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FRACTIONS AND MULTIPLES OF UNITS

| " Decimal
| Multipie . __Equivalent Prefix = Symbol
10° 1,000,000 mega- M
10° 1,000 kilo- k
167 100 hecto- h
10 10 deka- da
10" 0.1 deci- d
10° 0.01 centi- C
107 0.001 milli- m
10° 0.000001 micro- "
10° 0.000000001 nano- n
107 £.000000000001 pico- p
10 0.000000000000001 fernto- f
107 . 0-000000000000000001 atte- &
CONVERSION TABLE
o T e —
Wultipty By To Obtain | Multiply By To Obtain !
in. 2.54 cm cm 0.354 in.
fit 0.305 m m 3.28 ft
ini 1.61 Km km 0.621 mi
I 0.4536 kg kg 2.205 b
igqt-LLS. 0.¢46 L L 1.057 liqqt-US.
it” 0.083 m? m* 10.764 ft?
mi* 2.59 km? km* 0.386 mi®
t® 0.028 m? m? 35.31 ft®
mCimi 0.386 mCYknT (nGint)| mGitkm? 2.59 mCi/mi®
oirn 0.450 nCi oCi 222 d/m
NG| 1x10° pCi | pCi 1x107 nCi
AL 0.45x10°  uCicc ' uCifce 222x10°  dmL
dirit? 0.01256 mCi/mi? ‘ mCi/mi? 79.6 drm/it®
oCHL (water) 107 nGivmi (water) | uCirml (water)  1¢° pCiL (water)
pCim®(ain 107 uCiice (aip | uCiree (air) 10" pCi/m*(air)
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Abstract

The purpose of this report is to meet three of the
primary objectives of the Savannah River Site (SRS)
environmental monitoring program. These objec-
tives are to assess actual or potential exposures to
populations from the presence of radioactive and
nonradioactive materials from normal operations or
nonroutine occurrences; to demonstrate compliance
with applicable authorized limits and legal require-
ments; and to communicate results of the monitoring
program to the public.

In 1989, the maximum committed dose to a hypo-
thetical individual at the site perimeter from 1989
SRS atmospheric releases of radioactive materials
was 0.31 mrem (0.0031 mSv). To obtain the maxi-
mum dose, an individual must reside at a point of
highest exposure at the site perimeter for 24 hours
per day, 365 days per year. The average committed
dose from atmospheric releases to an individual at
the site perimeter was 0.11 mrem (0.0011 mSv).

The maximum committed dose to an individual
downriver from SRS who consumed Savannah River
water was 0.12 mrem at both the Cherokee Hill
WaterTreatment Plant at Port Wentworth, GA(near
Savannah) and the Beaufort-Jasper Water Treat-
ment Plant near Beaufort, SC. This dose is based on
the assumption that the individual drinks 2 L (one-
half gal) of water each day, 365 days per year.

In addition to monitoring for radiocactive contami-
nants, the environment is also monitored for nonra-

dioactive contaminants. Various state and federal
permits regulate the sampling and analyses per-
formed in the nonradiological monitoring pregram.
In 1989, air emissions were within required stan-
dards and the NPDES compliance rate was 99.9%.
Water quality studies were also performed on the
Savannah River and on SRS streams throughout the
year, Groundwater was continually monitored to
identify and track contaminants, to comply with
environmental regulations and DOE orders, and to
support basic research projects.

Westinghouse Savannah River Company is also
involved in various activities to bring the site into
compliance with all applicable environmental regu-
lations and DOE orders. These activities include
closing waste sites, monitoring water temperatures
in SRS streams, environmental restoration programs,
and performing self-assessments to identify and cor-
rect areas of environmental noncompliance.

This 1989 report contains descriptions of radiological
and nonradiological monitoring programs, it pro-
vides data obtained from these programs, and it
describes various environmental research activities
ongoing at the site. Also included are summaries of
environmental management and compliance activi-
ties, a summary of National Environmental Policy
Act activities, and alisting of environmental permits
issued by regulatory agencies.

ix






The U. 8. Departmen: of Energy Savannah River Site
Environmental Report for 1989is designed to provide
information to the public about the impact of SRS
operations on the public and the environment. This
report describes environmental surveillance and
Monitoring activities conducted at and around the
Savannah River Site (SRS) during the calendar year
1989,

The SRS Environmental Report, published annu-
ally, is widely distributed to government officials, U.
S. congressmen, universities, and other interested
parties. Copies of the report are also placed in public
reading rooms. Preparation and publication of the
report is mandated by DOE Order 5400.1, Chapter
II, with a publication deadline of June 1 of the
following year.

Listed below are the objectives of this report:

] to provide detailed information about SRS
and its environmental monitering
activities

] to report 1989 monitoring data for the SRS
and surrounding environment

[ ] to provide radiation doge estimates for
surrounding populations and describe how
the estimates were derived

| to summarize all significant environmental
activities at SRS in one report

] to provide a historical document for
reference and trending

n to show trend analyses, and when possible,
to indicate increases and decreases in
concentrations and/or discharges

Ensuring the radiation safety of the public in the
vicinity of SRS was a foremost consideration in the

design of the site and has continued to be g primary
objective during the 35 years of SRS operation. An
extensive environmental surveillance program has
been maintained continuously since 1951 (before
SRS startup) to determine the concentrationg of
radionuclides in the environment of the site, Data
generated by the onsite surveillance program have
been recorded in site documents gince 1951. A public
report, in which data from offsite environmental
monitoring activities were published and issued to
the public, was initiated in 1959,

Separate reporting of SRS’s onsite and offsite envi-
ronmental monitoring activities continued until 1985
when data from both surveillance programs were
merged into a single publication. In 1985, the report
expanded to two volumes, the first volume for text
and the second for figures and data tables. A listing
offsite reports is presented in

The scope of the environmental monitoring program
at SRS has changed significantly during the years
since site startup. This change is reflected in annual
reports. Prior to the mid-1970s, the reports con-
tained primarily radiological monitoring data. Be-
ginning in the mid-1970s, the reports included ex-
panded amounts of nonradiological monitoring data
as those programs expanded. The nonradiological
monitoring program is now ag extensive as the radio-
logical monitoring program,

This two-volume reportis written for a wide audience
with a variety of environmental interests. It is di.
vided in such a way that readers may selectively read
different sections of the report according to their
specific interestg,

Volume I summarizes environmental monitoring,
research, and compliance activities at SRS and pres-
ents key figures, maps, and summary data tables
Volume II containg figures and detailed monitoring
data tables. Both volumes are further divided into
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four parts—Environmental Monitoring Perspectives,
Environmental Monitoring Methods, Environmental
Monitoring Programs, and Environmental Manage-
ment and Research Programs. The chapters within
each part are arranged to describe the monitoring
programs first by environmental media and then by
type of monitoring.

Within Volume I, the abstract provides an overall
picture of information contained in the report, while

the executive summary provides highlights of perti-
nent information. A brief summary is presented at
the beginning of each chapter, followed by the text.
Highlights conclude each chapter. Each chapter also
contains special highlighted summaries called “side-
bars” to provide auxiliary explanations or additional
information for important ideas or concepts. In addi-
tion, this report contains a glossary of technical
terms, as well as an index, both Iocated in the back
matter of Volume I.
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Executive
Summary

The purpose of this report is to provide information
about the impact of SRS operations on the public and
the environment. The 1989 environmental report
includes monitoring data from routine radiological
and nonradiological environmental surveillance ac-
tivities, summaries of environmental compliance pro-
grams in progress, a summary of National Environ-
mental Policy Act activities, a listing of environ-
mental permits issued by regulatory agencies, and
summaries of site environmental research programs,

The Savannah River Site occupies a large area of ap-
proximately 300 square miles along the Savannah
River, principally in Aiken and Barnwell counties of
South Carolina. The primary function of SRS is to
produce plutonium, tritium, and other special nu-
clear materials for national defense, for other gov-
ernmental uses, and for some civilian purposes. From
January 1 to March 31, 1989, SRS was operated for
the Department of Energy (DOE) by E. I. duPont de
Nemours & Co. On April 1, 1989 the Westinghouse
Savannah River Company assumed responsibility as
the prime contractor for the Savannah River Site.

ASSESSMENT OF RADIOLOGICAL IMPACT
OF SRS OPERATIONS ON THE PUBLIC

Dose from Atmospheric Releases

As shown below in Figure ES-1, the maximum com-
mitted dose to a hypothetical individual residing on
the SRS boundary from 1989 SRS atmospheric re-
leases of radioactive materials was 0.31 mrem (0.0031
mSv) or 0.31% of the DOE guide of 100 mrem/yr (1
mSv) for annual exposure to an individual. The
collective dose commitment from SRS atmospheric
releases to the 555,100 people who live within 50
miles (80 km) of the center of the site was 17 person-
rem (0.17 person-Sv). Releases of tritium, primarily
tritium oxide, accounted for greater than 80% of the
offsite collective dose from SRS atmospheric releases.

Dose from Releases to Surface Waters

Releases of radioactivity to surface waters also con-
tributed to the radiation doses of offsite persons. The
committed dose to a hypothetical, maximally-ex-
posed individual from SRS releases of radioactivity

Other Sources
12 mrem

SRS Contribution
0.61 mrem

Atmospherie:
/ 0.31 mrem
Liquid:
0.30 mrem

Applicable Dose Standards

Applicable DOE radiation standards for
the protection of the public in the vicin-
ity of SRS are given in draft DOE order

5400.xx (finalizedin 1990 as DOE Order
5400.5). The Environmental Protection
Agency (EPA) limits for doses from the
atmospheric pathways, contained in 40
CFR61, Subpart H[EPAS85], also apply.
These standards are summarized in
Table ES-1(following page), EPAdrink-
ing water standards, which apply to
concentration of radionuclides in drink-
ing water at downriver water treat-
ment plants, are given in Appendix E.

-";{tion from SRS
iquid releases
s of radiation
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to the Savannah River was 0.30 mrem (0.003 mSv).
This dose would result from the consumption of
water and fish from the river just downriver from
SRS, and from swimming, boating, and shoreline
activities.

Offsite doses are also received by people consuming
water supplied by the two water treatment plants
on the Savannah River located downriver of SRS, in
Beaufort and Jasper counties in South Carolina,
and in Port Wentworth,GA. The committed dose to
anindividual who consumed Savannah River water
at a maximum rate of 2 L per day was 0.12 mrem
(0.0012 mSv). The 1989 collective dose commitment
from liquid releases was 4.8 person-rem (0.048
person-Sv),

Perspective

Table ES-2 (right) summarizes the individual and
collective doses from SRS and other sources, while
Table ES-3 (page xvi) compares the individual doses
to applicable standards and natural radioactivity.
The annual dose from natural radiation averages
295 mrem (2.95 mSv) per year [NCRP87a]. Figure
ES-1 (page xiii) graphically shows the sources of an
individual’s radiation dose, the percentage each
source contributes, and SRS’s maximum contribu-
tion from both atmospheric and liquid releases.

Water treatment plants downriver of SRS

Table ES-1. DOE Revised Interim Radiation Dose Limits*

All Pathways. The effective dose equivalent for any member of the public from all routine DOE opera-
tions® (excluding natural background and medical exposures) shall not exceed the values given below:
Effective dose equivalent®

mrem/year mSv/year
Annual exposure 100 1
Occasional annual exposure? 500 5
No individual organ shall receive a committed dose equivalent of 5 rem/year

(50 mSv/year) or greater.

Air Pathway Only (Limits of 40 CFR 61, Subpart H)
Dose equivalent

mremfyear mSv/year
Whole body dose 25 0.25
(effective dose equivalent)
Any organ 75 0.75

* DOE established new Radiation Dose Limits in DOE Order 5400.5, which was promulgated February 8, 1990
and supersedes DOE Order 5480.1A. For the SRS Environmental Report for 1989, the limits given in this
table were in effect during 1989 and will be referenced throughout the report.

“Routine DOE operations” means normal planned operations and does not include nonroutine releases.
Effective dose equivalent is expressed in rem (or mrem) and the corresponding value of Sv (or mSv).

A subsidiary limit of effective dose equivalent in a year. A dose higher than 100 mrem but not higher than 500
mrem may oceur, provided the dose averaged over a lifetime does not exceed the principal limit of 100 mrem.
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Table ES-2. Individual and Collective (Population) Doses - 1989

Location/Source

SRS Boundary
SRS Atmospheric Releases
SRS Liquid Releases

Within 80 km of SRS
Dose From Atmospheric
Releases

Water Treatment Plants
Downriver of SRS
Beaufort-Jasper Plant
Port Wentworth Plant

River Fish and Recreation
Consuming River Fish
Recreation

SRS Releases Total

Other Sourcess
Natural Radioactivity®
Cosmic Radiation
External Terrestrial
Internal

Radon in Homes

Subtotal (Natural)
Medical Radiation>%®

Subtotal (Medical)
Consumer Products®

Subtotal (Consumer Products)
Weapons Test Fallout

Subtotal (weapons tests)
Other

Subtotal (Other)
Other Sources Total

2 Committed effective dose equivalent.

Calculated Individual Calculated Collective Dose
Dose, mrem* Size person-rem*
Average Maximum
0.11 0.31° - -

- 0.30° - -
0.08¢ - 555,100 16.9
0.06 0.12 51,000 3.0
0.06 0.12 20,000 1.2

- - 555,100 0.6
- . 555,100 <0.1

21.7

Annual Dose,mrem Collective Dose, person-rem

27
28
40
200
555,100(within 80 km) 164,000
71,000{water plants) 20,800
295 185,000
53
555,100(within 80 km) 29,400
71,000{water plants) 3,800
53 33,200
10
555,100 {within 80 km) 5,600
71,000 (water plants) 700
10 6,300
<1.0
555,100(within 80 km) 600
71,000(water plants) 100
<1.0 700
<1.0
555,100 (within 80 km) 600
71,000 (water plants) 100
<1.0 700
360 225,000

® Based on a hypothetical individual with maximum dietary habita located on the site perimeter
at locations of highest exposure. No such individual is known to exist.
¢ Baged on a hypothetical individual with maximum dietary habits who lives on the shore of the
Savannah River. No such individual is known to exist.
4 Based on atmospheric dispersion of SRS releases as described in Table 4-5 (page 85, Chapter 4)

* Average values for the United States.

! Dose is prorated over the U. S. population. This is a means of arriving at an average dose, which when multiplied by
the population size, produces an estimate of population exposure. It does not mean that every member of the
population received radiation exposure from these sources.

s NCRP Report No. 93,
- Not applicable.
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Table ES-3
Comparison of Calculated Doses from SRS Operations with
Applicable Standards and Natural Radiation Sources
Atmospheric Dose
Committed Dose (mrem) Standards (mrem) % of Standard
Maximum Individual 0.31 25 (NESHAP) 1.2
100 (DOE) 0.31
295 (Natural) 0.11
Liquid Dose
Committed Dose (mrem) Standards (mrem) % of Standard
Si .
Maximum Individual 0.30 4 (EPA) 7.5
100 (DOE) 0.30
295 (Natural) 0.10
Maximum Consumption 0.12 4 (EPA) 3.0
(2 I, water/day) 100 (DOE) 0.12
295 (Natural) 0.04

ENVIRONMENTAL MONITORING
PROGRAM

In 1989, over 331,000 radiological and nonradiologi-
cal analyses were performed. In addition, over 1.7
million nonradiological measurements were made at
ambient air quality monitoring stations and over
460,000 water quality readings were made in Beaver
Dam Creek and Steel Creek.

While the radiclogical monitoring program experi-
ences some growth from year to year, the most pro-
nounced growth has occurred in the nonradiological
program. This program began expanding in the mid-
1970s and is now as large as the radiological pro-
gram. The majority of the growth in the nonradiologi-
cal monitoring program has occurred in groundwater
monitoring.

Air Monitoring

Small amounts of particulate alpha and beta-gamma
radioactivity were released to the atmosphere from
SRS facilities. However, concentrations in air in the
area surrounding SRS are generally obscured by
contributions from worldwide fallout. Concentra-
tions of tritium released to the atmosphere from SRS
operations were routinely detected in the air, with
these concentrations decreasing with increasing
distance from the site.

Continuous measurementsof ambient radiation levels
at 454 locations at and around SRS were made with
thermoluminescent dosimeters (TLDs). As observed
in previous years, ambient radiation measurements
taken at each location at the site boundary and up to
100 miles away from SRS showed little variability
throughout the year.

Atmospheric emissions of sulfur dioxide, oxides of
nitrogen, and particulate matter less than 10 mi-
crons from the five onsite coal-fired power plants
were within applicable standards in 1989, All SRS
stacks met the 40% opacity standard at all times
except for the 291-F stack, which occasionally ex-
ceeded the standard. A number of renovations are
underway to ensure compliance of the 291-F stack.

The quality of air at SRS was monitored at several
locations around the site to measure particulate
matter less than 10 microns, sulfur dioxide, oxides of
nitrogen, and ozone. The states of South Carolina
and Georgia performed additional ambient air moni-
toring. All SRS monitoring results were within state
standards,

Surface Water Monitbring
The Savannah River and all site streams located on

SRS are continuously sampled to monitor radioactiv-
ity released in effluent water from SRS facilities. In
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1989, no measurable differences were detected be-
tween upriver and downriver gross alpha and non-
volatile beta concentrations in the Savannah River.
The release of tritium accounted for greater than
99% of the total radioactivity introduced into the
Savannah River from SRS activities during 1989.
Low levels of ¥'Cs were also measured downriver
from SRS.

The SRS stream with the highest concentration of
radionuclides in 1989 was Four Mile Creek (FMQ).
These elevated concentrations are due to releases of
radioactive materials in effluents from process facili-
ties and from migration from seepage basins. Maxi-
mum aetivities of gross alpha and nonvolatile beta in
FMC were 9.0 pCi/L and 300 pCi/L, respectively. The
maximum concentrations of tritium in FMC was
2,200 pCi/mL. Higher concentrations of tritium were
also measured in Upper Three Runs Creek (U3R)
during 1989. The Effluent Treatment Facility (ETF)
and stormwater runoff from parts of F and H Areas
discharge into the creek. The higher concentrations
of tritium result primarily from startup of the ETF
process. Tritium concentrations at U3R-2A, which
monitors the ETF effluent, averaged 17,000 pCi/mL,
with a maximum of 80,000 pC¥/mL. After dilution,
the maximum concentration of tritium entering the
river, measured at Road A, was 26.2 pCi/mL.

SRS liquid effluents are regulated by the South
Carolina Department of Health and Environmental
Control (SCDHEC) under the National Pollutant
Discharge Elimination System (NPDES). In 1989, 76
active, permitted outfalls were monitored. Nine of
the 6,859 analyses performed exceeded permit lim-
its.

The Savannah River is extensively monitored for
chemicals, physical properties, and metals, Chemi-
cal and biological water quality standards for the
Savannah River are specified in the requirements of
the state of South Carolina for Class B streams.

Temperature profile surveys were conducted at the
mouths and upriver of Beaver Dam Creek and Steel
Creek as part of a comprehensive study of the ther-
mal effects of SRS operations upon the waters of
South Carolina, as stated in consent order 84-4-W
between SCDHEC and DOE.,

Groundwater Monitoring
SRS monitors groundwater quality for radioactive

and nonradioactive constituents to identify any con-
tamination that may occur as a result of site opera-

tions. Approximately 80 waste sites, operating facili-
ties, and spill sites have monitoring wells. Monitor-
ing was performed at 1,240 wells in 1989. In 1989,
over 214,300 analyses were performed under the
groundwater monitoring program,

Environmental Monitoring of Other Media

Air and water are the principal dispersal media for
SRS radioactive releases, However, the SRS environ-
mental monitoring program also includes samples
representing other segments of the environment
that may be affected by these releases or that might
provide pathways of radiation exposure to the public.

Concentrations of radioactivity were measured in
milk, food, drinking water, wildlife, rainwater, soil,
sediment, and vegetation. Except for tritium, the
concentrations observed were similar to those re-
ported by other agencies in parts of the country not
affected by SRS operations [EPA82,EPAS83]. In most
cases, when tritium is present, it is attributed to SRS
operations,

In the nonradiological monitoring program for drink-
ing water, no confirmed positive concentrations of
chlorocarbons were detected in monthly analyses of
drinking water from the domestic water wells in A-
Administration/M Areas during 1989. However, 1,1,1-
trichloroethane was detected in four semiannual
samples. The maximum concentration of 5.87 mg/L,
measured at the River 1G pump station was below
the EPA drinking water standard of 200 mg/L.

Nonroutine Occurrences

Special radiological sampling and analyses programs
are instituted in response to unplanned releases of
radioactivity to the environment. In 1989, special
sampling programs were initiated following three
atmospheric tritium releases, six liquid tritium re-
leases, four releases involving other radionuclides, a
tornado, and an oily film covering a delaying basin.
The largest atmospheric release occurred when 1,100
Ci of tritium were released from an H-Area facility.
The largest liquid release occurred when 534 Ci of
tritium were released to Pen Branch from K Area.

Special Surveys

In addition to the routine monitoring of the environ-
ment on and around SRS, special surveys are per-
formed throughout the year to evaluate radioactivity
levels and monitor the effects of SRS effluents on the
environment. Some surveys are conducted to evalu-
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ate new technologies. The following special surveys
were conducted in 1989:

[ | Savannah River Swamp Survey

| Pond B Survey

[ Savannah Harbor Sediment Survey

| Dry Monitoring Wells Survey in F- and H-

Area Waste Management Facilities

| Academy of Natural Sciences of
Philadelphia—River Quality Surveys

[ ] Isco/Paddlewheel Sample Comparison

SAVANNAH RIVER SITE
ENVIRONMENTAL MANAGEMENT
AND COMPLIANCE PROGRAMS

SRS must operate in compliance with applicable
environmental regulations established by various
federal and state statutes and regulations. For this
reason, a major effort at SRS has been to bring the
site into compliance with these applicable standards
and regulations,

Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA)

In December 1989, SRS was officially included on the
National Priority List. This means that SRS hasbeen
identified by the EPA as a site with significant
contamination, and that SRS has priority status for
remediation activities. Discussions are under way
between the South Carolina Department of Health
and Environmental Control (SCDHEC) and DOE to
develop agreements on satisfying the remediation
requirements and other requirements of the law.

Two CERCLA reportable releases occurred in 1989,
The first release occurred in F Area when acidic
wastewater containing trace quantities of radioac-
tivity leaked from a broken terra-cotta pipe. The
second release was discovered in H Area from piping
used to transfer waste from a processing area into a
waste storage tank. The contaminated soil from both
releases was excavated and disposed in a low-level
waste burial ground.

Clean Air Act and Clean Water Act

In 1989, SRS had 13 air quality permits that covered
130 point sources for air emissions. All facilities are
currently being assessed to ensure that all release
points have been identified and are permitted. SRS

monitors liquid effluent discharges from 76 outfalls
permitted under the National Pollutant Discharge
and Elimination System program,

Resource Conservation and

Recovery Act (RCRA)

Currently, 262 waste sites are located on SRS, in-
cluding active and inactive waste sites and contami-
nated sites. In 1989, five groundwater units were
being investigated or treated for contamination. Ten
waste sites are currently being closed. Seventy-nine
waste site are currently under the RCRA facility
investigation (RFI) program.

The National Environmental Policy Act (NEPA)
The NEPA group of the Environmental Protection
Section at SRS performed 237 reviews in 1989 to
evaluate the potential environmental impacts of
proposed federal actions and to examine alternatives
to those actions. In December 1989, an Environ-
mental Assessment for the planned Consolidated
Incineration Facility in H Area was submitted to
DOE for review. :

ENVIRONMENTAL MANAGEMENT
AND RESEARCH PROGRAMS

Savannah River Laboratory Programs

The Environmental Sciences and Environmental
Technology sections of the Savannah River Labora-
tory (SRL) conduct numerous environmental research
and management projects that cover a wide range of
environmental topics. In 1989, special research proj-
ects included airborne and aqueous effluent studies,
dosimetry of SRS reactors, and development of ultra-
low-level mass spectrometry facilities and emergency
response capabilities. Research also focused on de-
termining the nature and distribution of SRS con-
taminants and outlining possible remediation plans,

Listed below are two of the environmental manage-
ment projects in which SRL was also involved to help
meet permit or environmental impact statement
requirements.

] developing the IMPACT computer system
that will improve the quality of SRS environ-
mental assessment

| demonstrating compliance with Section
316(a) of the Clean Water Act for K-Reactor
discharges into Pen Branch; for the 400-D
Area outfall into Beaver Dam Creek; and L-
Reactor effluents into L Lake/Steel Creek
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National Environmental Research
Park Program

The National Environmental Regearch Park (NERP)
program was established in 1972 to study the envi-
ronmental impact of human activities. Ten research
prejects were conducted under the National Environ-
mental Research Park program in 1989. In two of
these projects, the Savannah River Ecology Labora-
tory herbarium collection was upgraded and a poten-
tially rare and endangered species of freshwater
clam from SRS was studied.

Savannah River Ecology Laboratory Programs

SREL has conducted independent environmental
research studies of the SRS environment sinee 1952.
These research programs have gince evolved into
three divisions—biogeochemical ecology, wildlifeand
stress ecology, and wetlands ecology.

In 1989, biogeochemical ecology studies focused on
chemical speciation, cycling of radionuclides, con-
taminants in coal piles and ash basing, and microbial
activityin L Lake. Specific wildlife and stress ecology
programs included biodiversity, populations, and

genetics research. Wetlands ecology programs in-
cluded the set-asides program and community suc-
cession and development studies.

U. 8. Forest Service Savannah River Forest
Station Programs

The Savannah River Forest Station directs the forest
management program at SRS to protect endangered
species, to provide quality habitats for native wild-
life, to protect =oil and watershed quality, and to
provide a healthy forest for environmental research.
SRFS carried out 52 forest-related studies during
1989, in the areas of biological diversity, reforesta-
tion techniques, and old pine-field studies.

The populationg of the endangered red-cockaded
woodpecker and the Southern bald eagle were also
the subjects of intensive research projects. As a
result of SRFS efforts, the red-cockaded woodpecker
population increased from 14 to 18 birds in 1989.

During 1989, the federal government received nearly
$2.4 million for 20.7 million board feet of cut timber
from the site. Pine seedlings were planted on over
2,700 acres during the same period.
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DESCRIPTION OF THE SAVANNAH
RIVER SITE

Location

The Savannah River Site (SRS) occupies an area of
approximately 300 square miles adjacent to the
Savannah River, principally in Aiken and Barnwell
counties of South Carolina. The site is approximately
25 miles southeast of Augusta, GA and 20 miles
south of Aiken, SC. The average population density
in the counties surrounding SRS ranges from 23 to
560 people-per-square mile with the largest concen-
tration in the Augusta, GA metropolitan area. Au-
gusta has a population ofmore than 250,000 [DOCSS8].

Various industrial, manufacturing, and farming
operations are conducted in areas surrounding the
site. Majorindustrial and manufacturing facilities in
the area include textile mills, plants producing vari-
ous polystyrene foam and paper products, chemical
processing plants, and a commercial nuclear power
plant.

Farming is diversified around the area and includes
cropssuch ascotton, soybeans, corn, and small grains.
Livestock production for market is also expanding.

Meteorology

The SRS climate is mild, with an average frost-free
season of approximately 246 days. The annual aver-
age rainfail at SRS is about 48 inches and is fairly
evenly distributed throughout the year. With the
exception of the Savannah River, there are no un-
usual topographic features to exert significant influ-
ences on the general climatology.

Summers are hot and humid, with temperature ele-
vations often reaching the upper 90s ('F). Thunder-
showers are most prevalent during the summer
months and contribute about 33% to the annual total
rainfall.

Introduction and
Prom Overview

Fall is characterized by cool mornings with warm
afternoons. Average daily temperatures in the fall
range from a high of 76°F to a low of 50°F. On
average, approximately 9 in. or 19% of the annual
total rainfall occurs during the fall.

Winters are usually mild, with cold weather lasting
from late November to March. Temperatures remain
above freezing about 80% of the time. There is occa-
sional snowfall, which usually remains an average of
three days. Winter rainfall contributes about 21% to
the annual total rainfall.

Springis the most variable season of the year with an
average temperature of 65°F. There is an occasional
cold snap in March. Tornadoes, although infrequent,
occur most often in the spring. Spring rainfall repre-
sents about 27% of the annual total.
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Water Resources

The Savannah River flows along the western bound-
ary of SRS for approximately 35 miles and is used as
a drinking water supply for approximately 71,000
persons downriver at Port Wentworth, GA, and near
Hardeeville, SC (Beaufort and Jasper counties). The
Savannah River is also used for commercial and
sport fishing, boating, and other recreational activi-
ties downriver from SRS.

SRS uses water from the Savannah River for site
operations. River water is used to supply cooling
water for reactors when they are operating. In addi-
tion, the drinking water system in D Area is supplied
with treated surface water taken from the Savannah
River.

Five major streams on SRS feed into the Savannah
River: Upper Three Runs Creek, Four Mile Creek,
Pen Branch, Steel Creek, and Lower Three Runs
Creek. These streams are not used as commercial
sources of water, but they do receive effluents from
various operations onsite.

Par Pond is a 2,640 acre man-made lake on SRS that supports a variety of water fowl

Land Resources

Most of the site’s eivirons are rural. Approximately
40% of the countryside is forested with longleaf and
loblolly pines, sweet gum, maple, birch, and various
oak-hickory hardwood trees. SRS maintains a forest
management program tocontribute to environmental
protection and research. In addition, the Savannah
River Forest Station provides the federal govern-
ment with cut timber from SRS.

Major plant communities on SRS include cypress-
gum and lowland hardwood swamps, sandhills, ¢ld
agriculturalfields, and aquaticand semiaguaticareas.
These habitats range from very sandy, dry hilltops to
continually flooded swamps.

SRS is populated with more than 50 species of
mammals. Deer, feral hogs, beavers, rabbits, foxes,
raccoons, and opossums are examples of wildlife
found on the site. SRS is home to more than 50
species of reptiles and amphibians including turtles,
alligators, lizards, snakes, frogs, and salamanders.
In addition, over 200 species of birds occur on SRS.
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Table 1P,
Uporatiog Status for SRE Pacilities during 108G

A

Htatus of Operation®

Resctor Arens

£ Aves
H Aren
i Ares
P hyen

Sepavations Arvea

H-Aren Plutonivm Process
Chemical Beparation Facility
Tribium Faolitiex

RBOF Facility

Wante Oempartor
Hoeta-gamma Ineinerator
Wasle Management Facility

F.dres Phatonium Process
Chemieal Separation Facllity

Fluteninm Fabrication Paciily

& Line

Heval Fuel Materinls Faoility
Laboratory Facility
Labmratory Faoliny

Toank Farma I and ¥ Arons)
Effuent Proatmend Facility

Eaw Materinls

Fuel Fabrication Facility
Fuel Fabrication Faeility
Laboratury Facility

Drefense Waste Procossing Facility

Sovannah River Laborsiory

Process down 100%
Process down 100%
Process down 100%
Frocess down 100%

Process down 0%

Provess vperalional 10%
Onie process operational 40%
Normal operation

Process spevational 25%
Provess down 100%

Movmal sporation

Process operational 29%
Process sperational 30%
Proossa down 1009
Process operational 40%
Kurmal speration
Provess cperational B
Mormal operation

Normal operation

Bormal operation

Procoss operational 35%
Provess down 100%
Mormal eperalion

Provess down 1009

Mormal operation

rated gl v
s spevatad for the percentage of Bme stated,
ned from Health Protection Operations

aviod that the faeility was operating

Hent enchanger cooling water doss not pass divecthy
the resctors, Therefors, i 15 no suldec) to
Lron sobivation. The hest exchanger wool
mg water from P Heaclor 15 refurned io Par Ford,
seme sl whith sverflows to Lower Thyee Buns Crock
Land K Heaclors nae Savannah Biver walor as a hoal

fhreas

divect s

exchanger coolant, L Reactor
heat sxchanger cooling water
isdischarged to L Lukes, which
overfiows to Stesl Oreek. B
Reactor heat exchanger cogl-
ing wateris discharged to Pen
Branch.

Reactor-produced products
are processed in the chemionl
separations aress. Uranium,
P, and PP are separated
from each other and from fis-
sion products by complex
chemical processes. These
arens alss have facilities fur
purifying and packaging ivit-
wm and for storing flasien-
produet waktas,

The Maval Fusel Materials
Factlity, located in ¥ Aves,
began producinguraniuem fuel
forthe LS Nave i late 1888
The facility sonverts o special
enriched uraninm inte 3 ma-
terial that can he uwsed io
manufaciure reacior cores
that power the nuclear feel,
Although approvimately 40%
of the Navy's major combat
floet W nuclear powered, the
decreased demand for nusloar
fuel resuliod in shut down of
the Naval Fuel Materials
Facility in Beptomber 1953
The facility is curvently in a
non-operational  hack-up
stains,

HHES Bupport Facilities

The Defense Waste Process
ing Facility (WWPF) is a ma-
Jot eonstruction effort cur
rently underway at SRS This
facility wilthe the nation’s firgt
high-lavel radioactive waske

glassification plant. DWEF will aceept high-lovel ra-
dionetive waste currently stored in waste tanks in F
and H Areas, mix the waste with glass Frit, hent the
rbsbure until itis malten, and then pour the material
. wnio stainiess stee] containers, As the mixiure ey,
i becomes n osolid dnert glass form that will be



Introduction and Program Overview 5

P Heaotor in one of three resciors shut down
for maintonsnee sond safely vpprades

suritable for stomgs in an offsite penlogle veposiiory,
The TFWPY glass form and the peclogie repository
witl ffectively isnlate the nuclesy wasle from the ane
virsrenent The scheduled stariup date for DWPE
operaiion e 1HEY,

The Efffuent Treatment Foaoility (BT, located on
the south side of B Area, bagan operation in (888
This facibily collects and {rests walsr previesly
dischavged to the Foand H-Arsa sespage hasins, BTE
roveives routine provess wastewater, sonlaminated
sarvon favibly eooling water, and tank farm storm
wgter, BRI removes all the radivaciive and nonzas
dicpetive nontaminants, syespt britivm, From provess
effluents, sllowing the water o be discharged 2o
Epper Thres Buns Uresl. The BTF process sbimi
nated the use of seepage basins, which adversely
tpactadd the gualily of growedbwater,

g
]

The B-dores Baltabone Faoihity i desipned to process
and dispoar of the desontaminated salt solndien
supsrnates frowm the B oand H-Ares slorags tanks
aved the BTF concentrate. The decondaminaied salt
sudution b innnohilized with solidifyving apents such
suoshag, fly ash, and cement and dispased of in
cenorete vaalis. During 1988, equipment cheoks and
eold vuns were sompleted for the facility

The Heplocement Trithus Faotlity {HTF 5 one-pors
underground feoility loonted In H Area, is oorvenily
mpstruetion. The purpese of BYF s to replace

maost extraction and purification spera-
Gions presently performedin the existing
FTrithure facilibies, which have beon in
asperation since 1858 BTF and the exiat
g Tritlum facibiies will operate oon-
currently for apgrosimately one vesr.
The BTF is designed to minimize tritham
Iosses to the envivonmeant, Muoltipls svs
tems will exdst fo protect the environ
wmant, porsenned in the facility, and the
gritium process eel Operstion of BTF
will reduce wasts generation sl 888 and
stmospherie tritiurm relesses. The sched.
uled date for BTF oporption is 1002

DEBURIFTION OF
EHVIBONMENTAL PROGRAMSE

Ernvironmenial Monlioring

The Bovivenmenial Mordtoring Seation
{EME ) of the Envirormental and Health
Frotection Department (BHP conducts
extensdve radislogiont angd nonrvadinlogioal enviven-
mental moenitoring programs st and arcund SHE In
1988 over 3310040 radiological and nonvadiclogicsd
ansiyses weve performed on over 35,000 gamples. In
addition, over L7 million novmadiclogical messure-
ments were made af amblent alr goafity monitoring
stations, and ower 480,000 waler quality readings
wers bakan from monibors in Beaver Darn Ureek and
Sieel Oresh,

Badiodngival Monitoring Program

Bach venr, ihe vite parforms radichegical monitoring
by eollecting and analysing samples From a 30,0800
semare-mnile srea in the vicimty of SRS Withm thes
IR 000-sguare-mile avea, many Gffwrent types of
samples are routinely oollected and ansbyeed f
radhivactivity, In addition, ambient gronma radiation
lovals are mondtored within an £00sguare-mile
arves of BRE Table IP2 on the following page lists the
typas of samples eollected and avalyzed in the radis-
Ingleal monitoring programn.

in the vadinlogicsl monitoring program, BME per-
formmed approwimately 100000 aralyvees on 20,000
samplesduring 1983 Approximately 554,008 samples
Bawe been collecied and 2072500 analyses have
been parforned since the program began in 1981

MNenradicdogieol Monitoring Program
The nonradislogica] momtoring program is primar
ity confined (o SBY and s designed 1o monibey the
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Table [P-2
Types of Samples Analyzed in the
Radiclogical Monitoring Program

(SCDHEC) and the Department of
Energy (DOE). Temperature and
dissolved oxygen measurements are
taken daily in Steel Creek. Tem-

seepage basins

perature, conductivity, pH, oxida-

Air . Wildlife tion/reduction potential, and dis-
Thermoluminescent Dosimeters fish solved oxygen readings are made
Surface Water crabs/oysters every five minutes in Beaver Dam
rivers deer/ hogs Creek.
streams furbearers

{i.e., opossums, | The Division of Environmental

foxes, Research of the Academy of Natu-
raccoons) ral Sciences of Philadelphia (ANSP)
Groundwater turtles also monitors the quality of Savan-
Milk ducks nah River by conducting surveys of
Food Rainwater the aquatic environment and wa-
(i.e., eggs, chickens, Boil ter quality both upriver and down-
meats, fruits, graing, Sediment river from SRS. These studies have
collards) Vegetation been conducted since 1951.
Drinking Water

concentrations of various nonradiclogical constitu-
ents onsite. Some samples from offsite locations are
analyzed to obtain background analytical data. Off
site analyses also serve as s backup to ensure detec-
tion of nonradiological constituents if released. In
1389, over 231,000 analyses were performed on
over10,000 samples. Table IP-3 (below right) lists the
types of samples analyzed in the nonradiclogical
monitoring program.

