to affected individuals and organizations, and }?ill be

described in the SQA Logbook.

9.0 REcoms

The following dwments will be retained x records:

1) SQA Plm;

2) SQA Logbook contig infomtion on installation, sotivare and hard~vare

configuration, code tesrirrgresults, and maintenmce actions;

~) Documentation of PONLOW, including the user’s manual; and

4) SQC Notebook including dwumenhtion of approvals on input dam md m~jor

assumptions made.

.
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D.1 CODE SELECTION CRITERIA AND CONSIDERATIONS

Listed below are criteria that were considered in selecting computer codes for use isI the

composite analysis for the Savannah River Site General Separations Area. The first list,

which follows directly, consists of absolute requirements for any code (lR = #1,

Required); any code not meeting any one of these requirements was rejected.

lR. The theoretical framework of the selected computer code(s) should be based

on appropriate fundamental principles of chemistry and physics (e.g.,

conservation of mass, momentum, and energy) and well established

constitutive equations (e.g., Dsrcy’s law, Fick’s law, etc.).

2R. The selected code(s) should be verified (i.e., simulation results compared

against kno~ analytical solutions of the underlying equations) to

demonstrate correctness of the source code. Such verification should be fully

documented in a technical report.

3R. The selected code should be documented in a technical report and contain

descriptions of 1) model tbeo~, govetig equations and assumptions, 2)

computatioml techniques and algoritis, and 3) example applications,

4R, All simulation codes(s) selected for use in the composite analysis must be

maintained under a software QA and management program that assures that

modifications and updates are traceable, auditable and documented, and that

all production versions have been verified and validated.

This second list contains criteria describing attributes of computer codes that, though

desirable, may not be presently attainable (1S = #1, Suggested), Consideration was given

to these criteria, and justification for using a code not meeting them is given in this
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1S. The code(s) should allow site- and facility-specific applications; i.e., be capable of

simulating the hydrologic, geologic and/or geocherrrical setting of the site, as well

as specific design features of the facility overtime.

2S. A contaminrmt transport code should be capable of 1) tracking waste inventory

over time, including radioactive daughter products, and 2) computing the

contaminant fluxes at designated locations as a function of driving hydrologic

processes and mass transport phenomena.

3S. The code(s) should be validated (e.g., simulation results compared with field data)

for a system similar to that being modeled whenever possible. Benchmarking (i.e.,

code-to-code comparisons) is also usefil in demonstrating code capabilities.

4S. The degree of complexity of the computer code(s) should be consistent with the

quantity and quality of data, and the objectives of the computation. Screening

calculations and sensitivity analyses should be used to simplify conceptual models,

and ultimately direct code selection.

5S. Hardware requirements for the selected code should not be exotic (i.e., codes “

should run on readily accessible mainframe, mini, or personal computers (PC);

convertibility is highly desirable).

6S. Consideration must be given to the ease of interfacing code output with other

codes. For example, it is often desirable to use a groundwater code that simulates

unsaturated and saturated flow, as well as mass transport, as coupling of output

horn each simulation me has already been accomplished.
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7S. Familiarity with the code(s) should also be a consideration in selection, in light of

time constraints that may be imposed for completion of a composite analysis and

tbe need to revise the code if problems arise.

D.2 SOURCE TERM CODE

D.2.1 General Code Description

The PATHRAE code, Version 2.2d, (Merrell, et al., 1995) was selected for use in

simulation the release of radlonuclides and transport to the water table. The PATHRAE

code uses site specific hydrologic and em’ironmerrtal data to calculate radionuclide

concentrations in groundwater using analytical solutions to the equations describing flow

and transport. The code has been used in a wide variety of applications at sites regulated

by DOE, NRC and EPA.

Development Histow PATHRAE originated from the PRESTO family of codes

developed for the U.S. Environmental Protection Agency (USEPA) by Rogers and

Associates Engineering Corporation (RAE). PATHRAE has been approved by the

USEPA. PATHRAE was the primary analytical tool used in the Waste Management

Activities and Groundwater Protection Environmental Impact Statement at SRS. (USDOE,

1987).

Code Attributes PATHRAE is written irr ANSI Standard FORTRAN 77, The main

advantage of PATI-IRAE is its simplicity on operation arrd presentation while still allowing

a comprehensive set of radionuclides and pathways to be analyzed. Ordy the groundwater

pathway was needed fnr tbe Composite Analysis.

ComDuter Requirements PATHRAE is a relatively small computer program written in a
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standard language. It will compile on virtually any machirre capable of nrrrrrirrg

FORTRAN programs.

Restrictions

The PATHRAE code uses one-dimensional analytical solutions to the flow and transport

equations. This means that only simplified conceptual models and homogeneous

hydrologic properties may be used.

D.2.2 Code Selection Basis

The code selection criteria described in Sect. D. 1 of this appendix were used to select

PATHRAE for use in the GSA composite analysis to calculate release to the water table.

Other cndes considered were RESRAD, MEPAS and GENII. PATHRAE allows for more

complete control of important variables through the input data set than the other codes

considered, i.e., the other codes have importarrt parameters assigned in the source code,

which makes them difficult to change. In-house familiarity with PATHRAE was also

considered important.

Code Verification and Benchmarking.

The PATHRAE code was used as the basis for dose calculations in an Environmental

Impact Statement on Waste Management and Groundwater Protection as SRS. As part of

this process, the code was subjected to a quality assurance review (Looney et al., 1987)

which included (1) review of the code documentation, history of use and previous

validation and verification strrdies, (2) comparison of model results to alternate models

using different boundary conditions, (3) comparison of model predictions to measured

concentrations and (4) sensitivity analysis to identi$ critical parameters.
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The PATHRAE code was the subject of a benchmarking study conducted by the DOE

Perfornrance Assessment Task Team (Wood et al., 1994).

D.2.3 TheoreticoJ Frarrrework

Governing Eauations and AssumrJtions. Grormdwater migration with discharge to a well

is calculated from:

~= Qexp(-l(t. +fw))2LjOU(DF)

(D.2-1)

where

D = individual dose (rnrerrr/yr)

Q = inventory of the isotope available in a given year (Ci)

qW= aquifer dilution flow rate (m3/yr)

f. = fraction of inventoV arriving at well from transport through the aquifer

& = vertical travel time of contaminants to the aquifer (yr)

& = waste container lifetime (yr)

k = radioactive decay constant (1/yr)

k~ = fraction of each radionuclide leached from the inventory in a year (1/v)

U = annual equivalent uptake by au isrdividual (m3/yr)

DF = dose conversion factor mretipCi)

The components of the equation are:

Waste form = Qexp(-k (L + t.,)) k~

Transport pathway = fO
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Environmental uptake = ~ (DF)

The term f~ carr be calculated for either dispersive or nondispersive groundwater

transport. Solving the partial differential equation which describes the nondlspersive case

and factoring out the effect of radioactive decay yields the fraction of the inventory which

reaches the well. The radioactive decay term is included implicitly in the radionuclide

invmtory, Q. Thus, & is given by:

~ = O fort S [(t, -b)+~+t~,l

Va
— [1-exp[-k~(t - (t, -b) - t.)]] fOr [(t,-b) + t“+ t~c< t<t, + tv +tw.]

‘0 = L~.

(D.2-2)

v.
— exp(-hL(t - t, - tv))[l -eXp((-kLb)] fOr [tt + b+t~c] S t

6 = L~.

where

t = tirne(yr)

b= RL/V,

t] = R(L+x,)/v,

R = retardation factor = I+&kd
P

& = sorptiOn coefficient intheaquifer (m3/kg)

p, = aquifer density (k~m’)

L = length ofwaste siteindirection paraIlel toaquiferflow (m)
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v, = interstitial horizontal aquifer velocity (dyr)

~ = di~ce of groundwater flow from nearest edge of burial pits to the well (m)

p = aquifer porosi~

For dispersive groundwater transport, a band release leaching model is used and fOis given

by

f,=
+ZyIO’[~(fj)-Fj(tJ -1/ 2,)]

where

(D.2-3)

Fj(t) = 0.5 U(t) [erfc (z-) + exp(dj) erfc (z+)]

U(t) = unit step function

tj =t-tv-twc+ bp-fi+%)bfl

t = time from facility closure (yr)

L = vertical travel time to the aquifer (yr)

t w, = waste container lifetime (yr)

u, = time of operation of facility (yr)

dj = distance from sector center to access location, divided by the longitudinal

dispersivity

~ = water travel time from sector center to access location (yr)

N = number of mesh points in numerical integration.

The numerical integration referred’ to above is a meaos by which the point source

analytical solution for dispersive transport can be extended to approximate an area source.

AS shown in Figure D.2-1, the disposal facility length L is divided into N sectors of equal

length. A point source of the appropriate magnitude is placed at the center of each sector.
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The distance dj is proportional to the distance from the center of sector j to the access

location. The point source analytical solutions are then summed over all sectors to

approximate an area source,

4 L +

N N-1 ● ** “~s~ NODES **+ 3 2 1

CONTAMINATED ZONE /

AQUIFER FLOW ~

Figure D.2-l. Representation ofareasource term forgroundwater flow.

Thetie, tj, is dependent on the mesh point spacing in order to simulate the effect of

placing the waste first in one end of the facility, and proceeding to the other end. Each of

tire mesh points is activated in sequence to model the placement of wastes during tie

operational period of the disposal facility.

The aquifer dilution flow rate qwis given by:

qw = WLP for Hw> L,

= ~v,p for Hw< ~

where

(D.2-4)

W = width of waste pit perpendicular to aquifer flow (m)
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L = Iengthofwaste pitparallel toaquifer flow(m)

P = water percolation rate(m3/m2-y)

~= Iengthofwell casisrg inaquifer(m)

Hw= vertical dimension of contaminated zone in aquifer (m)

v. = horizontal velocity ofaquifer(tiyr)

p = aquifer porosity

~evetiicd tiension oftieconfited mne, Hw, isillustrated hfiWre D.2-2. It is

related to the other parameters as follows:

HW=3
Pv.

(D.2-5)

As shown in Figure D.2-2, a well that intercepts the contaminated zone of the aquifer may

dsotiaw ti~continated water iftielen@ oftiewell c~kg, LP, exceeds Hw. Tbisis

why the equation for qw gives two forms for the dilution rate based on the relative

magnitudes of Hw and LP.