Although the nonradiological ambient air monitor-
ing program is cosrdinated by EMS, routine opera-
tion of the program is subcontracted to an offsite
company. Instruments at the onsite stations moniter
for sulfur dioxide, oxides of nitrogen, ozone, and
particulate matter less than 10 microns.

SRS has menitored site stream wastewater discharpes
and their effects on Savannah River water quality
since the early 1850s. The inhouse nonregulatory
water quality program monitors site streams and the
Savannah River for chemicals, metals, and organics,
Each year, approximately 200 samples are collected
and 5,500 analyses performed. Six to 31 constituents
are analyzed at each sample location. The Analytical
Laboratories Department in 400-D Area performs
coliform bacteria analyses for this program.

Water quality parameters are measured in Stee!
Creek and Beaver Dam Creek to comply with consent
order 84-4-W between the South Carolina Depart-
ment of Health and Environmental Control

EMS coordinates the National
Pollutant Discharge Elimination
System (NPDES) liquid effluent monitoring pro-
gram for SRS, while the analyses are subcontracted
to commercial laboratories certified by SCDHEC,
EMS collects NPDES samples and administers the
analytical subcontracts. The Envirenmental Protee-
tion Section (EPS) reviews and reports data to
SCDHEC through DOE. In 1989, over 6,800 routine
analyses were performed on 76 active outfalls at the
site.

Sample collection, laboratory analysis, and data
handling for the nonradiological groundwater moni-
toring program (nonregulatery and regulatory) are
subcontracted to offsite companies with contracts
administered by EMS. EPS and Operating Depart-

Table IP-4
Types of Samples Analyzed in the
Nonradiological Monitoring Program

Air
Burface Water
rivers
streams
Groundwater
Drinking Water
Sediment
rivers
streams
Fish
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ments review and report groundwater data to
SCDHEC tefulfill regulatory requirements. Approxi-
mately 214,300 analyses were performed during 4,626
sampling events in 1989,

Drinking water analyses for residual chlorine as well
as for other chemical constituents are subcontracted
to offsite laboratories by the Power Operations De-
partment. Total coliform analysis of drinking water
is performed onsite in D Area by the Analytical
Laboratories Department. Chlorocarbon analyses are
performed on duplicate drinking water samples by
both the Analytical Laboratories Department and an
offsite laboratory, EPS reviews and reports the re-
guired regulatory data to SCDHEC through DOE,

River and stream water and sediment are analyzed
for pesticides and herbicides by an offsite laboratory.

EMS normally performs mercury analyses in fish
each year. In 1989, 400 mercury analyses were per-
formed on 254 fish samples.

Organizational Involvement

Many SRS organizations are involved in the environ-
mental monitoring program o ensure regulatory
compliance, to research the impacts of SRS opera-
tions on the environment, and to provide additional
support for the monitoring program. Various organi-
zations involved with SRS environmental monitor-
ing programs are summarized in Table IP-4 (below),

Table P4,

SRS Monitoring Programs and Organizational Involvement

Radiological Programs

Organizations Involved

Environmental Monitoring
{air, surface water,
groundwater, food,
drinking water, wildlife,
rainwater, soil, vegetation,

Environmental Monitoring Section
SRL/Environmental Sciences Section
Health Protection Operations

sediment)
Nonradiological Programs Organizations Involved
Air Monitoring Environmental Monitoring Section
Environmental Protection Section
Operating Departments
Water Quality Monitoring Environmental Monitoring Section
Analytical Laboratories Department
Environmental Protection Section
Surface Water Monitoring Environmental Monitoring Section
(NPDES) Environmental Protection Section
Operating Departments
Groundwater Monitoring Environmental Monitoring Section
{nonregulatory & Environmental Protection Section
repguiatory) Operating Departments
SRL Interim Waste Technology
Drinking Water Monitoring Environmental Monitoring Section

Power Operations Department
Environmental Protection Section
Analytical Laboratories Department
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EPSisresponsibleforthe eversight and coordination
of site programs to protect the environment and
ensure regulatory compliance.

DBESCRIPTION OF ENVIRONMENTAL
RESEARCH AND SERVICE

In 1972, SRS was designated as the first National
Environmental Research Park (NERP), Scientists
from universities and other organizations use the
site as an outdoor laboratory to study the environ-
mental impact of man’s activities. Approximately 10
research projects were conducted at the SES under
the NERP program in 1983,

In addition to NERP programs, other research pro-
grams are conducted each vear at SRS, Many ofthese
activities are deseribed in Chapters 12 through 16 of
this report. Onsite groups involved in these effortsin-
clude the following:

# Savannah River Laboratory, SRS
Environmental Sciences
Envirenmental Technology
Interim Waste Technology

® Savannah River Ecology Laboratory
{(University of Georgia)

@ Savannah River Forest Station

In a continuing effort to maintain and develop the
300-sguare-mile site, the 1.8, Forest Service (USFS)
has planted pine seedlings on nearly 97,000 acres of
the site since 1952, Significant quantities of pine,
hardwood saw timber, and pulpwood harvested during
this same peried have contributed millions of dollars
in revenue to the ULS. government. Many of the
USFS sitewide programs play significant roles in
protecting endangered species, providing quality
habitats for native wildlife, protecting soil and wa-
tershed quality, and providing a healthy forest for
environmental research.

Envirenmental Advisory Committee

The Environmental Advisery Committee meets
guarterly to review SES environmental programs
and to make recommendations. The committee con-
sists of six consultants who are nationally recognized
experts in their respective fields of biclogy, ecology,
hydrogeology, and health physics.

In September 1989, a member of the Environmental
Advisery Committee and a senior member of the SRL
staff convened s conference, “Integrated Environ-

mental Management,” which brought together sei-
entists and professionals from arcund the country to
develop and identify approaches for managing com-
plex environmental issues. Specific emphasis was
placed on the following issues;

¥  management of the Savannah River
B long-term land-use management of SRS
M endangered species and biodiversity protection

Results of the conference are being compiled into a
book that discusses each of the above issues. The
book will be published in 1990,

Environmental Data Exchange

Since 1987, representatives from the South Carolina
BDepartment of Health and Environmental Control
(SCDHEC), Georgia Department of Natural Re-
sources (GDNR), Georgia Power Company, Chem-
Nuclear, Department of Energy (DOE), and Savan-
nah River Site (SRS) have discussed in informal
meetings mechanisms for routine exchange and
comparison of data from environmentsa! radicactiv-
ity sampling,

The exchange of sample results among the groups is
intended to provide an additional interlaboratery
quality assurance (QA) check, to increase confidence
in each proup’s menitoring program, to enhance
public confidence in monitoring around SRS, and to
provide a mechanism for timely cornmunication of
technical data.

A desire to continue the data exchange programina
formal, rather than an informal manner, led to dis-
cussion for developing a Memorandum of Under-
standing (MOU) between participating organizations
in 1989, The MOU will define the purpose of the data
exchange program and provide direction to the com-
mittee so that member organizations can derive
desired benefits. Listed below were features dis-
cussed while preparing the MOU:

program purpose
desired benefits

guidelines for the use of exchanged data

types of information or topics to be discussed
at meetings
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" administrative functions (e.g., hosting and
organizing responsibilities)

| committee membership

Goals for the 1990 data exchange program include
approval and acceptance of the MOU by member-
organization management, and development of a
program to establish data comparability.

Environmental Outreach

WSRC expanded its community outreach programs
during 1989. The site began a formal program to en-
courage and facilitate tours, and it expanded the
Speakers Bureau. During the year, over 1,300 visi-
tors toured SRS and the Speakers Bureau made 83

presentations to 8,812 individuals. Many of the tours
and speeches included information on environmental
issues at SRS,

Under the outreach tour program, SRS hosted repre-
sentatives from several groups with environmental
concerns—{reenpeace, Physicians for Social Respon-
sibility, the South Carolina Energy Research Foun-
dation, and the Savannah Nuclear Dialog.

Media executives, editors, and news reporters from
major and local televisions, radio stations and news-
papers, as well as environmental agency representa-
tives from South Carolina and Georgia, were invited
to SRS through the cutreach program for a review of
the site’s environmental activities and research.
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SAVANNAH RIVER SITE ENVIRONMENTAL
MONITORING PROGRAM OBJECTIVES

The objectives of the Savannah River Site (SRS)
environmental monitoring program were developed
from recommendations of the International Commis-
sion on Radiological Protection [ICRP84]. These ob-
jectives are listed below.

Primary Objectives

B Toassess actual or potential exposures to criti-
cal groups and populations from the presence of
radioactive and nonradioactive materials from
normal operations or accidents;

# To demonstrate compliance with authorized
limits and legal requirements;

® To verify the adequacy of the facility contain-
ment of effluent radioactivity and the effective-
ness of effluent contrel;

# To notify the proper officials of unusual or un-
foreseen conditions and, where appropriate, to
activate a special environmental monitoring
program;

B To effectively communicate the results of the
monitoring program to the public.

Secondary Objectives

Secondary objectives of environmental monitoring
include the following:

® Toprovide accurateinformation in anexpedient
manner to local, state, and federal agencies and
to the general public for evaluating enviren-
mental quality and public safety;

Objectives and Rationale
for Environmental
Monitoring at SRS

® To provide information on monitoring methods
and instrumentation te the public to ensure
their active participation in the monitoring
program;

¥ To maintain an accurate, continuous record of
the environmental effects of Savannah River
Site operations;

B Todetermine concentrations of radioactive and
nonradioactive contaminants in the environ-
mental media to assess theimmediate and long-
term consequences of normal and accidental
releases;

B To distinguish the contributions to environ-
mental contamination and environmental ef-
fects from the operation of the Savannah River
Site from contributions from other sources;

B Torevise the environmental monitoring
program in response to changing conditions
in transfer pathways;

M Toprovide site-specific data for risk assessment
and uncertainty analyses for human popula-
tions in the vicinity of SRS;

M To conduct scientific studies of the transfer
pathways of radicactive and nonradioactive
contaminants in the environment.

The sections that follow describe how these objec-
tives are being met at SRS through the implementa-
tion of & comprehensive environmental monitoring
program.
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RATIONALE FOR ENVIRONMENTAL
MONITORING

In order to meet the objectives of the SRS environ-
mental monitoring program, many thousands of
samples are collected and analyzed for radioactive
and nonradioactive contaminants. In designing this
monitoring program, it is important to justify that
the samples that will be taken, together with their
analyses, will contribute to achievement of the
monitoring objectives. The justification of planned
samplinglocations, sample media, sampling frequen-
cieg, and analysss to be performed is called the
“rationale for monitoring.”

The development of the rationale for menitoringisa
dynamic process. The types, frequencies, and loca-
tions of environmental measurements are reviewed
routinely to determine if & need for monitoring re-
mains. If a clear rationale no longer exists for a
megasurement to be made, it is deleted from the
program. Likewise, as new methods for environ-
mental monitoring evolve, the environmental moni-
toring program is expanded to maintain its state-of-
the-art design. Important factors which form the
basis for this rationale include environmental regu-
lations, public concern, measurement capabilities,
and environmental modeling.

Environmenial Regulations

One basis for environmental monitoring is the re-
guiremenis of varisus environmental regulations
and DOE orders. Many of the laws governing waste
management and releases of materials to the envi-
ronment contain specific requirements for monitor-
ingtoshow compliance with law. In cases where such
laws or standards apply to the SRS, the appropriate
sampling and analyses will be added to the SRS
environmental monitoring program. For example,
the discharge of operational effluents through out-
falls is permitted by the National Pellutant Dis-
charge Elimination System (NPDES}) The SRS
NPDES permit, administered by the South Carolina
Bepartment of Health and Environmental Centrol
{SCDHEC), delineates the required monitoring and
applcable standards. Samples must be taken and
analyses performed to meet these requirements,

Public Concern

Distributing infermation about the snvironmental
performance of SRS to members of the surrounding

public is one of the objectives of environmental
monitering, In some instances, public concern may
be an important element in the decision to perform
specificenvironmental monitoring. Public concernis
often generated for releases of any radioactive or
nonradioactive contaminant which may be trans-
ported toward surrounding residences or schools.
Thus, such locations of concern are typically moni-
tored when far-field monitoring, away from the site,
is required.

Concern may also be generated for releases of radi-
onuclides with very long half-lives, that will remain
in the environment for many years. Thus, monitor-
ing may be performed for ®T¢ and *C, with halflives
of 213,000 years and 5,730 vears, respectively, al-
though the potential dose contributions to humans
may be extremely low,

Measurement Capabilities

Many of the radioactive and nonradioactive materi-
als released from SRS exist in such low concentra-
tions when they are dispersed in the environment
that they are not readily measured using conven-
tional monitoring procedures. Thus, the measure-
ment capabilities become determining factors in the
rationale for monitoring certain materials. In these
cases, it is still important to determine the quantities
of the substances in the environment,

One solution is to monitor the source of the contami-
nation or the release where higher concentrations
may be more readily assessed before dispersion in
the environment. Environmental modeling can be
used to caleulate the expected concentrations of the
contaminant in various media in the environment.
Smaller numbers of environmental samples may be
obtained to verify the accuracy of the modeling.

Future Direction: Environmental Modeling

Environmental models are mathematical represen-
tations of real phenomena that simulate transportin
the environment and estimate internal and external
exposure to individuals. Computer codes are gener-
ally used in modeling to efficiently caleulate the
resulting radiation dose. The SRS facilities maintain
meteorological and computing capabilities that are
applicable to environmental modeling. Chapter 3 of
this report, “Calculating Offsite Radiation Doses,”
includes a brief discussion of the important environ-
mental models used at SRS,
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Ag discussed in Chapter 3, these models are gener-
ally used to determine transport of radionuclides in
the environment and then to predict doses to the
offsite population. The next logical step iz to use
modeling techniques to optimize the extensive envi-
ronmental monitoring program for radioactive and
nenradioactive contaminants. The use of models will
be extremely important in expanding the rationale
for monitoring in the future.

Predictions of the models can be extremely beneficial
in determining the placement of measuring devices
in the environment, and in identifying important
pathways and contaminants that should be given
priority in & monitoring scheme. Modeling can also
contribute to the optimization of resource allocation
for sampling and analysis efforts, and to verification
that a sampling nefwork will perform adequately.
These environmental monitoring activities can be
better implemented with the help of environmental
models.

As part of its routine updating of the site environ-
mental menitoring program, SRS is beginning touse
environmental modsls as part of their sampling
program. The site is only in the initial stages of using
these techniques, but a number of possibilities can
already be seen for future application. The methods
could be used in the design of monitoring programs
for air, surface waters, and groundwaters, among
others,

For illustrative purposes, some examples of the po-
tential use of models for the development of monitor-
ing rationale are given in the remainder of this
chapter. Many of the underlying principles that form
the rationale for monitoring at the Savannah River
Site are described.

The examples given focus primarily on
monitoring radioactive eontaminants,
This is only because the majority of
effort in the uses of models has been
for radionuclides. Most of these tech-
nigues, with modification, can also be
applied to monitering nonradioactive
contaminants. In fact, monitoring
nonradioactive contaminants may be

increasingly impertant in the future,
as the potential environmental effects
are examined. Models may be useful

Monitoring for Accidental Atmospheric Releases
Atmospheric dispersion models can be used to assist
in determining the optimum distance between ther-
moluminescent dogsimeter (TLD) monitoring stations
at a given distance from the source. The TLD moni-
toring network is used to make integrated measure-
ments of the intensity of gamma radiation levels at
and around SRS. In the event of a significant un-
planned release of radioactivity from the site, the
network would provide a quick and reliable method
of determining external gamma radiation doses to
population groups within about 5¢ miles (8¢ km) of
SRS.

Theoretically, the spread of a plume can be predicted
using a mathematical model, the accuracy ef which is
significantly influenced by site-specific conditions.
The Gaussian plume model can be used to estimate
the spread of the plume as a function of distance
downwind and atmospheric stability class. The dis-
persion is a function of the release height, the dis-
tance downwind, the horizontal and vertical disper-
sion coefficients, and the stmospheric stability class.
Pasquill stability classes used typically range from
class A, very unstable conditions, to class F, very
stable conditions.

A computer code was developed at 8BS to caleulate
the width of the plume based on a specified percent-
age of the centerline (CL) concentration as a function
of the downwind distance and the stability class, The
width of the plume for a 50% of centerline concentra-
tion refers to the width of that part of the plume
which has a contaminant concentration at least 50%
of the concentration at the centerline (the maximum
concentration). Figure OR-1 (below) illustrates this
concept of plume width for 30% and 50% of centerline

for balancing the radionuclide moni-
toring with the monitoring of nonra-
divactive contaminants,

Figure OR-1. A computer code is used to caleulate plume
width as distances from the release source increase
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Table OR-1

Width of the Gaussian Plume for 30% and 50% of Centerline (CL)

Concentration Downwind Distance and Stability Class Function

Distance

Stability Dowmwind Plume Width in Miles (km)

Class Miles (km) 50% CL 30% CL

D 13 (2 0.20 (0.33) 0.26 (0.43)
2.5 4) 0.37 (0.59) 0.49 (0.78)
B.g (8} 068 (1.1 0.90 (1.40)
7.5 (12 0.94 {1.50) 1.20 (1.90)
10 {16} 1.10  (1.80) 150 (2.30)

E 1.3 {2 0.15 (0.23) 0.19 {0.30)
2.5 (4) 0.27 (0.42) 0.35 (0.56)
5.0 (8) 0.49 (0.78) .64 (1.00)
75 (12) 0.66 (1.05) 0.88 (1.40)
10 (16 0.78  (1.25) .00  (1.70)

F 1.3 {2) .10 (01D 0.14 (0.22)
2.5 {4) 0.19  {0.30) 0.25 (0.40)
5.0 {8 0.34 (0.55) 045  (0.72)
7.5 (12) 0.46 (0.74) 0.61 {097
10 (18) 0.56 (0.89) 0.73 {1.20)

concentrations as distance from the release source
increases, The calculated data are summarized above
in Table OR-1, showing the plume width for three
stability classes, D, E, and F.

All of the facilities that release radioactivity at SRS,
except for the Fuel Fabrication and Savannah River
Laboratory facilities on the northern side of the site
in A/M Areas, are 7.5 miles {12 km) or greater from
tha site boundary. In addition, a commercial nuclear
pewer plant (Vogtle Electric Generating Station) is
located approximately one mile {1.6 km)from the site
boundary on the southwestern side. In the area sur-
rounding SRS, the predominant atmospheric stabil-
ity class, of the more stable classes, is class D.
Although stability classes E and F may be observed,
their sceurrence is infrequent. Classes A, B, and C
would result in greater dispersion than class D at all
distances, and thus were not included in Table OR-1.

Based on the ability to delect approximately 50% of
the plume centerline concentration from a short,
unplanned release, spacing of TLDs at about one-
mile intervals around the site boundary provides
adequate coverage. However, around the Fuel Fal-
rication-Savannah River Laboratory Area and the

Vogtle Electric Generating Station, the spacing in-
terval should be approximately 0.25 miles (0.4 km)
within 2 miles (3.2 km) of the facilities,

it is emphasized that these theoretical calculations
donotinclude site-specific information and therefore
do not consider important physical properties of
atmospheric dispersion such as plume meander and
terrain effects. Although thesecaleulationsareideal-
istic, they provide a rationale for locating monitoring
points as a function of downwind distance.

Monitoring for Routine Atmospheric Releases
Another example of using environmental models to
develop a rationale for monitoring is the determina-
tion of important pathways and radionuclides to
monitor for atmospheric releases from SRS, Models
are used at SRS {o caleulate the dispersion and envi-
ronmental transport of radionuclides released to the
atmosphere, and the radiation doses to persons liv-
ing near the site, from these releases, These models
are discussed in Chapter 3.

The results can be used in the design of an environ-
mental monitoring program to ensure that radionu-
clides and exposure pathways of highest potential
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dose are adequately monitored and to optimize the theenvironment, and thusmodelingis typically used

allocation of monitoring resources.

to estimate downwind concentrations.)

In 1988, SRS used these models to calculate the In the actual application of modeling data, a thor-
average radiation dose to a resident at the SRS ough analysis would be performed, including an
boundary [Da89)]. The distributions of dose by expo-  examination of similar data for many years, trends of
sure pathway and radionuclide are shown below in  the data, and estimates of releases due to accidents.

Table OR-2.

Pathway analyses of 1988 SRS atmos-
pheric releages indicate that the sig-
nificant contributions to the average
committed dose to an individual at the
site perimeter are through inhalation
(389, consumption of vegetation (26%),
immersion {(21%), meat consumption
(8%), and milk consumption (7%). This
distribution iz not surprigsing because
the largest contributor to dose is trit-
ium, which permeates all environmental
media. Based on the potential doses to
individuals, thesedataindicatetheneed
for greater environmental monitoring
efforts toward contaminants in air,
vegetation, milk, and meat products.
These media can be monitored with air
sampling stations (air), environmental
TLDs (air), and analyses of food prod-
uet samples (vegetation, milk, and
meat). These data also indicate that
deposition of radionuclides on the
ground is an insignificant pathway for
doses to humans, and thus sampling
efforts directed at measuring ground
deposition can reasonably be reduced,

Based on the same modeling analysis,
the principal radionuclide contributors
to the average dose to an individual at
the site perimeter are tritium (about
66%), **Ar (17%), 1 (9%}, isotopes of Kr
and Xe {4%), and *C (2%). Conse-
quently, these data indicate the need
for greater monitoring efforts for
tritivan, #Ar, '®I, Kr, Xe, and *C, and
lesser efforts for monitoring ether radi-
onuclides. There may be reasons for
monitoring other radionuclides. In fact,
tritium is monitored extengively at and
around the SBRS. On the other hand,
“1Ar is monitored extensively at the
sources, with some sapport monitoring
around the site. (Argon-41is very ¢iffi-
cult to monitor at low conicentrationsin

Table OR-2
Modeled Average Individual Doses at the Site
Boundary From Atmospheric Releases in 1988

By Pathway
Average Individual
Pathway Dose, mrem® % of Total Dose
Plume 3.59E-02 20.56
Ground 2.03E-04 0.12
Inhalation 6.80E-02 38.95
Vegsatation 4 47E-02 25.60
Milk 1.24E-02 7.10
Meat 1.34E-02 7.67
Total 1.75E-01
By Radionuclide

Average Individual
Radionuclide Dose, mrem® % of Total Dose

Gases and Vapors:

H-3 1L.15E-01 65.71
C-14 4 01E-03 2.29
Ar-41 2.94E.02 16.80
Kr, Xe isotopes 6.46E-03 3.69
1-129 1.54E-02 8.80
I-131 1.40E-08 0.00
Particulates:

Ru-106 9.73E-04 0.56
Cs-137 4.69E-05 0.03
U-235,238 4 59E-04 0.26
Pu-238 9.42E-04 0.54
Pu-239 1.17TE-03 0.67
Am-241,243 2.088-04 0.12
Cm-242 244 6.09E-05 0.03
Total 1.75E-01

® Reference Da8g,
b Committed effective dose equivalent.
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Monitoring Surface Waters

Models can also be used to perform a similar analysis
for optimization of surface water monitoring. Models
of radionuclide dispersion in surface waters can be
used to calculate doses to members of the surround-
ing population, with the doses broken down by expo-
sure pathway and radionuclide. Monitoring efforts
can be adjusted to provide monitoring for pathways,
sample media, and radionuclides contributing the
most significant doses. Surface water models can
also identify the environmental media and sampling
points where the concentration of dissolved contami-
nants should be highest.

For example, in surface water modeling, sediments
may be important sinks for certain radionuclides and
some nonradioactive contaminants. Thus, sediments
may represent long-term indieators of environmental
quality for some contaminants, and consequently
should be monitored regularly.

The extent to which a contaminant is adsorbed to
sediments or desorbed to the surrounding water is
typicaily modeled using the coneept of equilibrium
distribution coefficient (K ). The distribution coeffi-
cient is the ratio of the contaminant concentration in
the sediments to the concentration of the contami:
nant in the water at equilibrium conditions. Values
of K, can be estimated with theoretical models or can
be measured, but are very site-specific parameters.

After determining the contaminants of concern for
surface water releases, the K, values should be
modeled or measured. Then, the appropriate moni-
toring media (water or sethments) can be chosen
based on the K, values, Contaminants with very high
K, values are expected to deposit and mostly remain
adsorbed on the sediments. Thus, sampling and
ansalysis of the sediments should be performed. Con-
taminants with very low K values are expected to
remain dissolved in the water, and water sampling
and analysis are indicated. As examples, cerium,

cesium, and plutonium typically have fairly large K,
values and may accumulate in sediments, whereas
tritium and “C typically have small K, values and
would remain mostly in the water.

Monitoring Groundwater

Modelingofthe dispersion of contaminants in ground-
water can alsobe performed. Groundwater modeling
is typically more difficult because many site-specific
parameters are required in order to obtain accurate
results. In addition, groundwater sampling is more
complicated than other sampling, because monitor-
ing wells must be constructed. However, models can
stillbe useful for developing the rationale for ground-
water monitoring.

First, it is important to consider the probability of
release of contaminantsto groundwater (source term).
There is a significant difference between the empha-
sis that should be given to groundwater monitoring
for a reactor containment vessel which typically does
not release radionuclides to groundwater versus
facilities which use earthen basins for disposal of
radicactive or hazardous liquid waste.

In addition, a groundwater monitoring program
should focus on those contaminants which are the
best indicators ofleakage or contaminant movement.
Based on the lowest values of K, the most mobile ra-
dionuclides are tritium, 'C, #T¢, and *#*1. Many vola-
tile organic compounds, such as the solvent trichlo-
roethylene, are also very mobile in groundwater. At
SRS, tritium oxide (tritiurm in the form of water) is
the most abundant groundwater source-term radi-
enuclide, in addition to being the radionuclide with
the smallest K, factor. Therefore, groundwater moni-
toring well samples are analyzed routinely for trit-
ium oxide, and tritium oxide is used as the primary
indicator of groundwater movement, Samples are
alse analyzed for the source contaminants that are
most moebile for the specific area of the site being
monitored.



Perspectives on
Environmental
Contaminants and Risk

SUMMARY—The purpose of this section is to provide basic information on the sources of
exposure to radiation and hazardous chemicals, and to outline the general process of risk
assessment, especially as it applies to these materials. This information will help provide
readers with a perspective for judging risks associated with releases of radionuclides and
chemieals at the Savannah River Site (SRS).

The chapter includes a review of the basic sources of radiation to which the general public
is normally exposed including natural background radiation and man made sources. A total
average annual effective dose equivalent of 360 mrem (3.6 mSv)/year to members of the U.S.
population is contributed by these sources, according to the latest BEIR V report. The
process of risk assessment is described, as it is used in determining the probability of health
effects from exposure to low doses of radiation. The risk estimates from the most recent BEIR
commitiee report are given. A discussion of exposures to hazardous chemicals and the rick

agsessments for hazardous chemiecals concludes the chapter.

SOURCES OF RADIATION

All human beings are exposed to sources of ionizing
radiation which include naturally cecurring sources
and man-made sources. The following sections pro-
vide briefdescriptions of these radiation sources. The
estimates of contributions to the average dose to
individuals were obtained from a recent report of the
National Council on Radiation Protection and Meas-
urements [NCRP87]. Figure PR-1, located on the fol-
lowing page, shows the contributions of various
sources to the average dose to an individual. Chapter
3ofthisreport, “Calenlating Offsite Radiation Doses,”
defines the terms and units for expressing radiation
doses.

Natural Background Radiation

The major source of radiation exposure to the public
18 attributed to natural radiation and naturally oc-
curring radioactive materials in the environment.
Exposure to this radiation sceurs from sources both
external and internal to the body. This naturally
cccurring radiation is often referred to as the natural
background radiation.

Energetic charged particles from outer space con-
tinucusly hit the earth’s atmosphere. These par-
ticles and the secondary particles and photons they
create are ionizing radiation called cosmic radiation.
Becauge the atmosphere provides some shielding
against cosmic radiation, the intensity of this radia-
tion increases with altitude above the earth’s sur-
face. The average annual dose equivalent to people in
the U.S. from cosmic radiation ig about 28 mrem.

Terrestrial Radiation

Terrestrial radiationrefers toradiation emitted from
radicactive materials, primarily *K, thorium, and
uwranium, in the earth’s rocks and soils. The average
annual dose, from terrestrial gamma radiation, is
about 28 mrem in the U.8. This annual dose varies
geographically across the U.8., from about 16 mrem
at the Atlantic and Gulf coastal plains to about 63
mrem at the eastern slopes of the Rocky Mountains,

Internal Radiation

Natural radionuclides in the environment enter the
bedy by ingestion of foods, milk, and water, and by
inhalation. These radionuclides follow the same
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Medieal Diagnosis and
Therapy

Radiation is one of the important
tools of diagnostic medicine and of
cancer treatment. Exposure Lo pa-
tients is deliberate, and the pur-
pose of these medical and dental
uses is for the direct benefit of the
patients exposed. In general,
medical exposures from diagnos-
ticortherapeuticx-raysresultfrom
radiation beams directed to spe-
cific areas of the body. All body

organs are thus not normally irra-

diated uniformly.

h]
~
b

~
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Innuclear medicine examinations,

the distribution of internally
administered radionuclides is not
uniform throughout the body. In
these cases, the concept of effec-
tive dose equivalent, which relates
exposure of organs or parts of the
body to ¢ne effective whole body
dose, is quite useful in making
comparisons. The average annusl
effective dose equivalent to all

Figure PR-1. A variety of radiation sources contributes to
the total average effective dose equivlaent

metabolism in the body as nonradioactive isotopes of
the same element. Natural radionuclides in the body
include isotopes of uranium, thorium, radium, ra-
don, pelonium, bismuth, and lead in the 2%{J and
®Th decay series; as well as K, ¥Rb, and “C. The
major contributors to the annual dose equivalent for
internal radionuclides are the short-lived decay
products of radon {mestly *Rn), which contribute an
average dose of about 200 mrem per vear. The aver-
age dose from other internal radionuclides is about
39 mrem per year, which is predominantly attrib-
uted to YK

Consumer Products

A wide range of consumer products also contain
sources of ionizing radiation. In some of these prod-
ucts, like smoke detectors and airport x-ray baggage
inspection systems, the radiation is essential Lo the
performance of the device. In other products, such as
televisions and tobacco, the radiation occars inciden-
tally to the product function. The average annual
dose to an individusl is about 6 to 12 mrem.

individuals from all medical ex-
aminsations is 53 mrem (about 39
mrem for diagnostic x-rays and 14
mrem for nuclear medicine procedures). The actual
doses to individuals who receive such medical exams
is much higher than these values; not everyone
receives such exams each year.

Other Sources

There are a few sources of radiation that contribute
aminor dose toindividualsin the U.8, About 1,320,000
people were engaged in radiation work in 1980, with
an average dose of 110 mrem per year. Thus, for the
population average dose to an individual, the contri-
bution is less than 1 mrem per year. The dose to
individuals in the U.8, from nuclear fuel cycle facili-
ties, such as uranium mines, mills, fuel processing
plants, nuclear power plants, and transportation
routes, hasbeen estimated at much less than 1 mrem
per year.

Very small doses to individuals oceur due to radioac-
tive fallout from atmospheric atomic bomb tests,
which have now been suspended; emissions of radio-
active materialsfrom other nuclear facilities, such as
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DOE facilities; emissions from certain mineral ex-
traction facilities; and transportation of radicactive
materials. The combination of these sources contrib-
utes less than 1 mrem per year to the average dose to
an individual.

RISK ASSESSMENT

The purpose of risk assessment is to estimate the
hazard to humans from materials or activities in the
environment around them. The risk assessment
process may be a simple, intuitive evaluation that a
particular action represents an acceptable rigk com-
pared to the benefit (crossing a street with heavy
noon traffic to have lunch). Or it may be sophisti-
cated, involving estimation of all possible risks and
environmental pathways from a complex facility to a
human population. For example, risk assessment
may reguire many steps to determine:

[ ] how much material isreleased from a facility

B how the material is transported throughout
the environment

] how the material is ingested or inhaled by
humans, and concentrated in bodily organs

] whathealth effects these materials may cause
in the body

Risks are evaluated using data from annual safety
studies or epidemiological data, and can be expressed
as the number of deaths or injuries Lo a certain
population for a specified peried of time. Presently,
formal risk assessment is characterized by the caleu-
lation——through the use of equations and mathe-
maticai models—of 2 numeric risk such as the number
of deaths per million persons per year of exposure to
a material.

PERSPECTIVES ON RADIATION RISK

This section of the chapter will describe the process
of obtaining a reasonable risk estimate for radiation.
The goal of radiation risk assessment is to examine
the known effects that radiation has upon both the
individual and population exposed, then to estimate
probable effects of additional exposure. Recent risk
estimates for radiation doses will be presented.
Finally, various levels of radiation dose will be de-
seribed and compared.

Potential Health Effects of
Radiation Exposure

Moreinformation hasbeen accumulated onthe health
effects of exposures to ionizing radiation than on any
other hazard. Although disagreement exists on the
effects of low doses of radiation, higher doses of
radiation present a clear hazard. In general, radia-
tion effects can be characterized as stochastic or
nonstochastic. Nonstochastic effects have a clear
causal relationship between exposure to radiation
and the observed effect, and are usually believed to
have a threshold dose below which no effects are
induced by radiation (see curve C, Figure PR-2, on
the following page). Cataract induction by radiation
iz one example of a nonstochastic effect.

Stochastic effects are those effects that occur in a
statistical manner, described by a probability of an
effect from s given dose. Furthermore, stochastic
effects are typically thought to have no threshold,
with the result of exposure to radiation being an
increase in the probability of occurrence of the effect.

Forradiation, stochastic effects include most kinds of
cancer induction and all genetic effects. However,
cancers caused by radiation are no different from
tumors or cancers that oceur “normally” in a popula-
tion. If cancer does develop after exposure to a car-
cinogen like radiation, it is not absolutely clear that
the cancer was caused by the radiation. Instead, the
probability that the cancer was caused by radiation
can be estimated.

Dose-Response Relationshins

In radiation risk assessment, the doses from occupa-
tional exposure to radioactive materials or from
exposures to the general population are sufficiently
low that the only health effects that need to be
considered are stochastic effects, those that oceur
probabilistically. Because the effects of low-level
radiation cannot be measured directly and because of
their fairly low probability of cccurrence, radiation
risk estimates are determined by studying large
population groups who have been exposed to rather
large doses of radiation. The primary sources of data
on which risk estimates are based include the follow-
ing groups:

[ Japanese atomic bomb survivors

[ patients exposed to therapeutic doses of ra-
diation for a variety of medical conditions
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] occupationally-exposed populations such as
radium dial painters and uranivm miners.

After reviewing these data, several scientific com-
mittees have estimated the risk involved from expo-
sure to much lower doses. A committee set up by the
U.S. National Academy of Sciences on the “Biological
Effects of Ionizing Radiations” issued its latest re-
pert on “Health Effects of Exposure to Low Levels of
lonizing Radiation” (BEIR V) in 1990 [BEIR90]. The
methods applied by these scientific groups involve
the use of mathematical models to extrapolate the
probability of effects observed at relatively high lev-
els of exposure to levels at which the actual increase
in health effects in an exposed population cannot be
detected, either through epidemiological or experi-
mental techniques. Figure PR-2 (below) shows atypi-
cal representation of radiation dose response rela-
tionships.

Considerable evidence supports a linear relationship
between dose and risk (Figure PR-2, curve A), in
which the number of expected excess effects is pro-
portional to the dose at all dose levels. The linear
guadratic dose response model—in which effects are
verynearly proportional to dose at very low doses and
proportional to the square of the dose at high doses
(Figure PR-2, curve B)—is supported by some epi-
demiological studies and a number of radiobioclogical
laboratory studies,

According to the BEIR V report [BEIRS0], the dose-
dependent excess of mortality from all cancer other

than leukemia, shows no deviation from the linear
dose-response model in the range below 400 rem or {4
sievert(Sv)]. However, mortality data for leukemia
are compatible with a linear-quadratic dose response
relationship, These dose-response relationships for
carcinogenesis are influenced by sex, age at expo-
sure, the dose rate and type of radiation and other
variables. The U.S. EPA (40 CFR 193) also believes
that these two models are compatible with most of
the data on human cancer,

Risk Estimates

Estimates of risk are determined from these dose
response models. In addition, the latest BEIR com-
mittee used standard lifetable techniques to esti-
mate the lifetime risk for each type of cancer based on
these dose response models [BEIRS0]. Using the
available evidence and best models, the BEIR com-
mittee estimated the population-weighted average
lifetime excess risk of death from cancer following an
acute dose equivalent to allbody organs of 10 rem (0.1
8v} to be 0.8%, or 8x10* per rem (8x102 per Sv),

This means that if one million persons of all ages
received a whole body dose of 10 rem (0.1 Sv) of
radiationin a single briefexposure, about 8,000 extra
cancer deaths would be expected to oceur during
their remaining lifetimes, These excess cancers are
expected in addition to the nearly 200,000 cancer
deaths that would occur in the absence of radiation.
According to the BEIR V report, if the same amount
of radiation is given over weeks or months, the
lifetime risk would be re-

weesce i

EXCESS CANCER INCIDENCE

duced by a factor of two or
more.

Because the excess deaths
would be indistinguishable
from those that oecurred
naturally, it is a difficult
statistical problem even to
determine how many extra
deaths oceurred. The an-
swers are subject to statis-
tical errors which can be
exaggerated by the limited
sample size,

Otherscientificgroupshave

Low dose
region

DOSE

Figure PR-2, Typical radiation dose-response relationships

s o

also developed mathemati-
cal models to estimate risk.
For example, the U.S. Nu-
clear Regulatory Commis-

High dose
region
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Table PR-1
Lifetime Radiation Risk Estimates

Even though the database for
radiation risk assessment is
guite large, disagreement still
exists between the models,

Fatal Cancers per Million Persons

BEIR V Model

Fxcess Cancers Excess Cancers

230
(2.3 x 10%rem)

8 000
(8 x 10%rem)

NRC “Best Estimate” | U.8. “Normal Incidence”
of Caneers

200,600
(2 x 10%rem)

hased upon the large degree of
uncertainty associated with the
exact shape of the dose-re-
sponge curves at low doses of
radiation, Since there is some
uncertainty, many scientists
will use the linear model as an
upper limit of the actual dose-
effectrelationship when actual

sion (NRC) combined absolute and relative risk pro-
jection models from the BEIR I report to estimate
health effects from the Chernobyl accident [GoB7L
They used the most recent data on organ sensitivity
and dose response and provided three eatimates of
the risk range-—an upper estimate, a best (central}
estimate, and a lower estimate. The NRC best
estimate wag a hifetime risk of 2.3 % 107 per rad (2.3
% 10% per 8v), or 230 excess cancers for one million
people exposed to 1 rad (see Table Pr-2).

Genetic effects of radiation have not been clearly
demonstrated in humans but are well characterized
in the mouse. According to the BEIR V report, it is
estimated by means of extrapolation from mice to
humans that at least 100 rad (1 gray) of low dose-
rate, low-LET {linear energy transfer radiation, (x-
rays and gamma radiation)}is required to double the
mutation rate in humans,

Since information on the lifetime cancer experience
is not available for any of the human studies, the
overzll risk of cancer can only be estimated by means
of models which extrapolate over time. In the same
manner, estitnates on the induction of human ge-
netie disorders by radiation are based on limited
data from studies of human populations and there-
fore rely largely on studies with laboratory animals.

Uncertainties in Risk Estimates

The BEIR V committee emphasizes that the risk
estimates derived from epidemiological and animal
data should not be considered precise. Even with
this extensive database, the guantitative estimation
of the carcinogenic risk of low-dose, low-LET radia-
tion is subject to numerous uncertainties (BEIR
1690). Thus, the BEIR committee has placed more
emphasis on the method of estimation than on the
rumerical estimates obtained.

data are limited. The linear
model is thought to be a conservative estimate, or
overestimate, of the actual risk.

Comparison of Various Levels
of Radiation Dose

Table PR-2 on the following page presents a scale of
radiation dose levels, with an example of the type of
exposure that may cause such a dose, or the special
significance of such a dose. This information is
intended to help the reader become familiar with a
range of radiation doses that various individuals may
receive.

PERSPECTIVES ON CHEMICAL RISK

Just as all humans are exposed to radiation in the
normal daily routine, humans are also exposed to
hazardous chemicals. Unlike radiation exposures,
there is not a natural background to which people are
eontinuously exposed for most chemicals.

Some Sources of Hazardeus Chemicals

Some hazardous chemicals do exist in the natural en-
vironment. In many areas of the country, soils contain
naturally elevated concentrationa of metals such as
selenium, arsenic, or molybdenum, which may be
hazardous to humans and animals. However, expo-
sures t0 many more hazardous chemicals are due to
the direct or indirect actions of humans. Building
materials used for the construction of homes may
contain chemicals such as formaldehyde (in some
insulation materials), asbestos (formerly used in
insulations and ceiling tiles), and lead (formerly used
in painta). Thus, people are exposed to these chemi-
cals in their normal hives,

Personal uses of automebiles involve the potential
exposure to many hazardous chemicals. Gasoline
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Table PR-2. Comparison and Descriptions of Various Radiation Dose Levels

Dose Level Description

1 mrem One one-thousandth of a rem. Approximate daily exposure from natural background
radiation and radon.

2.5 mrem Cosmie radiation dose to a person on a one-way airplane flight from New York, NY to
Los Angeles, CA.

10 mrem Diose due to one chest x-ray using modern equipment,

25 mrem Yearly exposure limit set by the U.S. Environmental Protection Agency for people who
live near commercial nuclear power plants.

28 mrem Average yearly dose from cosmic radiation to people in the U.S.
60-80 mrem Average yearly dose from cosmic radiation to people whe live in the Rocky Mountain area.
80 mrem Average yearly dose to people in the U.S, from man-made sources.

83 mrem The estimate of the largest dose any offsite person could have received from the Three
Mile Island accident on March 28, 1979,

110 mrem Average occupational dose received by radiation workers in 1980,
160 mrem Yearly average dose to the airline flight erew member from cosmic radiation.
300 mrem Average yearly dose to people in the U.S. from all sources of natural radiation.

500 mrem Annual limit from all sources of man-made radiation {except medical and dental) for a
person in the U.S. who is not a radiation worker,

900 mrem Average dose from a lower intestine diagnostic x-ray series.

1-5 rem Under the U.8. EPA’s “Protective Action Guidelines,” public officials should take
emergency action when the dose te a member of the public from a nuclear accident is
likely to reach this range.

5 rem Annual limit for nuclear workers set by the U8, NRC and DOE.

10 rem An acute dose at this level is estimated by the BEIR V committee to result in alifetime,
excess risk of death from cancer caused by the radiation, of 0.8%.

25 rem U.S. EPA guideline for voluntary maximum dose to emergency workers for non-
lifesaving work during an emergency.

75 rem U.S. EPA guideline for the maximum dose to emergency workers volunteering for
lifesaving work.

50-800rem  Doses in this range received over a short period of time will produce radiation sickness,
in varying degrees. At the lower end of this range people are expected to recover
completely, given proper medical attention. At the top of this range, most people
exposed to this level will die within 30 days.
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fumes, which contain the hydrocarbons heptane and
octane, benzene, and tetraethyl lead (being phased
cut), may be inhaled while refueling. Used motor
oils, refrigerants for air conditioners, and combus-
tion exhaust gases may also be frequently encoun-
tered. Many hazardous chemicals are used or pro-
duced in manufacturing facilities. Examplesinclude
solvents used for cleaning materials (such as toluene,
xylene, or trichloroethylene), fine particles of many
metals (from mechanieal processing), and acids and
other organic compounds used in chemical reactions.

Chemical Risk Assessment

In concept, risk assessments can be per-
formed for exposures to hazardous chemi-
cals in much the same way as for radia-

Hazard ldentification
Is material harmful to health?

@ Is it a carcinogen or mulagen?

defensible epidemiological study on the potential
health effects to residenis near hazardous waste
disposal sites has not been conducted [Co85]. For
genetic effects, no studies of the offspring of humans
exposed to a chemical mutagen meet current epi-
demiological standards. Thus, the main data source——
results of animal studies—remains only a gross ap-
proximation.

In addition, dose-response relationships cannot be
extrapolated from one chemical to another because

tign exposures. However, fora numberof
reasons, the assessments of chemical risks
have not progressed as far as the radia-
tien risk studies. In the discussions be-
low, references will be made to radiation

risk sssessments regarding the limita-
tions and deficiencies of current chemical

Risk=0

Dose Response Retationship

risk assessments,

With regard to hazard identification, no
simple method or criterion can be used to
determine whether a chemieal willbe a
human health hazard (see Figure PR-3,
right}. On the other hand, the results of
radiation risk assessment represent ac-
tual harm that could occur to humans
under some exposure conditions, despite
the uncertainties of dose rate and do-
simetry. For most chemicals debate

® What effects are seen?

® Relationships provide a link between:

Low dose
effects not
measurable

;

High dose
observable
gffects

continues on the key question, “Is this
compound a carcinogen?” In addition,
chemicals produce many different types
of effects, which may not be easily meas-
ured or categorized. Often the effects of

Exposure Assessment
& What is the amount and duration of exposure?

@ Dstermine by: bicassay, dosimetry, chemical analysis

a chemical are assumed, based on effects
produced by a substance in a class of
chemically related ecompounds.

In establishing dose-response relation-
ships, the datsbase on human risks from
chemical agents is still inadequate for
more than rough guidelines. I is gener-
ally accepted that the most appropriate
data for cancer risk estimation are ob-

Risk Characterization
@ What is the risk?

® A value that relates effects to level of exposure:

Risk = # of cancers/millions parsons/unit exposure

tained from epidemiclogical studies.

p s T T

Many investigators believe that a single,

Figure PR-3. Basic identification of hazard and risk
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each chemical, or group of chemicals, may produce
different, or perhaps interacting effects. Thisis not
the case for radiation exposures. A basie principal of
radiation rigk extrapolation is that radiation dose,
regardless of its source, produces biclogical effects
{cancer and genetic effects) proportional to that dose
{with guantifiable modifiers).

Exposure assessment for chemicals is also more
complicated than forradiation. All modes of exposure
may not necessarily be associated with an equivalent
careinogenic response for several reasons, which
include the following:

B the particular properties of the chemical
[ ] behavior of the chemical in the environment.
[ | the route of internal exposure

The persistence and reactivity in the environment
and in the human body vary for different chemicals.
Given many of the uncertainties already discussed, it
is difficuli to separate the different contributions to

effects of the many chemicals to which an individual
is exposed.

Risk characterization of chemicals is not based on a
frame of reference for which comparisons can be
made. For most chemicals no easily measured
bhaseline or natural background exposure exists, as
with radiation exposures. Chemical risks are typi-
cally based on strength of the evidence, which pro-
duces more of a gualitative comparison with other
chemicals, than a quantitative risk assessment. In
addition, the mechanisms for carcinogenicity are
often different for different chemicals. Many chemi-
cal carcinogens require metabolic activation or the
presence of co-carcinogens or tumor promoters to
preduce an oncogenic or genetic change in a cell.

Risk Estimates

With the immense difficulties in developing defen-
sible risk estimates for chemicals, it is easy to under-
stand why chemical risk assessment has not pro-

gressed as far as radiation risk
Table PR-3 asses‘sment. Becaugse of the‘zse dif.
Upper-Boeund Unit Risks for Some Suspected ?;;,Z?:;’ c‘:;;e:;;ik :Ifm:;a;ﬁi
. e . ically

Carcinogenic Air Pollutants bound on the actual risks. Table
PR-3 (left) lists upper bounds for
Upper-Bound Unit; ynitrigk estimatesfor some chemi-
Chemical Risk Estimates® | calsthat might present the great-
est hazards to humans from air

Acrylonitrile Tx10° pollution [An83],

Allyl Chloride Bx10#
Arsenic 4x10* The U.S. Environmental Protec-
Benzene 7x10* tion Agency has emphasized that
Beryllium 6x10 muamerical risk estimates should
Diethylnitrosamine {DEN} 2x10° not be separated from the various
Dimethylnitrosamine (DMN) 5x10° assumptions and uncertainties
Ethylene dibromide 6x10° upon which they are based. These
Ethylene dichloride 7x10% values should be treated only as
Ethylene oxide 2x106¢ estimates of the upper bound to
Formaldehyde 5x10% the risk from the chemicals, and
Manganese 4x10* should not be used to calculate an
Nickel ex10* actual risk from a given exposure.
N-nitrose-N-ethylurea (NEU) 1x10* It is noted that the expenents of
N-nitroso-N-methylurea (NRU) 16t these risk estimates range from
Perchlorocthylene 2x104° 10% Lo 107, over a millionfold for
Trichloroethylene 3x10°¢ this set of chernicals. In addition,
Viny! chloride 4x10° some chemicals havingthe strong-
Vinylidene chloride 4x10° est evidence for carcinogenicity
based on responses in humans
» From An83. L “ ( ‘ , have relatively low potencies (for
Unit rigk is excess lifstime risk associated with breathing a concentration example, vinyl chloride and ben-
of 1 pgfm® of the chemical for a 7T0-yenr life span for a 70 kg person. zene witl’x unit risks of 10%).
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Sample Collection,
Analytical Procedures,
and Data Interpretation

SUMMARY--Sampling methods and analytical procedures for the radiological and nonradi-
ological monitoring of environmental media at SRS are deseribed. For the detection and quan-
tification of radionuclides in environmental samples, the chemical separation, purification, and
concentration techniques, as well as the instrumentation and counting geometries, are
described in detail.

The chapter outlines radiclogical monitoring procedures for air, the Savannah River and
streams, seepage basins, groundwater, milk, food, drinking water, rainwater, soil and sedi-
ments, vegetation, and wildlife. Ambient gamma radiation levels on and arcund SRS are
measured with thermoluminescent dosimeters.

The nonradiclogical monitoring program includes the monitoring of chemicals, metals, and
organics in SRS liquid effluents, site streams, the Savannah River, groundwater, drinking
water, air, and fish. Ambient air quality is continuously monitored at five stations within the
site boundary.

in addition, SRS wastewaster effluents or cutfalls are regulated by SCDHEC under National
Pollutant Discharge Elimination System (NPDES) permits and sampled by EMS, Qutfall
samples are routinely analyzed for temperature, pH, total nonfilierable residue, oil and grease,
and fecal coliform.

Several SCDHEC-certified laboratories provide support in analyzing samples from the 1,039

groundwater monitoring wells in the nonradiological monitoring program,

INTRODUCTION

The environmental monitoring program at the Savan.-
nah River Site (SRS)includes radiological and nonra-
diological monitoring that encompasses a
39,060-square~mile area. This chapter deseribes how
envirgnmental samples are collected and prepared,
as well as the analytical techniques used to deter-
mine the concentrations of radicactive and nonradic-
active contaminants within the samples. Chapters 4
through 11 in Part Ill—Envirenmental Monitoring
Programs—provide tables and figures that identify
sampling stations and locations.

In 1989, approximately 100,000 radiclogical analy-
ses were performed on about 25,000 air, water, seil,

sediment, vegetation, milk, food, and wildlife samples.
About 120 additional samples were collected and 300
analyses performed during special radiological sur-
veys. Ambient gamma radiation levels were moni-
tored at 454 locations.

Except for a few cases, the nonradiological monitor-
ing program is confined within the SRS boundaries.
In 1989, approximately 17,500 nonradislogical analy-
ses were performed on 5,400 samples of surface
water, soil, sediment, and fish {o determine the con-
centrations of nonradioactive contaminants, In
addition, approximately 214,000 analyses were
performed on groundwater samples during 4,526
sampling events, which may consist of filling from
one to 10 sample bottles for various analyses. Ambi-
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Table 1-1. General Radiological Sampling and Analysis Schedule

Environmental medium

Frequency

Analysis

Air

Air silica gel

Ambient radiation (TLDs)

Continuous sampling
Weekly analysis

Biweekly

Quarterly

Alpha, beta, *¥Pu, ZFPy,
Gamma emitters, and *%8r

Tritinm

Gamma radiation

Streams and Savannah

Continuous sampling

Alpha, beta, tritium,

River Weekly analysis gamma emitters, *%8r, and U/Pu
Seepage basins Quarterly Alpha, beta, tritium,
Gamma emitters, 338y, 28 Py, WPy,
and U/Pu
Groundwater Quarterly Alpha, beta, tritium *Sr,
and gamma emitiers
Milk Biweekly 1811 ¥Cs, and tritium
Quarterly *3r
Food Annually Tritium, gamma emitters,

U/Pu, and *Sr

DPrinking water

Onsite Monthly or guarterly Alpha, beta, and {ritinm
Offsite Semiannually Alpha, beta, and tritium
Water treatment plants Daily sampling Alpha, beta, and tritium
Monthly analysis

All locations Annually #Sr

Wildlife Annually Alpha, beta, ¥Cs, and

Tritium
Rainwater Continuous sampling Alpha, beta, tritium,

Monthly analysis Gamma emitters, Py,
Py, 4808p and ¥8r
Boil and sediments Annually W8r, ¥¥Py, ¥*Py, and gamma emitters
Vegetation
F,H, 8, and Z Areas Quarterly Alpha, beta, tritium,
Qutside Burial Ground Gamma emitters, and
Seepage/retention basins Annually %00y

Inside Bunal Ground fence
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ent air gnality was continuously menitored at five
stations within the site boundary.

The Environmental Monitoring Section (EMS) of the
Environmental and Health Protection Department
(EHP) manages the SRS environmental monitoring
program. Sample collection, radiochemical sample
preparsation, chemical analysis, radicanalytical count-
ing, and data management activities are performed
primarily by the EMS Environmental Sampling,
Chemistry and Analysis, and Data Evaluation and
Publications groups. In addition, commercial sub-
contractors provide support to EMS for several of
these activities in the nonradiological monitoring
program.

RADIOLOGICAL MONITORING PROGRAM
Program Goals

The EMS envirenmental monitering program has
two established goals. The first is to monitor the en-
vironment on and around SRS, and the second is to
determine the types and guantities of ra-

sampleis at very low levels, the sample counting rate
is usually not much larger than the background
(blank) counting rate. As a result, the difference
between the two counting rates is very small (some-
times zero or negative) and causes a statistical error
that is large relative to the measurement. The prob-
lem is compounded by the presence of naturally
occurringradionuclides throughout the environment.

To overcome this problem, very sensitive counting
instruments and extensive chemical separation,
purification, and concentration techniques are re-
quired for accurate detection of radioactivity present
in a sample. After the radicactivity in the sample is
measured, the quantity or concentration of the radi-
onuclide is usually expressed as the rate of disinte-
grations per unit mass or volume of sample (e.g., pC¥/
g, pCiYm?®, pCi/L).

Ingirumenitation

Measuring radioactivity in environmental samples
requires instruments that can detect alpha, beta, or
gammaradiation. Since no one detector is applicable

dioactivity in the site’s effluents and other
envirgnmental samples in order to assess
their impact on the public and environ- Alpha
ment, EMS has established a routine ra- =
diological sampling and analysis program "
which is summarized in Table 1-1 (left) to
achieve these goals,

Radioactivity Measuring Bota

Techniques :

Principal Radiation Types Emitted by Radionuclides

Emitted from the nucieus as 2 protons and 2 neutrons.

Low penetration: the mean range of a 5§ MeV alpha padicie in air is
about 3.5 cm,

B For envirohmental dosimetry, particulardy imporiant for inftermat
amilters, especially in the respiratory passages, on bone sufaces,
and in red marrow, Thek energy is concenirated along shon paths
and can deliver high localized doses to sensitive surtace rogions.

Electron emitted from the nucieus,
The range in air of the average-energy bata particie emitted from

In its monitoring program, EMS meas-
ures three types of radiation—alpha
particles, beta particles, and gammarays
(right). The type and energy of radiation
emitied is used to identify specific radi-
onuclides, although it is not always easy
to accomplish this task. In most cases, the
radionuclide of interest in a sample can
usually be determined only after it has
been concentrated and chemically sepa-
rated from other radionuclides in the
sample. However, it is possible to deter-
mine some gamma-emitting radionuclides
with little or no sample preparation.

Measuringradioactivity in environmental
samples presents a special problem. Since
the radicactivity being measured in the

5r-90 s 38 cm; in body tissue, the range is about 0.5 mm.

B For environmental dosimetry, of primasy concemn {or intermal emitters.
Because of their relativety short range In tissue, beta particles principally
Irradiate the organs in which they originate.

Gamma and X-rays

W Eleclromagnetic radiation, emitted as energy packets called photons,
like Hight and radio waves, but from a different energy region of the
electromagnetic spectrum,

W Penatraling radiation: to absorb 95% of the gamma energy from a
Co-60 source, 6 om of iead, 10 cm of Iron, or 33 ¢m of concrete
would be needed.

B For environmental dosimatry, impontant bath for intemal and external
exposure. Gamma emitiers deposited in one organ of the body can

significantly krradiate other organs.
X-rays
Fadio Vi?ibh Lhira-
waves fght 7 viotet | Gamma rays
i 1 L) * ]

e Microwaves, radar Infrared

4 T
10713 504 107 100 108 104 1078 102 1071 100 101 102 108 104 10% 10% 107
Electron volts {8¥) per photon

T Y T ¥
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in all situations, EMS uses four different types of
instruments in the Counting Laboratory. Each in-
strument requires that the sample be prepared in a
particular form, volume, and container. This set of
conditions, together with the position of the sample
container on the detector, is called the sample count-
ing geometry. A fixed and reproducible sample ge.
ometry is very important for accurate analysis of
radioactivity.

When radiocactivity is being measured in the pre-
pared sample, the instrument detects and counts the
number of radicactive disintegrations per unit time.
Thisprocedureis referred to as“coun tingthesample.”
An instrument’s detection efficiency depends on the
type of sample, the sample geometry, and the detec-
tor specifications. An instrument’s detection effi-
ciency, for a given set of measurement conditions, is
the fraction of the radioactive emissions from the
sample that the instrument records during the count-

inginterval. Because the instrument does not record
all radicactive emissions from the sample, its detec-
tion efficiency is always less than 100%. Therefore,
the instruments must be calibrated to relate the
detector’s efficiency to each detector and sample
type.

A detection instrument is calibrated by using it to

count & standard calibration source of radicactivity
that is prepared in the same counting geometry as
the sample. The calibration source contains known
quantities of specific radionuclides and are traceable
to the National Institute of Standards and Technol-
ogy (NIST) or other international standards of meas-
urement. For the piven set of measurement condi-
tions, the calibration determines the detection effi-
ciency, which is computed asthe measured countsfor
the calibration source divided by the theoretical
number. The count for the unknown sample is then
divided by the detection efficiency and by the sample

Table 1-2. Specific Radionuclide Analyses for Radicanalytical Instruments

Instrument Type (Detector) Radioactivity Detected Specific Analyses
Low-level alpha or bete counter Various alpha and Gross alpha
(gas-flow proportional detector) beta emitters Nonvolatile beta

89,908-!.

%Sr

U/Pu

Am/Cm

Chemical cesium
Liquid scintillation counter (LSC) Low-energy beta Tritium
{photomultiplier detector) emitiers 3

82P

H?Pm

ﬂlY
Alpha spectroscopy system Alpha emitters Total uranium
(silicon surface barrier detector) 2Pu

2391)“

241,243 Am

242,24461—“
Gamma spectroscopy system Gamma emitters "Be =y 151Ca
(high purity germanium detector Wy ¥Nb e
HPGe) SCr  WRu 2P}

S'ICO 106Ru EHPb

58(':0 ;qu %BRa

®Co 128 A6y

®Zn (g ey

BGe  WIQg
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volume to give the total rate of radicactive disinte-
grations per unit mass or volume of sample,

Listed below are the instruments and the associated
sample geometry fypes used by EMS to measure
radioactivity. Tables 1-1 through 1-8 in Vol, II pro-
vide the lower limits of detection for these instru-
ments under a given set of measurement conditions.

B Gas-flow Proportional Counters, Used
to detect alpha and nonvolatilebeta emit-
ters. The prepared sample is placed in a
small stainless steel planchet for counting.

e Liquid Scintillation Counters (LSC),
Used to detect low-energy beta emitters. The
prepared sample is dissolved in a liquid scin-
tillation cocktail and placed in a plastic
scintillation eounting vial for counting.

[ Silicon Surface Barrier Detectors. Used
for alpha-particle spectroscopy measure-
ments, which help identify with specific
alpha-emitting radionuclides. The prepared
sample is electrodeposited on a small
stainless steel planchet for counting.

B High-Purity Germaninm (HPGe) Detec-
tors. Used for gamma-ray spectroscopy
measurements, which identify specific
gamma-emifting radionuclides. The sample
geometry is variable for each sample type
and is discussed in the following section.

Table 1-2 (left) lists the instruments, detectors, and
specific radionuclide determinations made with each
instrument.

Two other types of instruments are not used in the
Counting Laboratories but are used to measure
radisactivity. Thermoluminescent dosimeters meas-
ure ambient gamma radiation and portable sodium
iodide [Nal{Tl)] detectors are used in the field to scan
samples for gamma-emitting radienuclides without
bringing the samples into the laboratory.

Counting Geomeltries for Gamma-Emitting
Radionuclide Analysis

The gamma spectroscopy system is the most versa-
tile radioanalytical instrument because a variety of
sample types can be measuread, sometimes with little
or no sample preparation. Geometries of the calibra-
tion standards are chosen tomatch closely the sample
type and physical configuration.

The goal in selecting counting geometriesisto ensure
the highest accuracy while providing the best count-
ing efficiency with minimum sample preparation. It
is not always practical, however, to have a counting
geometry that exactly matches every sample type.
After chemical preparation, many of the samples
analyzed have densities similar to water; therefore,
calibration standards are prepared as though they
were water samples.

In 1989, EMS added the ion exchange column geome-
try and additional charcoal and air filter geometries
for the HPGe detectors. Summarized below are stan-
dard counting geometries used to determine gamma-
emitting radionuclides in envirenmental samples:

Water Geometries

Three geometries are used to count samples having
densities similar to water. All water, wildlife, and
vegetation samples are counted using one of the
following geometries:

W 1 Lofwaterina 1-Lpolyethylene Marinellibeaker
B 500 mL of water in a 500-mL polyethylene bottle
W 200 mL of water in a 500-mL polyethylene bottle

Air filters used to collect air particulates are counted
in one of the following geometries:

B 7.6-cm glass fiber filter in a Caplug?® plastic holder
B 4.7-cm glass fiber filter in a Caplug®plastic holder

Charcoal Geometries
Charcoal collects airborne volatile iodines. Chareoal
samples are counted in the following geometries:

W 1 L of charcoal in a 1-L polyethylene Marinelli
beaker

M 3 x 2 in. triethylenediamine-impregnated
charcoal cartridge

W 2.5-in. Mine Safety Appliance metal screw-on
charcoal cartridge
Soil and sediment samples are counted using the

following geometry:

W 500-mL of soil in a 500-mL polyethylene bottle
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e 4 n GGeometrs
e water and rainwater samples are
counted in the following geometry:

B 1.5 x 4 in.-Teflon® column containing an ion
exchange resin

In this geometry, the resin collects and concentrates
both cations and anions present in the water as it
passes through the column.

General Measurement Processes

Although the procedures used for specific analyses
are complex, EMS follows general steps for environ-
mental sample collection, preparation, and analysis.
These steps are similar for all samples and are
depieted in Figure 1-1 (betow).

Table 1-1, Vol. Il presents sample preparation data
for specific media,

RADIOLOGICAL SAMPLE COLLECTIONAND
ANALYTICAL PROCEDURES

Ambient Gamxma Radiation

Panasomnic thermoluminescent dosimeters are used
on and around SBRS to measure and establish ambi-
ent gamma radiation levels during facility opera-
tions. In 1989, over 8,600 Panasonic thermolumines-
cent dosimeters (TLDs)} were placed at stations in
454 locations within an 8,000-square-mile area of the
gite. This area includes stations onsite, at the site
perimeter, and in nearby South Carolina and Geor-
gia towns.

The Panasonic dosimeters used at SRS consist of two
copper-activated calcium sulfate crystals (CaS0,:Cu)
and two thalbum-activated lithium borate
(LB, 0O, T crystals. The dosimeters are annealed,
placed in plastic holders, and stored inside heat-
sealed plastic bags before they are taken to the field,

SAMPLING MEDIA
AlR

RAINWATER
STREAMS

1. A sample is collected from
one cf the sampling media

SAVANNAM RIVER and taken o the chemistry
GROUNDWATER taboratory to be prepared
FOOD AND MILK for analysis of gamma-
DRINKING WATER emitting radicnuclides,

VEGETATION

cood FISH AND WILDLIFE
1 SOIL AND SERDIMENTS

CHEMISTRY
LABORATORY

4. The sample is placed in
the appropriate container
(geometry} and returned
to the counting laboratory
for further radiological

analysis.

3. The sampie is then

2. The sample is placed in an

returned to the appropriate container
chemistry laboratory {geometry) and taken to
for additional treat- the counting laboratory
ment, so that other to determine specific
specific radionuclides gamma-ormitting

can be determined.* radionuciides.

COUNTING
LABORATORY

Figure 1-1. General measurement process for environmental samples
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A set of control TLDs, some irradiated to a known
exposure, accompanies the field badges to correct for
systematic errors that occur when exposing and
reading the dosimeters, Some nonirradiated control
TLDs accompany the field badges and are kept in
shielded storage for the complete 90-day field cycle to
correct for dose during transportation to and from
thefield and any natural thermoluminescence exhib-
ited by the crystals.

Five TLDs are normally placed side by side at each
monitoring location to provide increased precision in
the reported results. The field and control TLDs are
collected and analyzed quarterly to determine ambi-
ent gamma radiation exposure. The exposure is
measured by determining the average response of
the two TLD ealeium sulfate crystals, The results are
reported in millircentgens (mR] per day.

Air

Sample Collection

Air is sampled continuously at air monitoring sta-
tions located onsite, at the site perimeter, and within
a25- and 100-maile radius. At each monitering station
particulate airborne radioactivity is sampled by
continuously drawing air through a 2-in.-diameter,
high-efficiency glass fiber filter at approximately 70
L/min (2.5 f£%min). The volhumetric rate of air passing
through the filter and the total sampling time are
recorded. In addition, iodine in air is sampled with
charcoal cartridges that are located down-line from
particulate filters. Tritium is collected using a desie-
cant at each sampling station. An air sampling sta-
tion is presented in Figure 1.2 (following page).

Sample filters and charcoal cartridges are collected
weekly from 35 monitoring stations for analyses.
Tritium desiccants are collected every two weeks.

Anclilytical Procedures

Air samples are collected for analysis of gross alpha,
nonvolatile beta, gamma-emitting radionuclides,
tritinm, and radicactive isotopes of strontium, pluto-
nium, and iodine.

Gross alpha- and nonvolatile beta-emitting radienu-
clides are analyzed simultaneously by a direct count
of individual particulate filters using a gas-flow
proportional counter. These results determine to
what extent alpha-particle and beta-particle emit-
ters are present in the sample, but do not identify
specific radionuelides.

Air samples are collected weekly from 35
air monitoring stations on- and offsite

ramma-Emitting Radion

. de
After the gross alpha and nonvolatile beta analysis,
certain weekly filters are composited monthly by
location. The composites are analyzed for gamma-
emitting radionuclides using an HPGe detector. Air
filters do not require chemieal processing for this
analysis.

After gamma analysis, each filter composite is cut
into sections; one-half is used for plutonium analy-
sis, 40% is used for strontium analysis, and 10% is
composited quarterly and analyzed by Savannah
River Laboratory (SRL) for specific radionuclides.

Triti
Tritium oxide concentrations in air are determined
from moisture that is collected from the atmosphere
by drawing air through a silica gel column at a
continuous rate of 150 mL/min (0,005 ft%min). The
column contains non-indicating silica gel, followed
by an in-line column of indicating silica gel. The
indicating silica gel changes color if moisture satu-
rates the primary silica gel column during the sam-
pling period. The change in color is an indicator of
moisture which had not been trapped in the non-
indicating silica gel. Such samples are then flagged
as defective and are not analyzed.
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because it interferes as a fission

product, and also with weight re-
covery.