In addition to modeling the effects of longitudinal dispersion in the aquifer, the well

pathway can account for any transverse dispersion that may occur. This reduces the

conservatism when calculating radionuclide doses for the well pathway. When modeling
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vL—

I
WASTE

I

WELL

H.

CONTAM~ATED T
ZONE

AQUIFER FLOW

Figure D.2-2. Relationship nf the well tn the dispnsal facility
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transverse dispersion the term fo irrthe equation is mdlfied by asr additional multiplicative

term, Q. This term is obta~ed by solving the following equation:

(D.2-6)

where the bomdary conditions are:

fi(y,t= O)= lforly[<~

The equation for t is:

(D.2-7)

where

Y. = dis~ce to well from center of waste area ti the direction perpendicular to

the aquifer flow (m)

DY = transverse dispersion coefficient (m*/yr).

For the limiting case irr which DY goes to zero, fi becomes equal to one, Therefore, the

effeets of tmsrsverse dispersion can be i~ored by choosirrg DYequal to zero.

The gromdwater pathways to the well can also accommodate vertical transport irr the

unsaturated zone between the wrote and tie aquifer. Tlris is accomplished irr the same

rrrarmer as irs the PRESTC)-EpA and PATHRAE-EPA codes (USEPA, 1987a,

USEPA, 1987b). The vertical water velocity and retardation are given by:
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V. = IJ(POR*S)

/Jb

‘=l+POR*S

where

10 = infiltration rate (tiyr)

S = fraction of saturation

p = soil density ~cm3)

POR = soil porosity

The tern S can either be input or calculated from the expression:

[1
.rNO

S=sr+(l-sr) +
.

0 where

WSRC-RP-97-311

(D.2-8)

(D.2-9)

S, = soil residual saturation

P, = permeability of vertical transport zone (m/yr)

SNO = an exponent representing a dimensiordess soil number.

PATHRAE can also calculate the vertical transport with dispersion, in the unsaturated

zone and the resulting contaminant concentrations entering the saturated zone as a function

of both the time and two-dirrremional position beneath the site. If this option is selected,

then Equation D.2-3 is applied to the vertical unsaturated zone .ad Equation D.2-7 is

applied to both trmsverse dimensions to obtain a twodmensional, time dependent

radionuclide concentration entering the mrsaturated zone.

When any nf the decay chains are calculated in PATHRAE it is possible to get negative

arguments fOrthe square root function. This is due to the boundary conditions impnsed on

the solution. The problem generally arises when the dispersivity is large and it affects only
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the calculation of concentrations for daughter nuclides in decay chains. When the

argoment of a square root is less tbmr zero, PATHRAE decreases the dispersivity by a

factor often fortheremairrder of the chain calculation. After each chairr calculation the

dispersivityis restnredto its original vahse. This procedure generally does not alter the

daughter radionuclide concentrations.

D.2.4 Code Inputs and Outputs

The input data for PATHRAE are read horn five data tiles. Figure D.2-3 shows the

general types of information read from the five files. The dose conversion factnrs and

equivalent uptake factors, if appropriate, are read from the first file and are usually the

same for all PATHRAE runs. The second file contains site parameters such as dimensions

of the facility, cover thickness, volume of waste, etc. It also contains pathway parameters

such as distance to the river and well, aquifer dispersitity, radon diffision coefficients and

meteorological data. The third data set contains distribution coefficients, leach fractions

rmdwater infdtratinn data. The fourth data set contains radionuclide specific data such as

inventories, half-lives, gamma energies and volatility factors. The fifi data set contains

food chairs data such as bioconcentration factors, irrigation rates, food consumption rates

and auimal retention factors.
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CALCULATIONS OUTPUT

+

MAIN PROGRAM

Figure D.2-3. Input and output data flow for PATHRAE
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D.3 SATURATED FLOW CODE

D.3.1 General Code Description
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The FACT code, Version 1.0, (Harem et rd., 1997) was selected for use in simulating the

flow of gromdwater in saturated media beneath the GSA and irr the surrounding

srrbsrrfice. The FACT code utilizes meteorological data and hydrologic data in

simulating the velocities and directions of groundwater flow. These data are utilized m

tamirmnt transport code (Section D.4) for simulating contaminantisrput to the con

transport.

Development Histow. FACT originated m a reduced version of the HydroGeoLogic, Inc.

saturated flow code named SAFT3D, Version 1.3 (Huyakom et al. 1991). The original

FACT has been improved to include new bormdary condition options, improved numerics,

and a physically-based variably saturated model from VAM3DCG, Version 2,4

(Huyakom et al. 1992).

Code Attributes. The FACT code, written irr ANSI Starrdard FORT~ 77, simulates

flow and contaminant traosport irr an unconfined aquifer system whose soil moisture

retention fictions mrd relative permeability relationships do not exhibit hysteresis.

Solution of the governing groundwater flow equation is approximated usirrg the Bubnov-

Galerlrin firrite element method, iu conjunction with a symmetric Preconditioned Conjugate

Gradient (ICCG) matrix solver. The code is desi~ed specifically to handle complex

multi-layer arrrl/or heterogeneous aquifer systems, using highly efficient matrix generation

and solutions techniques that allow application relatively large problem domains.

Commrter Requirements. Because FACT is written irr ANSI Standard FORTRAN 77,

with some widely-accepted extensions, h is designed to compile and mrr successfully on
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most standard micro, mini, and mainframe computer systems with at least 2 megabytes of

core memoV. Up to 1.4 megabytes of disk storage per 1000 nodes in the problem domain

are required for array storage.

Restrictions. Present[y, the FACT code remains under development, and thus has not been

released for public use.

D.3.2 Code Selection Basis

The code selection criteria described in Sect, D, 1 of tkis appendix were used to select

FACT for use in the GSA composite analysis, The three alternatives considered were:

. use PORFLOW, a variably-saturated flow and transport code used in tie

Performance Assessments for Z-Area and E-Area,

. use FACT, which was recently documented (Harem et al. 1997), and

. select a new code.

Both PORFLOW and FACT meet all of the required criteria listed in Section D. 1, and

meet most of the su~ested criteria. Therefore, because of the in-house familiarity with

PORFLOW and FACT, and the availability of technical support by code authors, the

alternatives were mrrowed to these two codes. The FACT code was ultimately selected

for use in tie GSA composite aoalysis because of the prior work that had been completed

in developing a saturated zone model of the GSA and surrounding regions. For reasons

that are explained isr Sect. D.4.2, PORFLOW was selected for the contaminant transport

analysis, using the FACT-generated flow field as input.

Code Verification and Benchmarking. The capability of the FACT code to adequately

simulated groundwater has been tested with ten documented test cases (Hamrrret al. 1997).

Simulation results from these test cases have been compared to analytical solutions, for the
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purpose of verification. Test results indicate a favorable comparison between analytical

and numerical solutions by FACT. Benchmarking of the FACT code is plamred, but bas

not been completed and documented at this time.

Code Validation. A partial validation of the flow portion of the FACT code is documented

in Flach et al. (1996). In this test exercise, the FACT code was used to simulate

grourrdwater in the vicinity of the Old Burial Grounds at SRS (within the boundaries of the

GSA). The model devised was calibrated tn the measured potentiometric surface of the

water table aquifer (both upper and lower zones) and the Gordon aquifer. Simulated

fluxes in stras compared reasombly to memured base flow in these streams. The

simulated location of seepage faces compared well with the krrown locatinn of seepage

faces.

D.3.3 Theoretics Framework

Govemine Earsations and Assum!Jtions. The governing equations for variably saturated

flow that are solved by FACT are derived by combining a special form of Darcy’s law

(based on water phasic momentum balance) and the contirruity equation for the water

phase, The flow equation is

(D.3.1)

where

z= saturated hydraulic conductivity tensor,

k~ = relative permeability with respect to the water phase,

h= hydraulic head,

~= c + Sws,,

c= specific moisture capacity,

s. = saturation of water,
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s, = specific storage of the reservoir formation, rmd

q= water source or sink term.

~s relative permeability temr and the water saturation term depend on soil properties,

aod maybe expressed as follows:

km = kW(,SW),

(D.3.2)

aod

Sw = SW(y),

(D.3.3)

where v is pressure head.

Some of the basic assumptions made in the above mathematical formulations are

. Da.rcy’s law is valid and hydraulic head gradients are the ordy significant driving

force for fluid motion,

. The fluid is considered to be slightly compressible md homogeneous,

. The soil or rock medium may be represented by a single contimmm porous

medium of spatially variable properties,

. The porosity arrd saturated hydraulic conductivity are constant with time, and

. The gradients of fluid density, viscosity, srrd temperature do not affect tie

velocity distribution.

Initial arrd Bnundaw Conditions. Boundary conditions may be specified as steady-state or

tinredependent, and may be in the fomr of hydraulic head (Dirichlet) or fluid flux

(Neummm), as well as beaddependent fluxes (mixed). A more detailed discussion on

options is prnvided in Harem et al. (1997).
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Numerical Techrriaue. EquatiOn D.3.l isapproxinrated nusrrencally by FACT using the

traditional Bubnov-Galerkirr fite element method. In this procedure, an integral

approximation Oftie flow equation is obtained for each element within tie discretiz~ flow

region using the Galerkin weighted residual criterion. The system of algebraic equations

produced when boundary conditions are incorporated is solved eitier using the Picard

method or Newton-Raphson iterative tecbrrique. A more detailed description of the

numerical solutions techniques employed by FACT is proved in Hanmr et al. (1997).

D.3.4 Cnde Inputs arrdOutputs

Code Irrout. Input data fortiesaturatcd flowmndel in FACTinchrde:

. system geometV (dbensions plus layetig adotier heterogenei~),

. porous media properties (hydraulic conductivities, specific storage, effective

porosity), and

● titidbouda~ con&tions (prescribed hdmdorflux, recharge rote).

The FACT code uses unformatted FORTRAN READ statements, such that data may

occupy multiple lines in the main input file. Data groups are delineated by required

comment Ffines,

outorrt Outions. Primary output from the flow model of FACT includw nodal values of

hydraulic head and of Darcy velocity components at user-specified time intervals, The

code carscreate additional output files intended for graphics post-processing.

Dncumerrtation of Users Instructions. The FACT code, Version 1,0, is docmnented in

Hamnr et al, (1997). Tbis repofi describes the mathematical theory and numerical

techniques of this version, serves as a user’s guide, and provides detailed information on

the code orgaiation, selection of ~omputitional grids and time steps, and input structure.
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D.4 SATURATED MASS TRANSPORT CODE

D.4.1 General Code Description

The PORFLOW computer code was selected to predict radionuclide transport isr the

saturated subsurface. The simulation results generated by the PORFLOW code provide

predictions of radionuclide plume distributions irr the saturated zone and fluxes of

radionuclides to the streams.

Development Histow. The original version of the PORFLOW code (Rrmchal et al. 1985)

was developed to analyze the isolation performarrce of deep geologic repositories. This

early version was limited to saturated conditions arzdtwo-dimensional porous domains, arrd

was extensively verified and benchmarked by Eyler and Budden (1984). The code was

later extended to model variably saturated flow in three-dimensions arrd was therefore

renamed PORFLO-3, Version 1.0 (Sagar arrd Runchal 1990). Version 1.0 of the three-

dirnensional computer code was independently verified arrd benchmarked by Ma~uson et

al. (1990) agairrst FE~ATE~ FLASH, TRACR3D, and MAGNUM-2D for some

applications. The code has been used in practical applications at the Harrford Site to

medel various waste disposal problems (Smoot and Sagar 1990), at an experimental waste

trench site irr Las Cruces, NM to evaluate the solute trmsport simulation capabilities

(Rockhold and Wurstrrer 1991), and at the INEL to model a large organic vapor plume

(Baca et al. 1988).

Newer versions of PORFLO-3 have been developed which have a number of errharrcements

and new options. The commercial version of PORFLO-3, which was used to model

iontamimmt trmrsport isr the saturated zone for the composite analysis, is PORFLOW,

Version 3.0 (ACRI 1996). This later version has been verified and benchmarked using test
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cases documented by ACRI (1994),

Code Attributes. The PORFLOW, Version 3.0, computer cede is written in Fortran 77

programming language. Unique attributes of this code are

. alternate solver techniques (such as point successive over relaxation, Choles@

demmposition, Gauss elimination, and reduced system conjugate gradient) can be

selected, which give the user flexibility in solving difficult problems,

. multiple contaminants may be simulated in one run, and

. radioactive daughters maybe simulated, and assi~ed different decay and sorption

properties.

The computer program is relatively portable and can be run on PCs, workstations and

main-frame computers.

Com~uter Requirements. Practical applications of the PORFLOW code to realistic

multidimensional transport problems can be made on persomd computers with 486 or

Pentimn processors.

Restrictions, Version 2,3 of PORFLO-3 was originally developed for the U.S. DOE and is

therefore in the public domain. All versions of the PORFLO-3 code are copfight

protected. Commercial versions of the code, PORFLOW, which include updates of the

Version 2.3, are available from Analytic and Computational Research, Inc. (ACRI), Los

Angeles, California.

D.4.2 Code SeIection Basis

The cede selection criteria put forth in Sect. D. 1 of this appendix were used to select

PORFLC)W for use in the GSA composite analysis. Tbe procedure follo}ved was to
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identi~ several codes meeting requirements lR - 4R, rmd subsequently evaluate those

cedes in terms of the remaining eight desirable criteria (1S - 8S).

For the composite analysis, the following alternatives for selecting a code for simulating

mass transport were considered:

. use PORFLOW, which was utilized in the Performmrce Assessments for Z-Area

and E-Area,

● use the mass transport capabilities of the hydrologic code used for gromrdwater

simulations (FACT), or

. select a new code.

PORFLOW has already been subjected to the code selection process described in Section

D. 1, as part of the Performance Assessment process, meeting all of the required and

suggested criteria. Advantages of PORFLOW over the other two alternatives were that

the user was familiar with the code, and has worked closely with the code arrthoL

PORFLOW allows simulations which consider radioactive daughter ingrowth rmd

transpofi, and several contaminants may be simulated simultaneously. A recent

errhaacement of PORFLOW allows use of nonrectangular grids, such hat flow fields horn

finite element codes that do not use rectangular grids can be meshed with a PORFLOW

grid.

Code Verification and Benchmarking. Version 3.0 of the PORFLOW computer code has

been verified by comparing the numerical solutions against known analytical solutions.

The mass transport components has been verified against a number of analytical solutions

for contaminant movement in steady-state flow fields. Code verification has been done

using test cases that are documented in ACRI (1994).

The PORFLOW code has been benchmarked by making code-to-code comparison for
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various flow simulations arrd One mass tmrrspofi simulation. A number of hWothetical

situations were postulated ad were sfiulated with PORFLOW and other independent

computer codes. The hypothetical test problems were formulated to be representative of

typical waste sites with realistic hydrogeologic settings. The PORFLOW code has been

benchmark tested against such codes as T’RACR3D (Travis 1985), FEMWATER (Yeh

and Ward 1979), SUTRA WOSS1984), and FLASH (Baca and Magnuson 1992). Results

of benchmark of Version 2.5 are dmmnented in ACM (1994). Version 3.0 has been

benchmarked by using the same test cases.

Code Validation. At the present time, the PORFLOW code has not been validated by

comparison to field data. However, benchmarking results indicate tkat PORFLOW

compares favorably with other widely accepted codes; most of which are accepted because

of their perceived ability to simulate real conditions.

D.4.3 Theoretical Framewnrk

Governing Eauations rmd Assumptions. The governing equations solved in the

PORFLOW code are based on the conservation principles of cnntirruurrrmechanics, These

equations describe mass transport processes in a heterogeneous and anisotropic porous

medium, The equations are well accepted mathematical representations and are fnund in

such texts as Bear and Bachmat (1990), Freeze and Cherry (1979), rmd Huyakom and

Pinder (1983).

The specific partial differential equation solved irr PORFLOW for contaminant transport

is

RD#D:+:(~c)=:[r;:]-4DRD2c+sc +~,#DR;a’a’c
J

(D.4.1)
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where

P

= retardation factor,

= water-filled diffusive porosity,

= contaminant concentration,

= time,

= fluid pore velocities,

= dis~ce in ith direction,

= hydrodynamic dispersivity tensor,

= decay rate,

= mass source term,

= fraction of decay of the parent mass species which generates the

current species, and

— superscript referring to the parent mass species.

The last term in equation D.4. 1 represents ingrowth of mass species. The quantity R~ is

detied by

[

(I - f3,)p,k,
RD=I+ 1dD‘

(D.4.2)

where

e, = total porosity,
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P, = buk densi~,

kd = sorptinn cwfficient,

4, = water filled difisive porosity,

and the hyrodynarrric dispersivity tensor, rq$, is defined by

WSRC-RP-97-311

(D.4.3)

4. = effective pore space saturated with water,

~o = torhrnsity tensor,

DM = molecular difision coefficient, and

Dg = mechanical dispersion tensor.

All other coefficients are as previously defined

Some of the key aasunrptions that limit the applicability of the above formulating are as

follows:

. contaminant concentrations are low enough that the fluid flow is independent

of mass transport, i.e., concentrations do not dect the density or viscosity of

the fluid;

● diffusion of the contaminants through the fluid obeys Fick’s first law, where

mass flux is proportional to the concentration gradient with the constant of

propnrtionality being the difision coefficient

. mechanical dispersion is described by Scheidegger’s equation, (Scheidegger
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1961);

. adsorption (and resorption) of contaminants onto the porous medium is

. an equilibrium process described by a linear isotherm.

Initial and Boundarv Conditions. The PORFLOW code accommodates the specification of

standard mathematical boundary conditions. These include: 1) Diriclrlet, i.e., fixed head

or concentration, 2) Neumann, ie., specified flux, and 3) Robisr, i.e., mixed, bomrdmy

conditions. Detailed information on bomrdary condition options is given in ACRI (1996).

Numerical Techniques. In the PORFLOW code, the govemirrg equations for transport are

solved using a method referred to as the Nodal Point Integration, a variation of the finite

volume or integmted tinite difference technique (ACRI 1996). In tlris method, the

difference approximations to the govemirrg equations are derived on a sta~ered grid

system. The state variables are computed at the grid nodes whereas the fluxes are

o
computed at the cell faces (located midway between adjacent grid nodes). Three

discreti=tion schemes, or basis fmrctions to be integrated, are provided. The user may

select which of the three schemes is to be used to mafilze accuracy and stability.

The system of algebraic equations produced by the finite volume method are solved in the

PORFLOW code using ‘my one of five tectilques

● Point successive over relaxation (Bear and Verruijt 1987),

. Alternating direction implicit (Peaceman and Rachford 1955),

● Cholesky decomposition (de Marsily 1986),

● Gauss elimination (Remson et al. 1971), or

. Reduced system conjugate gradient method (Hestenes and Stiefel 1952)

IV. Code Inputs and Outputs
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InDut Data Structure. ~put data files for the PORFLOW code are relatively my to

prepare and check. Tire code uses a free-form input which allows the user to document tie

ioput data deck. The input file uses a keyword approach to define primary input data

groups.

In the composite analysis application, flow fields generated by another cnde (the FACT

code) are read by the PORFLOW as the flow field in which contamirrant transport uccurs.

~erefore, parameters specific to flow calculations are not needed. For ~ical transport

simulations, the data groups consist of

.

.

.

.

.

.

.

.

●

✎

✎

Title line and comments,

Grid specification, i.e., number and size of grid nodes in each direction,

Lists of grid node coordinates,

Zone definitions that speci~ the grid locations of distinct strata,

Material property specifications (i.e., porosity, density),

Convergence and iteration parameters,

Initial concentrations,

Boundary values and/or fluxes,

Transport properties including effective difision coefficients, Ls, and

dispersivities,

Source lueation and strength specifications, and

Tme step and output specifications,

Simulations of multidimensional transport can be performed in either steady-state or

tinredependent mode.

C)utorrt Options, Results from the PORFLOW simulations consist of contaminant

concentrations in grourrd~vater,mass fluxes to specified nodes in the simulation domain,

and information related to mass balance considerations. The user can select to print out
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any output variables, or carr elect to post-process the data saved in files to produce

graphical output.