—

L The strontium carrier and the
radionuclides of strontium are

| £ I——

Fain lon
Coiumn

Shica Gel Tube

Air Flow

W

 oee— S |

precipitated as strontium carbon-
ate. The strontium carbonate is
then dried, weighed to determine
recovery of the carrier, and
countedin a gas-flow proportional
counter. The total radiocactive
strontium is calculated from a

single count.

TEDA Activated
Charcoal Cartridge

)

1 _Regulated
3 Pump With
Tines

Blutenium

- Air filters are dry ashed and
leached with acid during prepara-
tion for #*Pu and ®*Pu analysis.
The solution is evaporated to

‘; Exhaust

Figure 1-2. Air flow through an air monitoring station

In the analysis, free water is removed by distilling
thenon-indicating silica gel over low heat. The distil-
late consists of the total moeisture content in the air
sampled. The distillate is then suspended in a liquid
scintillation cocktail, which contains a fluorescent
solute in an organic solvent.

The concentration of tritium oxide in the moisture is
determined with a liquid scintillation counter which
detects the light given offby the fluorescent material
as it absorbs the energy of the emitted beta particles.
The tritium oxide concentration in the air is calcu-
lated by multiplying the tritium oxide in the atmos-
pheric moisture (pCi/g} with the absolute humidity
[moisture in the air (g/fm™] for the volume of air
sampled.

Strontium

A single chemical separation method is used o
measure total radicactive ®9Sr, For %5y analysis
of air filter samples, a known amount of stable
strontium is added to the sample as a carrier. The
stable carrier and the radioactive isofopes of stron-
tium are separated from other elements by precipita-
tion with fuming nitric acid.

Barium is then removed from the strontium isotopes
by precipitating barium chromate in an acetate
buffer solution. It is necessary to remove the barium

dryness, dissolved in 7.2N nitric
acid, and passed through an an-
ionexchange resin, which extracts
and holds the plutonium. The ex-
tracted plutoniumis then removed
from the resin column with an ammonium
iodide~hydrochloric acid solution, evaporated to
dryness and then redissolved in a sulfate medium.
The plutonium and sulfate medium s then electrode-
posited on a stainless steel disk and counted on a
silicon surface barrier detector, This detector system
detects the separate alpha emitters. The result is
then used to verify the purity of the chermical separa-
tion and to quantify the amount of ®¥Pu and 29Pu
present in the sample.

Ioding-131

Samples for gaseous radiociodine are collected on
charcoal cartridges containing 5% triethylenediamine
(TEDA). Iodine-131 is measured by a direct count of
the charcoal cartridge on an HPGe detector. The
HPGe detector is used to distinguish the I gamma
energy from other radionuclides using the detector’s
high spectral resolution.

Streams

Sample Collection

Site streams are sampled continuously using pri-
marily two systems, paddlewheel samplers and
Brailsford motor pumps. The paddlewheel gampler
is n paddlewheel constructed of Lexan® suspended on
twopontoons. The sampleris anchored in the stream.
Samples are collected in small cups that are attached
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to the paddiewheel. Each cup samplesapproximately
0.5 mL of water. As the stream velocity rotates the
paddlewheel, water is collected in the cups and
emptied into a collection {rough attached to the
sampler. The water sample flows by gravity from the
trough, through a connecting tube, and into a poly-
ethylene jug attached to the sampler. A paddlewheel
sampler diagram is presented in Figare 1-3 (below).

The Brailsford pump system consists of an all-plag-
tic, variable speed, valveless piston that is driven by
a Braileford AG fractional watt motor. The pump
samples stream water at a rate of 0.75 gal/day.
Sampling jugs are emptied weekly.

Analytical Procedures

EMS monitors site streams for gross alpha, nonvola-
tile beta, gamma-emitting radionueclides, tritium,
radicactive isotopes of strontium, and uraniom/plu-
tonium.

Gamma-emitting radionuclides aredirectly analyzed
on an HPGe detector by counting a 500- or 1,000-mL
sample aliquot.

Gross alpha- and nonvolatile beta-emitting radionu-
clides are measured by a direct count of the residue
remaining after evaporating a 1-L aliquot of the
water sample. The sample residue is transferredtoa
2-in. stainless steel planchet. The planchetis flamed
to remove residual moisture and volatile material,
which might absorb the

ricacid (HCI). The acid solution is then evaporated to
dryness to remove HCl, which damages the stainless
steel planchet. The residue is dissolved in 8.0N nitric
acid, transferred to a stainless steel planchet, and
counted on a gas-flow proportional counter.

Strontium
Strontium-89,90 concentrations are measured by
the same procedure used for air filter samples.

To determine ¥Sr concentrations, the beta emissions
of #9998y are resolved by observing the decay of ®¥Sr
and ingrowth of Y, a daughter product, with at least
two counting intervals in the gas-flow proportional
counter, over a 7- to 14-day period. It is then possible
to use these results to derive two simultaneous equa-
tions that can be solved for the individual count rates
of ¥5r and ¥3r,

Chemical Cesi
Chemical cesium analyses measure total concentra-
tion of cesium present in the sample with no radionu-
clide distinction. EMS discontinued chemical cesium
analyses in 1989 because total cesium concentration
could be caleulated after measuring *#*Cs and ™ Csin
the gamma-emitting radionuclides analysis.

Savannah River

Sample Collection

The Savannah River is sampled continuously by
paddlewheel samplers equipped with 26-L polyeth-
ylene jugs. River sampling jugs are emptied weekly.

alpha and beta radiation.
The sampleisthen counted

Protective
Cover {open)

on a gas-flow proportional
counter,

Triti
Tritium iz measured in a
5-mLundistilled ahiquot of
the sample by liguid scin-
tillation counting.

Alpha-emitting radionu-
¢lides are extracted from
1-L samples with tniso-
oetylamine (TIOA} in xy-
leng, Both uranium and
plutonium are stripped
from the TIOA organic
layer with ¢, 1N hydrochio-

Direction of
Paddiewhael
Motien

Collection
Botlle

Plexigiass

Whresal

Coliection
Trough

Pontonn
B ST

. Gurrent Flow
Piexigiass

Paddlas

Figure 1-3. Paddlewheel sampler amd component diagram
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In addition, the Savannah River Labo-
ratory (SRL)samples two locations (up-
river at River-2 and downriver at River
10) using a continuous sampler that
typieally processes 30040 500 L of water
per week. Samples are collected bi-
weekly forlow-level analysisof gamma-
emitting radionuclides

Analytical Procedures

Savannah River samples are analyzed
to determine concentrations of gross
alpha, nonvolatile beta, gamma-emit-
ting radionuclides, tritium, and radio-
active isotopes of strontium and plute-
nium,

Gamma emlttmg radwnuclides are
measured by passing from 8 to 24 L of
the sample through a cation-anion ex-
change column. This process increases analytical
sensitivity by concentrating the radionuclides that
are present. The column is then counted on an HPGe
detector,

Radionuclides are then eluted from the resin column
with 3N nitrie acid, followed by 14N nitric acid for
subsequent analyses.

For the low-level analysis of gamma-emitting radi-
onuclides performed by BRL, the river water sample
is concentrated on an ion exchange material and
counted for approximately 16 hours on an HPGe
detector in a low-background counting facility. This
sensitive procedure provides the capability to meas-
ure lower-levels of gamma-emitting radionuclides
than the EMS procedure allows. The concentrations
of ¥'(Cs presented in this report for Savannah River
water at River-Z (Shell Bluff) and at River-10 (High-
way 301) were measured by SRL.

Gross a]pha and nonvolatlle betawemlttmg radionu-
clides are determined using the same analytical
procedure described for streams,

Triti
Tritium is determined by liquid seintillation count-
ing of a 5-mL aliguot of the distilled sample.

Plutenivm
Plutoenium-238 and ¥ Pu conecentrations are deter-
mined from an aliquot of the eluate taken from the

EMS monitors S streams an e Savannah
River with paddlewheel samplers

ion exchange column used for the gamma-emitting
radionuclides analysis. The analytical procedure is
the same as that used for air filters.

Strontium

Strontium-89,%01s determined from an aliquot of the
column eluate by the same procedure used for air
samples. Strontium-90 is then analyzed using the
same procedure deseribed for stream samples,

Seepage Basins

A 2-L grab sample is collected quarterly from each
seepage basin sampling location in F, H, P,C, and L
Areas. Although Fand H Area seepagesbasinsarens
longer used, samples from these loecations will be
collected until the basins are dry. These samples are
analyzed for gross alpha, nonvolatile beta, tritium,
strontium, uranium/plutonium, and gamma-emit-
ting radionuclides following the same procedures as
those used for stream and river samples.

Groundwater

Sample Collection

The 201 onsite groundwater monitoring wells in the
radiclogical monitoring program are sampled quar-
terly, semiannually, or annually. Field measure-
ments of alkalinity, specific conductance, depth to
water, pH, and temperature are taken each quarter.

Water samples are collected from monitoring wells
either by pumping or bailing. When pumping, the
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groundwater sample is collected after the pH
and conductivity have stabilized and stag-
nant water has been purged from the well
Bailed samples are collected using one-L stain-
less steel bails, Each well has an assigned
bailer to prevent cross-contamination. The
normal sample volume collected for analysis
is 2 L, '

Monitoring wells are constructed accordingto
SRS standard [DPSOP 2541 methods and
regulations. Bentonite and grout seals pre-
vent mixing of groundwater within the
screened zone with other groundwater. Caps
or seals prevent introduction of atmospheric
water into the well. Figure 1-4 (right) details
a cross-section of a typical monitoring well.

Analytical Procedures

The EMS Chemistry and Counting Laborato-
ries prepare and analyze groundwater samples
that are included in the radiological moniter-
ing program. Analytical procedures for gross
alpha, nonvolatile betn, tritium, gamma.-
emitting radionuclides, and ®Sr analyses are
the same as those described for stream and
river samples.

Milk

Sample Collection

N
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One-half gallon of fresh raw milk is collected
from each of five local dairies and from a
major distributor every two weeks and ana-
lyzed for ¥, ¥i(Cg, and tritium. An additional one-
half gallon is collected from each location quarterly
and analyzed for ®Sr.

Anaiviical Procedures

P .

Concentrations of "I and (s are determined by

direct count of a 1-L sample aliquot on an HPGe
detector.

Strontium

Acation exchange resin isused to separate strontium
and ytirium from the milk as chlorides. Strontium-
90 is determined by evaporating the sample to dry-
ness and dissolving the residue in 0.08N hydrochlo-
ri¢c acid. To begin the ¥Y ingrowth, *Y is removed
from the strontium using 2-di-ethylhexyl phosphoric
acid (HDEHP) in toluene. Equilibrium of ¥Y is ap-
proached over a 15-day period and the short-lived ¥Y

Figure 1-4., Components of a monitoring well

daughter is removed once again. The ytirium is
transferred to a stainless steel planchet and counted
in a gas-flow proportional counter. The amount of
%81 is calculated by relating the *¥Y buildup to the
original ®¥Sr concentration.

Triti
Two 5-mL aliquots of milk, distilled to reduce quench-
ing interferences, are analyzed with a lquid scintil-
lation counter to determine the concentration of
tritium oxide.

Food

Sample Collection

Local foods, including fruits, grains, corn, collards,
eppes, chicken, beef, and pork, are obtained from
farms located within a 25-mile radius of SRS. Food
samples are collected annually except for eggs, which
are collected quarterly.
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Tritium in eggs is measured in free water
by freeze-drying & portion of the sample

Analytical Procedures

Focd samples are analyzed for gamma-emitting
radionuclides, tritium, ®S8r, uranium/plutonium,
B8Py, and PP,

With the exception of grains, all foods areprepared as
though for human eonsumption; seeds and other
inedible parts are removed, Wheat, containing only
the whole grains, and oats, containing both grains
and husks, are processed unwashed.

A portion of the original sample is retained for trit-
m analysis. The remaining sample is dried and
ashed and the residue is dissolved in a hydrochloric
acid solution.

] £ "|:-- -'l:;gg:'.”. .--.
Gamma-emitting radionuclides are determined by a
direet eount of the acid solution on an HPGe detecior.

Triti
Tritium is measured in the free water obtained by
freeze-drying a portion of the original sample, The
water 15 counted in a lquid scintillation counter.

Strentinm
The procedure for ®Sr analysis is the same one de-
seribed for stream samples.

Uranium/plutonium is measured in foods following
the same procedure described for stream samples,

Plutonium
Concentrations of 2*Pu and #*Pu are determined by
the same procedure described for river samples.

Drinking Water

Drinking water samples are collected at onsite
sampling locations and in communities surrounding
SRE, Bamples are collected from faucets and drink-
ing fountains. Some onsite samples are collected
monthly, while others are collected quarterly. Offsite
samples are collected semiannually except from water
treatment plants, where raw and finished drinking
water samples are collected daily, composited, and
analyzed monthly. All drinking water samples are
analyzed for gross alpha, nonvolatile beta, tritium.
Once a year, additional samples are collected for ®Sr
analysis. Analytical procedures for drinking water
are the same as those used for stream and river
samples,

Wildlife

Sample Collection

The collection of {ish, furbearers, and waterfow! for
analysisis authorized by the federal government and
the South Carolina state government. Under federal
permit number PRT-7183%8 and South Carclina
state permit number GF-013-89, EMS was author-
ized to collect wildlife specimens during 1989,

Eish

Fish are caught in traps or by hook and line. Whole
fish are analyzed for gamma-emitting radionuclides
on an HPGe detector. Alpha-and beta-emitting radi-
onuclides are measured by a direct count of residue
remaining from the evaporation of acid solutions of a
blended sample. The residue is placed on a 2-in.-
stainless steel planchet and counted in a gas-{low
proportional counter.

Deer and hogs are monitored annually through on-
site controlled hunts during the November and
Decemberhuntingseason. EMS performs field analy-
ses of '¥Cs on deer and hogs at the hunt site with
portable 2 x 2-in. sodium iodide [Nal{T1}] detectors.
The portable detectors are calibrated so that ¥'Cs
concentrations in flesh may be calculated from the
field measurements.
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The accuracy of the calibrations is verified by labora-
tory analysis of approximately 5-10% of the deer and
hog samples. Muscle tissue and thyroids are col-
lected randomly during each hunt and analyzed for
¥ and "1 on an HPGe detector.

The samples are also analyzed for ®Sr and tritium
using the same analytical procedures described for
stream samples and for food samples, respectively.

Furbearers

Furbearing anmimals, including raccoons, opossums,
foxes, and beavers are trapped. All animals execept
beavers are analyzed for ggmma-emitting radionu.-
clides by counting a portion of the animal tissueon an
HPGe detector. Since beavers are not expected to
leave the site, they are monitored in the field using a
portable Nal{T1) detector.

Ducks

Ducks such as coots, buffiecheads, ruddys, scaups,
and mallards are trapped and a portion of the tissue
is counted for gamma-emitting radionuclides using
an HPGe detector.

Turkeys on SRS are trapped hive and Y Cs concentra-
tions are monifored using a portable 2 x 2-in. Nal{T!)
datector,

Rainwater
Sample Collection

Radioactivity in rainwater is determined from
monthly rainfall samples. Rainwater is collected in

Sample preparation before performing analysis

for beta-emitting radionuclides

2-ft-square metal pans located on top of air monitor-
ing stations. At stations equipped with ion exchange
columns, the water passes through the column and
into a polyethylene jug. At stations notequipped with
ion exchange columns, the water is simply collected
in the pan and drained directly into the jug.

Analytical Procedures

Rainwater samples are analyzed for gross alpha,
nenvolatile beta, gamma-emitting radionuclides, trit-
ium,¥#8yr W5y, 2Py and Py,

Gross alpha, nonvolatile beta, plutenium, and stron-
tium analyses are performed on the eluate from the
ion exchange column after determining the gamma-
emitting radionuclides. The analytical procedures
forthese analyses arethe same asthose described for
stream and river samples,

The ion exchange columns are counted directly for
gamma-emitting radionuclides on an HPGe detector.
The column is then eluted and the eluate is used for
subsequent analyses.

Triti
Since tritium does not collect on the rain ion ex-
change column, tritium concentrations are deter-
mined by analyzing the rainwater collected in the
jugs by liguid scintillation counting,

The amount of each radionuclide deposited and col-
lected at a station during the year is obtained hy
adding all values that are greater than the lower
limit of detection (LLD).

s SR

Soil and Sediment

Sample Collection

Soil samples are cellected annually from
each of the four quadrants around F and H
Area (Separations Areas), around the De-
fense Waste Processing Faeility (DWPF) in
S Area and the Saltstone Facility in Z Area,
at the site perimeter, and at the 100-mile-
radius locations. Soil samples are also col-
lected during special monitoring surveys.
Ten soil plugs, each 8 om deep, are taken 30
em apart in a straight line at each samphing
location.

EMS collects sediment samples annually
from SRS streams and Savannah River
sampling locations. Sediment collection
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techniques for streams and rivers are designed to
obtain samples from the {op 8 em of sediment in areas
where fine sediment has aceumulated. The samples
are not intended to be representative of the entire
stream bed.

Analytical Procedures

After collection, the 10 soil eores are combined into
composites by location. The eomposited soil samples
and sediment samples are dried, sieved, and pulver.
ized before being analyzed for gamma-emitting
radionuclides, ¥Sr, #8Py, and Py,

samma-Emittine Radionuelide
For analysis of gamma-emitting radionuclides, an
aliquot of the prepared soil is placed in a 500-mL

plastic bottle and counted on an HPGe detector.

Strontium

For ®¥8r analysis, a portion of the prepared soil is
leached with 1.0N ammonium acetate and the solu-
tion is evaporated to dryness. The residue is dis-
solved in 8.0N nitric acid (HN 0,). The sample is then
analyzed usingthe same method described for stream
samples.

Soil and sediment samples analyzed for Py and
#3Pu follow the procedure as described for air filters.

Vegetation

Sample Collection

EMS collects vegetation samples onsite, at the site
perimeter, and within a 25- and 100-mile radius of
SRS, Vegetation samples are collected annually in-
side the Burial Ground fence and at retention/seep-
age basins, while samples are collected quarterly at
all other locations.

Analytical Procedures

Vegetation samples are analyzed for gross alpha,
nonvelatile beta, gamma-emitting radionuclides,
trithom, 3998y,

: Emitting Radionuclid

Gamma-emitting radionuclides are determined by
counting dried vegetation in a 1-L Marinelli beaker
on an HPGe detector,

aross Alpha.and Nonvelatile Beta
To determine gross alpha- and nonvolatile beta-
emitting radionueclides, a portion of dried and ashed

vegetation iz dissolved in nitric acid and transferred

Vegetation is counted for gross alpha and
beta in a gas-flow proportional counter

to a stainless steel planchet for counting in a gas-flow
proportional counter,

Triti
Tritium is measured by liquid scintillation counting
of water obtained by freeze-drying the sample.

Strontium-89,90 is determined using the same pro-
cedure as described for air samples.

INTERPRETATION OF RADICLOGICAL
MONITORING DATA

The final product of an efficient and thorough moni-
toring program is a report containing reliable data.
This section describes how EMS reports data, the
significance of the data, and how to interpret the
reported values.

Overview

Reporting radiclogical measurement dsta is subject
to the following criteria:

| Measurement results must be reported with
the proper dimengions (i.e., units) and the
appropriate number of significant figures.
Additional specifications, such as how the
sample was collected or how it was compos-
ited, may sometimes be necessary to under-
stand and interpret the results.
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] A reported value must include an assess-
mentofits uneertainty. The uncertainty value
must be based on as complete an assessment
as possible, taking into account errors such
as random errors, systematie errors, round-
ing errors, or calibration errors, so that
sufficient information is conveyed and its
mesaning is unambiguous. Both precision and
aceuracy of the resulis should be addressed.

| The minimum achievable detection limit
under g given set of practical conditions
should be estimated and reported for low-
level environmental measurements. The
recommended expression for this concept is
the estimated minimum detectable concen-
tration or “MDC”

A complete discussion of the theoretical basis and
procedures for data reduction and interpretation of
environmental monitoring measurements is beyond
the scope of this report. Detailed discussion of these
topies can be found in the following references:

Bevington, P. R., Daia Reduction and Error Analysis
for the Physical Sciences, MceGraw Hill Book Ce,,
N.Y. (1869},

National Council on Radiation Protection and Meas-
arements, Environmental Radiation Measurements,
NCEP Report No. 50 (1988),

Natrella, M. G., Experimental Statistics, National
Instituie of Standards and Technology, Handbook
91, Wiley & Sons, N.Y. (1566),

Watson, J. B, Chairman, Upgrading Environmental
Radiation Data, Health Physics Society Committee
Report HPSR-1 {1980), EPA 520/1-80-012 (August
19800,

Interpretation of Measured Values

Nomenclature

Text in Volume I and data tables in Volume 1I refer
to radionuclides, using radiochemical nomenclature.
Appendix I} interprets the radiochemical nomencla-
ture used in this report.

Presentation of Units

The data in this repart are presented in terms of the
most practical units of measurement for each quan-
tity being measured. Most radiological data are pre-
sented as unit activity per unit volume or massle.g,,

pCV/L {picocuries per liter) or pCi/g (picocuries per
gram)]. Although picocurie {pCi) is the most common
activity unit used in this report; in some casss, data
are presented in fCi (femtocuries) or aCi (attocuries),
¥ractions and multiples of units, as well as conver-
sion tables, are shown on the inside cover of Volume
I of this report.

Table 1-1 in Volume I shows typical sample sizes
and aliquots. The dimensional units and other neces-
sary infermation for the reported values are provided
in the data tables or within the Volume T text.
Statistical uncertainties are not presented with data
reported in Volume I except in cases where certain
measurements are characteristically subject to large
uncertainties (e.g., wildlife monitoring).

Significant Figures

Most data tables in Volume II of this report are
transferred from a computer database, These data
are either entered manually or directly entered into
the database from the radicanalytical instruments.
The database software was not designed to detect
and report the correct number of significant figures
for the data. Therefore, in some cases, rounding
errors result, and the significant figures reperted for
the result and the uncertainty are inconsistent. EMS
is currently acquiring a new computer and develop-
ing software to avoid this diserepancy.

Radionuclides Reported

This report follows practice, common in environ-
mental monitoring literature, of reporting gross alpha
and nonvolatile beta measurements. Samples pre-
pared for gross alpha and nonvolatile beta measure-
ments usually contain an unknown radionuclide
mixture, and these measurements provide no infor-
mation on theidentity of the radionuclides presentin
the sample. An arbitrary choice must be made in
selecting a standard for calibrating the counting
system and determining the conversion of sample
counting rates to disintegration rates. The calcu-
lated disintegration rate refers only tothe concentra-
tion of the radionuclide used to calibrate the instru-
ment that would result in the observed counting rate.
The data in this report were calculated using®Po for
the gross alpha cslibration and ¥8r for the nonvola-
tile beta calibration.

Gross activity measurements are useful in indicat-
ing whether additional radionuclide-specific meas-
urements should be made and in showing data
trends. Care must be taken in interpreting gross
alpha and nonvolatile beta measurements. Conclu-
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sions should not be made from gross measurements
on dosimetric significance or on environmental be-
havior and movement of the unknown radionuclides
in these samples.

Many data tables quote activities of some naturally
occurring radionuclides and radionuclides that may
arise from cosmic processes or fallout from previous
nuclear weapons testing (e.g., “K and "Be). The fact
that these activities are listed in this report does not
necessarily imply that these radionuclides are re-
leased into the environment by SRS operations.

EMS measures concentrations of other specific radi-
onuclides in the environment that are possibly con-
tributed from SRS operations. Some of these analy-
ses include tritinm, (s, strontium, plutenium, and
other gamma-emitting radionueclides,

Measurement Difficulties

Environmental samples often contain very low levels
of radioactivity, and the ratio of the sample count to
the background count (i.e., radioactivity count taken
with no sample present) is consequently small. Since
all measurements involve statistical variations, the
net sample activity is sometimes negative (i.e., less
than zero) after the blank has been subtracted. All of
the counting instruments, except the gamma analy-
sis system, produce a net sample count, even if the
result is amall or less than zero. Although negative
results have no physical meaning, the data are still
statistically valid, and reported and figured into
yearly and composite averages.

The gamraa analysis systern will produce a net sample
count only if the value is above the instrument’s
theoretical detection limit and is not negative or
accompanied by a large uncertainty. However, if
these conditions are not met, the gamma analysis
gystem caleulates an estimated LLD. This difference
is reflected in data tables that report the concentra-
tions of gamma-emitting radionuclides. When the
sample activity is not available for the gamma-emit-
ting radienuclide, the concentration is reported as
zerg; and the LLD is reported in the uncertainty
column. In this case, the LLD should not be inter-
preted as a plus or minus uncertainty. If activity is
present, it is probably less than the reported LLD.

Interpretation of Uncertainties
The absolute error or uncertainty of a reported value

(the deviation from the true value) cannot be known
because the true value is not known exactly. How-

ever, the limits to this uncertainty can be inferred
and estimated from the measurement process itself.
This uncertainty assessment includes an incumbent
risk of being incorrect, which is called the confidence
limit. The absolute uncertainty of a measurement is
composed of illegitimate (gross), random, and sys-
tematic errors.

Mlegitimate Errors

Ilegitimate or gross errors are described as those
errars that are so serious that to obtain an adequate
measurement, a new sample must be collected or
new measurement must be performed, Such errors
are normally easily recognized and corrected.

Random Errors

Random errors affect the precision of a measured
value (i.e., the reproducibility of a set of successive,
independent measurements). These errors arise from
random variations at all stages of the sample collec-
tion, sample preparation, and measurement process.
The overall random uncertainty of a measurement is
assessed by calculating the standard deviation of the
mean (average) of numerous replicate determina-
tions. However, replicate measurements of environ-
mental samples are uncommon and usually not fea-
sible due to time and cost constraints.

Counting data follow the Poisson distribution; thus,
the standard deviation can be estimated from the
niumber of counts obtained for a single measurement.
This counting error takes into consideration only
uncertainties arising from the random nature of the
radiodecay process itself. Ideally, random uncertain-
ties arising from every major step or component of
the measurement process should be independently
assessed. This approach, however, is usually not
feasible and it is uncommon for reporting environ-
mental data. EMS sampling and analytical proce-
dures are designed to minimize the random errors
that are not included in the counting error assess-
ment.

Systematic Errors

Systematic errors affect the accuracy of 2 measured
value (i.e., the proximity to the true value). These
errors arise from bias introduced by improperly cali-
brated instruments, errvors in reagents and calibra-
tion standards, and imperfect analytical technique
and experimental design. This bias affects each
measurement in the same way, The deviation from
the true value is always of the same magnitude and
direction. Thus, systematic errors cannot be esti-
mated from the data themselves by calculating aver-
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ages and standard deviations of replicate measure-
ments. Systematic errors may also arise from ran-
dom or stochastic processes that cannot be (or are
not) assessed by statistical methods. Assessing sys-
tematic uncertainties is complex and rather subjec-
tive. Therefore, systematic errors are usually not
reported in the scientific literature: nor are they
included in the uncertainties for measured values in
this report.

Systematic errors, and thus the accuracy of the
measurement process, may be estimated by measur-
ing standards that have reasonable well known
concentrations. EMS participates in EPA and DOE
laboratory intercomparison programs {o ensure the
accuracy of the reported data. These efforts are
discussed in Chapter 2 of this report. To further
minimize systematic errors, EMS uses defined gual-
ity assurance/quality control procedures, conducts
periodic training sessions for all analysts, performs
frequent reviews of experimental designs and meas-
urement procedures, and uses standard reference
materials traceable to NIST or other international
standards of measurements for all calibrations.

Uncertainties quoted in this report for individual
measurements such as the maximum or minimum in
a range of measurements are caleulated using the
Poisson assumptions and are expressed at the 95%
confidence limit. The counting errors shown in the
data tables in Volume II are labeled “CT ERR 2¢”.
The uncertainties quoted for mean values are the
standard deviations of the mean expressed at the
85% confidence limit. These are labeled “2 Std Dev”
in the data tables. The standard deviation of the
mean is not reported when the mean is ealculated
from an insufficient number of determinations (<5
measurements) to give a valid standard deviation.
The total abseclute uncertainties, which includes
random and systematic errors, are higher than the
counting uncertainties reported.

Interpretation of Lower Limits of
Iretection

Numerous expressions and definitions of “detection
limits” are frequently encountered. Their meanings
are often ambiguous and incorrectly interpreted. The
terms “lower limit of detection” (LLD), and “mini-
mum detectable concentration” (MDC) are used inter-
changeably in this report.

Detection limits are useful eriteria for selecting al-
ternative measurement procedures. Datection limits

may also serve as guides set by regulatory bodies for
establishing minimum acceptable detection eapa-
bilities for a given analysis. Any caleulation of detec.
tion limits is, at best, only an estimate. Detection
limits serve only as guideposts, and not as absolute
levels of activity that can, or cannot, be detected bya
counting system or analytical method. It is common
to report measurements which are less than the
theoretical LLD.

The LLD corresponds toan a priori limit above which
the level of activity is reliably estimated using a
given instrument, method, and sample type. It
depends not only on the instrument and sample
characteristics, but alse on many other specific fac-
tors involved in the measurement process such as
those listed below:

[ length of the counting interval

» chemical yield

| | sample geometry and density

n decay time

] other radionuclides present in the sample

Since all of these factors can influence the value of
the LLD, it must be emphasized that the MDC or
LLD is not a limit below which radioactivity is unde-
tectable. Rather, under a given set of practical condi-
tions, it is & limit above which there is a high proba-
bility of detecting radioactivity that is present in a
sample and a low probability of reporting a false
positive,

The LLD values in this report were caleulated with
the formula listed below {WAS0]:

LLD = K(k*+ 2kV2s) = K(2.71 + 4.65s)
where:

k  =1.645 (95% confidence level)

s = standard deviation of the background count

K = proportionality constant which relates counts
to the activity concentration for a given set of
measurement conditions

Tables 1-2 through 1.8, of Volume I1, list estimated
lower limits of detection for each instrument and
various sample types under typical measnrement
conditions,
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NONRADIOLOGICAL MONITORING
PROGRAM

Nonradiological surveillance at SRS began in 1951
with monitoring water qualify on the Savannah
River, Bince thai time, the nonradiclogical monitor-
ing program has expanded to include monitoring
chemicals, metals, and organics in 8RS Hquid efflu-
ents, site streams, the Savannah River, groundwa-
ter, drinking water, air, and fish.

In recent years, the nonradiological monitoring
program has grown significantly. In 1980, just over
5,000 analyses were performed on 1,000 samples. In
1989, over 231,000 laboratory analyses were per-
formed on aover 10,000 samples.

Table 1-3 on the facing page lists the general nonra-
diological sampling and analysis schedule for spe-
¢ific environmental media,

NONRADIOLOGICAL SAMPLE COLLECTION
AND ANALYTICAL PROCEDURES

Air

Five ensite ambient air monitoring stations house
instruments that continuously monitor for sulfur
diexide (80,), oxides of nitrogen (NO ), and ozone
{0,). Particulate matter less than 10 microns (PM,)
is monitored every six days over a 24-hour peried.

T

Typical NPDES outfall on SRS

Measurements are made using five NO_analyzers,
three 50, analyzers, two O, analyzers, and six PM,;
samplers. One monitoring station contains two adja-
cent PM,, samplers for quality assurance purposes.
Sampling and analyses are performed in accordance
with EPA requirements and South Carolina Depart-
ment of Health and Environmental Control
(SCDHEQC) guidelines (40 CFR 58, Appendix B).

NPDES Qutfall Locations

Sample Collection

SRS wastewater effluents (cutfalls), regulated by
SCDHEC under National Pollutant Discharge Elimi-
nation System (NPDES) permits, are sampled ac-
cording to procedures consistent with EPA and
SCDHEC methods (40 CFR Chapter 1, Part 136). The
sampling frequency varies with the outfall location
and the chemicals or properties being measured.

Analytical Procedures

The types of analyses performed also vary with each
permitted outfall. However, most outfall samples are
routinely analyzed for temperature, pH, total nonfil-
terable residue, and oil and grease. Certain outfall
samples are also analyzed for metals, fecal coliform,
nutrients, pesticides, herbicides, and organic chemi-
cals. All analyses are performed using accepted pro-
cedures in 40 CFR Chapter 1, Part 136.

Offsite laberatories perform all NPDES analyses,
except fecal coliform and field measurements (flow,
temperature, and pH). The fecal coliform analyses
are performed onsite by the D-Area laboratory to
ensurethat analysesbegin within six hours of sample
collection as required by EPA-approved methods
{EPA78). The D-Area laboratory and offsite laborato-
ries analyzing NPDES samples are certified by
SCDHEC.

Streams and River

Sample Collection

Six site streams are sampled continuously by paddle-
wheel samplers for metal analyses. EMS collects the
water samples weekly and preserves them according
to EPA procedure [EPAT9]. The samples are compos-
ited quarterly for metals analyses only.

EMS collects grab samples from seven stream loca-
tions and two Savannah River locations monthly for
nonmetals analyses. These samples are preserved
according the EPA procedures. Composited samples
are not used for nonmetals analyses because of short
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Table 1-3. Genersal Nonradiological Sampling and Analysis Schedule

Environmental medium Frequency Analysis

Adr Continuously S0, NO,, and O,
Six-day intervals PM-1¢¢

Liguid effluents (NPDES) Varies with permit Varies with permit
requirements requirements

Savannah River Monthly sampling Metals

Quarterly analysis

Monthly Chlorides, Total dissolved solids
Weekly Temperature, pH,
dissolved oxygen, conductivity, and
fecal coliform
Annually Pestieides and herbicides
Streams Weekly sampling Metals
Quarterly analysis
Monthiy Chlorides, TDS, organics,
pesticides, herbicides,
temperature, pH,
dissclved oxygen, and conductivity
Groundwater Quarterly Temperature, pH,
depth te water, and conductivity
Quarterly, Site-specific
Semiannually, contaminants
or Annually
Biannually Comprehensive
chemical analysis
Drinking water
Primary systems Annually Chemicals, metals, and

Smaller systems

All systems

Varies with use

Varies with use

grganics

Total coliform and
residual chlorine

Seil and sediments

Annually

Pesticides and herbicides

“Particulate matter less than 10 microns.
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EPA-recommended holding times and restrictive
preservation requirements.

Analytical Procedures

Site streams and the Savannah River are monitored
for chemicals, metals, and physical and biclogical
properties. All analyses are performed in accordance
with EPA-approved methods [EPA79L Table 1-4
lists some analytical methods used for analyses,

Hield measurements of pH, dissolved oxygen, con-
ductivity, and temperature are taken weekly at all
river sampling lecations and monthly at all stream
sampling locations.

Groundwater

Sample Collection

Groundwater is sampled quarterly, semiannually, or
annually using sampling procedures consistent with
both EPA and SCDHEC methods [EPA79]. A com-
pany under contract to SRS samples the 1,039 ground-
water monitoring wells in the nonradiological moni-
toring program,

The structure of the monitoring wells and the proce-
dures for extracting samples from the wells are
described in the “Radiological Sample Collection and
Anslytical Procedures” section for groundwater on
pages 34 and 35.

EPA-recommended preservatives and sample-han-
dling techniques are used during sample storage and
transportation to both onsite and offsite certified
analytical laboratories that analyze the samples.
Bottles and coolers are tested according the U.S.
Department of Transportation standards (49 CFR
Part 172) and approved for shipping. EMS screens
potentially radioactive samples for radioactivity
before shipment to offsite laboratories.