Documentation of Users Instmctions. The PORFLOW, Version 3.0, code is dwumented

in ACRI (1996). Tbis report describes the mathematical theory and numerical tecimiques

of this version, serves as a user’s manual, and provides detailed information on tbe code

orgaoiz.ation, selection of computational grids and time steps, input stmcture and key-word

defmitiorrs,
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APPENDIX E

GENERAL SEPARATIONS AREA RESIDUAL RADIONUCLIDE INVENTORY
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Lysimeter No. 1-40 Radionuclide lnvento~

Lysimeter Number
I

Average Analysis Individual Resin

6 7 8 9 10 6 7 8 9 10

Am-241 I
C-14 3.50E-01 3.50E-01 I 3.50E-01 3.50E-01 3.50E-01

Ce.144 8.60E.01 8.60E-01 I 8.60E-01 8.60E-01 8.60E-01 1.30E-02 1.20E-02 1.1OE-O2 7.60E-03 5.20E-03

co-57 I 6.1 OE-O4

co-so 2.70E-01 2.70E-01 ] 2.70E-01 2.70E-01 2.70E-01 1,60E-01 1.70E-01 1,20E-01 8.60E-02 1.00E-01

CS-134 2.00E-03 2.00 E-031 2.00E-03 2.00E-03 2.00E-03

CS-137 2.30E-02 2.30 E-021 2.30E-02 2.30E-02 2,30E-02 1.80E-02 1.60E-02 1.60E-02 1.1oE-02 1.50E-02

g Eu-154
1

g Mn-54 ! 5.00 E-031 5,00 E-031 5. UUL-U31
I } I I

- ‘-’ 5.00E-03 5.00E-03 1.1OE-O3

~ Na.22

“$ Nb-95
c Pu (ext) 2.60E-04 1.40E-04 3.60E-04 2.00E-04 6.30E-05

~ Pu-238

Pu-239

Ru-103

RU-106

Sb-125

SC-46

S r-90 1.20E-02 1.1OE-O2 6.90E-03 6.30E-03 3.1 OE-O3

Zn-65 8,00E-03 6.00E-03 8,00E-03 6.00E-03 8.00E-03

Zr-95

Gross
Alpha I 2.90E-04 2.90E-04 3.70E-04 2.8oE-f34 1.50E-04



Lysimeter No. 1-40 Radionuclide Inventoty

Lysimeter Number

1-5 11 12 13 14 15 16 17 18 19 20 21-25 26 27

Am-241 2.00E-05 7.00E-04 1.50E-05 3.20E-05 1.60E-04

C-14
Ce-i44 9,00E-04 5.00E-02 4.00E-02

Co-57
co-so 2.1 OE-O3 2.20E-04 1.00E-03 4.70E-04

CS-134 3.50E-03 2.70E-02 6.30E-03 2.60E-04 6.1 OE-O4

CS-137

1.70E-03 1.30E-03

2.30E-02 1.63E-01 3.70E-02 1.65E-03 4.1 OE-O2 9.00E-06 5.4oE-03 4.9oE-03

Eu-154 1.60E-03 3.20E-03

Mn-54

Na-22 5.00E-05 9.70E-04

Nb-95 3.20E-05 1.1oE-o2 5.70E-02

Pu (ext)

Pu-238 2.42E+O0 1.60E-01 1.60E-01 1.40E-01 1.6oE-f31 3.00E-01 3.7oE-02

Pu-239 3,60E-01 3.40E-01 3.60E-01 3.70E-01 3.60E-01

Ru-103

4.65E-03

7.80E-02 9,50E-02

RU-106 3,50E-03 2.60E-02 3.70E-02 6.00E-04 6. 10E-04

Sb-125

1.20E-02 1.50E-02

1.20E-03 4.30E-03 2.60E-03

SC-46

Sr-90 1.40E-05

Zn-65

Zr-95 1.1oE-O3 1.25E-05 7.70E-03 1.80E-02

Gross

Alpha





Radionuclide Inventory Radionuclide Inventory

E-Area Mixed Waste Management Facility E-Area Mixed Waste Management Facility

Building No. 643-7E and 643.28E Building No. 643.7E and 643.z8E

Date 1972 through 1986 Date: 1966 through 1996

Radionuclide lnvento~ (Ci) Radionuclide lnvento~ (Ci)

Am-241 2. OIE+O1

Am-243

Am-241 1.97E-01

0.00E+OO Am-243 9.95E-04

C-14 1.86E+03 C-14

Cf-zsz 1.79E+01

1.66E+03

cf-252

Cm-244 1.82E+04

3.39E+01

Cm-244

CO-60 1.88E+06

3.79E+03

CO-60

C*134

7.18E+04

2.24E+03 CS-134

CS-137 2.29E+04

1.40E+oz

CS-137

ELI-154

1.43E+03

1.21 E+03 Eu-154 7.58E+01

Eu-755 4.37E+01 Eu-155 2.73E+O0

H-3 2.06E+06 H-3 2.34E+05

1-129 9.94E-02 I-129 6.21E-03

Mn-54 2.62E+01 Mn-54 1.20E+o0

M-59 1.74E+03 M-59 7.96E+OI o

Ni-63 2.37E+05 Ni-63 1.09E+04

Np237 9.57E-02 NP-237 1.66E-04

Pu-238 3.97E+03 Pu-238 3.05E+02

Pu-239 6,09E+01 Pu-239 9.03E-01

Pu-240 1.51 E+01 Pu-240 2.67E-01

Pu-241 6,14E+02 Pu-241

Pu-242

1.30E+01

1.25E-03 Pu-242 0.00E+OO

Sb125 1.55E+03 Sb-125
se-79

7.09E+01

1.07E-01 se-79 6.66E-03

Sm-151 3.11E+02 Sm-151 1.94E+01

Sn-126 1.46E-01 Sn-126 9,14E-03

Sr-90 1.81E+04 sr-90
Tc-99 3.83E+O0

1.02E+03

Tc-99 2.39E-01

Te-125m 7.16E+02 T&125m 3.41 E+01

Th-232 2.46E+O0 Th-232
U-233

1.46E+o0

1.55E+O0 U-233 4.90E-01

U-234 2,79E+01 u-234 2.25E+01

U-235 1.06E+O0 U-235 4.99E-01

U-236 4.70E+o0 U-236
U-238 4.16E+01

1.18E+O0

U-238 4.63E+O0



Naval Fuel Waste Radionuclide Inventory

Weight Weight of Weight of Activity

Total U “A Weight of Radionuclide Radionuclide Conversion Inventory

Container (kg) Radionuclide Radionuclide (kg) (9) (Cilg) (Ci)

0,017 U-234 0.4131 413.1 6.26E-03 2.59E+O0

Drums 24.3 0.973 U-235 23.6439 23643.9 2.16E-06 5.11 E-02

0.01 U-238 0.243 243 3.36E-07 8.17E-05

0,017 U-234 0.2992 299.2 6.26E-03 1,87E+O0

Boxes 17.6 0.973 U-235 17.1248 17124.8 2.16E-06 3.70E-02

0.01’ U-238 0.176 176 3.36E-07 5.92E-05

mRadionuclide Inventow (Ci)

Note: There are 205 drums which yield a weight of 24.3 kg Total Uranium and
99 boxes which yield a weight of 17.6 kg Total Uranium.



Naval Reactor Waste Disposal Radlonucllde Inventory



Radionuclide Inventory
E-Area Old Burial Grounds

Building No. 643-E

Radionuclide Inventory (Ci) 1

Am-241 2.30E+02
Am-243 No Data

c-1 4 3.09E+03
cf-252 7,53E+O0

Cm-244 -, .“= .””------
CO-60 1.66E+06
Csl 34 1.52E+04
Cs-137 1.55E+05
Eu-154 8.20E+03
Eu-155 2.95E+02

H-3 2.12E+06
1-129 6.72E-01

Mn-54 5.59E+01
Ni-59 3,71 E+03

Ni-63 5.06E+05

Nv237 1.57E+O0
Pu-238 1.62E+04
Pu-239 1.30E+03
Pu-240 3.11 E+02

Pu-241 1.19E+04

Pu-242 No Data

S&l 25 3.30E+03

Se-79 7.21 E-01

Sm-151 2.1 OE+O3

Sn-126 9.88E-01

Sr-90 1. IOE+05

Tc-99 2.59E+OI
Te-125m 1,88E+03
Th-232 3.61 E+O0
U-233 2.33E-01
U-234 1.98E+OI

U-235 6,14E-01

U-236 2.85E+O0

U-238 1,57E+OI



Old Solvent Tanks S1 -S22

Radionuclide Inventory

I I Total [

Assume that there are 25 Ci/tank alpha emitters and 0.5 Ci/tank beta/gamma emitters

22 tanks x 25 Ci/tank = 550 Ci of alpha emitters
22 tanks x 0.5 Ci/tank = 11 Ci of beta/gamma emitters

Assume that alpha emitters are comprised of 40% Cm-244, 50% Pu-238, and 10% Pu-239

Assume that beta emitters are primarily Cs-137



Solvent Tanks S23-S30 and S-32 Radionuclide
Inventory

sTotal
Inventory

Radionuclide (Ci)

Cs-137 4.50E+O0
Cm-244 9.00E+OI

Pu-238 1.13E+02
Pu-239 2.25E+OI

Assume that there are 25 Ci/tank alpha emitters and 0.5 Ci/tank beta/gamma emitters

9 tanks x 25 Ci/tank = 225 Ci of alpha emitters
9 tanks x 0.5 CiJtank = 4.5 Ci of beta/gamma emitters

Assume that alpha emittem are comprised of 40% Cm-244, 50% Pu-238, and 10% Pu-239

Assume that beta emitters are primarily CS-137



Saltstone Lysimeters--Tank 24 Radionuclide lnvento~

I Activity

Conversion Inventory

Radionuclide (Ci/L) (Ci)

Ag-ll Om 8. OOE-10 2.27E-05

Am-241 1.80E-07 5.12E-03

Am-242 8.90E-11 2.53E-06

Am-242m 8.90 E-I 1 2.53E-06

Am-243 5.30E-11 1.51 E-06

c-1 4 8.90E-09 2.53E-04

Ce-144 4.40E-09 1.25E-04

Cm-242 8.90E-11 2.53E-06

Cm-243 3,60E-11 1.02E-06

Cm-244 8.9 OE-10 2.53E-05

CO-60 2.80E-07 7.96E-03

Cs-134 8.90E-08 2.53E-03

Cs-135 5.30 E-I 1 1.51 E-06

Cs-137 2.70E-05 7.67E-01

Eu-152 8.00E-09 2.27E-04

Eu-154 8.90E-07 2.53E-02

Eu-155 4.40E-07 1,25E-02

H-3 2.60E-05 7.39E-01
I-129 2.70E-08 7.67E-04
Ni-59 2.7OE-10 7.67E-06
Ni-63 2.70E-08 7.67E-04

Np237 8.00E-11 2.27E-06
Pa-234 5.30E-12 1.51E-07
Pal-l 07 2.70 E-I 1 7.67E-07

Pm-1 47 5.40E-06 1.53E-01

Activity

Conversion Inventory

Radionuclide (Ci/L) (Ci)

Pu-238 6.70E-08 1.90E-03
Pu-239 1.70E-09 4.83E-05
Pu-240 4.4OE-10 1.25E-05
Pu-241 4.40E-08 1.25E-03
Ru-I 06 4,50E-05 1,28E+O0
Sb-125 8,90E-06 2.53E-01
Sb-126 1.80E-08 5.1 2E-04
Se-79 4.40E-07 1.25E-02
Sin-l 51 2.70E-06 7,67E-02
Sn-121m 3,60E-08 1,02E-03
Sn-126 1,80E-07 5.12E-03
Sr-90 9.30E-07 2.64E-02
Tc-99 8.90E-05 2.53E+O0
Te-125m 2.70E-07 7.67E-03
Th-228 1.80E-12 5,12E-08
Th-231 1.8OE-10 5,12E-06

Th-234 2.70E-12 7.67E-08

U-232 6.20E-11 1.76E-06
U-233 3.60 E-I 2 1,02E-07

U-234 3.6 OE-10 1.02E-05
U-238 2.70E-12 7.67E-08

Zr-93 3,60 E-I O 1.02E-05

Other alpha 1,80E-07 5.12E-03
Other beta/gamma 8.90E-06 2.53E-01

Note: Assume that Lysimeters contain 7,500 gal (28,425 L) of the Nominal Blend

Saltstone Solution



E-Area Trenches

Radionuclide

Inventory

E
Inventory

Radionuclide (Ci)

Am-241 2.57E-01
CO-60 4.63E-02
Cs-137 1.02E+01
Eu-154 1.53E-02
H-3 8.75E+00
1-129 1.1 5E-06
NP-237 8.85E-07
Pb212 9.35E-03
Pu-238 5.16E-03
Sr-90 2.88E-01
Tc-99 9.73E-04

Note: Inventory of all 5 trenches at closure,

Assume that all 5 trenches will

be full in 20 years



E-Area IAW Vaults Radionuclide lnvento~

Estimate Estimate
for 1 Vaun for 2 Vautts

Gamma I 3.55E+01 7. IOE+O1

Estimate is based on UW Vauk invento~ as of September 11, 1996

Assume that both vauits will ba filled in 20 yeara.



Intermediate Level Vault

Radionuclide Inventory

ILV Inventow ILV Inventory
forl Vault for 2 Vaults

1996 2016
Radionuclide (Ci) (Ci)

Am-241 2.19E+O0 4,38E+O0

C-14 1.12E-03 2.24E-03
CO-60 6.92E+O0 1.38E+01
Cs-137 1.26E+04 2.52E+04

H-3 4.40E+05 8.80E+05
1-129 6.94E-05 1.39E-04
Ni-59 2.83E-02 5.66E-02

NP-237 8.73E-04 1.75E-03
Pu-238 7.16E+O0 1.43E+01
Pu-239 4.74E-02 9.48E-02

Pu-240 2.30E-02 4,60E-02

Pu-241 1,84E+O0 3.68E+O0
Pu-242 3.83E-05 7.66E-05
Se-79 3.23E-03 6,46E-03

Sn-126 4.29E-03 8,58E-03

Sr-90 7.34E+03 1.47E+04
Tc-99 1.09E-01 2.18E-01

U-233 1.28E-04 2.56E-04
U-234 5.62E-05 1.12E-04

U-235 1.50E-06 3.00E-06

U-236 2.92E-06 5.84E-06
U-238 7.73E-05 1.55E-04
Other Alpha 1,03E+O0 2.06E+O0
Other Beta /
Gamma 9.07E-02 1.81 E-01

Note: Assume that both vaults will be full in 20 years



235-F Facility
Radionuclide Inventory

Facility Weight (g) Radionuclide Ci

PuFF 772 Pu-238 9727

PEF 38 Pu-238 478

AB Line 85 NP-237 12

Total: Pu-238 = 10,205 Ci
NP237 = 12 Ci



●

F-AIea Separatl.n. Facllltles - RaduinuclldeInventow

Fa.iliv sour.. Term Acti”ida Limit Aclinide Isotropic Wei~h{ Weighl C.nversi.” hliviw
(kQ) F,aclio” (kg) (9) Fad., (ctig) (Ci)

F Canwn UIPUS01.1[..s w

5m

P“ Solulioins

~
50
w
50
50
50

~
70
70
70
70
70

AtiCm Solu!ion ~
10.2
10.2
10.2

-
2.s
2.s
2,8
2.8

tirk 31s ~
70
70
10
70
70

Wrk 16i22s m
500
5cil
5cil
5Lm

2.5
2.5
2.5
2.5

U-234
U-235
U-236
U-238

PU.239
Pu-240
P.-241
?“.242

Pu.238
P.-239
Pu-240
P.-241
Pu-242

ti-241
AIn.242m

hm-243

CII-244
cm.245
Cm-246
cm.247

P.-238
P.-239
PU-240
P.-241
PU.242

U.234
U-235
U-236
U-238

P.-238
P.-239
Pu-240
P“.241
P.-242

0.IM2 3.mE+ w
0.250, 1.25E+02
0,010 5.WE+CCI

99.700 4.99E+04

0.007 3.50E-03
93.410 4.67E+01

5.860 2.93E+MI
0.700 3.50E-01

0.030 1,50E-02

0.007 4.9DE-63
93,410 6.54E+O$

5,860 4. IoE+W
0.700 4.90E-01
0.030 2,1 OE.O2

4,510 4.60E-01
0.020 2.04E-03

95.470 9.74 E+LUI

93.270 2.61E+O0
3,570 1.30E41
3.110 8.71E.02

0.050 1.40E43

0.007 4,90E-03
93,410 6.54E+01

5,860 4.1OE+W
0.700 4.90E.01
0.030 2.1oE.o2

1.300 6.50E+W
54.S00 2.74E+02
28.000 1,40E+02
j5,9cm 7.95E+01

21.740 5.44E-01
62.050 1.55E+O0
10.240 2.56E.O 1
5.230 f.31E-01
1.010 2.53E-02

1.wE+03
1.25E+05
5,ME+03
4.99E+07

3.WE+W
4.67E+04
2,93E+03
3.%E+02
1.50E+01

4.90E+W
6.54E+04
4.1 OE+O3
4.NE+02
2.1oE+O1

4.WE+02
2.04E+M
9,74E+03

1.ME+02
8.71 E+O1
1.4oE+ w

4.90E+00
6.54E+04
4. IOE+03
4.90E+02
2.1oE+O1

6.50E+03
2.74E+05
1.40E+05
7.95E+04

5.44E+02
1.55E+03
2.56E+02
1.31 E+02
2.53E+01

6,26E.113 6.26E+W
2.16E.C6 2.70E-Ot
6.47E~ 3,24E.01
3.36Ea7 $.67E+01

4.71E+01 5.99E+01
6.22E.62 2.91E+03
2.28E41 6.68E+02
1.03E+02 3.61E+04
2.92E.03 4.38E~2

1.71E+01 8,3SE+01
6.22 E.c12 4,07E+03
2.28E41 9.35E+02
1.03E+02 5.05E+04
2,92E43 6.13E42

3.43E+w 1.58E+03
9.72 E+OII 1,98E+01
1.99E.01 1.94E+03

8.08E+01 2.11 E+B
1.72E411 1,72E+01
3,09Ec11 2,69E+OI
9.04E-05 1.27E44

1.71E+01 8,28E+01
6.22E42 4,07E+03
2,28E.01 9.35E+02
1.03E+02 5,05E+04
2,92E43 6. 13E-02

6.26E43 4.07E+01
2.16E.06 5.92E-01
6,47E-05 9.ffiE+W
3,36EC17 2.67E-02

1.71E+01 9.29E+03
6.22E-02 9.65E+01
2,28Eu1 5.34E+01
1.03E+02 1.35E+04
2.92EL13 7,37E~2



F-AIea Separations Facll)ties - Radlonu.lide lnventow

Facility SOII,C. Term Aclinide Limit hlinida Isotropic Weight Weight Conversion Activi*
(kg) Fraction (kg) (9) Facto< (Ciig) (co

~

Dissolution of
Sand, Slag, &
Crucibles,
SWeePi”gs. and
Turnings

FB Line P,wess A,eas

vaults

F-A,.. SeDa,aliOns Tcdsls

~
P.-238
Pu.239
Pu-240
P.-241
P.-242

~
1.25E+04
1.56E+05
3.60E+04
1.95E +m
2.43E+O0

Cu(ies
Remaining aflet

10s”,. = 0.1%
1.25E+01
1,56E+02
3,60E+OI
1.SE+03
2.43E-03

NP237

PU.238
P.-239
Pu-240
Pu.241
P.-242

P.-238
Pu-239
Pu.240
P.-24 1
Pu.242

P.-239
PU-240

1Wow

0.007
93,410

5.860
0.7W
0.030

o.m7
93,410

5.860
0.7W
0.030

0,007
93,410

5.8W
0.7W

5.~E+cuI

7.WE-03
9.34E+01
5.86E+O0
7.00E.01
3.CQE.02

3,50E-D2
4.67E+02
2.93E+01
3,50E+O0
1.50E-01

1.33E-01
1.77E+03
1,11E+02
1.33E+01
5.70E41

5,CUE+03

7.W2E+W
9.34E+04
5.86E+03
T.00E+02
3.00E+O1

3,50E+01
4,67E+05
2.93E+04
3.50E+03
1.50E+02

1.33E+02
$.77E+06
1.< fE+05
9.33E+04
5.70E+02

7.05E.04 3.53E+M

1.71E+01 1.20E+02
6.22E.02 5.81E+03
2.28E.01 1.34E+03
t.03E+02 7.21E+04
2.92E-03 8,76E-02

1,71E+OI 5.99E +02
6.22E-02 2,91E+04
2.28E41 6.62E+03
1.03E+02 3.61E+05
2.92E.03 4.38E.01

1.71E+01 2,27E+03
6.22E-02 1.1OE+O5
2.28E.01 2.54E+04
1.03E+02 3.37E+06
2,92E.03 1.66E+O0

Curies
,., RamaininQ all.,

curie,
Remaining .(1.,

C.rium A.tivilq (Ci) closure . 0.1% ~ Activit” (Ci) Cl.,”,. =-O.1%
Cm-244 2.1 IE+05 2.i1E+02 U-234 4.70E+01 4.70E-02
Cm-245 1.72E+01 1.72E-02 U-235 8.62E.01 8.62E-04
Cm-246 2.69E+01 2.69E-02 U-236 9.38E+O0 9,38E.03
Cm-247 1.27E-04 1,27E.07 U-238 1,68E+01 1.68E-02

curie.
Remaining ntler Remaining afler

~ Activil” (Ci) closure = 0.1% NePt..ium A.li.iw (Ci) closure. 0.1%
Am-241 7.58E+03 1.58E+W NP-237 3.53E+W 3.53E.03