Analytical Procedures

Groundwater samples collected in the nonradiologi-
cal monitoring program are analyzed for nonradioac-
tive constituents and certain radicactive constitu-
ents using procedures consistent with EPA-recom-
mended methods [EPA79, SWS6]. A representative
list of analyses performed and the corresponding
EPA methods is given in Table 1-5 (facing page}.

Envirodyne Engineers, Inc. (EE) of St. Louis, Mis-
souri, performed analyses on samples collected dur-
ing the first quarter 1989, MetaTRACE, Inc. (MT) of
8t Louis, Missouri, and General Engineering Labo-

Table 1-4
Chemical Analyses and Methods
for Stream and River Samples
Analysis Method*
Non-Metals
Alkalinity EPA 3101
Ammonia - Nitrogen EPA 350.1
Chemical Oxygen Demand EPA 410.2
Chloride EPA 325.3
Specific Conductance EPA 120.1
Nitrate-Nitrite-Nitrogen EPA 353.2
pH EPA 150.1
Phosphate - Phosphorus EPA 365.1
Sulfate EPA 375.4
Temperature -Thermometrie EPA 170.1
Total Solids, Volatile Solids,
Fixed Residue, Suspended Solids,
Total Dissolved Solids EPA 160
Turbidity - Nephelometric EPA 180.1
Metals
Aluminum EPA 2022
Cadmium EPA 2132
Calcium EPA 215.1
Chromium EPA 218.2
Copper EPA 220.2
Iron EPA 236.2
Lead EPA 239.2
Magnesium EPA 2421
Manganese EPA 2432
Mercury EPA 245.1
Nickel EPA 2492
Sodium EPA 273.1
Zine EPA 289.2
Hardness (by calculation) SM 314A
* Methods from Methods for Chemical Analyses of
Water and Wastes, USEPA, EPA-600/4-78-020
{March 1979); and Standard Methods for the
Examination of Water and Wustewater, 15th
Edition, APHAAWWA/WPCP,

ratories (GE) of Charleston, South Carolina, per-
formed these analyses for the remaining quarters in
1988. Teledyne Isotopes (T'1) of Westwood, New Jer-
sey, performed specificradionuclide analysesin 1989
using indusiry accepted or EPA-approved procedures.
All laboratories are certified by SCDHEC.

Field measurements of alkalinity, specific condue-
tance, depth to water, pH, and temperature are
taken gquarterly,
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Table 1-5. Chemical Analyses and Methods for Groundwater Samples

Method*
Analvte General Engincering metaTRACE Environdyne Enginecers
Alkalinity “ 3101 310.1
Antimony 7041 204.2 200 (ICPY
Arsenic 7060 7060 200 (AA-flamelessy
Chloride 300.1 300 300
Chromium 6010 200.7 (ICP) 200 (ICP)
Cyanide 9012 335.2 335.2
2,4-Dichlorophenoxyaeetic acid 8150 5098 615
Endrin 8080 608 608
Fluoride 340.1 300 340.1
(Gross alpha 400 800 9005
Iron 6010 200.7 (ICP) 200 (ICP)
Lead 7421 7421 200 (ICP)
Lindane 8080 608 608
Mercury 1470 245.1 245.1
Metals® 6010 200.7 JCP) 200 (ICP)
Methoxychlor 8080 608 608
Nitrate (as Nitrogen) 353.3 352.1 353.3
Nitrite (as Nitrogen) 300.1 300 353.3
Nonvolatile beta 900 900 900
pH 150.1 150.1 150.1
Phenols 420.1 420.1 420.2
Potassium 6010 200.7 (ICP) 200 (ICP)
Selentum 7740 7740 200 (AA-flameless)
Silicg 6010 200.7 {ICP) 370.1
Silver 6010 200.7 (ICP) 200 (AA-flameless)
Silvex 8150 5098 615
Specific conductance i20.1 120.1 120.1
Sulfats 300.1 300 300
Total dissolved solids 160.1 160.2 160.1
Total organic carbon 9060 415.1 415.1
Total organic halogens 9020 450.1 450.1
Total phosphates 365.2 365.4 365.1
Total radium 900.1 903 9004
Toxaphene 808G 608 608
Tritium 906 9763M" -
Voiatile organics 8240 624 601

* The methods listed are summary methods. Laboratories may use more than one method for a parameter.
Methods are based on the following references, which are listed in the back matter of Volume I: [EPATG],
{EPAS82Z], [LABS], and {SWBE].

¥ ICP = Inductively coupled plasma,

¢ AA-flameless = Atomie absorption spectroscopy-flameless.

4 These analyses were conducted by Radiation Measurements, Inc., under subcontract to Envirodyne
Engineers, Inc.

* Metals are determined by separate analyses but the same method may be used. Metals determined using
these methods include aluminum, barium, beryllium, cadmium, ealcium, magnesiuvm, lithium, manganese,
nickel, sodium, uranium, vanadium, and zine.

f In-house mathod based on the Los Alamos Menual of Methods for Radiobionzsay.
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Table 1-8
Groundwater Monitoring
Comprehensive Analyses
Arsenic Nenvolatile beta
Barium pH
Caleium Phensls
Cadmiam Potassinm
Chioride Selenium
Chromium Silica
Copper Silver
Fluoride Sodium
Gross alpha Specific conductance
Iron Sulfate
Lead Total Dissolve Solids
Mercury Total Organic Carbon
Magnesium Total Radium
Manganese Total Organic Halogens
Nickel Total Phosphates
Nitrate Fritium

New wells that have not been sampled and sre added
to the nonradiclogical monitoring program receive
four consecutive quarters of comprehensive analy-
ses, which are listed in Table 1-6 (above), In addition,
all wells in the nonradiological program receive the
comprehensive analyses every two vears.

The frequency of additional sampling and analysis is
determined by the results of the comprehensive
analyses, EPA and SCDHEC regulations, and by
special requests. Samples having constituent con-
centrations above specific limits ave flagged by a
computer program and will subsequently be ana-
lyzed either annually or semiannually depending on
the concentration of that constituent.

Drinking Water

The Pewer Operations Department operates 27 sepa-
ratedrinking water systems at SRS, and the Defense
Waste Processing Facility operates one system in S
Area. Most of the larger drinking water systems
draw water from the Black Creck-Middendorfforma-
tions (alse known as the Tuscaloosa aquifer), Most of
the smaller systems use shallow wells which draw
water from the Congaree or McBean formations. The
domestic water system in D Ares is supplied with
ireated surface water from the Savannah River.

Chlorine is added at each facility for bacteriological
control. The larger systems are pH-adjusted by the

addition of sodium hydroxide or soda ash. Pol-
yphosphates are added to three systems for iron and
corrosion control, All 27 systems are monitored daily
to determine the concentration of chemiecals added to
the water. Bacteriological samples are collected at
frequencies ranging from daily to monthly, depend-
ing upen the size and type of the system.

A certified offsite laboratory collects samples from
the 16 largest domesticdrinking water systems every
12 to 16 months. These samples are analyzed for an
extensive list of chemical and physical attributes and
contaminants to ensure that all systems meet
SCDHEC and EPA drinking water standards.
Samples were collected in November 1988; however,
no samples were collected in 1989. When sampling
resumes in 1990, this program will be expanded o
include all 27 systems,

In addition, SCDHEC collects samples for bacterio-
logical and chemical analyses from the 14 larger
systems onsite to ensure the safety of the drinking
water supplies.

The Safe Drinking Water Act Amendments of 1986
require that each drinking water supplier determine
the concentrations of 51 unregulated volatile organic
compounds once per quarter for four consecutive
guarters. This program was initiated in late 1988
and is still in progress. SCDHEC is currently colleci-
ing and analyzing these samples. The analytical
results will be used to determine how prevalent these
organic compounds are and to provide guidance for
establishing future drinking water regulations.
SCDHEC is also analyzing the drinking water
samples for eight volatile organics that are currently
regulated.

Boil and Sediments

Sediment samples are collected annually at seven
stream locations and two Savannah River locations.
In 1989, a 1-L grab sample was taken at each loca-
tion, shipped to Environmental Testing, Inc. (ETI),
and analyzed for pesticides and herbicides using
EPA methods 608 and 615 [EPA79]. SRS has con-
ducted this program, in conjunction with stream and
river water sampling since 1976 to determine con-
centrations of these materials in SRS streams and in
the Savannah River.
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1989 HIGHLIGHTS

In 1989, approximately 25,000 air, water, soil, sediment, vegetation, milk, food, and wildlife
samples were routinely collected and analyzed for radioactivity. About 120 samples were col-
lected during special radiological surveys.

In 1989, 2,084 Panasonic thermoluminescent dosimeters (TLDs) were placed at stations in 454
locations within a 2,000-square-mile area of the site. Five TLDs are normally placed side by side
at each monitoring location to provide increased precision.

EMS discontinued chemical cesium analyses in 1989 because concentrations of ™Cs and *Cs
were determined during the analysis for gamma-emitting radionuclides.

There are over 1,200 onsite groundwater monitoring wells that are sampled either quarterly,
semiannually, or annually in the environmental moenitoring program.

In 1989, over 10,000 samples of water, soil, sediment, and fish were analyzed to determine the
concentration of nonradicactive constituents.
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5

Surface Water
Monitoring Program

SUMMARY—The surface water monitoring program at SRS includes the sampling and
analysis of water from the Savannah River, SRS streams, and seepage basins for both
radioactive and nonradioactive constituents. In addition, a summary of tritium releases, and
offsite radiation doses calculated for liquid releases are given,

Savannah River water and SRS stream samples are collected for analyses of gross alpha, non-
volatile beta, tritium, and several specific radionuclides at 42 sampling locations. In 1989, no
measurable differences were detected between upriver and downriver concentrations of gross
alpha and nonvolatile beta in the Savannsah River. The only gamma-emitting radionuclide
measured in the river was "WCs. Tritium accounted for more than 99% of the total radicactiv-
ity introduced into the Savannah River from SRS activities during 1989,

Of the five major streams on SRS that feed into the Savannah River, Four Mile Creek which
receives effluents from F, H, and C Areas, had the highest levels of nonvolatile beta and
tritium entering the river at Road A sampling location. Seepage basinsin F, H, P, C, L and
K Areas were sampled quarterly at six locations and monthly at two locations. The quantity
of tritium migrating from all seepage basins represented 79% of the total amount of tritium
released to site streams.

The highest potential committed dose to the maximum individual, a person who consumes
an average amount of water and a large amount of fish from the river, was 0.30 mrem (0.0030
mSv). This dose is 0.1% of the annual committed dose of 295 mrem (2.95 mBv) received from
natural sources of radiation.

As part of the nonradiological program, 76 active outfalls, which discharge operational
effluents from SRS facilities, are monitored to ensure that applicable permit limits are met.
Concentrations of chemicals, metals, pesticides, and herbicides are reported, along with
temperature, dissolved oxygen, and pH measurements for SRS stream and river samples.

INTRODUCTION

The Savannah River flows along a 35-mile stretch
of the western boundary of the Savannah River
Site (SRS). Five major streams—Upper Three Runs
Creek, Four Mile Creek, Pen Branch, Steel Creek,
and Lower Three Runs Creek—on SRS feed into
the river,

The Savannah River and contributing SRS streams
are sampled continuously at locations beth down-

stream of production areas and downriver of stream
inlets to the Savannah River. These samples are ana-
lyzed for various radioactive and nonradioactive con-
taminants. Sampling and analyses are performed by
the Environmental Monitoring Section (EMS) and the
Savannah River Laboratory (SRL). The Savannah River
is also monitored by other groups including the South
Carolina Department of Health and Environmental
Control (SCDHEC) and the Georgia Department of
Natural Resources (GDNR).
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Figure B-1. SEE streams and Savannah Hiver samyple locations

HANGLOGICAL MOMNITORING PEOGRAM
Havannsh Hiver

Desoription of Monlioring Progrom

The Savannah River & continucusly sampled by
paddiewhee! samplers ob locations gpriver of, adise
eont bo, and downriver from BRE A wmonBoring
foration upriver from SHE provides background
veam dats e, data from comparahle walerways
bal wre vmbikely fo have been influenced by SRS
speralionsd,

Sampling lecatlons adiatent to and downriver from
SRS provide measvremants o determine the concen.
frations of radivactivity reloased o the Bavannsh
Hiver from BHRE streams snd from the Plant Vaogtle
nuelenr powsy plant operaled by Ueergia Power
Companry. T 1988, the viver radiclegionl monitoring
progrars eonsisted ofthe sly sampling leeationsshown
i Figure 5-1 {above),

‘addlewhieel samplers continuousty sampls river
water based on water-flow veloclly, Biver flow is
mezsured using United Bintes Ganlogion! Survey
flow recorders at two sampling stations, River2
upriver from BHS and Biver- 10 downriver from 8RS,

in mosi cases, river water samples are collested
wiriskly for 3&«{5} sen of gross alpha, nonvolatile bets,
Eritivm, and a variety of specifie g“a-.zzisosz:iiiia:&;. The
fraguency and type of anslyses, which vary fro
fncnlion o leonbion, ave based upon the pole
guantity and radionuelides Hhely to be present at a
sampling fecation. Changes in HES operationg and
variztlons in radiclogical sondibions may create
sarmpling changes ss well.

In addition, the Savannagh Hiver Laboratory (8RL)
manitors im Hevanmnab Biver for Y708 with ol
fow lovel analvsis techniguestoee Chapter 11 Samples
are collscted both upriver at the Biver-2 slodion and
atdownriveratthe River- 10 station every bwo weeks.
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Program Changes in 1989

A problem of separating alpha-emitting radionu-
clides during sample preparation in the analysig of
plutonium was identified with third quartersamples.
Plutonium analyses were changed from quarterly to
monthly. The monthly analyses will provide ameans
to determine more quickly when such problems of
sample preparation or analysis occur,

Applicable Standards

Derived Concentration Guides (DCGs) for drinking
water, listed below in Table 5-1, apply to SRS re-
leases to the Savannah River.

Drinking water standards established by the EPA
apply at the water treatment plants in Beaufort and
Jasper counties in SC and in Port Wentworth, GA.
The water treatment plants are downriver from SRS,
The EPA standards are based on an annual whole
body dose of 4 mrem/yr (0.04 mSv) for the congump-
tion of 2 L of water per day [EPA75, CFR87]. Drink-
ing water standards for specific radionuclides are
listed in Appendix E.

Monitoring Results
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In 1989, nc measurable differences were detected
between upriver and downriver concentrations of
gross alpha and nonvolatile beta in the Savannah

Table 5.1
DOE Derived Concentration Guides For
Drinking Water (pCi/L)*
H-3 2,000,000 Cs-134 2,000
C-14 76,000 Cs-137 3,000
Co-58 40,000 Ce-141 50,000
Co-60 5,000 Ce-144 7,000
Sr-89 20,000 U-235 600
Sr-90 1,000 U-238 600
Zr-95 40,000 Pu-238 40
Nb-85 60,000 Pu-239 30
Ru-103 50,000 Am-241 30
Ru-106 6,000 Cm-242 1,000
1-129 500 Am-243 30
I-131 3,000 Cm-244 60
*Values of DCGs are from the DOE draft Order
5400.xx. These DCGs are defined as the ingested
water concentration of that radionuclide that will give
& 50-year committed dose of 100 mrem under
conditions of continuocus exposure for one year.

River. Concentrations of gross alpha activity in the
dissolved sample averaged 0.07 pCi/L upriver and
0.09 pCi/L downriver from SRS. Average concentra-
tions of nonvolatile beta for 1989 were 2.2 pCiy/L
upriver and 2.0 pCi/L downriver from SRS. River
monitoring data are presented in Table 5-1, Vol. 1L

JALAIDA~- IR D v 14l ges

The only gamma-emitting radionuclide detected in
the river was *Cs. SRL detected *’Cs both upriver
and downriver from SRS with low-level analysis
techniques. In 1989, concentrations of “¥'Cs upriver
from SRS at the River-2 sampling location averaged
0.012 pCi/L,, with a maximum of 0.028 pCi/L.

The downriver concentrations at the River-10 {(High-
way 301) sampling location averaged 0.058 pCVL,
with a maximum of 0.101 pCi/L. The difference
between the upriver and downriver concentrations is
attributed tositeoperations. Table 5-1, Vol. Il includes
Cs concentrations measured by SRL from Savan-
nah River samples at River-2 and at River-10.

The 1989 average concentration of ¥'Cs in drinking
water from the downriver water treatment plants,
Beaufort-Jasper and Port Wentworth, results in a
dose of 0.001 mrem/year, which is 0.03% of the 4
mrem/year EPA dose limit from the liquid pathway.

Tyiti
The release of tritium accounted for more than 99%
of the total radioactivity introduced into the Savan-
nah River from SRS activities during 1989. On the
following page, Figure 5-2 shows direct tritium re-
leases from 1985 through 1989 from each source
onsite. The activity of tritium released from SRS, as
calculated from measurements downriver from SRS
and from river flow rates, was 15,600 Ci in 1989,

The average river flow in 1989 was 7,832 ft¥sec,
which is 52% higher than the 1988 flow rate of 5,151
ft*/sec. Average Savannah River flow rates over the
past 10 years are shown in Figure 5-1, Volume II.
After dilution by SRS streams and the Savannah
River, tritium concentrations in 1989 averaged 2.9
pCi/mL in the river below SRS at sampling location
River-10 (Highway 301).

Strontium

Strontium-90 in river water is also measured by
routine analytical techniques. The average ™Sr con-
centration at the River-2 sampling location upriver
from SRS was 0.14 pCi/L. The average concentration



Continuous water samples
from streams are generally
collected weekly and ana-

lyzed for gross alpha, non-
volatile beta, tritium, and
other specificradionuclides.
As is done for river monitor-
ing, the frequency and types
of analyses are based on the
potential quantity and radi-
onuclide likely to be present
at the sampling location.

Offsite surface wateris also
sampled to provide back-
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ground data. A good indica-
tion of background levels of
radioactivity in an offsite
surface water systemthatis
similar to SRS streams is
provided by analysis of
samples from the Edisto
River, a small river in South

Figure 5-2. Tritium releases to the Savannah River, 1985-1389

of ¥8r downriver from SRS at the River-10 station
was 0.23 pCi/L. Both results are below the DOEDCG
of 1,000 pCV/L for ¥Sr in drinking water.

Low levels of ®°Pu were detected at river sampling
locations upriver, adjacent to, and downriver from
SRS. The maximum Py cencentration was 3.1 {Ci/
L ( 0.003 pCy/L}, detected at River-2 above SRS. The
maximum concentration downriver from SRS was
2.1 fCVL (0.002 pCi/L). The 1989 concentrations of
#3Pu in samples from the Savannah River averaged
0.5 fCi/L (0.0005 pCi/L).

SRS Surface Waters

Description of Monitoring Program

Streams located on SRS are sampled continuously at
37 locations to menitor radioactivity released from
SRS facilities. These locationsinclude effluent moni-
toring points and locations on all major streams near
Road A (Highway 125) near the SRS boundary. The
locations near Road A are the final stream sampling
point before the stream enters the Savannah River.
Figured-1gives all streamsampling locations, Stream
flows are determined by USGS flow recorders at most
sampling locations.

1989 Carolina.
Program Changes in 1989
] A continuous sampler at location HP 15 was

added on Upper Three Runs Creek to
monitor Tritium facilities in H Area in June
1989, Samples are collected weekly.

| The collection of dip samples from stream
locations Burial Ground Ditch, 700-A1, 100-
P, and Indian Grave-7 was discontinued in
June 1989 because the samples cbtained
using this method were not representative of
the effluents.

] A continuous sampler was installed at
Indian Grave-21 in June 1989 to improve
the quality of samples collected,

Applicable Standards

DOE DCGs (Table 5-1) apply only at the site bound-
ary, which, for SRS stream waters, is the Savannah
River. Although the DCGs do not apply to SRS
streams, they are used as puides to gauge the impact
of radioactivity in SRS stream water.

Monitoring Results
Background values and DCGs are used to evaluate
stream data. Table 5-2 (above right) shows the 1989
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Table 5-2
Radioactivity in Site Stream Water

Alpha (pCi/L) Nonvolatile Beta (pCi/L} Tritium (pCi/mL)
Location® Max Min Avg Max Min Avg Max Min Avg
Tims Branch 211 029 14 6.9 1.65 2.9 1.92 0.65 1,12
(TB-5)
Upper Three Runs 3.2 050 14 34 0.55 1.7 262 3.29 12
{U3R-4)
Beaver Dam Creek 13 039 015 56 08 2.7 364 0.77 20
{400-I)
Four Mile Creek 0.86 -0.34 020 506 18.9 31 690 370 480
{(FM-6)
Indian Grave Branch 059 0.19 038 174 101 1.3 10,900 2,030 5,200
(IGB-21)
Pen Branch 0.61 -022 0.16 535 110 2.4 222 24.5 56
{(PB-3)
Steel Creek 0.8 -0.19 009 429 1.21 2.3 5.7 296 4.5
{SC-4)
Lower Three Runs 0.8 0,20 016 6.89 3.2 4.8 4.98 1.99 3.5
{L3R-2)
Control
Edisto River 3.7 002 1.2 5.68 0.65 1.9 0.85 -0.34 0.28
* Does not include effluent sampling points.

Number of significant figures is dependent on uncertainty terms given in Table 5-2, Vol. 11

maximum concentrations detected in the Edisto River,
which is not impacted by SRS operations. Table 5-2
also compares maximum, minimum, and average
concentrations of radioactivity for site streams and
the Ediste River. The stream locations compared in
this table are below all discharge liquid effluents,
where adequate mixing has taken place.

Detailed stream monitoring data are presented in
Table 5-2, Vol. I1. Quantities of direct liquid releases
of tritium to site streams from 1985 through 1989,
calculated from measured concentrationsand known
flow rates, are presented in Figure 5-3 (next page).

Tims Branch

Tims Branch (TB), a tributary of Upper Three Runs
Creck (UU3R), receives effluents from M Area and
SRL. In 1989, M-Area effluents contained small
quantities of uranium, while SRL releases were
negligible. Releases to TB eventually flow down-
stream and enter USR. Weekly samples are collected
from TB to monitor the concentrations of M-Area
effluent, the SRL effluent concentrations, and TB’s

entrance to U3R. Samples are analyzed for gross
alpha, nonvolatile beta, and tritium. Samples moni-
toring the M-Area effluent are also analyzed for
uranium and plutoniam.

The average gross alpha and nonvolatile beta con-
centrations in the M-Area effluent were 3.8 and 4.9
pCVL, respectively, Gross alpha averaged 0.8 pCi/L
and nonvolatile beta averaged 1.8 pCi/L in the SRL
effluent. Concentrations of gross alpha and nonvola-
tile beta entering U3R from TB averaged 1.4 and 2.9
pCi/L, respectively. These levels are comparable to
those measured in the Edisto River (Table 5-2).

Upper Three Buns Creek

Upper Three Runs Creek {(U3R) receives liquid dis-
charges from the Effluent Treatment Facility (ETF),
flow from Tims Branch, and stormwater runoff from
parts of F and H Areas. The ETF, located in H Area,
is the largest contributor to radioactivity in U3R.

The maximum concentrations of gross alpha (29 pCi/
L) and nonvolatile beta (1,720 pC/L) were measured
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Figure 5-8. Direct tritium releases to site streams, 1985-1989

at the sampling location that monitors ETF efflu-
ents (U3R-2A). Measurements of gross alpha were
similar to the 1988 maximum gross alpha concen-
tration of 23 pCi/l.. The maximum concentration of
nonvolatile beta was higher than the 1988 maxi-
mum concentration of 62 pCy/L and was attributed
primarily to releases of *'Cs in the ETF effluent.

Concentrations of tritium were significantly higher
in U3R during 1989 as a result of ETF operations.
As discussed in the “Introduction and Program
Overview” section, the ETF process does not re-
move tritium from effluent released to U3R. In
1989, the concentration of tritium in U3R at the
ETF sampling location averaged 17,000 pCi/mL.
As this water flowed downstream, it was diluted by
other waterways. The maximum concentration of
tritium entering U3R at Road A was 26.2 pCi/mL,
which is 1.3% of the DOE DCG for tritium.

Beaver Dam Creek

Beaver Dam Creek (BDC) receives effluents from
the heavy water rework and laboratory facilitiesin
D Area. In 1989, tritium oxide was the principal ra-
dionuclide released in the effluents. One sample is
collected and analyzed weekly for gross alpha, non-
volatile beta, and tritium to monitor the D-Area
effluent.

Average gross alpha and nonvolatile beta concen-
trations in BDC for 1989 were 0.15 and 2.7 pCi/L,

respectively. As Table 5-2 indi-
cates, these coneentrations were

within the ranges observed in
the Edisto River.

Other
Reactors
W Separatons

The 1989 maximum concentra-
tion of tritium in BDC was 364
pCi/mL, with an average of 20
pCi/mL,

Four Mile Creek

Four Mile Creek (FMC) receives
effluents from F, H, and C Ar-
eas. FMC also receives tritium
and *Sr migrating from the F-
and H-Area seepage basing and
the Radicactive Waste Burial
Ground (RWBG).

C Reactor, which has not oper-
ated since 1985, released 16 Ci
of tritium to FMC through the
C-Area process sewer in 1989. F
and H Areas released a total of 28 Ci of tritium to FMC
in 1989. The maximum concentraticn of tritium meas-
ured in FMC during 1989 was 2,200 pCi/mL at location
FM-3A, which monitors releases from F Area and
migration from F-Area seepage basins. The maximum
concentration, similar to the maximum concentration
in 1988 of 2,900 pCi/mL, was collected from the same
location. The average tritium concentration at location
FM-3A was 1,770 pCi/mL. The maximum concentra-
tion of tritium entering the river from FMC was 690
pCi/mL, which is 24% of the DOE DCG for tritium. Con-
centrations of tritium in FMC entering the river at
Road A averaged 480 pCi/mL.

1988 1080

Elevated nonvolatile beta and ¥'Cs activities were
detected at sampling location FM-1C in 1989, The
elevated activity resulted from controlled releases from
an H-Area retention basin to Four Mile Creek following
a cesium release to the basin (see Chapter 10). Releases
totaling 19 mCi of ®Cs occurred during September
1989. The maxzimum concentration of nonvolatile beta
wag 301 pCi/L at location FM-1C. The maximum con-
centration of *"Cs detected at location FM-1C was 393
pCi/L. Concentrations of *’Cs before entering the river
(location FM-6 Road A) averaged 0.7 pCi/L.

Pen Branch

Pen Branch (PB) receives heat exchanger cooling water
from K Area and flow from Indian Grave Branch (IGB).
Tritium migration from the K-Reactor containment
basin outcrops into IGB.
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The maximum concentration of tritium in IGB was
10,900 pCi/mL at sampling location IGB-21, which is
downgradient from the K-Area containment basin.
After dilution, the maximum tritium concentration
measured in PB before entering the river at Road A
was 222 pCi/mlL, which is 11% of the DOE DCG for
tritium. This maximum concentration resulted from
a tritium release to Pen Branch during the first week
in January. Chapter 10, “Nonroutine Occurrences”,
provides more details on this release. The tritium
concentration in PB at Road A averaged 56 pCi/mL
during 1989.

As shown in Table 5-2, Vol. II, gross alpha and non-
volatile beta concentrations in PB at Road A were at
ornear background levels, Concentrationsof gamma-
emitting radionuclides were below minimum detect-
able levels (see Table 1-6, Vol. II).

Stee] Creek

Steel Creek receives releases from L-Area effluents
and tritium migration from the P-Area seepage basins.
These releases enter L Lake, which overflow into
Steel Creek near Road A, Most concentrations of ra-
dionuclides in Steel Creek below L Lake represent
notable decreases from their 1985 levels when con-
struction of L. Lake was completed. The decreases
likely resulted from the increased flow of river water
used in L Reactor and from dilution by L Lake. In
1989, concentrations were similar to those measured
in the Edisto River.

Pen Branch receives cooling water from K Reactor

Lower Three Runs Creek

Lower Three Runs Creek (L3R) receives overflow
from Par Pond, which receives P-Reactor heat ex-
changer cooling water and other effluents from P
Area. Par Pond also receives discharges from all
storm sewer outfalls from the deactivated R Area and
from a few storm sewers in P Area.

The average concentrations detected in Par Pond
water during 1989 were 0.02 pCi/L of gross alpha, 6.1
pCi/L of nonvolatile beta, and 4.6 pCi/mL of tritium,
In 1989, concentrations in L3R at Road A averaged
0.21 pCV/L of gross alpha, 4.5 pCi/L of nonvolatile
beta, and 2.1 pCi/mL of tritium.

INX Area

There werenoradioactive releases from TNX Areain
1989. Average concentrations measured in the TNX
samples were at or near background levels.

Seepage Basins

Seepage basins are shallow, earthen excavations
that receive wastewater containing chemicals and
radionuclides. The wastewater seeps downward
through the sides and floor of a basin to the shallow
groundwater. After mixing with the groundwater,
the contaminants generally flow slowly in a horizon-
tal direction, eventually outcropping into a surface
stream. During its slow travel through the soil, the
wastewater loses some of its contaminants by pre-
cipitation, filtration, adsorption, ion ex-
change, and radicactive decay [St83].

Description of Monitoring Program
EMS collects water samples quarterly
at six seepage basin locations and
monthly at two locations. Seepage ba-
sins located in the reactor areas were
the only active basins in 1989. Use of
thebasins in F and H Areas was discon-
tinued in 1988 in order to comply with
state and federal regulations. However,
EMS will continue to monitor the water
the F- and H-Area seepage basins until
thebasins aredryandhave been closed.

In addition to monitoring the water in
the seepage basins, streams are also
sampled downgradient of the basins to
calculate the amount of radioactivity
migrating from the seepage basins.
These results are importantin calculat-
ing the total levels of radioactivity re-
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leased to the Savannah River as a result of SRS
operations.

Program Changes in 1989

u Sampling of H-Area seepage basins 1, 2, and
4 was discontinued during the second
gquarter 1989.

n Sampling of F-Area seepage basins 1 and 2
was discontinued during the second quarter
1989,

n The Burial Ground Settling Basin was added
to the sampling program to monitor storm
water runoff from the Mixed Waste
Management Facility. Samples are collected
monthly.

Monitoring Results

Water samples collected from seepage basins located
in F, H P, K, L, and C Areas genersally reflect
concentrations observed in the wastewater released
to the basins. Monitoring results of seepage basin
water are presented in Fable 5-3, Vol. 1I. Locations

are shown in various figures in
Chapter 6.

tary of Pen Branch) in 1989. The migration repre-
sents a 20% decrease from 1988. The migration is
subsequently diluted by K-Area effluents before
entering the Savannah River.

Migration of radioactivity from F- and H-Area seep-
age basins was measured with continuous gamplers
and flow recorders in Four Mile Creek (FMC). Ground-
water from the F-Area seepage baging enters FMC
between sampling locations FM-3A, FM-2B, and
FM-AT.

Most of the H-Area seepage basin outcropping from
basins 1, 2, and 3 occurs between FM-1C and FM-2B.
Additional outcropping from F-Area seepage basin 4
and the Solid Waste Storage Facility occurs between
FM-3 and FM-3A,

Radioactivity from the H-Area seepage basins and
the Solid Waste Storage Facility mizes during ground-
water migration to Four Mile Creek. Therefore,
radicactivity from the two sources cannot be distin-
guished at the outcrop point. FMC sampling laca-
tions are shown in Figure 5-1, page 94.

25000 7

The calculated migration of ra-
dioactivity from the seepage ba-
sins is presented in Table 5-4,
Vol. HI. The quantity of tritium
migrating from all seepage ba-
gins to SRS streams decreased by
1% from 1988. The amount of
tritium measured in migration
was 13,700 Ci in 1989, compared
with 13,900 C1in 1988. Figure 5-
4 (right) shows tritium migration
from seepage basins from 1985
through 1989. The tritium mi-
grating from seepage basins rep-
resents 79% of the total amount
of tritium released to site streams.

Curies

Mi ion of ioactivity D

K- ntain Basin
Tritium was the only radionu-
clide detected migrating from the
K-Areacontainment bagin to Pen
Branch. Migration of 2,200 Ci was
determined from weekly flow
measurements combined with
tritium concentrations measured
in Indian Grave Branch (a tribu-

1885

Reactors
M Separstions

1986 1987 1988

Figure 5-4. Tritium migration from seepage basins, 1985-1989
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Table 5-3. 1989 Radioactive Liquid Releases and Concentrations

Curies Released

At Emission Below SRS+
Nuclide Source @Ci/mL)
H-3 1.74E+044 2.9E-06°
Zr Nb-95 1.40E-05 2.3E-15
S8r-90 2.89E-01 24E-11°
1.129 2.20E-02 3.6E-12
Cs-137 2.06E-01 5.8E-11
Pm-147 3.29E-04 5. 4E-14
U-235,238 4 25E-04 7.0E-14=
Pu-239 1.42E-02 2.3E-12
Ru-103,106 4.61E-03 7.6E-13
Ce-142,144 4.50E-05 T4E-15

* Savannah River just downriver from SRS.
* Beaufort-Jasper drinking water.
* Port Wentwerth drinking water.

# Includes releases to streams and groundwater migration from seepage basgins.
* Measured concentrations, All other concentrations were caleulated using models verified with

Beaufort-Jasper® Port Wentworth®

(1Ci/mLy) (uCi/mL)
2.35-06° 2.3E-06°
1.9E-15 1.8E-15
3.8E-11 3.7E-11
2.9E-12 2.8E-12
2.7E-11 2.7E-11
44E-14 4.3E-14
5.6E-14 5.5E-14
1.96-12 1.8E-12
6.1E-13 6.0E-13
6.0E-15 5.8E-15

Measured migration of tritium in 1989 was 4,440 Ci
from F-Area seepage basins (33%increase from 1988),
3,600 Ci from H-Area seepage basin 4 and the Solid
Waste Storage Facility (2% decrease from 1988), and
3,310 Ci from the other H-Area seepage basins (17%
decrease from 1988).

The amount of *Sr entering FMC in 1989 was about
100 mCi from F-Area seepage basins and 94 mCi
from H-Area seepage basins. Because of the complex
analytical and preparation procedures for strontium
determination, the strontium measurements are

accompanied by large counting uncertainties (Table
5-5, Vol. ).

In 1989, there was no *'Cs migration detected from
the F- or H-Area seepage basins. Desorption of WCs
from sediments in the Four Mile Creek bed could not
be distinguished from the direct ¥'Cs releages into
the stream. Radicactivity measured in transport at
sample points on Four Mile Creek is shown in Table
5-5, Val. 1L

DIZgTYatior X and L-ATed weepagce Has
Liquid purges from the P- and C-Area disassembly
basins have been released to their respective seepage
basins since 1978. Purge water is released to the
seepage basins so that a significant part of the tri-
tinm can decay before the water outerops to surface
streams and flows into the Savannah River. The
delaying action of the basins reduces the dose that
users of water at downriver water treatment plants
receive from SRS tritium releases.

Although the seepage basins were used for purging
the disassembly basins from the 1950s until 1970,
disassembly basin purge water was released directly
to SRS streams between 1970 and 1978. The earlier
experience with seepage basins indicated that the
extent of radioactive decay during the holdup was
sufficient to recommend that the basins be used
again in P and C Areas.