Am.242m 1.98E+OI 1.98E-02
Am.243 1,94E+03 1.WE+OO

● ● ●
✌✎✎✌✌✌ ✌✎



Olher Fission Products

- SRS WAC fisted radion.elides wdhhalf-livess 5 years or activity fractions> 1% of total .Ctivilq
..Activily ralioed to CS.137.1 7.5 years after irradiation averaged from Ref.1
‘..h!ivity ralioed 10 Pu.239 at 7.5 years after irradalion averaged from Re( 1

Reference 1. C. E. ApPrson, .Mark 22 and Mrk 31A Activities and Dsay Heal.-; DPST.83 .229



Naval Fuels Material Facility
Radionuclide Inventory

Residual Inventow for 247-F

Total U 17,071 g

U-234 1.82E+O0 Ci

U-235 3.59E-02 Ci

U-238 5.74E-05 Ci



F-Area Sand Filtera

Old New
Year RU-106 Cs-137 Cc-l 44 Pu-239 RU-106 Cs-137 CS-144 Pu-239

1960 6.55E+02 2.52E+02 1.09E+03 5.00E-01

1961 9.82E+02 4.98E+02 1.55E+03 1.00E+OO

1962 1.15E+03 7.39E+02 1.74E+03 1.50E+O0
1963 1.23E+03 9.74E+02 1.62E+03 2.00E+OO
1964 1,27E+03 1.20E+03 1.85E+03 2.50E+O0
1965 1,29E+03 1.43E+03 1.87E+03 3.00E+OO
1966 1.30E+03 1,65E+03 1.87E+03 3.50E+O0

1967 1.30E+03 1.86E+03 1.88E+03 4.00E+OO

1968 1.31 E+03 2.07E+03 1.88E+03 4.50E+O0
1969 1,31 E+03 2.28E+03 1.88E+03 5.00E+OO

1970 1.31 E+03 2.48E+03 1.88E+03 5.50E+O0

1971 1.31 E+03 2.67E+03 1.88E+03 6.00E+OO

1972 1.31 E+03 2.86E+03 1.88E+03 6.50E+O0

1973 1.31 E+03 3.05E+03 1.88E+03 7.00E+OO

1974 1.31 E+03 3.23E+03 1.88E+03 7.50E+O0

1975 9.82E+02 3.29E+03 1.33E+03 8.00E+OO 3.28E+02 1.26E+02 5.46E+02 5.00E-01
1976 8.1 9E+02 3.34E+03 1.1 OE+03 8.50E+O0 4.92E+02 2.49E+02 7.74E+02 1.00E+OO
1977 7.37E+02 3.39E+03 1.01 E+03 9.00E+OO 5.74E+02 3.69E+02 8.69E+02 1.50E+O0

1978 6.96E+02 3.44E+03 9.66E+02 9.50E+O0 6.15E+02 4.87E+02 9.09E+02 2.00E+OO
1979 6.76E+02 3.48E+03 9.50E+02 1.00E+OI 6.35E+02 6.02E+02 9.26E+02 2.50E+O0
1980 6.66E+02 3.53E+03 9.43E+02 1.05E+OI 6.45E+02 7.14E+02 9.33E+02 3.00E+OO

1981 6.61 E+02 3.58E+03 9.40E+02 1.1 OE+O1 6.50E+02 8.24E+02 9.36E+02 3.50E+O0
1982 6.58E+02 3.62E+03 9.39E+02 1.15E+OI 6.53E+02 9.31 E+02 9.37E+02 4.00E+OO

1983 6.57E+02 3.67E+03 9.38E+02 1.20E+01 6.54E+02 1.04E+03 9.37E+02 4.50E+O0
1984 6.56E+02 3.71 E+03 9.38E+02 1.25E+OI 6.55E+02 1.14E+03 9.38E+02 5.00E+OO
1985 6.56E+02 3.75E+03 9.38E+02 1.30E+01 6.55E+02 1.24E+03 9.38E+02 5.50E+O0
1986 6.56E+02 3.79E+03 9.38E+02 1.35E+01 6.55E+02 1.34E+03 9.38E+02 6.00E+OO
1987 6.56E+02 3.83E+03 9.38E+02 1.40E+OI 6.55E+02 1.43E+03 9.38E+02 6.50E+O0

1988 6.55E+02 3.87E+03 9.38E+02 1.45E+OI 6.55E+02 1.53E+03 9.38E+02 7.00E+OO
1989 6.55E+02 3.91 E+03 9.38E+02 1.50E+OI 6.55E+02 1.62E+03 9.38E+02 7.50E+O0
1990 6.55E+02 3.94E+03 9.38E+02 1.55E+01 6.55E+02 1.71 E+03 9.38E+02 8.00E+OO
1991 3.27E+02 3.85E+03 3.92E+02 3.27E+02 1.67E+03 3.92E. ‘-

1992 1.64E+02 3.77E+03 1.64E+02 1.64E+02 1.63E+03 1.64E+uL I

1993 6.17E+01 3.68E+03 6.83E+OI 8.17E+01 1.59E+OQ ~a~~,n~l I

1994 4.08E+01 3.60E+03 2.65E+01 4.08E+01 1.56E+0 . -.--–

1995 2.04E+OI 3.52E+03 1.19E+01 2.04E+OI 1.52E+03 1.19 E+u11

1996 1.02E+01 3.44E+03 4.98E+O0 1.02E+01 1.49E+03 4.96 E+OO]
1997 5.09E+O0 S.36E+03 2.08E+O0 5.09E+o0 1.45E+03 2.08 E+OO( I

..J , “.”QL’r” , 1
731 7. R5F,+oI I

.-4 , I

Totals RU-106 CS-137 Cc-l 44 Pu-239

1.02E+01 4.81 E+03 4.16E+O0 2.35E+01

Assume that each Sand Filter accumulate 0.5 Ci of alpha emitters per year
and 2,000 Ci of beta-gamma emitters per year.
Assume that the alpha emittere in F Area are comprised of Pu-239 and that the
beta-gamma emitters are comprised of 54.657. Cc-l 44, 32.750/. Ru-1 06, and 12.605 Cs-1 37.



RCRA & CERCLA Facilities

F Area and H Area Inactive ProcessSewer Linea
and Seepage BasitiGroundwater Operable Units

Eu-154
Eu-155 7.63E-03
H-3 1. II E+OI 2.87E+01

I-129 3.57E-02 1.28E-01 1.54E+O0

NP-237 2.15E-02 NA NA

Pu-238 2.72E-01 4.44E-01 3.27E-01 1.16E+O0

Pu-239 2.12E+O0 1.75E+O0 2.94E+O0 4.08E+O0
Pu-240 NA NA
Pu-241 NA NA
Radium 8.72E-02 7.63E-02
RU-106 2.21 E-01
Sb-125
Sr-89

. .
--”--II 1.03E+O0 5.45E-01 5.35E+01

8.80E-02 6.31 E-01
7.38E-02

5.58E-02 1.91E-01 1.53E-01

I 1.96E-02 1.06E-01

NA I NA
U-238 6.99E-01 9.61 E-02 1.91 E-01 1.35E-01
Gross Alpha 5.45E+O0 2.56E*nn I I

Gross Beta 5.18E+OI 1.89E.

Note FAISL - F-Area Inactive Process Sewer Line
FASB/GOU - F-Area Seapage Basin/Groundwater Operable Unit
HAISL - H-Area Inactive Process Sewer Line
HASB/GOU - H-Area Seepage BasitiGroundwater Operable Unit



H-Area separations Facllltlas - Radlonuclide Inventory

Facility S.au,ce Term Aclinide Limit Acti”iae l-tropic Weight Weight Co”ersi.an Acllrnty

(kg] Fr=tion (kg] (91 Factm (CVg) (c!)

H canyon uraniumSolufio”. w
35

35

35

35

P“-238 Solutions ~

~o

10
10

10

10

PU239 solutions ~

120

120
120
120
120

Pu-242 S.1.!,0”$ ~
15

15

15

15

15

NP.237 ~

500

U-234

U-235

u-236

U.238

Pu.238

P.-239

P“-240

P.-241

Pw242

P.-238

Pu.239

P“-240

P.-243

P.-242

P.-238
P.-239
Pu-240
P“-241
P.-242

NP-237

1.70
66.20
21.10
11.00

83.00

14,50
2.10

0.30

o.~o

0.50

89.80

8.50
1.00
0.20

1.70

1.30

19.60

5.80

71,60

400.00

5.95E-01

2.32E+OI

7.39E+O0

3.85E+O0

8.30E+O0

1.45E+O0
2.1oE-O1

3,00E-02

3.WE02

6.00E-01

1.08E+02

1.02E+01

1.20E+O0

2.40E-01

2.55E-0~

1.95E-01

2.94E+O0

8.70E-01

1.07E+O~

5.00E+02

5.95E+02
2,32E+04
7.39E+03
3.85E+03

8.30E+03
1.45E+03
2.IOE+02
3,00E+01
2.00E+O1

6.00E+02
1.08E+05
1.02E+04
1.20E+03
2.40E+02

2.55E+02
1,95E+02
2.94E+03
8.70E+02
1.07E+04

5.00E+05

6.26543 3.72E+O0

2.36E46 5.00E42
6.47EQ5 4,78E-01

3,36EC17 1.29EQ3

I,71E+01 1,42E+05

6.22E42 9.02E+01
2.28E.01 4.79E+01

1.03E+02 3.09E+03

2.92E-03 2.92E42

1.71E+61 1.03E+04

6.22E42 6,70EM3

2.28E.01 2.33E+03

1.03E+02 1.24E+05

2.92E-03 7.01E41

1.71E+Oq 4.36E+03

6.22E.02 ?.2?E+01
2.28E-01 6.70E+02
~.03E+02 8.96E+04
2.92E43 314E+O?

7.05E-04 3.53E+02

,,, !



H.Area SeDar.UonS Fa.lllUeS - R.dlo.ucllde Inventory

Facitily Source Term Actinide Limtt Actinlde Isaropic weight weight -nwrsion

(kg)

Activity

Fraction (kg) (9) Factor (Ctig) (a)

Ma* 16/22s w
500

500

500

500

~
2.5

2.5

2,5

2,5

2.5

N~

5

HB Line Prmess Lines

Outside Prmess

Lines

HA,., SeDa,allOn$ To(als

~
P.-238
P.-239

?“-240
P.-241

Pu.242

50

~

1.02E+06
6.90E+03
3.IoE+03
1.06E+05
3.15E+01

U-234

U-235

U.236

U-238

P.-238

P.-239

PU-240

P.-241

P.-242

ND-237

P.-238

P.-238

curies

Remaining .Rer
cl..”,. = 0.1%

1,02E+03
6.90E+o0

3.1 OE+OO

1.06E+02

3.15E.02

1.300
54.800

28,000

~5.900

21.740

62.050

10.240
5.230

1.010

100.00

83

6.50E+Q0

2.74E+02

7.40E+02

7.95E+01

5.44E-01

1.55E+O0

2.566-0$

1.31 E-01
2.53E-02

5.00E+OO

8.30E+O0

4.15E+01

6.50E+03

2.74E+05

1.40E+05

7.95E+04

5.44E+02

1.55E+03

2.56s+02
1.3i E+02

2.53E+OI

5.00E+03

8.30E43

4.15E+04

6.28E~3 4.07E+01
2.16E~6 5.92E.01
6.47E.05 9.06E+O0
3.36E.07 2.67E~2

1,71E+01 9.29E+03
6,22E42 9.65E+OI
2.28EC11 5.84E+OI
1.03E+02 1.35E+04
2.92E-03 7.37E-02

7.05E-04 3.53E+O0

1.71E+01 1.42E+05

<,71E+01 7.1 OE+O5

curia. curies
Remaining .Ilef Remaining enel

m~~ NeDtunium Ac!inw i~) Closure = 0.1%

U-234 4,44E+01 4.44E-02 NP237 3.56E+02 3,56E41

U-235 6.42E-07 6.42E-04

U-236 9,54E+00 9.54E-03
U-238 2.80E-02 2.80E-05





Effluent Treatment Facility Receipt Tank

Radionuclide Inventory

I I Activity

Conversion I Inventory I
Radionuclide (CilL) (Ci)

CO-60 1.00E-07 1.00E-04

Cs-137 6.00E-06 6.00E-03

H-3 7.00E-05 7.00E-02

I-129 2.70E-08 2.70E-05

Pm-147 5.00E-07 5.00E-04

Pu-238 4.00E-08 4.00E-05

Pu-239 1.00E-08 1,00E-05

RU-106 5.00E-06 5.00E-03

StI-125 6.00E-08 6,00E-05

Sr-90 4.00E-07 4.00E-04

Te-125m 6.00E-08 6.00E-05

Note: Assume thatthe ETFReceipt Tankwill

have 1000 liters of the typical ETF waste stream

after D&D activities are completed.



New Solvent Tanka

New Solvent Tanks Radionuclide Inventory
H31-H34

(Reference B-39)

mTotal
lnvento~

Radionuclida (Ci)

CS-137 4.00E+OI

Cm-244 4.00E+O1
Pu-238 5.00E+OI
Pu-239 1.00E+OI

Assume that there are 25 C~tank of alpha emitters
and 10 Ci/tank of bettigamma emitters

4 tanks x 25 Cdtank = 100 Ci of alpha “emitters
4 tanks x 10 Ci/tank = 40 Ci of betsfgamma emitters

Assume that alpha emitters are comprised of
40% Cm-244, 50% Pu-238, and 10% Pu-239

Assume that bete/gamma emitters ara primarily CS-137



H-Area Sand F[ltera

=

,==< , .U’ic-r”c

1993 8.17E+01
1994 4.08E+OI
1995 2.04E+OI
1996 1.02E+01
1997 5 n9F&nn

1 1 1

1 1 1 I—.. - --------
IE+031 4,00 E+OOI
tcLnal A KncLnn I

I I I
B8E+03 I 5.50 E+OOI
68E+03 I 6.00 E+OOI I I I--- -- - --- --

I I I

I I I I

--- 1 ,.-..

Year RU-106 CS-137 Ce-144 I Pu-238 I RU-106 I Ca-137 I Cs-144 I Pu-238

1960 6.55E+02 2.52E+02 1.09F~n~l ~ nn~-n$ 1 I
1961 9.62E+02 4.96E+02 1.55LT”U s.VULTU”

1962 1.15E+03 7.39E+02 1.74E+03 1.50E+O0

1963 1.23E+03 9.74E+02 1.82E+03 2.00E+OO

i 964 1.27E+03 1.20E+03 1.85E+03 2.50E+O0

1965 1.29E+03 1.43E+03 1.67E+03 3.00E+OO

1966 1.30E+03 1.65E+03 1.67F+n~ ~.soF+no

1967 1.30E+03 1.66E+03 1.861
1968 1.31E+03 2.07E+03 1.88 L-””, T..,”LT. ”

1969 1.31 E+03 2.28E+03 1.88E+03 I 5.00E+OO
1970 1,31 E+03 2.46E+03 I.E
1971 1,31 E+03 2.67E+03 1.E
1972 1.31 E+03 2.66E+03 1.8Mk+U3 ti.>Uk+UU

1973 1,31 E+03 3.05E+03 1.86E+03 7.00E+OO

1974 1.31 E+03 3.23E+03 1.86E+03 7.50E+O0

1975 9.82E+02 3.29E+03 1.33E+03 6.00E+OO 3.28E+02 1.26E+02 5.46E+02 5.00E-01

1976 6.19E+02 3.34E+03 1.1 OE+O3 6.50E+O0 4.92E+02 2.49E+02 7,74E+02 1.00E+OO

1977 7.37E+02 3.39E+03 1.01 E+03 9.00E+OO 5.74E+02 3.69E+02 8.69E+02 1.50E+o0

1976 6.96E+02 3.44E+03 9.66E+02 9.50E+O0 6.15E+02 4.87E+02 9.09E+02 2.00E+OO

1979 6.76E+02 3.48E+03 9.50E+02 1.00E+OI 6.35E+02 6.02E+02 9.26E+02 2.50E+o0

1980 6.66E+02 3.53E+03 9.43E+02 1.05E+01 6.45E+02 7,14E+02 9.33E+02 3.00E+oo

1981 6.61 E+02 3.56E+03 9,40E+02 I,1OE+O1 6.50E+02 6,24E+02 9.36E+02 3.50E+o0

1962 6.58E+02 3.62E+03 9.39E+02 1.15E+OI 6.53E+02 9.31 E+02 9.37E+02 4.00E+O0

1983 6.57E+02 3.67E+03 9,38E+02 1,20E+OI 6.54E+02 1,04E+03 9.37E+02 4,50E+o0

1984 6.56E+02 3.71 E+03 9.38E+02 1.25E+OI 6.55E+02 1.14E+03 9.36E+02 5,00E+O0

1985 6.56E+02 3.75E+03 9.38E+02 1,30E+01 6,55E+02 1.24E+03 9.38E+02 5,50E+O0

1986 6.56E+02 3.79E+03 9.36E+02 1,35E+OI 6,55E+02 1.34E+03 9.36E+02 6.00E+OO

1987 6.56E+02 3,83E+03 9.36E+02 1.40E+OI 6,55E+02 1.43E+03 9.38E+02 6,50E+o0

1988 6.55E+02 3.87E+03 9.38E+02 1,45E+01 6,55E+02 1.53E+03 9.36E+02 7,00E+o0

1989 6.55E+02 3.91 E+03 9.38E+02 1.50E+OI 6.55E+02 1.62E+03 9.36E+02 7,50E+o0

1990 6.55E+02 3.94E+03 9.38E+02 1.55E+01 6,55E+02 1.71 E+03 9.36E+02 8,00E+O0

1991 3.27E+02 3.85E+03 3.92E+02 3.27E+02 1.67E+03 3.92E+02
t .000 i . C“r. n”l 07-, c.nol . C“r. nnl ‘ “C”’-’’--’ “-’’~93 1.64E+02

D3 6.83E+01
D3 2.85E+OI
D3 1.19F+oI

1 4QF*OL

d

Totals Ru-106 Cs-137 Ce-144 Pu-238
1.02E+01 4.81 E+03 4.16E+O0 2,35E+OI

Assume that each Sand Filtar accumulates 0,5 ~ of alpha emitters per year
and 2,000 Ci of beta-gamma emitters per year.
Assume that the alpha emitters in H Area are comprised of Pu-238 and that the
beta-gamma emitters are comprised of 54,65% Cc-l 44, 32,75% Ru-1 06, and 12.605 Cs-1 37.



●
Radioactivity Type Ci

Pu Type 50 0.2
Pu-241 1.8
Fission Products 2.6
H-3 Labs 2,45
H-3 Floor 8,12
Pure Pu-236 0.2
Alpha Emitters in metal form 0.012 .

Isotopes Ci

H-3 1.06E+01
Se-79 3.25E-06
Sr-90 4.96E-01
Tc-99 1.17E-04

Ru-106 4.50E-03
Sb-125 5.72E-07

Te-125m 2.30E-03
Sn-126 4.46E-06

1-129 3.03E-06
CS-134 6.65E-02
CS-137 7.00E-01
Ce-144 1.23E-03
Pm-1 47 6.34E-02
Sin-l 51 9.48E-03
Eu-154 3.70E-02

Eu-I 55 1.33E-03

Pu-238 2.07E-01

Pu-239 1.23E-02

Pu-240 2.90E-03

Pu-241 1.91 E+OO

Am-241 2.1 8E-03

772-F

if X = grams of WG PU, then the sum of
the mass fraction times the specific activity
times X for each isotope should equal the
total curies of WG PU.