Equipment wag installed at surface water locations
downgradient from each basin to measure tritinm
migration. Results from samplers installed on Twin
Lakes and Castor Creek near C Area indicated that
no measurable tritium migration could be attributed
to the C-Area seepage basin in 1989. Results from a
sampler installed on Steel Creek above L Lake indi-
cated 137 Ci of tritium migrated from the P-Area
seepage basin during 1989,

Summary of 1989 Liquid Releases and
Concentrations

Releases to Surface Waters

Releases of radioactive materials to the Savannah
River in 1989 are shown above in Table 5-3. Tritium
was the major radionuclide released in the liguid ef-
fluents. The quantities released were calculated from
measured concentrationsin SRS streams, the Savan-
nah River, and at effluent points, as applicable, and
from flow rates for the waterways involved. The
majority of the concentrations shownin Table 5-3 are
calculated, rather than measured because concen-
trations in the Savannah River are often below de-
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tectable levels. Measured concentrations are shown
in those cases where the radionuclides are measur-
able by conventional analytical techniques.

The average concentrations of specific radionuclides
in water are shown at three locations—just below
SRS after complete mixing, in Beaufort-Jasper drink-
ing water, and in Port Wentworth drinking water.
The water treatment plants in Beaufort-Jasper, SC
and Port Wentworth, GA are both approximately 100
miles downriver from SRS. As shown in Table 5-3,
the maximum offsite concentration of radionuclides
occurs in the Savannah River just below SRS. Trit-
ium had the highest concentration of all radionu-
clides at all loeations,

Tritium Releases

Releases of tritium from SRS to the Savannah River
are estimated with the three different sets of meas-
urements listed below:

] concentrations at release points

] concentrations in SRS streams (stream
transport)

] concentrations in the Savannah River down-

river from SRS (river transport)

Point-of-release measurements are calculated from
known concentrations contributed to the streams.

Paddlewheel samplers offer continuous
monitoring of the Savannah River

Stream transport is calculated from the measured
concentration at the last sampling point before entry
mnto the river and known flow rates for the sample
period. Figure 5-2, Vol. 11, shows the calculated re-
leases of tritium based on the three measurement
methods each year since 1960. A release summary of
tritium in SRS streams and the Savannah River is
presented in Table 5-6, Vol. I1.

Results showed that point-of-release and stream
transport measurements agreed within 2% and that
the point-of-release measurements were within 10%
of the river transport measurements. The differences
between therelease measurements can be attributed
to a number of factors, including random and system-
aticuncertainties associated with the measurements.
The point-of-releage figures are considered the best
release estimate, and are included in the annual dose
calculations.

In 1988 and 1989, the percentage of tritium available
for transport in liquid effluents by its source is listed
below:

Source % 1989 % 1988

Direct releases from site facilities 21 28

Migration: 79 72
RWBG

F-, H-, and P-Area seepage basins
K-Area containment bagin

A tritium release summary from 1960 to 1989 is
presented in Table 5-7, Vol. Il. Figure 5-2, Vol. I1,
shows the decrease in tritium releases to the Savan-
nah River since 1964, when the maximum tritium re-
leases occurred. The following process control im-
provements have led to decreased tritium releases:

B change from continuous purges of reactor
area disassembly basins to periodic purgesin
the late 1960s, allowing longer holdup time
for decay, some evaporation, and a larger in-
ventory of tritium in the basins

B development of equipment and technigues to
flush and contain trittum-bearing moderator
which is present on fuel and target housings
during discharge from the reactor

B diversionofperiodicdisassembly basin purges
from streams to seepage basins in P and C
Areas in 1978, allowing some radicactive
decay of tritium before migration to streams
through groundwater
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Table 5-4
Commited Dose Comparisons with Applicable Standards and
Natural Radiation Sources

Commited Dose (mrem) Standards (mrem) % of Standard
Maximum Individual® 4 (EPA) 7.5
0.30 160 (DOE) - 0.30
295 (Natural) 0.10
Water Supplies at Besufort-Jasper
and Port Wentworth
Average Consumption® 4 (EPA) 1.5
0.06 106G (DOE) 0.06
295 (Natural) 0.02
Maximum Consumption® 4 (EPA) 3.0
0.12 100 (DOE) 0.12
285 (Natural) 0.04

* This maximum individual is one just downriver from SRS who consumes an
average maximum amount of water and fish from the river and spends many
hours of shoreline activities. No such individual is known to exist,

® Average consumption of 1 L of water per day.

¢ Maximum consumption of 2 L of water per day.

the 100 mrem DOE Revised
Interim Radiation Dose
Limit for annual exposure
and 0.1% of the annusal
committed dose of 295
mrem (2.95 mSv) received
from natural sources of ra-
dioactivity.

As shown in Table 5-5 the
committed dose to the
maximumindividual at the
site perimeter results pri-
marily from *¥'Cs, The
major dose pathway for the
maximum individual at the
site perimeter is from the
consumption of fish, which
accumulate ¥(Cs,

Downriver Consumption of

Drinking Water
Table 5-6 and Table 5-7(on
the following pages show

Releases were also reduced by shutdown of Table 5-5
. in 1964 and i -
Iligegnfe:;ii?:elf;eacmrs in 1364 and in Maximum Individual Doses-Surface Water Releases
, .
Offsite Radiation Doses from Releases Max. md“ap % of Total Dose
to Surface Waters :
Table 5-4 (above)shows the calculated com- Fish 3%2-3; 725.&034
mitted dose to individuals from releases to g]at’eli. 29 1E-04 0.07
surface waters, with a comparison to appli- S oreane 4. 17E_07 0.0001
cable standards and sources of natural ra- wimmng Py -
diation. poating 2 09E. 01 00
Total 2.98E-01
Max. Individual®
Table 5-5, right, gives the maximum calcu- Radmnnch.dgH 95R-02 24.31
lated offsite committed dose to a hypotheti- S "390 ;‘61]3-83 2.89
calindividual from SRS releases of radioac- Zrb 5. Nb.-95 9 86E.07 0.0001
tivity to the Savannah River. This Rr-9163 12)% 1 lgE_O ‘ gg
hypothetical maximum individual is de- I 1;2 ’ 8.9 4E‘ i) O'go
scribed as a person who consumes an aver- C 1%7 > 11E~gl 73.84
age amount of water (assumed to be un- CS-MI 14 5‘93E- 8 0'00002
treated river water) and a large amount of Pe- 147 4 6.2 E-gS 0.00002
fish from the river just below SRS. This Un;-35 8 7' GZE-OS 0'003
person also spends many hours in shoreline P;l 239 % 4'93E-03 1.65
activities, swimming, and boating. Total 2 98E-01
The highest potential committed dose to
the maximum individual in 1989 was 0.30 | * Hypothetical person just downriver from SRS. There are no
mrem ( 0.0036 mSv). This dose is 0.3% of known persons who meet the hypothetical situation.
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Table 5-6
Individual Doses from Public Water
Supplies at Beaufort-Jasper

bly sorbed on river sediments nor is it
removed by conventional water treatment
processes,

Average Consumption

Individual

Collective committed doses from liquid
releases of radioactivity in 1989 are shown
by exposure pathway in Table 5-8, Vol II.

H-3 5.36E-02 90.31 Committed dose from the water consump-
Sr-80 1.84E-03 3.10 tion pathway (Beaufort-Jasper and Port
Zr-95, Nb-95 2.29E-09 0.000004 Wentworth) occur to discrete population
Ru-103, 106 4.73E-06 0.01 groups. The committed doses from other
1-129 3.02E-04 0.51 exposure pathways (i.e., fish and shellfish
Cs-137 8.12E-04 1.03 consumption and recreational activities)
Ce-141, 144 4.39E-08 0.0001 oceur to a diffuse population that cannot be
Pm-147 1.53E-08 0.00003 described as being in a specific geographi-
1J-235, 238 5.20E-06 0.01 cal location. As shown in Table 5-8, Vol. II,
Pu-239 2.99E.03 5.03 the collective committed dose from liquid
Total 5.94E-02 releases was 4.8 person-rem {0,048 person-

Maximum Consumption

Individual

Radionuclide Dose, mrem® % of Total Dose

Sv).

Although there is no known use of Savan-
nah River water for farm irrigation down-

* Committed effective dose equivalent.

H-3 1.06E-01 90.32 river from SRS, potential offsite dose from
Sr-90 3.63E-03 3.10 the irrigation-food pathways is calculated
Zr-95, Nb-85 4.52E-09 0.000004 for information purposes. Potential doses
Ru-103, 108 9.31E-06 0.01 from the irrigation pathway are shown in
1-129 5.94E-04 0.51 Table 5-9, Vol. II. The maximum individual
Cs-137 1.21E-03 1.63 committed dose from the irrigation path-
Ce-141, 144 8.65E-08 0.0001 way was 0.26 mrem (0.0026 mSv) in 1989.
Pm-147 3.01E-08 0.00003

1235, 238 1.03E-05 0.01 NONRADIOLOGICAL MONITORING
Pu-239 5.89E-03 5.03 PROGRAM

Total 1.17E-01

Surface water is monitored for nonradioac-
tive contaminants at effluent outfalls from

calculated committed doses to individuals whose
. entire daily intake of water is supplied by the Beaufort-
Jasper and Port Wentworth water treatment plants,
downriver of SRS. The committed dose for average
water consumption (1 L) from both Beaufort-J asper
and Port Wentworth was 0.06 mrem (0.0006 m3v).

For both water treatment plants, the committed dose
for maximum water consumption rates (2 L) was 0,12
mrem (0.0012 mSv). The maximum dose of 0.12
mrem is 3% of the EPA standard of 4 mrem/yr to the
body or any organ from public water supplies,

As shown in Figure 5-3, Vol. 11, the majority of the
dose downriver at the two water treatment plantsis
attributed to tritium because tritium isnot apprecia-

site facilities, at locations along six site
streams, and at three locations on the Savannah
River.

Operational efftuents from SRS facilities discharge
through 76 active outfalls regulated by SCDHEC
under the National Pollutant Discharge Elimination
System (NPDES) program. These outfalls are monj-
tored to verify that applicable permit limits are met.
A network of stormwater outfalls is also maintained
on the site,

Monitoring the streams and river serves asa backup
to outfall monitoring to ensure that materials that
could adversely affect the environment are charac-
terized if released.
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Liquid Effluent Monitoring (NPDES)

Description of Monitoring Program
The physical properties and concentrations
of chemicals and metals in SRS effluents
are regulated by SCDHEC under the Na-
tional Pollutant Discharge Elimination
System (NPDES) program. In 1989, the
NPDES program at SRS included mon-
itoring at 76 permitted outfalls to verify the
releases were in compliance.

Applicable Standards

Standards applicable tononradicactive con-
stituents and physical properties in SRS
wastewater discharges are contained in the
site’s NPDES permit administered by
SCDHEC. Monitoring requirements and
standards are listed in permit SC 0000175
[SCDHECS5). Standards may be different
from one outfall to another,

* Committed effective dose equivalent.

Table 5-7

Individual Doses from Public Water Supplies

at Port Wentworth

Average Consumption

) Individual

H-3 5.25E-02 9(1.31
Sr-90 1.80E-03 3.10
Zr-95, Nb-95 2.24E-09 0.000004
Ru-103, 106 4.63E-06 0.01
1-129 2.95E-04 0.51
Cs-137 5.98E-04 1.03
Ce-141, 144 4.29E-08 0.0001
Pm-147 1.49E-08 0.00003
1J-235, 238 5.09E-06 0.01
Pu-239 2.92E-03 5.03
Total 5.81E-02

Maximum Consumption

Individual

Radionuclide *  %of Total Dose
H-3 1.04E-01 90.31
Sr-90 3.57E-03 3.10
Zr-95, Nb-95 4.44E-09 (.000004
Ru-103, 106 9.15E-06 0.01
1-129 5.84E-04 0.51
Cs-137 1.19E-03 1.03
Ce-141, 144 8.50E-08 0.0001
Pm-147 2.96E-08 0.00003
U-235, 238 1.01E-65 0.01
Pu-239 5.79E-03 5.03
Total 1.15E-01

Temperature se of the Savannah River

Monitoring Resulils

Table 5-10, Vol. 1 Ksts the NPDES outfall
locations, and a summary of monitoring re-
sults is presented in Table 5-11, Vol. I1. SRS
had a 99.9% NPDES compliance ratein 1989,
as compared to a 99.8% compliance rate in
1988. Only nine of the 6,859 analyses per-
formed exceeded permit limits. Table 5-8 (on
the following page) summarizes the limits ex-
ceeded, the outfall locations, and the prob-
able cause of noncompliance.,

Savannah River

Description of Monitoring Program

The Savannah River is monitored continu-
ously at four locations for organic and inor-
ganic contaminants. These sampling sites
are located upriver and downriver from the
gite to provide a means of comparing SRS
contribution of pollutants with “background”
levels. Included in these background levels
are natural scurces and contaminants pro-
duced by industrial sewage plants, medical
facilities, or otherindustrial facilities upriver
from SRS. Sampling locations are shown in
Figure 5-5 (following page).

Field measurements of conductivity, dissolved
oxygen, pH, and temperature are also taken
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in the Bavannah River monthly Lo monitor the viver
water guatity, Laboratory analyesvs are sondusted for
siher water guality parameters such ss metals,
arganie snd inorganie contaminants,

In addition, the Academy of Matural Selences of
Philadelphis (ANEP conducts special environmental
surveys on the Bavannah River through 8 program
that began in 1950

Appiieable Btondards

The Bouth Carsling Water Quality Sandards for
Ulnss B streams define the chemical and biologival
simndards for the Sgvannah Biver, The standards
define (lass B sbresms as “Freshwaters suitable for
seeondary contact, recveation, and as & sourcs for
drinking water supply afler conventional trestment
in seenrdance with requirements of the Depariment
(BODHECS sultable for fishing, survival, snd prepa.
gationof fish, and other fauns and flors; suitable also
for industrial and sgricnlboral uses. " ISCDHECS1L
Spectfications of the standard are summarized in
Tabde 5.9 (nape 108),

Figure 8-8B, Water quality sampling locations

Monitoring Resulis

Buvannah Biverwater
guality data are pre.
sented in Tables 5-12
and 513, Vol 1. A
comparison of Savan-
nah Biver water gual
iy analyses upriver
and downriver of SRY
showed no significant
difforences except for
fecal eoliform. Fecal
eoliform levels wers
higher upriver of SRS
than downriver, This
miay e atiributed s
tha fact that much of
the waber dissharped
1o the river fro o
has undergone troab
menfprocesses sn thal
the waler ean bo
for wa
fe.gz., drin

These treatment o

wad
TRV

e
mesn of feeal voliform
messurements were 883 colonies/100 ml upriver
and 144 eolonies/ 100 mL downriver from SRS

Temperature, dissolved oxygen, and pH flald meac-
uwrements were within the standards requived for
Class B streams, Analytica! resulls for chemicals
annd metals wore within the ranges chserved in pre-
Vigus years,

Savannah River water quality surveys by the Acad.
emy of Natural Stiences of Philadelphia (ANEW
rongisted of distometer monitoring and bislogics!
during 1888, These sorveys and prefiminary results
are discussed in Chapter 11, “Spacial Surveys™.

SHE Stresms

Deneription of Monitoring Program

The EME monitors site streams monthly for chem-
icals, metals, snd physical and biclegical properties,
The stream nonvadiological monitoring program helps
detect materials that may be inadvertently released
from sourees other than routine release points, Five
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principal streams traverse the site and a sixth stream,
Beaver Dam Creek, receives water primarily from
the D-Area powerhouse. D Area also contains heavy-
water rework facilities and a process control labora-
tory. Each stream receives varying amounts of was-
tewater and rainwater runoff from SRS facilities.
Sampling locations are shown in Figure 5-5 (left).

In addition to SRS monitoring, SCDHEC collects
monthly samples from Tims Branch near Road C,
UpperThree Runs Creek at Road A, Four Mile Creek
at Road A-7, and Steel Creek at Road A. Duplicate

samples are collected at these locations for analysis
by EMS.

Applicable Standards

South Carolina water quality standards for Class B
streams, shown in Table 5-9 on the following page,
also apply to SRS streams.

Monitoring Resulis

All analyses of SRS stream samples and measure-
ments in SRS streams met the South Carolina stan-
dards for Class B streams.

In previous years, temperatures in Pen Branch ex-
ceeded the Class B stream standard due to thermal
discharges from K Reactor. However, due to the shut
down of K Reactor in 1988, the maximum tempera-
ture in Pen Branch was 27°C in 1989, which was
within the Class B stream standard.

Fecal coliform counts in Pen Branch at Road A were
also lower than 1988 counts. In 1989, the maximum
count was 920 colonies/100 mL compared to 1,800
colonies/100mLin 1988, The geometric mean was 92
colonies/100 mL, compared to 457 colonies/100 mLin
1988. Geometric means for fecal coliform at all other
stream locations were lower than 1988 mean values.

Table 5-8
Summary of NPDES Noncompliances
Analysis Location
0Oil and grease DW-002

(S Area)
Total organic carbon X014

{TNX Area)
Trichloroethylene A-005

{A Area)
Benzene X014

(TNX Area)
Total suspended solids H-008

(H Area)
Total suspended solids DW-003

(8 Area)
Total suspended solids K-010

{K Area)
Oil and grease DW-002

{S Area)
pH K-010

(K Area)

Possible Cause
Construction equipment steam
cleaning pad

Lower than anticipated carbon
removal and dilution in ETP process

Unknown

Unknown

Unknown - probable source
was unrelated construction
activities upstream of the
outfall sampling point

Equipment malfunction

Organic matter and silt were
present in the cutfall sample point
Unknown

Unknown - probable source

may be related to construction activity of
pouring concrete around reactor building




108

Savannah River Site—Environmental Report for 1989

Analytical results for chemicals and metals were
within the ranges observed in previous years. Stream
water quality data are summarized in Tables 5-14
and 5-15 in Vol 11,

Monitoring for Pesticides and Herbicides

BDeseription of Monitoring Program

Pesticides and herbicides have been monitored since
1876 to assess their concentrations in surface water
and sediment from SRS streams and the Savannah
River. Water and sediment samples from nine stream
locations were analyzed for six pesticides and herbi-
cides during 1989. The six constituents and typical
minimum detectable concentrations are listed in
Table 5-16, Vol. IL

Monitoring Resulls

Concentrations of all pesticides and herbicides ana-
lyzed in river and stream water and sediment were
less than minimum detectable concentrations. Pesti-
cide and herbicide data for stream and river water
and stream and river sediment are presented in
Table 5-17 and 5-18, Vol. II, respectively.

River and Stream Temperature Surveys

Deseription of Monitoring Program

Temperature profile surveys are conducted on the
Bavannah River and several SRS streams as part of
a comprehensive study to determine the thermal
effects of SRS operations upon the waters of South
Carelina, These surveys are required under consent
order 84-4-W between SCDHEC and DOE. This

consent order states that “the temperature should
not exceed 2.8°C above the ambient temperature at
the edge of 25% of the cross sectional area and over
33% of the surface area.” In 1989, the surveys also
providedbaseline, seasonal temperatures ofthe creek
mouths prior to a proposed-reactor startup.

Measurements in the creek mouths are taken at 2-ft
intervals across the creeks. At each interval, stream
temperatures are measured at 1-ft depth intervals
from the surface of the creek to the bottom. River
measurements are taken at 10 to 20 ft intervals from
the South Carolinabank to the Georgia bank. At each
of these intervals, temperature measurements are
taken at 1-ft depth intervals from the river surface to
the bottom.

The reference ambient temperature, whichisused as
a control temperature for the river and SRS streams,
is determined from a temperature profile 100 vd
upriver from Beaver Dam Creek. In addition to
temperature profile surveys conducted by SRS, sta-
tions established by the USGS continuously collect
temperature measurements at the mouth of each
SRS stream,

Monitoring Results

The EMS performed four temperature profile sur-
veys in the mouths and upriver from Beaver Dam
Creek and Steel Creek during 1989. A survey was not
made in the mouth and downriver of Four Mile Creek
due to the non-operational status of C Reactor. Table
5-19, Vol. Il summarizes the 1989 temperature pro-
file results.

Table 5-8

South Carolina Water Quality Standards (for Class B Waters)

of the samples examined during such period.

natural conditions.

Fecal Coliform. (The count is) not to exceed a geometric mean of 1000 colonies/100 mL based on five
consecutive samples during any 30-day period; not to exceed 2000 colonies/100 mL in more than 20%

pH. Range between 6.0 and 8.5, except that specified waters may range from pH 5.0 to 8.5 due to

Temperature. Shall not exceed s weekly average temperature of 90°F (32.2°C) after adequate mixing
as a result of heated liquids, nor shall a weekly average temperature rise of more than 5 °F (2.8°C)
above temperatures existing under natural conditions be allowed as a result of the discharge of heated
liquids unless an appropriate temperature eriterion or mixing zone has been established.

Dissclved Oxygen. Daily average not less than 5.0 mg/L with a low of 4.0 mg/L, except that specified
waters may have an average of 4 mg/L. due to natural conditions.




5. Surface Water Monitoring Program 109

Temperature measurements in both Beaver Dam peratures but were within the DOE and SCDHEC
Creek and Steel Creck exceeded the ambient tem- consent order 84-4-W limits.

e ——
1288 HIGHLIGHTS

In Savannah River samples, alpha activities ranged from 0.07 t0 0.12 pCyL, and nonvolatile
beta concentrations ranged from 0.17 to 2.6 pCi/L. Background levels, measured in the Edisto
River, were 3.7 pCi/L of gross alpha activity, and 5.7 pCi/L of nonvolatile beta activity,

The 1989 average concentration of *¥Cs in drinking water from the downriver water treatment
plants results in a dose of 6.001 mrem/year, which is 0.03% of the 4 mrem/year EPA dose Hmit
from the liquid pathway.

Tritium activity measured in transport in the river below SRS was 15,600 Ci in 1989, After
dilution by SRS streams and the Savannah River, tritium concentrations averaged 2.9 pCi/mL
in 1988,

Measured migration of tritium in 1989 was 4,440 Ci from F-Area seepage basins (33% increase
from 1888), 3,600 Ci from H-Area seepage basin 4 and the Solid Waste Storage Facility (2%
decrease from 1988), and 3,310 Ci from the other H-Area seepage basins {17% decrease fram
1988).

Collective committed doses from liquid releases of radioactivity in 1989 were calculated by ex-
posure pathway, and by radionuclide. The water consumption pathway (Beaufort-Jasper and
Port Wentworth Water Treatment Plants) contributed over 85% of the collective committed
dose, while tritium accounted for over 70% of the total dose.

Savannah River water quality analyses upriver and downriver from SRS showed no signifi-
cant differences except for fecal coliform, which were higher upriver than downriver from SRS.
All pesticides and herbicides had less than minimum detectable concentrations in river and
stream water and sediments.
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Quality Assurance/Quality
Control of Environmental
Monitoring Programs

SUMMARY-—This chapter outlines the quality assurance/quality control program goals
and procedures for the radiological and nonradiolegical menitoring programs at SRS and at.
offsite subcontracted laboratories. The purpose of the program is te monitor the reliability,
accuracy, and precision of all data, and to detect problems in the sample collection,
preparation, analysis, or data evaluation phases of the monitoring program.

Key elements in achieving these goals at both SRS and subcontracted laboratories include
personnel training, interlaboratory comparisons, compliance audits, use of blind and spiked
samples, and careful documentation,

Details of the QA/QC program are described for the Environmental Sampling group, the
Environmental Chemistry and Counting Laboratories, and the Data Evaluation group of
EMS. QA/QC practices include the calibration of counting instruments, source and back-
ground counts for all counting systems, yield determinations of radiochemical procedures,
and replicate analyses to check precision.

Finally, the chapter focuses on the QA/QC program for nonradiclogical monitoring of air,
surface water, liquid effluents, and groundwater, primarily conducted by offsite subcon-
tracted laboratories. Program findings are deseribed, and results of two interlaboratory
comparisons of subcontractor laboratories are summarized.

INTRODUCTION
The Environmental Monitoring Section (EMS)main-

“Quality assurance” (QA) for environmental moni-
toring encompasses any action taken to assure the
reliability of monitoring and measurement data.
Aspects of quality assurance include procedures, inter-
laboratory comparison studies, evaluations, and
documentation.

“Quality control” (QC) involves the routine applica-
tion of procedures to obtain the required standards of
performance in monitoring and measurement proc-
esses, QC activities, including calibration of instru-
ments, control charts, and analysis of replicate and
duplicate samples, help ensure that the generated
data have known probability limits of accuracy and
precision.

tains a quality assurance/quality contrel (QA/QC)
program to monitor the quality of data generated
within its environmental monitoring programs. To
obtain high quality monitoring data, each aspect of
the program, from sample collection to data report-
ing, must meet specific quality standards.

The first portion of this chapler defines the purpose,
objectives, policies, and general elements of the EMS
QA/QC program that apply to onsite and offsite
laboratories.

The second part of the chapter describes specific QA/
QC elements of the environmental sampling, analy-
sis, and data evaluation programs within EMS. The
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Table 2-1

Quality Assurance Reguirements for Environmental Surveillance Programs

QA plan:

Audits:

documented and reported

QA program:

Environmental surveillance activities:

B shall be prepared as a section of the Environmental Monitoring Plan

B shall include monitering activities consistent with the 18 elements format
described in ANSI-ASME NQA-1

® shall be performed to verify compliance with QA programs
B shall be performed in accordance with written procedures or checklists,

® shall follow the elements as described in ANSI-ASME NQA-1 in the 18-
criterion structure of 10 CFR Part 50

B shall include ealibration of instruments and equipment with standards
traceable to the National Institute of Standards and Technology (NIST) or
cther standards recognized by DOE

final portion of this chapter describes QA/QC nonra-
diclogical monitoring programs for laboratories within
EMS and under subcontract to EMS.

QA/QC PROGRAM GUIDELINES

The purpose of the EMS QA/QC program is to moni-
tor the scientific reliability, accuracy, and precision
of reported laboratory data generated by EMSs
radiological and nonradiclogical menitoring programs
and by subeontracted laboratories,

Applicable Standards

The “Westinghouse Savannah River Company Qual-
ity Assurance Plan” (WSRC-1-05, dated April 1,
1989) provides overall guality requirements to com-
ply with DOE Order 5700.6B and the Savannah
River Site Order DOE-SR5700.6C, These quality
requirements are summarized in Table 2-1 (above).

The requirements of WSRC Quality Assurance Plan
are implemented in the Westinghouse Savannah
River Company (WSRC) Quality Assurance Manual
{WSRC-1Q, formerly DPW83-111-1,“Savannah River
Plant Quality Assurance Manual™).

DOE Order 5400.6 requires EMS to develop a quality
assurance plan as a mechanism for applying QA
requirements to the environmental monitoring pro-
gram. This plan, which is currently being developed,

will address the 18 elements of the national consen-
sus standard ANSI/ASME NQA-1 (Quality Assur-
ance Program Requirements for Nuclear Facilities) .
which are highlighted on the facing page (right).

Subcontracted laboratories performing analytical
services for EMS are subject to the same quality re-
quirements defined in the “Westinghouse Savannah
River Company Quality Assurance Plan”, WSRC-1-
05.

Objectives

The EMS QA/QC program is designed to detect
problems that may exist in the sample collection,
preparation, analysis, or data evaluation phases of
the environmental monitoring program.

EMS established the following objectives for the
internal QA/QC program:

] to routinely assess all standard operating
procedures for accuracy, precision, sensitiv-
ity, and specificity

E | to check the performance of the routine
monitoring operations and {o ensure that all
aspects of the QA program are operative

[ to assess routine analyses with an internal
blind sample program
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i to perform corrective action when necessary M EMS routinely participates in interlabora-
tory programs.
- | to meet or exceed laboratory certification
standards established by the EPA and the
State of South Carolina » Periodic calibrations are performed on all
field and laboratory instruments using
B to conduct the EMS QA program in accor- specific sources traceable to the National
dance with the WSRC Quality Assurance Institute of Standards and Technology
Manual (WSRC-1Q, formerly DPW-83-111- (NIST) or using other standards recognized
3, “Savannah River Plant Quality Assurance by DOE.
Manual”).
| | Fresh reagents and chemicals are used,
Policies when appropriate, in all Iaboratories.

EMS incorporates the following procedures inte the

QA/QC program to maintain high quality: - QC samples, such as reagent blanks or other
appropriate blank, and direct and indirect
] A minimum of 10% of 2!l samples are used as spikes (samples t¢ which a known concen-
QA/QC control samples. tration of standard seclution is added), are
analyzed with each batch of routine
@ Control charts are used in radiological and samples.
nonradiclogical laboratories.
Interlaboratory
Comparisons

The purpose of an analytical
procedure is to measure the
correct concentration of constitu-
ents present in standard or ref-
erence samples. EMS laborato-
ries and commercial subcon-
tracted laboratories routinely
participate in interlaboratory
comparisens to track perform-
ance accuracy. These compari-

Eighteen 1 i

EEEMET‘I?S; 1 Ceniro! of f _rcfg? sed Eiems and Semces' :

RS :ldem:ﬂcat’an and Cammi of ftems e sons not only test the accuracy

of | “Uwae o ob of procedures performed by EMS

Control of SWC*HE Processes ceoest s s and subcontracted laboratories,

o Enspection T 3 © 1o butthey also compare EMS and

the - | : e ce subcentracted laboratories with

: - Test Control: . .~ - . 5.4 other nationwide laboratories.

\a | Control of Measuring and Test Equipment - Below are descriptions of inter-

QA S Co - T laboratory comparisons con-
.'Handi:ng $torage ard Shipping . ducted in 1989,

ins ctzan Test, and Operatin Status o
en " ; : Quality AssessmentProgram

Controt of Nonmnfarmmg items i ‘1 Thel.S. Department of Energy
Corrective Acion - _ [ .+ (DOE)Quality Assessment Pro-
xS gram(QAP) anexternal QA pro-

Quality . Assutance Reco"df; N gram, tests the quality of envi-
- Audits S - R i1 renmentaldatareportedto DOE
e T e i L by its contractors. Reference
samples for this program are
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prepared by the
DOE  Environ-
mental Measure-
ments Laboratory
{EML) and include
samples of soil,
water, vegetsation,
animal tissues, and
air filters, Analyti-
cal resulls are re-
ported to EML
within 80 days and
compared with the
testresulis of other
participating labo-
ratories. EML
evaluates and dis-
tributes the results
totheparticipating
iaboratories,

Application of QA
During Environimentsi
Bampling

R

Quality Assurance Division

The Quality Assurance Division (QAD) of the EPA
Environmental Monitoring Syster Laboratory-Las
Vegas (EMSL-LV) is responsible for quality control
of environmental radiological measurements. The
EPA provides participating laboratories with water,
air, milk, and food samples which contain a variety
of radionuclides with activity concentrations near
environmental levels. This program enables EMS
laboratories to document the precision and accuracy
of radiological analysis data, to identify instrument
and procedural problems, and te compare analysis
performance with other participating laboratories.

Nonradioactive Discharge Monitoring

Report Quality Assurance

Al EMS-subcontracted laboratories analyzing
NPBDES samples participate in the EPA nonradioac-
tive Discharge Monitoring Report Quality Assurance
{DMR QA) assessment program. Participating labo-
ratories receive performance samples containing
constituents normally found in industrial and mu-
riicipal wastewaters.

These water samples have known chemical parame-
ters such as chemical oxygen demand, and contain
known concentrations of constituents such as total
suspended solids, o1l and grease, and certain trace
metals. The EPA provides a final comprehensive
report to the program participants. The report con-
tains a statistical analysis of all dats and documen-
tation of the “true” sample value with stated “accep-
tance limits” and “warning limits™.

eneral Concepts
ind Frinciples
of Quality Assurance

Application of QA
During Sample
Preparation for

Anglysis

Application of GA
| Puring Sample Counting,
Data Reduction, and
Datd Evaluation

Four-part QA training course designed specifically for EMS

EPA Audit Program

The ambient air monitoring program, subcontracted
to Zedek Corporation, participates in the EPA ambi-
ent air audit program. The program consists of au-
dits of the sulfur dioxide (50,) monitors with a range
of 50O, concentrations. An EPA subcontractor sum-
marizes the “indicated results” reported by SRS,
with the EPA “actual” values. Differences and per-
cent differences of these two values are also reported.

Personnel Training

EMS trains analysts and technicians working within
specific EMS work groups to ensure that procedures
are performed properly. “Hands on” and classroom
training are used to teach specific sampling and
analytical techniques.

Training is a critical element in maintaining quality
and improves the reliability and defensibility of the
data. For this reason, all EMS personnel receive
annual QAMRQC training for environmental monitor-
ing. This training focuses on general QA/QC concepts
and their application threughout the monitoring
process {above).

Pocumentation

To ensure valid and defensive monitoring data, EMS
decuments allinformation and datagenerated within
the monitoring program as required by DOE Order
1324.2A and the WSRC Quality Assurance Manual
(WSRC-1Q).
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EMS.-generated documents include sampling and
analytical procedure manuals, logbooks, chain-of-
custody procedures, calibration and training rec-
ords, analytical notebooks, and validated laboratory
data. These records are maintained and stored ac-
cording to retention times specified in the inhouse
document HP-1, “Heslth Protection Record Reten-
tion Schedule.”

Compliance Evaluations and
Quarterly Report

EMS performs periodic internal evaluations to ver-
ify compliance with operating procedures, quality
control procedures, and other aspects of the QA pro-
gram. Table 2-2 (below) is a checklist of specific
items to be reviewed during the evaluation. The
evaluations are documented to ensure an effective
QA/QC program and to identify areas of the moni-
toring program that require improvement.

EMS also periodically evaluates the performance of
subcontracted laboratories by conducting onsite
evaluations of the facility. EMS develops an evalu-
ation checklist based on EPA-recommended and ap-
proved laboratory procedures and practices. Follow-
ing the evaluation, EMS documents the observa-
tions, findings, and recommendations and presents
them to the laboratories. The subcontracted labora-

Table 2.2
EMS Internal Evaluations

Sampling Group
QA/QC sampling team
Field blind samples
Instrument calibration
Chemistry Group
Pipet calibration
Control samples
Blind samples
DOE (QAP) samples
EPS (QAD) samples
Counting Group
Control charts
Instrument calibration
Data Evaluation Group
Monthly Releases Report
Rerun samples
All EMS groups are evaluated for:
Following updated procedures
Documenting information
Training

tories are then required to respond to the evaluation
report within a specified time period. In 1989, EMS
performed two onsite evaluations of subcontracted
laboratories. The evaluations are discussed in the
final section of this chapter.

Since subcontracted laboratories are also required to
meet the same QA requirements defined in WSRC QA
plan (WSRC-1-05), they are evaluated by the WSRC
Site Quality Department to ensure that their QA
program meets the WSRC QA requirements. Each
laboratory must pass the evaluation before perform-
ing any work for WSRC.

Every quarter, the QA/QC coordinator issues an in-
ternal QA/QC report for each EMS work group. This
report is used to monitor QA/QC activities that deter
mine eonformance with QA/QC policies and proce-
dures. The quarterly report contains inter- and in-
tralaboratory comparisons, control charts, training,
irregularity and corrective action reports, internal
evaluation reports, and QA/QC programs.

QA/QC FOR ENVIRONMENTAL MONITORING
ACTIVITIES PERFORMED ONSITE

QA/QC Within Environmental Sampling

Description of Program

In an environmental monitoring program, the objec-
tive of sampling is to collect representative samples
for quantitative analysis of the radioactive and nonra-
dicactive constituents.

The EMS Environmental Sampling work group main-
tains the following elements to achieve this QA/QC
objective:

sampling procedures

field records (loghooks, chain-of-custody
forms)

instrument calibrations

preventive maintenance

backup sampling equipment
housekeeping

In addition,’a QC team evaluates six key stream
sample collection sites weekly to identify, document,
and correct problems at each site. These key sampling
points-—Upper Three Runs-4, Four Mile-6, Pen
Branch-3, Four Mile-3A, Four Mile-2, and P-019 (ef-
fluent to Par Pond)—are evaluated because they are
the most useful in quantifying releases of contami-
nants {o streams.
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Program Improvements in 1989

In 1988, EMS reviewed and modified environmental
sampling procedures so that each procedure con-
tains the following information:

= specifications for all sampling techniques
and equipment

an outline of field documentation precedures

| § specifications for containers and
preservation requirements for analytes

| specifications of label requirements for
containers

B specifications for interim field sample
storage

| specifications for calibrating and operating

direct reading field instruments

EMS began a blind sample program for field meas-
urements of pH and conductivity during 1989 to
improve quality and reliability of field data measure-
ments. Since surface water monitoring is subject to
compliance audits under the Clean Water Act and
wastewater discharge permits, accurate field meas-
urements are required to avoid regulatory viclations
and to provide reliable data to the auditors.

In the blind sample pro-

ment used for in situ measurements, The field sam-
pler records the measurements on a data sheet and
returns the remaining solution and the data sheet to
the laboratory.

A technician takes a final measurement on the
remaining solution. This valueis documented and all
measurements are submitted to the QA/QC coordi-
nator for evaluation.

The blind sample program documents the accuracy
of EMS field measurements and allows continuous
moenitoring of field measurements and field calibra-
tion status so that corrective actions can be initiated.
The pH and conductivity field measurement results
from the blind sample program are presented in
Table 2-1, Vol. I1. The 1989 data from this program
indicate a highlevel of accuracy for field pH measure-
ments.

Allblind sample pH measurements were within £0.4
pH units as shown in Figure 2-1 (below). The condue-
tivity blind sample measurements were also accu-
rate within+5.2% with the exception of three samples.
The problem was due to the control solutions and not
with the measurements.

QA/QC Within Environmental Chemistry
and Counting Laboratories

Deseription of Program
The objective of standard environmental chemistry

gram, the EMS Environ- 0.6

mental Chemistry work
group prepares blind

04

test solutions having
known: pH and condue-
tivity values and decu-
ments the values in a
loghook. Twe techni-
cians verify the values,
and a supervisor ap-
proves them before the
solutions are usedin the
field. These solutions
are sent with field sam-

Difference in pH Units
{ Measured Value-Actual Value)

UCL = 0.4 pH units

Average

LCL = 0.4 pH units

pling personnel when

reutine samples are

collected. Conduetivity
and pH measurements
are taken in the field
with the same equip-

0 10

20 30 40
Sample Number

Figure 2-1. Accuracy of blind pH field measurements
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and counting laboratoriesisto prepare
and analyze samples to obtain accu- 4
rate and defensible data. The QA/QC

Uppar Contral Liswt

program within the EMS Chemistry
and Counting Lahoratoriesisdesigned
to meet this objective. Boutineinternal
checks{e.g., calibrations, control charts, ‘-
blind sample analysis) and participa- '
tion in interlaboratory quality assur-

ance programs are specific elements of
the QC program,

Siandurd Deviatons
@
o

Procedure and Instrument Checks
EMS uses various radiochemical pro-

et
-
om—
Sovganind
[ame e ]

Lownr Conlrol Limit

cedures and radioanalytical instru-
ments to analyze environmental 4
samples, To ensure that procedures

are performed correctly and the instru- *
ments are working properly, the EMS

T
-1
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Chemistry and Counting Laboratories  Figure 2-2. Contrel chart for QAD tritium sample analyses

perform the following QC checks:

B obtain seurce and background counts for all
eounting systems

[ maintain instrument performance histories
in loghooks and computer files

= determine yields for radiochemical
procedures

-] perform precision checks using replicate
analyses

] use standards traceable to NIST

Conirol Charts

Control charts are graphical representations of sta-
tistical variation produced by the analytical process,
When analytical results follow a normal distribution,
95% of the results should lie within two standard
deviations on either side of the historical mean, and
89.9% of the results should lie within three standard
deviations on either side of the historical mean. The
+3 standard deviation limit is most often used for
control Hmits; the +2 standard deviation limitisused
for warning limits.

EMS uses control charts to study instrument per-
formance, and accuracy and precision of analytical
results, Control charts ensure quality only when the
results are used to identify and correct factors that
adversely affect the results.

Instrument Control Charts

Control charts are maintained for all instruments in
the Counting Laboratory in the QA/QC program.
These control charts track instrument performance
and malfunctions. By recording routine source-check
and background determinations on contrel charts,
the instrument operator can detect deviations from
the “true” value even though the statistical nature of
radicactive decay will cause uncertainties in deter-
mining source-check and background count rates.
An instrument’s calibration is considered out of sta-
tistical control when:

| any one point is outside of control limits
[ any three consecutive points are outside of
warning hmits

When an instrument is found to be out of control
limits, laboratory supervisors and managers are
notified. The instrument is inspected and necessary
adjustments are made to correct the problem.

Accuracy Control Charts

“Accuracy” control charts are prepared quarterly
with data from EPA interlaboratory samples ana-
lyzed in the QAD program. Analysis results are
plotted quarterly. These control charts provide his-
toriealinformation on the accuracy of measurements,
The charts verify both the accuracy of analytical
methods and of the resulting data.

Figure 2-2 (above) is an example of QAD samples
analysis of tritium in water. The Y-axis is defined as
“units of standard deviation” and establishes the
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deviation from the “true” measurement. The error
bars above and below the reported measurement
reflect the uncertainly of the value, Warning limits
for accuraey control charts are set at 2 standard de-
viations, and control limits are set at +3 standard de-
viations.

Precision Control CI
“Precigion” control charts reflect the repeatahility of
analysis and identify any noticeable trends in the
data or differences in the analysts' technigue. These
control charts are developed by compiling recoveries
of radionuclide-spiked samples. Gross alpha-spiked
vegelation sample recoveries are shown (below) in
Figure 2.3, with conirel limits normally set at 70%
and 120% of the spike value. When recoveries fall
cutside these limits, the problem (e.g., analyst tech-
nique) is investigated and the samples are reana-
lyzed.

‘Quality Conirol Sample’ Program

Performance of EMS laboratories is monitored
through internal audits using standard samples.
Samples consisting of air filters or water samples are
prepared with known levels of radionuclides typi-
cally found in routine samples.Whenever possible,
QC samples are prepared from NISTtracesble mate-

rial or standardized against NIST material. The QC
samples are labeled as “QC Blind” to aid in data
retrieval, “QC Blind” samples are analyzed in the
Counting Laboratory and the results reported to the
QA/QC coordinator. The compiled data verify that
procedural contrels are maintained by the labora-
tory.

In 1989, the QU sample program consisted of the
following determinations:

M gross alpha and nenvolatile beta

M gamma-emitting radionuelides—
8o, %Zn, 'Ry, ¥Cs, and ¥7Cs

W iritium

W strontium-90 and ¥8

The results of the internal QU sample program are
presented in Tables 2-2, 2-3, 2-4, and 2-5, Vol. 1. The
accepted ratio for accuracy is 0.8 to 1.2. In general,
the ratio of the measured value to the true value
indicated accurate analyses. The only exception was
the nonvolatile beta samples spiked with ¥Cs. These
QC samples were consistently lower than the known
values. It was discovered that the problem oceurred
during calibration of the gas-flow proportional count-
ers, Strentium-80/"7Y, which overestimates the
counter’s efficiency to detect (s, was used fo cali-

140

brate the gas-flow
proportional count-
ers,

In addition to the
routine blind sample
program, EMS also

LICL 118.00%

10 4

0

perfermed a collabo-
rative study with the
Analytical Develop-
ment Division of the
Savannah River

%, Spike Recovery

PNy

Laboratery (SRL) to
determine (s con-
centrations in blind
water samples. In
the study, SRL di-
luted a primary

Mean 93%

LOL 70%

NIST-traceable ¥'(s
standard which had
3% wuncertainty.
EMS then counted
the samplesfor 5,000
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Figure 2-3. Precision control chart for gross alpha analysis in vegetation
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6, Vol. I, indicate the analysis was accurate; how-
ever, the counting uncertainty was large at the low
concentration levels. The high uncertainty of the
measurements was attributed to the short counting
time.

Initerlaboratory Programs

In addition to the internal QU sample program, EMS
participates in two interlaboratory quality assur-
ance programs annually. One program is conducted
by the Quality Assurance Division (QAD) of the En-
vironmental Protection Agency. The second is the
Quality Assessment Program (QAP) conducted by
the DOE Environmental Measurements Laboratory
(EML). Under both programs, a variety of samples
are sent to participating laboratories at intervals
throughout the year. Sample results and the per-
formance rating for EMS in the QAD and QAP
programs are presented in Table 2-7 and Table 2-8,
Val. H,

The +20% indicator shown in the Velume II tables is
a convenient measure of overall relative perform-
ance. Participation in the interlaboratory compari-
son programs is based on the assumption that the
QAD and QAP sampleshave activity levels similar to
routinely ansalyzed samples, and that the samples
are analyzed for radionuclides included in the rou-
tine program.

When the true value of the comparison sample ap-
proaches the minimum detectable concentration for
the analysis, the associated statistical uncertainty of
the measurement at the 95% confidence level may
exceed the £20% range. In such cases, the routine
analytical process is not designed to quantify those
particular radionuclides at the specified activity
levels. For this reason, laboratory performance is
more precisely determined by evaluating the process
to ensure that it remained within the established
control limits.

The resulis reported by EMS in the QAD and QAP
programs fell generally within £20% of the EPA or
DOE values. Results which fell outside of the £20%
range were investigated, and corrective action was
taken when necessary.

QA/QC Within Data Evaluation

Data validation within EMS is the process of evalu-
ating and accepting or rejecting data. The criteria
and methods used to validate the data are based on
tha type and purpose of the messurement. Listed

below are criteria used to validate environmental
monitoring data:

B documentation of sampleidentity and handling
(e.g., preservation and required analyses)

M use of approved analytical procedures

use of known control samples and EPA check
samples

™ resulisofblanks, duplicates, and blind samples
analyses

B precision and accuracy results for replicate and
eontrol samples

QARQC and supervisory personne! validate all data
produced within EMS. The verification process in-
cludes checking the following eriteria:

®  Thesample must be valid {i.e., labeled properly
and documented collection date).

B The analysis must be performed using an
approved procedure.

W Theresultmusthave an associated uncertainty
or limit of detection.

B The resuli must fall within two standard devia-
tions of historical values excluding outhiers
from the limit caleulation,

I the data do not meet these checks, the sample is
tracked back to the Counting and Chemistry Labora-
tories to determine if any analytical mistakes were
made or if the origin of the sample might indicate
unusual levels of radioactivity, If the problem is not
identified, a sampleis reanalyzed to verify the result.

QA/QC FOR NONRADIOLOGICAL
MONITORING ACTIVITES

The majority of the nonradiological monitoring pro-
gram is subecontracted o offsite Inboratories, which
must have an acceptable QA/QC program and incor-
porate QA/QC requirements established by WSRC,

Because each nonradiclogieal monitoring program
has different purposes and requirements, each labe-
ratory is required to perform specific QA/QC activi-
ties. This section will discuss important QA/QC ele-
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ments within each nonradiological program subcon-
tracted to offsite laboratories,

Ambient Air Quality Program

Description of Program

The ambient air quality monitoring program is con-
ducted by Zedek Corporation, under contract to EMS.
Ambient air monitoring stations are equipped with
gaseous analyzers that monitor for sulfur dioxide,
oxides of nitrogen, and ozone, as well as samplers
which monitor for ambient air particulate matter.

Quarterly QA audits are performed by an independ-
ent subcontractor, Environmental Testing, Inc. (ETI},
to verify instrument calibration, accuracy, and per-
formance of SR8's five ambient air quality monitor-
ing stations. In addition to quarterly audits, daily
zero and span checks are done on each analyzer.

Quarterly audit results are evaluated by two meth-
ods: (1} by comparing audii values and instrament
measurements at each audit point and (2) by linear
regression. The linear regression analysis uses paired
points (audit concentration and analyzer response)
to generate the best straight line through the sets of
paired points. The difference determined by the slope
of the linear regression line and the bias determined
by the intercept of the line is used to determine the
data quality and analyzer calibration.

As part of the QA/QC program, Zedek alse partici-
pates in an annual EPA- interlaboratory audit. For
the audit, EPA provides audit devices to measure
50,, NO, and NO,,. If the results obtained during the
audit differ from EPA-determined values by +10% or
more, the monitoring system is examined to deter-
mine if the percent difference can be reduced and the
instrument is then recalibrated, If the difference is
+15% ormore, the instrument is recalibrated and the
instrument problems and corrective actions are
reported to DOE,

Ambient Air Quality Program Results

During the quarterly ETI audits, the following crite-
ria are used for data evaluation and corrective action
for the gaseous analyzers:

Slope; satisfactory  (<+15%)
Intercept: satisfactory  (=+15%)
Correlation Coefficient:  satisfactory

{0.995 to 1.000)
Calibration of each analyzer is checked quarterly

using the appropriate calibration gas. In 1989, all
forty calibration tests of gaseous analyzers had less
than 15% difference. Clearly, all gaseous analyzers
produced satisfactory data throughout the year.

The audit criterion for satisfactory calibration of the
total suspended particulate samplers is +7% differ-
ence. All of the samplers, including one control sam-
pler placed adjacent to a primary sampler, are au-
dited on a quarterly basis. Of the 24 tests conducted
in 1989, all results showed differences of less than
T%.

Results of the Zedek annual EPA interlaboratory
audit and the ETI quarterly audits are presented in
Tables 2-8 and 2-10, Vol. II.

NPDES Program

Degeription of Program

Liquid effluent samples are collected at each permit-
ted SRS outfall according to the National Pollutant
Discharge Elimination System (NPDES) sampling
schedule approved by the South Carolina Depart-
ment of Health and Envirenmental Control
(SCDHEC). The effluent samples are ansalyzed on-
site for fecal coliform and bicchemical oxygen de-
mand and offsite by a subcontracted laboratory for
other constituents.

In 1989, the primary subcontractor for the NPDES
program was Normandeau Associates, (NAI). All
NPDES analyses performed by NAI are subject to
quality control checks using the following methods:

| EMS intralaboratory checks
- 10-15% duplicate samples
- blind samples analyzed twice a year

- periodic blanks

| EMS interlaboratory comparisons
- two sets of duplicate samples
analyzed by twe laboratories
twice & year
- duplicate spikes analyzed by two
laboratories twice a year
- EPA QC samples once a year

Normandeau Associates, Inc. QA/QC Programs
NAI maintains analytical QA/QC programs to en-
sure the reliability of its analytical data. The estab-
lished programs, based on the Normandeau Associ-
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ates QA manual, address the following topies:

] iaboratory administrative control
B personnel gqualifications

= personnel training

i procedural compliance
|

sample acquisition and custody
documentation

] laboratory specifications

instrument specifications, calibrations,
and maintenance

B analytical quality assurance

NAlusesits QA manual in conjunction with Methods
Jor the Chemical Analysis of Water and Wastes, EPA.
600/4-79-020, and Standard Methods for the Exami-
nation of Water and Westewater, 15th edition,
American Public Health Association (APHA), 1980
to maintain quality control within its laboratory.

NAI conduets analytical performance checks by
replicating 10% of all samples in a batch and deter-
mining the precision of the analysis. Spikes repre-
sent another 10% of each batch of samples for deter-
mining the aceuracy of the analysis. Laboratory
blanks (deionized water) are analyzed with each
batch of samples.

Known standards from the EPA or another reliable
source are analyzed quarterly for each parameter
routinely analyzed. Data verification procedures
require that 20% of all calculated analytical values
be recalculated by another analyst or supervisor. If
any calculations are in error, the entire set of sample
analyses for that time period must be recalculated.

Performance Resulis and Compliance Audits
During 1989, NAI analyzed 45 blanks and 215 dupli-
cate and quadruple samples for various parameters.
The results indicated less than 5% difference be-
tween each duplicate set. In addition, 22 EMS-sub-
mitted blind samples, analyzed for various parame-
ters, had ratios of accuracy in the aceeptable (0.8-1.2)
range. Results of duplicate and blind sample analy-
ses completed during 1989 are presented in Table 2-
11 and Table 2-12, Vol IL

In 1989, SCDHEC performed 12 NPDES compliance
audits at SRS during 12 monthly visits in addition to
an annual comprehensive audit in November.
SCDHEC collected two series of samples from the 76
active NPDES sampling stations and EMS collected
duplicate samples from each series for comparison.

SCDHEC also collected samples af each location for
dissolved oxygen and chlorine analyses during the
annual audit. SRS received a satisfactory rating on
all but two sample parameters from over 900 para-
meters monitored during the comprehensive survey.

Stream and River Water Quality

Description of Program

With the exception of metals analyses, most stream
and river water quality analyses are performed by
the EMS Chemistry Laboratory. The analytical pro-
cedures are based on guidelines detailed in EPA’s
Methods for the Chemical Analysis of Water and
Wastes (EPA-600-4-79-020) and Handbook for Ana-
lytical Quality Control in Water and Wastewater
Laboratories (EPA-600/4-79-019), and in the Ameri-
can Public Health Association’s Standard Methods
for the Examination of Water and Wastewater (15th
edition).

The following measures are examples of established
controls used in the water quality QA/QC program:

B EPA-approved analytical methods are used.

8 “Spiked” samples with known analyte concen-
trations are analyzed with every run to deter-
mine accuracy.

B 10% replicate analyses are performed to deter-
mine precision.

Titrating selutions are routinely standardized.
B  Sample chain-of-custodies are maintained,

B Data are verified before an analytical report
is issued.

Operating procedures define the frequency of repli-
cates, spikes, and reagent standardizations. The
procedures also provide instruction for using work
sheets for method calibration and instrument set-
tings documentation. Each type of analysis has spe-
cific QC procedures,



60

Savannah River Site—Environmental Report for 1989

Control charts, similar to those used for the radio-
logical QA/QC program, are being implemented for
all water quality analysis instrumentation in the
nonradislogical laboratories,

The spike recovery in percent is calculated from the
true values of NIST standards and documented on
control charts. Acceptance imits for the control charts
provide an immediate evaluation of the accuracy and
precision of each analytical method.

Whenever possible, NIST-traceable standard refer-
ence solutions are used to verify the accuracy of
calibrated yield determinations. When {raceable
standards are not available from NIST, standard
solutions are prepared according to EPA and Ameri-
can Public Health Association’s guidelines [EPAT9,
SWEE] to satisfy QA/QC reguirements.

Data verification within the EMS water quality labo-
ratory is documented by authorized signatures on
the operational work sheets. All calibration informa-
tion is documented, and control charts are reviewed
to determine that the methods are within contrel
limits. Each mathematical caleulation is checked
snd approved before reporting sample concentration
values. Signature approval verifies the accuracy of
data transfer to the final report.

& subcontracted laboratory analyzes water samples
for metals content. The water quality QA/QC pro-
gram requiresduplicate analyses of 5% of the samples
toverify the analytical regulisbetween subcontracted
laboratories. In 1988, aliquots representing 20% of
the samples submitted for metals analysis were split
to provide identical samples to two subcontracted
laberatories, A higher percentage of duplicates than
the required 5% were sent to the laboratories to
ensure verifieation for the small sample load.

BT, the major subcontractor for water quality analy-
ses, received samples quarterly from each of the 11
water guality monitoring locations. The sphit sample
aliguots from two locations for each guarter were
distributed tod, H, Carr and Asscciates. Both labora-
tories determined the concentrations of 12 metals,
The comparison of analytical dats submitted by the
two laboratories is provided in Table 2-13, Vol. IL

Groundwater Monitoring Program

Subcontracted companies and laboratories perform
sampling, analysiz, and data evaluation getivities for

the groundwater monitoring program. These sub-
contractors are required to adhere to the “Westing-
house Savannah River Company Quality Assurance
Flan” (WSRC-1-05).

Scheduling

Many of the groundwater wells monitored at SRS are
regulated under the Resource Conservation and
Recovery Act (RCRA), as well as by other state and
federal regulations. In addition to monitoring to
satisfy regulatory requirements, constituents that
may be present in the groundwater are also moni-
tored. Each quarter agroundwater monitoring sched-
ule is developed based on the following criteria;

] New wells are sampled for a comprehensive
series of analytes for four consecutive
gquarters.

n Constituents identified in the initial four

quarters of analyses are “flagged” as either
“flag 1" or “flag 2", depending on the concen-
tration of the constituent. “Flag 1” means a
constituent is above a background or detec.
tion limit concentration, while “flag 27
usually means the constituent is abave one-
half the drinking water standard. “Flag 17
constituents are subsequently analyzed
annually and “flag 2” constituents are
analyzed semiannually. Analyses that are
not flagged are performed once every two
vears unless a special request is made.

m Wells are analyzed for a comprehensive list
of analytes once every two years to identify
any new contaminants.

Once the schedule is developed, site custodians re-
view the schedule before a new sampling guarter
begins, Additional analytical or sampling requests
are added to the monitoring schedule; however, any
changes or additions must be accompanied by writ-
ten documentation. All changes are then logged into
the Groundwater Monitoring S8ample Schedule Re-
quest Log.

Groundwater Sampling and Analyses

EMS’s Environmental Sampling group and a sub-
contracted company, GE-HY, collect groundwater
samples. Sampling procedures, including the addi-
tion of preservatives, packaging and shipment, and
chain-of-custody requirements, are consistent with
EPA-recommended and Department of Transporta-
tion/SCDHEC approved procedures.
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Groundwater samples are analyzed by the SRS
Analytical Laboratory located in M Area (MA), by the
EMS Chemistry Laboratory, and by subcontracted
laboratories. The subcontracted laboratories analyz-
ing groundwater samples are certified by SCDHEC.

In 1988, the following six quality control practices
were performed under the QA/QC program:

- Blind replicates representing 5% of all
samples analyzed were submitted to the
primary laboratories, Envirodyne Engineers,
Ine. (EED) during the first quarter, and to
General Engineering Laboratories (GE) and
metaTRACE, Inc. (MT) during the remain-
ing three quarters. Teledyne Isotopes
Laboratories (TE} received 5% blind
replicates for all four quarters during 1989.

] Replicates representing the same 5% of the
samples were submitted to two additional
QA/QC laboratories, Roy F, Weston Analyti-
cal Laboratory (WA) in Lienville, PA and
Enwright Laboratories in (EW) Greenville,
SC, during the first and second quarters of
1989, and to GE and MT during the third
and fourth quarters of 1989 for comparative
analysis.

B Trip blanks (samples of deionized water that
are shipped with groundwater samples)
representing 3% of the total number of
samples were sent to the primary laborato-
ries for comparative analyses each quarter.

B Blind blanks representing 3% of the total
number of M-Area samples were sent to the
M Area analytical laboratory quarterly

" EMS sent Environmental Resource
Assoriates (ERA) quality control samples
having known concentrations to each of the
primary laboratories. Each lsboratory
received one set of unprepared samples,
which they prepared and analyzed.

B Each laboratory conducted an inhouse
replicates program by analyzing a duplicate,
a reagent blank, and a spiked method blank
or check standard with each sample lot
(usually 20 or fewer).

In addition te the EMS quality assurance/quality
control program, each laboratory maintains an in-

house QA/QC program that includes the following
specific elements:

] maintaining chain-of-custody

[ ] applying EPA-recommended preservation
techniques and holding times

= using EPA-approved analytical procedures

[ ] using calibration and quality contro}

procedures for analytical instruments

- analyzing samples within the prescribed daily
calibration of instrumentation

= adhering to scheduled maintenance
procedures for instruments and equipment

| training personnel in use of equipment and
methods

n validating and reporting data

Each laboratory also participates in EPA-sponsored
interlaboratory programs, which involve analyzing
unknown performance evaluation samples, known
EPA performance standards, and laboratory check
standards.

Evaluaiion of Groundwater Daia

Field measurements and laboratory analytical data
are transferred onto diskettes in flat ASCII format
files that are loaded onto a mainframe database.
Data transfer logbooks are maintained to track re-
ceipt and transfer of data to the database.

Once in the database, the data are validated using
computer programs. Below are several QA/QC checks
performed for the groundwater monitoring program:

N The correct well names and sample dates for
field and analytical dataare verified.

- Completion of all analyses requested on the
chain-of-custody forms is verified for each
laboratory.

| Identification of data entry problems(e.g., dup-
licate data, incorrect units, detection limits)
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] Quarterly analytical data are compared
againsthistorical analytical data and reviewed
for transeript errors, instrument errors, or
caleulation errors,

| Blind replicates and laboratory inhouse
replicates are eompared for inconsistencies,

B Laboratory blanks and blind blanks having
elevated concentrations are identified.

After these checks are performed possible transerip-
tion errors and suspect results are documented and
submitted to the appropriate analytical laboratory
for verification or correction. No changes are made to
the database until the laboratery documents the
problem and solution. If changes to the database are
required, they are documented in the Groundwater
Monitoring Program Changes to the Database Log.

EMS documents any database changes, suspect re-
sults that have been verified by the laboratory, and
the analyses performed with blanks having elevated
results in a groundwater monitoring report that is
published quarterly.

In ad&xtmn to the routme QA checks & QA/QC
statistical analysis program was developed for the
groundwater monitering program in 1989. This pro-
gram is used to identify problems with analytical
procedures and to assess the measurement precision
or repeatability of identical chemical analyses. An
index known asthe Mean Relative Difference (MRD)
is used to evalusate a series of replicate samples, The
MRD iz defined as:

‘;: (XY Y[+ v5)2])

=1 n

MRD = 160

where X, and Y, represent the concentration
of & ngen groundwater sample and its
replicate for the j* well. This MRD statistic
is used for intralaboratory comparisons
(MRD,). The quantities X and Y, could also
represent, the mean analyte concentrations
for the j* well at each of the two laborato-
ries, which allows interlaboratory
comparisons (MRD).

For intralaboratory comparisons, MRD,, is inter-
preted asthe average absolute difference between an
griginal sample and its replicate. MRD,, is expressed
as a percentage of the mean of those two samples.

For interlaboratory comparisons, MRD, is inter-
preted as the average absclute difference between
laboratories for the j* well. MRD,, is expressed as a
percentage of the mean of both laboratories.

The MRD is a measure of precision or repeatability of
contaminant concentration measurements by two
different laboratories on the same groundwater
samples orby the samelaboratory on replicate ground-
water samples. The MRD is closely related to the
reciprocal of the signal-to-noise ratio or relative stan-
dard deviation [SHAS6).

In 1989, the MRD was used to evaluate replicate
analyses of samples performed by metaTRACE, Inc.
and General Engineering Laboeratories for replicate
snalyses performed during the second, third, and
fourth quarters of 1989. A complete discussion of the
use of the MRD and the results are presented in
Table 2-14 in Volume IL

Performance Evaluations of Subcontractors

Interlaboratory Comparisens
EMS routinely evaluates the performance of subcon-
tracted laboratories using the following methods:

n evaluating laboratory performance by using
EPA Performance Evaluation (PE) samples
and EMSL-LV inorganic data evaluations
as part of the EPA Water Pollution Study
{(WP022)

n periodic testing of the precision and accuracy
of commonly analyzed inorganic and
organic parameters with Environmental
Resource Associates (ERA) quality control
samples

| onsite laboratory visits and evaluations to
ensure that subcontractors maintain
technical competence and apply the required
QA/QC programs

In 198%, EMS conducted two interlaboratory com-
parisons for subcontractors performing NPDES, QA,
and miscellaneous chemical analyses. Identical
samples with known concentration values were sent
to the subcontracted laboratories for analysis, The
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reported analytical data were compared to the known
values and range of acceptable values and to the
other laboratory’s reported values. Each laboratory
wasthen rated for proficiency by calculating the ratio
of results within acceptable ranges to the number of
analyses performed. The acceptable limits of profi-
ciency were 81-100%.

The first comparison was conducted in May 1989,
Normandeaun Associates (NAD, subcontractor for the
NPDES program, was requested to analyze47 nonra-
diological parameters. Environmental Testing, Inc.
(ETI), subcontractor for misecellaneous analytical
work, was requested to analyze samples for 19 nonra-
diological parameters. The analysis results in the
first comparison revealed that NAI and ETI per-
formed within acceptable levels of proficiency (81%-
100%). NAI received a 94% proficiency rating and
ETI received an 89% proficiency rating. The correla-
tion of analytical results between the two subcen-
tracted laboratories was good, which verified that
solutions used in the test were valid and provided a
fairmeans of evaluating laboratory proficien ey. Table
2-15, Vol. IL. presents the results of this interlabora-
tory comparison,

The second comparison was conducted in October
1988. In addition to NAI and ETI, J. H. Carr and
Associates, subcontractor for QA and miscellaneous
analyses was rated for proficiency. The analysis
results in the second comparison revealed that NAJ,
ETI, and Carr performed within acceptable levels of
proficiency (81%-100%). Normandeau was rated with
a 93% proficiency; Carr was rated with a 95% profi-
ciency; and ETI was rated with an 87% proficiency.
The results of the second interlaboratory comparison
are presented in Table 2-16, Vol 11,

In 1989, subcontracted laboratories performing
analyses for EMS also participated in an EPA-spon-
sored performance evaluation program. EPA pro-
vided samples spiked with known concentrations of
constituents of interest to SRS. The EPA forwarded
samples to each subcontracted laboratory for analy-
sis of trace metals (aluminum, cadmium, chromium,
copper, iron, lead, manganese, nickel, and zine}, nu-
trients (nitrate-nitrogen and total phosphorus), vola-
tile organics, biochemical oxygen demand, and mis-
cellaneous constituents such as pH, oil and grease,
and total suspended solids.

Acceptable Resulis
Unacoeptable Resulls

In 1989, Normandeau Asso-
ciates, J. H, Carr, (General
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Figure 2-4. EPA (WP022) proficiency rating

Engineering Laboratories,
and metaTRACE, Inc. {(two
laboratories performing
groundwater analyses) par-
ticipated in the evaluation
program and received accept-
able ratings (81-100%). Fig-
ure 2-4 (left) shows the over-
all proficiency of EMS sub-
contractors during 1989 for
the EPA-sponsored evalu-
ation program. Table 2-3 on
the following page further
summarizes the evaluation
program.

Onsite Evaluations

In 1989, EMS conducted a
performance evaluation for
two subcontracted laborato-
ries, Normandeau Associates
(NPDES program) and meta-
TRACE, Inc.(groundwater
monitoring program). EMS
reviewed the QA/QC and

J.H. Canr
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Table 2.3

EPA (WPO022) Proficienty Rating®

Subcontracted Nao. of

Laboratory Analyses Acceptable Unacceptable % Proficiency
Normandeau Associates 146 140 4 97

General Engineering 146 136 10 93
metairace 106 88 18 83

J. H. Carr 146 131 15 90

*Each laboratory is certified by its respective state and by SCDHEC. To maintain certification,
each laboratory must pass an annual review of all certified analyses. In general, a proficiency
rating of 81% is considered the minimum acceptable score according to the Contract Laboratory

Program (CLP).

laboratory programs during the evaluation. The re-

view was divided into the following 11 areas:

QA policy

calibration procedures
laboratory organization
data verification
facilities

data reports

sample receipt

records management
preventive maintengnce
nonconformance and corrective actions
analytical procedures

Following the evaluation, a report documenting find-
ings, observations, and recommendations was sub-
mitted to both subcontracted laboratories. EMS will
conduct a follow-up evaluation in 1990 to ensure that
the recommendations in the audit report have been
implemented.
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1988 HIGHLIGHTS

B In 1989, EMS began a blind sample program for surface water field measurements of pH and
conductivity. The sample measurements for pH were within 0.4 pH units and for conductiv-
ity were within £5.2%.

B QC samples, prepared from NIST-traceable material and analyzed for gross alpha and nonvola-
tile beta, gamma-emitting radionuclides, tritium, *Sr, and ¥8, fell within the accepted ratio for
accuracy of 0.8 to 1.2,

B Ofthe 24 quarterly tests conducted on total suspended particulate samplersin 1989, all resulis
showed differences less than 7%, the audit criterion for satisfactory calibration.

B During 1989, 45 blanks and 215 duplicate and quadruple samples of liquid effluents were ana-
iyzed for various parameters, with less than 5% difference between each duplicate set.

B South Carolina Department of Health and Environmenial Control performed 12 NPDES com-
pliance audits at SES, plus a comprehensive audit in November. Except for two sample
parameters, SRS received satisfactory ratings on over 900 parameters that were monitored.

B In 1983, EMS conducted interlaboratory comparisons of the subcontractors, Normandeaun
Associates, Inc., Environmental Testing, Inc., and J.H. Carr and Associates. All had acceptable
limits of proficiency of §1--100%.
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3
Methods for Calculating
Offsite Radiation Doses

SUMMARY—The purpose of this chapter is to describe the methods and models used to calculate
offsite radiation doses from atmospheric and liquid releases at SRS. The chapter also provides
definitions for absorbed dose, dose equivalent, effective dose equivalent, collective (population)
dose, committed dose, internal dose factors, and envirenmental dose commitment.

Applicable dose standards for protection of the publicaretaken from DOE Order 5480.14, Chapter
11. Chapter 2 of DOE draft Order 5400.xx, contains revised interim standards which incorporate
the recommendations and dose models contained in ICRP Publications 26 and 30.

Offsite dose calculations from SRS releases are based on several scenarios for affected individu-
als and population groups. The applicable dose calculation models are MAXIGASP, which
caleulates doses to offsite individuals from atmospheric releases; POPGASP, which calculates
collective doses from atmospheric releases; and LADTAP, which calculates offsite individual and
collective doses from liquid releases. Because tritium accounts for a dominant fraction of the
offsite dose, modeling of tritium is performed with greater attention to chemical form and
environmental behavior,

Finally, the chapter presents simplified representations of the important transport pathways of
atmospheric and liquid radioactive materials to humans. Atmospheric transport models which
assess routine releases from SRS are implemented in the computer program X0QD0OQ. Offsite
doses from nonroutine releases are caleulated using computer programs available on the Weather
Information and Display (WIND) System.

INTRODUCTION

This chapter discusses radiation dose terminology
and describes how offsite doses are caleulated from
releases of radioactive materials to the atmosphere
and surface water. The results of these calculations
are presented in Chapters 4 and 5 and summarized
in the Executive Summary.

RATMATION DOSE TERMINOLOGY:
DEFINITIONS AND UNITS

Radiation dose is a calculated quantity that can be
used to predict the occurrence, or probability of
occurrence, of harm to individuals as a result of their
exposure to radiation. In the International Commis-
sion on Radiological Protection (ICRP) methodology,
radiation-induced health effects are separated into
two categories:

W Stochastichealth effects are principally fatal
malignant and genetic disorders which ran-
domly do or do not occur in a given exposed
individual, The effects maybe assigned a proba-
bility of occurrence based on the level of expo-
sure,

8 Nonstochastichealth effects areprincipally
physical impairments such as cataracts in the
lens of the eye, nonmalignant damage of the
skin, and gonadal cell damage causingfertility
impairment. The severity of the effect tends to
inerease or decrease aceording to the degree of
exposure of the affected organ. A threshold of
exposure may exist, below which health effects
do not occur.

In considering radiation exposures and possible
consequences o exposed individuals, the term “ra-
diation dose” is commonly used. When an organ of the
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body is exposed to a source of ionizing radiation, the
organ is said to receive a radiation dose. This term
indicates that the organ has absorbed some of the
energy emitted by the source. But for purposes of
radiation protection, the term “radiation dose” has
been replaced by more precise definitions, which are
discussed below.