The equation can be solved for x.
Then x times tha specific activity gives
the curies of each isotope.

The equation is:

(0.96)( 0.06)X + (0.06)(0.23)X+ (O.OO5)(1O3)X +
(0.003)(3.40)X + (0.002)(17.1)X= Total Curies

0.631 X = Total Curies

For 772-F this gives X =0.212/ 0.631 = 0.336g

For 772-1 F this gives X =0.0476 /0.631 = 0.0754g



Radioactivity Type Ci

Alpha Emitters 0.042

Pu-241 0.5

Beta/gamma emitters 0.21

H-3 0.1
0
0

Alpha Emitters in metal form 0.0056

Isotopes G
H-3 I.00E-01

Se-79 2.63E-07
Sr-90 4. OIE-02
Tc-99 9.44E-06

Ru-106 3.63E-04
Sb-125 4.62E-06

Te-125m 1.66E-04
Sn-126 3.61 E-07

1-129 2.45E-07
CS-134 5.53E-03
CS-137 5.65E-02
Ce-144 9.97E-05
Pm-147 5.12E-03
Sm-151 7.66E-04
Eu-154 2.99E-03
Eu-155 1.06E-04
Pu-238 1.63E-03
Pu-239 2.75E-03
Pu-240 6.51 E-04
Pu-241 5.25E-01

Am-241 4.90E-04

772-1 F



H-Area Tritium Facilities Radionuclide Inventory

Building I Reference I Start/Stop Date I Radionuclide I lnvento~ (Ci)

232 H, 233H and 234 HI B-17 1955-2005 H-3 30,000

Note: Assume that during D&D, gg~. of all radionuclides will be removed

from the facility. Assume that the residual radionuclide inventory

will be equal to 10,000 Ci/building of Tritium.

There are 3 buildings; therefore, the total inventory will be equal to

30,000 Ci of Tritium.



o

Defense Waste Processing Facility Radionuclide Inventory

I Adlvity

Convenion Inventory I Activity
Conversion Inventory

Note: Assume that 1000 gal of the typical SIudge SI1~r~ will remain after D&D activities are completed.



Low Point Pump Pit Radionuclide Inventory

Activity

Conversion Inventory

Radionuclide (Ci/gal) (Ci)

Ag-1 10m 2.25E-02 1.13E+O0

Am-241 1.86E-02 9.30E-01

Am-242 2.45E-05 1.23E-03

Am-242m 2.47E-05 1.24E-03

Ba-137m 2.70E+O0 1.35E+02

Ce-144 1.69E+01 8.45E+02

Cm-242 6.03E-05 3.02E-03

Cm-244 2.80E-04 1.40E-02

CO-60 2.94E-01 1.47E+OI

CS-134 3.03E-01 1.52E+01

CS-137 2.86E+O0 1.43E+02

Eu-152 6.37E-03 3.19E-01

Eu-154 1.07E+O0 5.35E+OI

Eu-155 6.21E-01 4. II E+O1

H-3 6.34E-05 3.17E-03

1-129 1.24E-05 6.20E-04

Nb-95 3.67E-05 1.84E-03

Ni-59 2.39E-03 i.20E-01

Ni-63 2.97E-01 1.49E+01

NP-237 1.52E-05 7.60E-04

Pal-l 07 1.57E-05 7.65E-04

Pm-147 4.15E+01 2.06E+03

Pr-144 I,69E+OI 8,45E+02

Pr-144m 2.04E-01 1.02E+01
Pu-236 1,06E-04 5.30E-03

Activity

COnveEion Inventow

Note: Assume that 50 gal of the typical DWPF sludge slurry will remain in the pump pit

afler D&D activities are completed.

m



Z-Area Saltstone Disposal Facility Radionuclide Inventory

Radionuclide lnvento~ (Ci)

Ag-ll Om 5.80E-01

Am-241 1.30E+02

Am-242 6.50E-02

Am-242m 6.50E-02

Am-243 3.90E-02

c-1 4 6.50E+O0

Ce-144 3.20E+O0
Cm-242 6.50E-02

Cm-243 2.60E-02

Cm-244 6.50E-01

CO-60 2.00E+02

Cs-+ 34 6,50E+01

Cs-135 3.90E-02

Cs-137 2.00E+04

Eu-152 5.80E+O0

Eu-154 6,50E+02

Eu-155 3.20E+02
H-3 1,90E+04

1-129 2.00E+O1
Ni-59 2.00E-01

Ni-63 2.00E+O1
NP-237 5.80E-02
Pa-234 3.90E-03
Pal-l 07 2.00E-02
Pm-147 3,90E+03

Radionuclide lnvento~ (Ci)’

Pu-238 4.90E+OI
Pu-239 1.20E+o0
Pu-240 3.20E-01
Pu-241 3.20E+OI
Ru-106 3.30E+04
Sb-125 6.50E+03
Sb-126 1.30E+oI
Se-79 3.20E+02
Sm-151 2.00E+03
Sn-121m 2.60E+OI
Sn-126 1.30E+02
Sr-90 6.80E+02
Tc-99 6.50E+04
Te-125m 2.00E+02
Th-228 1.30E-03

Th-231 1.30E-01
Th-234 2.00E-03
U-232 4.50E-02
U-233 2.60E-03
U-234 2.60E-01
U-238 2.00E-03
Zr-93 2.60E-01
Other Alpha 1.30E+02

Other
Beta/Gamma I 6,50E+03



Spill Inventory

Lccation Date Description Reference
I

Type Waste [nven(oxy (Cj

, r

Tank 13
, ~,83 Area around waste Tank 13 was contaminated when liquid radioactive wasle leaked

froln (he feed pump riser, 100 gallons of waste was spilled
B-4, B-38 CS-137 3.15E@2

T’n~91’’67l-B242 H evaporator bot[om line oveflowed on top of waste Tank 9,
‘241-HI ‘-4>B-38 I “-’37 1553EM’

CS-137 7.00Et02

Tank 16 9/60
Fission prtiuct activity was detected in samples of water from wells around Id 16
f324I -El.

B-38 Sr-90 2.00EWO

Other BetdGanuna 1.30Et02

2189 Tank 37 failed CTS line from T35 to T37 Cs- I 37

Tank 37

1.40E@3

B-5, B-37 Sr-90 4.00EWO

Other BctalGanuna 2.60EW2
1

B281-3F Stafiup !oAlgaeflushed from walls &floors of B281-5F basin &collected inetihenretention

I 973 basin B281-3F. Also received contaminated cooling water from equipment fnilure.
B-4 I CS-137

I
1.00EW 1

Tank 3 8/75
Soil 2-3 I’eetbelow grade near Riser 6 on TaI* 3 co!ltamina!ed by seepage Owough

B-38 CS-137 3.72EtOl
cracks in concrete around jet piping

TaIIk 8 I 4/6 I
‘P~tlk 8 subsurface soil mass extending 12 feet below the gound surface down to 28

feet below the surface, near the till Ii]le ently point of “f’ank8.
B-4, B-38 I CS-137 I 2.67E+03

A18aeflushed from the walls and floors of the Building 28 I -5H Basin and collected
B28,.31, Stan up to

1973
lneafihen re[en[ion basin Building 281-3H. Also received con18minated colIin8 B-4 CS-137 3.00EtOl

water from equipment failures.



SolUDebrls Consolidated Facility Radlonucllde Inventoty

FSSB FBwS SRLSE TNXBG Total

RadOnucNde (02s) (&27) (s-28) (028} In.en[ov (Ci)
*3 3.71E.02 3.7?E.02
C-14 8.72E42 3.38E.03 9.06E42
Na.22 —

AI.26
K4 3.50E.02 1.50E42
kc4e
cr.51
M“.54
Fe.55 —

F*59 —

CU57
. . .c-o I ,

C&o 8.97E~3 2.36 E.125 8.99E43

M-59 2.87E43 2.87 E-’23

NI.63
W5 —

S*79 7.03EQS 7.03E48

3,49 I I I 1 I —
s,.90 [ 8.04E421 7.57E43 I 7.08E4? I 7,96E41
“ .“ , 1 1

r..T..vs 7,”’
~w..-

Ru.
R&
Pd.
A.

,93m 1
,94 —

>95
>95m
>93 —
. .

-?E.03 ~.02EQ3
1-1.. \ —

,.106 —

>106
1.107
~l?om

.113
. . .

ln-

Sn., 4.

sn-119m
Sn.lzlm
S%123
S.-l 26 8.50E.09 0.50E~9
Sb~ 25
Sb.! 26
SC-126m —

Te.125,n
Tel 27
Te.127m
l-?29 1.212E.29 1.NE49
CS-134
CS-135
Cs-137 7,62E42 1.45E.02 2,89E+00 298E*0
k-i 37’n
C*I 44 —

Fw8 FBWS 5RLSS 7NXBG Total
Radonuclide (S-28) (S.27) (E26) (E28) Inventory (~)
?,.144 I I I
- .44m I. .

44 9.7[
:43 3.8(

5.7(

;-04 3.1:
4.81

143 7.K
;43 1.0’

7.ZU643 8,4sk.
7n.z37 I I
7h.232 I 6.14 E1231 6.1 4E.03
n-234

. .

3
2E.123
16E.123
12E.113
14E42
‘-:43

m1.28E43 3.04E-07 8.00E122 4.36E123 8.54E~2
3,46E44 5.06E~9 7.@QE43 3.92E44 7,54E43

2.44E43 2.09EQ6 8.00E42 4.76E43

~F.239 I [ I I I I

P“.244 I I I I I
6m-24? I 5.79E43 I 5.99Eu3 I 3.00 E-02[ 4.18E-02
Am.242 I I 1
Am-242m I I

-242 I I I
,.243
,.244 I
,.245
8.246
.’247
,-248

c%249
0.251
ci.252

r
Note

Radlon.cfide$ tisled asS,.90 include radonucide$ reported as ,,Non.volatile @ta
Radionuchdes hsled as CS.137 include ration. c<des repofled as ,Other Beta-Gamma
RadonucIIdes hsled as P“.239 include rationu,lides recorlti as ,G,OSS Alpha



●



—.—

--