Absorbed Dose and Dose Equivalent

The measure of dose to an organ is the absorbed
dose, which is defined to be the quantity of radiation
energy absorbed by the organ divided by the organ’s
mass, The International System of Units (8I) unit of
absorbed dose is the gray (Gy). An organ receives an
absorbed dose of 1 Gy when it absorbs 1 joule of
radiation energy per kilogram of its mass. The con-
ventional unit of absorbed dose is the rad (100 rad =
1 Gy

Absorbed dose depends only on the radiation energy
absorbed by the organ, not on the radiation type
(alpha particles, beta particles, gamma rays, or
neutrons). But for a given absorbed dose, the degree
and kinds of biological effects that might occur as a
result of the organ’s irradiation do depend on the
radiation type. For this reason, absorbed dose is
inadequate for predicting health effects associated
with radiation exposure.

The dose equivalent to an organ exposed to a source
of tonizing radiation is defined as the absorbed dose
te the organ multiplied by a quality factor. This
guality factor takes the radiation type into account.
The ICRP has recommended the following quality
factors for the radiation types of concern in this
report:

Gamma rays and x-rays 1
Beta particles and other electrons 1
Alpha particles 20

The SI unit of dose equivalent is the sievert (Sv). The
conventional unit, which will be used in this report,
is the rem (100 rem = 1 Sv).

Effective Dose Equivalent

The effective dose equivalent combines the dose
equivalents received by all organs of the body into a
single weighted average that is related to the
individual's total risk of experiencing stochastichealth
effects. The effective dose equivalent is defined as the
sum of all organ dose equivalents after each one has

been multiplied by an appropriate weighting factor
that expresses the fractional risk of a stochastic
health effect associated with one sievert (100 rem) of
dose equivalent to that organ. The ICRP weighting
factors are shown in Table 3-1 (below).

The effective dose eguivalent is computed as
follows;

Effective dose equivalent =
(0.25 x dose equivalent to gonads
+ 0.15 x dose equivalent to breast
+...
+ 0.30 x dose equivalent to remainder)

The effective dose equivalent comhines the individ-
ual organ dose equivalents into a single number.
Effective dose equivalents can be added to summa-
rize the impacts of multiple radionuclides and radia-
tion from both internal and external sources.

A estimate of total stochastic risks from radiation is
0.04 fatal cancers and 0.026 genetic effects per siev-
ert of uniform whole body irradiation. The cancers
cccur in the persons receiving the radiation, whereas
the genetic effects occur in their progeny [EPAS9).
These risk estimators are based on updated studies
of A-bomb survivors and represent a “central” esti-
mate. Because of uncertainties in the analyses, the
risk of fatal cancers could range from 0.012 to 0.12
per sievert of uniform whole body irradiation, and
the risk of genetic effects through all generations

Table 3-1
Organ-Specific Weighting Factors
for Effective Dose Equivalent®

Organ Weighting Factors
Gonads 0.25
Breast 0.15
Red marrow 0.12
Lung 0.12
Thyroid 0.03
Bone surfaces 0.03
Remainder® 0.30
TFotal 1.00

*Source: ICRP Publication 26 [ICRP77]

* Bach of the five remaining organs
receiving the highest dose equivalents
is assigned a weighting factor of 0.06.
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could range from 0.006 to 0.11 per sievert of radia-
tion. The “central” estimate is used by the EPA as the
basis for establishing federal standards for radiation
dose to the public from emigsion of radioactive mate-
rial to the atmosphere,

Because of the way it is defined, the effective dose
equivalent multiplied by stochastic risks per sievert
(0.04 for fatal cancers and 0.026 for genetic effects),
approximates the statistical probability of occcur-
rence of these effects for a given radiation exposure.

Collective (Population) Dose

The term collective (population) dose refers to
the sum of individual doses received by all members
of a population. In this report, the effective dose
equivalent (individual dose) is used to calculate the
collective dose. The unit of collective effective dose
equivalent is the person-sievert {person-Sv) or the
person-rem. For example, if eachindividual the CSRA
population(555,100) receives an effective dose equiva-
lant of 1 mrem (0.0 mSv) each year, the annual
collective effective dose eguivalent to the population
iz calenlated using the following method:

555,100 persons

% 1.0 mrem per year

#* 0.001 rem per mrem

= B55.1 person-rem per yr

555,100 persons

x 0.01 mBv per year

x §.001 Sv per mSv
=551 person-Sv per yr

An estimate of the expected number of fatal cancers
in the population is calculated by multiplying the
eollective effective dose equivalent by theindividual's
total risk per sievert, 0.04. Using the 1989 total
collective dose {0.22 person-Sv), the following method
estimates the expected number of fatal cancers in the
population:

.22 person-Sv per year
% .04 fatal cancers per person-Sv
= {.00% cancers per vear.

This number corresponds to a statistical expectation
of one fatal cancer in the population every 110 years
{0.009), provided the number of exposed individuals
and levels of exposure remain constant over time.

Committed Dose

Committed dose refers to the total dose resulting
from anintake that has secumulated over a projected
lifetime of an individual. A commitied dose equiva-
lent refers to an organ’s committed dose. The com-

mitted effective dose equivalent refers to an
individual's committed dose from a specified intake.

Anindividual'sradiation dose from an external source
isreceived only while the individual is exposed to the
source. When the source of the radiation is a radionu-
clide inside the body, the situation then becomes
more complicated.

When radicactivity is taken into the body by inges-
tion of radioactive material in food and drinking
water, by inhalation of airborne radioactive particles
or vapors, or by absorptien of a radionuclide through
the skin, it is distributed among the body’s organs
according to each organ’s metabolism of the particu-
lar element or compound. After the intake of radioac-
tive material ends, the organs continue to be irradi-
ated from the internal source.

The irradiation rate of the organs will diminish over
time because the source is removed by biological
processes and by radioactive decay. Since some
materials are rapidly eliminated from the bedy,
exposure from emitted radiations is short-lived.
Similarly, some materials are radiologically short-
lived (their radioactivity decays rapidly), and the
irradiation rate of the organs from those materials
also diminishes quickly. Other materials, however,
are radiologically long-lived and firmly retained
within the body. These types of radiocactive sources
may remainin the body emitting radiation for months
or years. As a result, the dose to the organs continues
to accumulate after the intake ceases. The continued
irradiation and accumulation of dose to an organ
depends on the type (radicizotope) of intake and the
radiological and biological properties of the radioac-
tive material taken inte the body as shown in Figure
3-1 on the following page,.

In using mathematical models to caleulate commit-
ted dose, 50 years—the approximate residual life
expectancy of a young adult—hasbeen used as a time
beyond which the irradiation has ended. For adults,
the 50-year time span is conservative and tends to
overestimate the lifetime dose to older individuals.

Internal Dose Factors

Internal dose factors are used to calculate the com-
mitted dose equivalent to an organ and the commit-
ted effective dose equivalent to an individual. These
factors are gpecifie to the radionuclide and to the
intake mode (inhalation or ingestion).
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Nucilde #1.

Some nuciides have short hali-lives or
are quickly removed from the body by
biological processes.

Nuclide #2.
Soma nuclides have long half-lives and are
tenaciously retained in the body.

Retained in the Body

Petcent of Initial Intake

Nuclide #1

the body (curve is level),

dalivers its committed dose within a
short time after the initial intake into

; 5-year '

comnmitted doses

Nuclide #2
continues fo contribute to the
sumulative dose at the end

Cumulative Dot

1 of 50 years {curve is rising).

Tine of
inifial intake

Time (yn)

50 years after
inifial intake

Figure 3-1. Committed dose

Internal dose factors express the 50-year committed
dose that would result from the intake of a unit
quantity of radioactivity, normally 1 becquerel (1 Bg)
or 1 picocurie (1 pCi). The units of the factors may be,
for example, Sv per Bq or mrem per pCi. Table 3-2
(facing page) shows internal dose factors for commit-
ted effective dose equivalent to an adult for several
radionuehides.

An example of how actual intakes are determined by
exposure to environmental media is given below:

Intake of a radienuclide by inhalation (pCi) =
concentration of the radionuclide in air (pCi/m®
% breathing rate during exposure (m? of air
breathed per unit time)
% time duration of exposure (time unit for
breathing rate)
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Table 3-2
Fifty-Year Committed Effective Dose
Equivalent for an Adult (mrem/pCi)®

Radionuclide Inhalation Ingestion
Tritium oxide 9.5 x 1078 6.3 x 10
Strontium-90 1.3 x 10 1.3 % 10
Iodine-131 3.2x 103 53x10°%
Cesium-137 3.2x 10° 5.0x 105
Plutonium-239 5.1x10¢ 4.3x 10

* Source: Based on methods and data from JCRP79.

The intake of a radionuclide by ingestion depends on
levels ofthe radionuclide in foods and drinking water,
and on the individual's consumption patterns.

The actual intake of a radionuclide is multiplied by
the appropriate dose factor to provide the estimate of
committed effective dose equivalent resulting from
the intake.

The estimates of internal radiation doses presented
in this report were calenlated using internal organ
dose factors based on ICRP methodology [ICRP79]
for approximately 20 organs of the body. The calcula-
tions of dose are based on dose conversion factors for
adults. Adult rates of food and drinking water con-
sumption are used to estimate intakes of radionu-
elides for all members of the population. However, as
age-specific dose conversion factors become available
for the radionuclides of interest to SRS, they will be
incorporated into future calculations. Intake rates of
food and drinking water consumption are shown in
Table 3-1, Vol. 1.

Extended Intakes: Environmental
Dose Commitment

When radicactivity is released from a facility to one
or more environmental media (e.g., air and water),
only a small fraction of it reaches the public, and that
fraction is delayed as it moves through the environ-
ment. If a certain radionuclide is released beginning
January 1 and continues throughout the year at a
constant rate until it ceases on December 31, the
corresponding intake rate by an individual living in
the vicinity would increase from zero at the begin-
ning of the release to 8 maximum sometime after the
end of the release. The rate of intake would then
begin te decline.

However, the rate of intake would not decline to zero
immediately because of transit times required for the
radionuclide to move through one or more environ-
mental pathways and reach the individual. The in-
take-rate curve shown in Figure 3-2 on the following
page declines gradually from its maximum as the ra-
dionuclide is depleted in the environment over time.
Figure 3-2 also shows a curve for the accumulated
collective dose, which increases until depletion of the
radionuclide from the environment causes the intake
rate to reach zero.

At this point, the population has received its total
collective dose from the release. This total collective
dose is called the environmental dose commit-
ment (or collective dose commitment) resulting
from the release. The accumulation of dose over time
depends on the radiclogical longevity and environ-
mental behavior of the released radionuclide. At
SRS, the environmental dose commitment to the
population is calculated for a period extending 100
years after the period of release of radioactive mate-
rials to the environment.

APPLICABLE DOSE STANDARDS

The DOE radiation standards for the protection of
the public in the vicinity of SRS are given in DOE
Order 5480.1A, Chapter 11. These standards are
based on recommendations of the ICRP and the
National Council on Radiation Protection (NCRP).

DOE issued draft Order 5400.xx to update the por-
tions of DOE 5480.1A that address public and envi-
ronmental radiation protection standards and con-
trol practices. DOE 5400.xx, Chapter 2 contains re-
vised interim standards which incorporate the rec-
ommendations and dose models contained in ICRP
Publications 26 and 30 {ICRP77, ICRP79].

These revised interim standards supersede previous
standards that were based on ICRP Publications 2
and 10 [ICRP59, ICRP68]. EPA limits for the atmos-
pheric pathways contained in 40 CFR 61, subpart H
{EPA 85] are also included in the draft DOE Order
5400.xx. Table 3-3 (following page) show the revised
interim standards and limits for atmospheric path-
ways that will be used in this report.

In February 1990, DOE Order 5400.5 was promul-
gated to supersede DOE Order 5480.1 and replace
draft DOE Order 5400.xx. DOE Order 5400.5 sets
new radiation dose limits and incorporates new EPA
limits. However, for the Savannah River Site Envi-
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1 Rate of intake by an average
{1 member of the exposed
popuiation

One year's release
of radioactivity
at a constant rate

Cumulative collective dose delivered
over time resuiting from intake curve

As rate of intake declines, cumulative
collective dose curve levels off,

Environmental
dose
commitment

When intake rate

reaches zero, 3
environmental dose
commitment has '

been delivered.

Movement of released radioactivity
through the environment, with transit
times that depend on radicnuclides
and pathways

Figure 3-2. Environmental dose commitment

ronmental Report for 1989, dose caleulations will be
compared to limits given in Table 3-3 {facing page).

Publications DOE/EH-0076¢, “External Dose-Rate
Conversion Factors for Caleulation of Dose to the
Public” and DOE/EH-0071, "Internal Dose Conver-
sion Factors for Calenlation of Dose to the Publie,”
provide dose rate and dose conversion factors for
internal and external environmental radiation.

EPA drinking water standards that apply at down-
river water treatment planis are based on an annual

whole body dose (effective dose equivalent) of 4 mrem
{0.04 mSv) from the consumption of 2 L of water per
day [EPA75] The SRS dose estimates, based on this
criteria, can be compared with the EPA dose stan-
dard.

SRS Doses

In this report, offsite doses from SRS releases of
radioactive materials (atmospheric and liquid) are
given for several scenarios for all affected individuals
and population groups.
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» The maximum radiation commiited dose is
given for a hypothetical individual living at
the site boundary in the section of highest
airborne exposure from SRS atmospheric
emissions. This individual eatsa maximum
amount of meat, milk, and vegetables.

» The averageindividual's committed effective
dose equivalent from SRS atmospheric
emissions is provided for the average indi-
vidual at the site boundary. The dose is based
on average consumption and exposure rates.

[ The collective committed dose from SRS
atmospheric releases is provided for persons
living within 50 miles (80 km)of the center of
the site. The dose is based on the individual
doses within thig 50-mile radius.

= The average, maximum, and collective
effective committed doses are provided
for individuals and population groups down
river from SRS. These doses are based
on water and fish consumption and from
recreational activities on the river.

Since ICRP 30-based dose factors are currently avail-
able only for adults, collective doses are caleulated as
if the entire population consists of adults.

Doses are calculated for the population within the
50-mile (80 km) radius of the SRS (555,100 persons),
the population served by the Cherokee Hill Water
Treatment Plant at Port Wentworth, GA, nearSavan-
nah, GA {20,000 persons), and the population served
by the Beaufort-Jasper Water Treatment Plant near
Beaufort, SC (51,000 persons).

The individual and collective committed dose for
1989 SRS releases, calculated by the methods de-
scribed in this chapter, are compared with the aver-
age annual committed dose from natural and medi-
cal sources,

These comparisons are provided in Table ES-1in the
Executive Summary. A discussion of radiation from
natural and medical sources is provided in the
“Perspectives on Environmental Contaminants and
Risk” section located in Part I—Environmental
Menitoring Perspectives—of this report.

Table 3-3. DOE Revised Interim Radiation Dose Limits®

All Pathways. The effective dose equivalent for any member of the public from all routine DOE opera-
tions® {excluding natural background and medical exposures) shall not exceed the values given below:

Effective dose equivalent®

mrem/year mSv/iyear
Annual exposure 100 1
Occagional annual expesure? 500 5

No individual organ shall receive a committed dose equivalent of 5 rem/year (50 mSv/year) or greater,
Air Pathway Only (Limits of 40 CFR 61, Subpart H)

Dose equivalent

mrem/year mSviyear
Wheole body dose 25 0.25
{effective dose equivalent)
Any organ 75 0.75

* DOE established new Radiation Dese Limits in DOE Order 5400.5, which was promulgated February 8, 1890 and
supersedes DOE Order 5480.1A. For the SRS Environmental Report for 1989, the limits given in thix table were
in effect during 1989 and will be referenced throughout the report.

" “Routine DOE operations” means normal planned operations and does not include nenroutine releases.

¢ Effective dose equivalent is expressed in rem (or mrem) and the corresponding value of Sv (or mS8v).

¢ A subsidiary limit of effective dose equivalent in a year. A dose higher than 100 mrem but not higher than 500
mrem may ceeur, provided that the dose avernged over a lifetime does not exceed the principal limit of 100 mrem.
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RELATIVE EFFECTS OF DIFFERENT
CHEMICAL FORMS OF TRITIUM IN
THE ATMOSPHERE

The dosimetry and environmental behavior of trit-
ium are discussed in this section because of the
prominence of tritium in SRS releases. Tritium regu-
larly accounts for a larger fraction of the offsite
collective dose than all other radionuclides released
from SRS. In 1989 atmospherie tritium scecounted for
approximately 75% of site perimeter dose from at-
mosphericreleases. Liguid effluent tritium accounted
for approximately 90% of the doses received from the
public water supplies at Port Wentworth and
Beaufort-Jasper,

Atmospheric tritium releases from SRS operations
are primarily in twe chemical forms: tritium oxide,
which is water vapor (HTO and T,0), and elemental
tritium, which is a gas (HT and T,). Because human
intake and metabolism for exposure to tritium in air
differ by four orders of magnitude for the oxide-and
the elemental forms and since the oxide and elemen-
tal form of tritium behave differently in the environ-
ment, atmospheric tritium releases are identified by
chemical form, Doses from each form are then calcu-
lated separately.

The different ways in which tritiam is biologically
assimilated by the body are considered in the dose
calculations. Tritium oxide is readily absorbed by the
body when tritiated water vapor is inhaled or when
tritium oxide is ingested with drinking water or with
food. To account for this efficient uptake of tritium
oxide, the doses for tritium oxide are calculated from
a model that assumes 100% of the ingested orinhaled
tritium oxide is instantaneously absorbed into the
body fluids. A third mode of intake is also important
for tritium oxide: an individual exposed to airborne
tritiated water vapor normally absorbs about one-
half as much tritium through the skin as by inhala-
tion {ICRPG9]. The effective dose equivalent factor
corresponding to intake by inhalation has been cal-
culated to account for this uptake of tritium oxide
through the skin. All dose factors for tritium oxide
are based on the assumption that tritium oxide
assimilated by the body is eliminated at the same
rate as body water.

Elemental tritium is not efficiently assimilated by
the human bedy. Of the elemental tritium gas in-
haled, only about 0.004% is converted to the oxide
form and retained as free water INCRP751. The need

for limiting exposure to elemental tritium in air is
governed by the dose to the lung as the airborne gas
passes throagh the organ,

DOSE CALCULATION MODELS

Most of the radioactive materials released from SRS
have such low concentrations that they are not de-
tectable by conventional monitoring procedures when
dispersed in the environment. Therefore, radiation
doses to offsite populations are calculated with
mathematical models. These models use known trans-
port mechanisms for atmospheric and liquid releases
and known major pathways of exposure to man.
Environmental measurements of tritium oxide, re-
leased during routine operations, are used to verify
atmospheric dispersion in the transport models
{Mar84]. Comparisons of annual caleulated and
measured values are presented in Chapter 4.

To caleulate annual offsite doses, SRS uses radiation
transport and dose models that were developed for
the commercial nuclear industry [USNRC77] . The
models are implemented at SRS in the following
computer programs:

B MAXIGASP: calculates maximum and average
doses to offsite individuals from atmospheric
releases.

B POPGASP: calculates collective doses from
atmaspheric releases.

B LADTAP: calculates both maximum and aver-
age doses to offsite individuals and the
population from liquid releases.

MAXIGASP and POPGASP are SRL-modified ver-
sions of the Nuclear Regulatory Commission (NRC)
programs called X0QDOQ and GASPAR. Modifica-
tions were made to incorporate the input of required
physical and biological data specific te¢ SRS. The
program alse allows input for multiple release points,
However, the caleulations in the X0QDOQ and
GASPAR programs were not modified. LADTAP is
an unmodified version of the NRC program of the
same name. (Details on these environmental models
and computer programs are availablein [USNRC77],
[Ec80], and [Si801.)

EPA 40 CFR 61 [EPASS] requires the use of the
CAAC (Clean Air Act Code, formerly AIRDOS-EPA)
computer code to calculate offsite doses from atmos-
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pheric releases from existing and
proposed facilities. The program is
used to demonstrate compliance
with the National Emission Stan-
dards for Hazardous Air Pollutants
(NESHAP). AL SRS, the CAAC dose
estimates are computed to show
NESHAP compliance, but they are
not included among the offsite dose
estimates prepared for this report.

AlR

SRS did not adopt the CAAC-caleu-

lated methodology primarily be-
cause of its conservative approach
to caleulating deses from tritium
oxide in foed. Two major assump-

RADIOACTIVE
MATERIALS

tions result in an overestimate of
doses calculated from tritium oxide
in feod.

The CAAC model assumes that
girborne tritium oxide at a given
loeation is diluted with atmespheric
moisture, and & generic specific
humidity of 8 g H,O/m® air is used
by the code. The code makes no
provision for user input of a specific humidity value
appropriate for the particular site and season. Be-
cause of this parameter value, CAAC doses are sub-
stantial overestimates for the more humid SRS area.
The MAXIGASP and POPGASP codes allow the
input of a specific humidity parameter of 11 g H,0/m?
air, determined by a review of weather records for
Augusta, GA.

The second conservative assumption of the CAAC
methodology is that the water content of foodsreaches
an eqguilibrium with the content of tritium egual to
the tritium content of atmospheric moisture. Using
the CAAC code to caleulate the 1989 maximum
offsite dose from atmospheric releases, a dose of §.54
mrem is computed using a specific humidity parame-
ter of 8 g H,O/m? air. By substituting a specific
humidity parameter of 11 g HO/m*air and still using
theother congervative assumption in the CAAC code,
a dose of (.43 mrem is computed. These computed
doses are appreciably higher than the 0.31 mrem
dose computed using the MAXIGASP code.

Modeling the Dispersion of Atmospheric
Hadioactive Heleases

Radioactive materials released to the atmosphere
arediluted and dispersed within the airmass asthey
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Figure 3-3. Transport of radioactivity to man

through various pathways

are carried by the prevailing wind. While they are
airborne, the radienuclides expose people to intake
by inhalation and—in the case of gamma-emitting
radionuclides and other penetrating radiations—to
external radiation. The radionuclides are gradually
removed from the air by radicactive decay and by
processes that deposit them on the ground, where
some radionuclides may continue to be sources of
external radiation. The deposited radionuclides
subsequently move through varicus pathways to
man. A simplified representation of the more impor-
tantiransport pathwaysisgiven in Figure 3-3{above).

Atmospherictransport models simulate the airhborne
movement, radioactive decay, and deposition of the
radionuclides to predict concentrations in the air
near ground level and concentrations on the ground
surface at specified downwind locations. These con-
centrations are used to estimate radiation doses to
individuals at those lacations, and for some applica-
tions, they are used to predict depesitions on foed
crops, pastures, and agricultural soil. Figure 3-4
indicates the conceptual basis of the types of models
used to estimate movement of airborne radioactivity.

Meteorological Database
The atmospheric transport of radioactive materials
from SRS is calculated based on meteorological ob-
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Models of the dispersion of airborme
radinactivity are usually of the

Gaussian puif or

Gausslan plume type.

Puff models ganerally represent releases
of relatively short duration. Plume models
are more appropriate for averaging a
release over a longer period.

Both typas of model account for the
downwind movernant and vertical and
horizontal dispersion of the released
radicactivity,

The modsls incorparate radioactive decay,
and they usually account for wet and dry
deposition processes that deplete the puff
oF plume over time and leave some of the
radicactivity on the ground surface,

Transport Moedels of Alrborne Radioactivity

HIANS

Gausslan plume model with deposition.

Model predicts
radicactivity
concentrations
on the ground
and in the air

T z {vartical}

of plume or puff

Vertical cross-section

Gaussian (normai) distributions

Near the point

of releass, the

soncantration

is high near Farther downwind

the canterling the distribution of

and falls off rapidly concentration

wward the edges  sproads from the
canterline

of radioactivity concantrations
in the vertical and crosswind
directions

y (crosswind)

Figure 3-4. Atmospheric transport models are used to calculate releases of radicactivity

servations. Instrumenis mounted on nine onsite
meteorological towers and a 1,200-ft television trans-
mitting tower located 30km (18.8 miles) northwest of
the geometric center of SRS continuously monitor
wind and temperature conditions.

For the dose estimates given in this report, caleula-
tions of atmospheric transport and deposition are
based on meteorological measurements made over a
five-year period (1982-1986), These measurements
were collected from the meteorological tower located
near the center of the SRS (H-Area Separations)and
are presented in Table 3-2, Vol. I1.

Freguency tables of wind speed and wind direction by
atmespheric stability category for SRS (Table 3-2,
Vol. II} were prepared using the meteorological
measurements. Such meteorological frequency tables
are used asinput for an atmospheric transport model.
This model accounts for the motion of the wind, the

vertical and horizontal dispersion of the released
radionuclides within the moving air mass, and the
removal of the radionuclides from the air by deposi-
tion and radioactive decay. The atmospheric trans-
port model caleulates an estimate of the radionuclide
concentration in air per unit release rate {sometimes
called “chi over Q") at preseribed ground-level posi-
tions near the point of release. Radionuclide deposi-
tion on the ground is alsoc estimated,

These atmospheric transport models are based on
methods widely used in the nuclear industry
fUSNRCT73]. The versions used for assessing routine
releases from SRS are implemented in the computer
program X0QDOQ [Sag?7]. Measured annual aver-
age concentrations of tritium oxide in the atmos-
phere and in other environmental media are com-
pared with concentrations calculated with XOQDOQ
[Mar84]. The comparisons are published annuallyin
this report (Chapter 4, Vol. I
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Dose Calculations for Atmospheric Releases
Offsite individual and collective committed dose from
atmospheric releases of radioactivity are calculated
by using the MAXIGASP and POPGASP programs.
These programs use the following data to calculate
doses:

[ ] measured and caleulated annual radioactive
releages
E average annual radioactive concentrations

and deposition factors
-] population distribution

E production data for vegetables, erops,
milk, and mest

Intakes of radioactivity by individuals and popula-
tions are based on population distribution, and adult
inhalation and consumption rates for food and water
are given in Tables 3-1, 3-2, 3-3, and 3-4,Vol. IL.

Radioactive intakes by offsite populations are con-
verted to committed dose using the DOE internal ef-
fective dose equivalent factors. These ef-
fective dose equivalent factors, deseribed
previously, provide estimates of a 50-year
committed dose for intake of a unit quan-
tity of radioactivity.

The term environmental dose commit-
ment, as explained previously, refers to
collective {population) dose which is eal-
culated to account for the continued con-
tribution of internal and external radia-
tion dose to the population near SRS. This
doseis caleulated exclusively as the result
of radioactivity in the environment due to
SRS operations. The calculated collective
doses in this report include an estimate of
environmental dose commitment for a
100-year period following the release of
radicactivity,

During nonroutine releases of radioactiv-
ity from SRS, atmospheric transport
models available on the Weather INfor-
mation and Display (WIND) System are
used to calculate offsite doses in real-
time. The WIND System transport mod-
els use real-time observed meteorological
data from the onsite meteorological net-

Weather INformation and Display (WIND) System

work and forecast data from the National Weather
Service to predict the transport of a radioactive puff
or plume through the atmosphere. The models use
the DOE 50-year committed effective dose equiva-
lent factors based on ICRP Publication 30 [ICRP79]
combined with the breathing rate of an active adult
to calculate internal dose estimates.

The primary WIND System atmospheric transport
model, Puff/Plume (PF/PL} is 2 Gaussian PF/PL
model that assumes the ambient concentrations of
the material released form a Gaussian (normal) dis-
tribution about a centerline as the material is dis-
persed throughout the atmosphere. The PF/PL model
transports the release along a series of downwind
straight-line segments determined from hourly aver-
aged observed and forecasted wind data.

A second model, called Reactor Accident Program,
couples an atmospheric transport model based on
PF/PL with calculations of radionuclide releases
following a reactor accident to estimate the external
dose from the gamma-emitting radionuclides and
the committed thyroid dose to adults and children
from radicactive iodines,
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Modeling the Dilution and Transport of
Liguid Radicactive Releases

Radicactive materials released to SRS streams flow
to the Savannah River. Although many of the radi-
onuclides are measurable at the point of release, they
fall below minimum detectable concentrations after
dilution with river water. Only tritiam oxide and
trace amounts of *Sr and ¥ Cs are routinely detected
it the river. Therefore, it is necessary to employ a
mathematical model to account for the offsite doses
from all SRS releases to the streams.

Radioactive materials released into streams are
dispersed and diluted in the water and transported
by the current. They are deposited into sand and
sediments on the bottom of the stream, and they

DIREGT RADIATION

enter the aquatic food chain as they are taken up
directly from the water or from the sediments by
aquatic plants and animals. Radioactivity in drink-
ing water taken from the streams exposes people
directly. Stream water used for irrigation or for
watering animals may introduce radionuclides into
food crops and animal products that people ulti-
mately consume. A simplified representation of the
more important transport pathways of radicactive
materials in surface water or groundwater is shown
below in Figure 3-5 [ICRP85].

Mathematical models of aquatic radionuclide trans-
port quantify these pathways and estimate concen-
trations of radivactivity in food and drinking water
by simulating the movement of the released radioac-
tivity through the water, its transfer to aguatic
organisms, and its uptake by ter-
restrial crops and agricultural

RADIOACTIVE]
MATERIALS

RQUATIC

animals.

¥

Before 1987, dose calculationsfor

PLANTS

FISHING
AND SPORTS ]
GEAR

the irrigation water pathway
were not included because there

SO ‘
SAND AKD - I)

was no known use of river water
for irrigation downriver from

SEDIENTS N

SUHFACE OR
GROUND
WATER

i AQUATIC

L/ DIRECT RATMATION

SRS. However, since irrigation
along the river by a small farm-
ing operation is a possibility, po-
tential doses from this pathway
were calculated for 1989,

MAN

ANIMALS

IRRIGATION

RADIOACTIVE Bl WATER

MATERIALS

LAND

Flow-Rate Data

Dilution of radioactive materials
in the river is based on continu-
Ous ﬂowrate measurements made
at. SRS by the United States Geo-
logical Survey (USGS). The aver-
age river flow rate in 1989 was

PLANTS

&

LAND

7,832 ft*/sec, which is 52% higher
than the average 1988 flow rate
of 5,151 fi¥sec. The flow rale
variesannually, depending onthe
amount of rainfall in the river
watershed area and the guantity
of water released by Thurmond
Lake Dam (formerly Clark Hill
Dam).

®1 ANIMALS

INGESTION

Dosge Calculations for Liquid
Releases

Figure 3-5. Transport of radioactivity released to groundwater
or surface waters to man through various pathways

Caleulation of offsite individual
and ecollective committed doses
from liquid releases of radioac-
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tivity at SRS are provided by the LADTAP program. = sports and commercial fish harvests data
The following data are used by the LADTAP program

to calculate doses [Tu83; Tu83b]: ] community water consumption data

»n annual measured and calculated releases of w recreational use of the river data

radicactivity to the river

The data used in these calculations, as well as human

| average river flow rates consumption rates for water and fish, are shown in

Tables 3-1, 3-2, 3-3, and 3-5, Vol, 11,

" population data

M
HIGHLIGHTS

The Clean Air Act Code (CAAQC), formerly AIRDOS-EPA, is used to demonstrate ecompliance
with the National Emission Standards for Hazardous Ajr Pollutants (NESHAP).

Internal dose factors for adults, which are the only internal dose factors available that incor-
porate the new ICRP methodology, are used for caleulating doses for all agegroups. Adultintake
rates of food and water are also used in the dose calculations.

Tritium accounts for a major fraction of the offsite collective dose. In 1989, atmospheric tritium
accounted for about 75% of site perimeter dose from atmospheric releases, while Hquid effluent
tritium accounted for about 90% of the dose received from the public water supplies.

Instrumentation on nine onsite meteorological towers and a 1,200-ft, television transmitting
tower located 30 km northwest of SRS continuously monitor meteorological conditions,

Continuous flow-rate measurements are made on the Savannah River by the United States
Geological Survey (USGS). The average river flow rate in 1989 was 7,832 ft¥sec and 52% higher
than the average 1988 flow rate of 5,151 ft¥/sec.
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.| Air Monitoring Program

SUMMARY--This chapter describes the air monitoring program for radiological and
nonradiclogical constituents released to the atmosphere from SRS facilities during normal
operations. Levels of radioactive materials in the air are measured at five monitoring stations
onsite, 14 monitoring stations around the site perimeter, 12 stations at 25 miles from the
center of the site, and others located 100 miles from the site.

Gross alpha, nonvolatile beta, plutonium, gamma-emitting radionuclides, and tritium are
measured by analyzing filter papers, charcoal filters, and tritium absorbers. Ambient gamma
radiation levels at and around SRS are continuously measured at 454 locations using TLDs.
Tritium is the only monitored radionuclide of SRS origin that is routinely detected in offsite
air. A committed dose of 0.11 mrem (0.0011 mSv) from atmospheric releases was calculated
for the average individual living at the SRS perimeter during 1989, This dose is 0.44% of the
NESHAP standard of 25 mrem/year whole body dose.

In the nonradiological monitoring program, five stations around the site continuously
monitor air quality and atmospheric emissions from the SRS coal-fired power plants and
other process stacks. Emissions of sulfur dioxide, oxides of nitrogen and total particulate

matter less than 10 microns were within applicable SCDHEC standards in 1989,

INTRODUCTION

A primary pathway of receiving dose from radiation
results from radionuclides in the air, These radionu-
clides may be present naturally or they may be
present as a result of atmospheric emissions of radi-
enuclides. For this reason, SRS maintains an exten-
sive network of air monitoring stations to determine
the concentrations of radicactive materials in the air
from atmospheric releases as well as from environ-
mental gamma radiation,

In addition to monitoring radicactivity in air, SRS
monitors nonradicactive emissions and ambient air
guality to ensure that all emissions (radioactive and
nonradioactive) are within applicable standards.

RADIOLOGICAL MONITORING PROGRAM
Radioactivity in Air
Description of Monitoring Program

Concentrations of radioactive materials in the air are
measured at five monitoring stations on the site, 14

monitoring stations at the site perimeter, and 12 sta-
tions at distances ofapproximately 25 miles from the
center of the site (called 25-mile-radius stations).
The site perimeter stations and the 25-mile-radius
stations are strategically located to permit continu-
ous sampling within each 30° sector around SRS.

The locations of the monitoring stations were se-
lected to optimize the probability of detecting any
routine or nonroutine release of airborne radioactiv-
ity from the SRS regardless of wind direction. The
locations of the air monitoring stations are shown in
Figure 4-1 on the following page.

Additional air monitoring stations are located in
Savannah and Macon, GA, and in Columbia and
Greenville, SC (100-mile-radius stations). These
locations are so distant from SRS that the contribu-
tionsfrom SRS atmosphericreleases to measured air
concentrations arenegligible (see Figure4-1, Vol. IT).
These stations serve as reference points for deter-
miningbackground radioactivity concentrations from
natural sourees and from worldwide fallout,
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conditions of continuous
exposure for one year, The
dose received may be due
to inhalation of the radi-
onuclide, absorption
through the skin, and ex.
fernal exposure from the
radionuclide in the sur
rounding environment.
The DUGs for radionuchdes
releasedio the atmosphere
from SRS opevations are
iisted in Table 4.1 {right},

The DOE draft Order
5400.xx also includes the
Envivenmental Protection
Ageney’s (EPA} Nallonal
Emission Standards for
Hazardous Alr Pollutanis
(NESHAD, "Siandardsfor
Radionuchdes” 40 0FR 81
sabpart Hi, which apply to
federal facilitise, The
NESHAP standards sinte
that air emissions of radie
onuclides shall not resul
ira whole body dose greater
than 25 mremivear to any
member of the public,

Casite MonHor Statiun

Figure 4-1. Continuous air monitoring stations

At the monitoring stations airborne radioactive
materials are measured by drawing air samples
throogh the appropriate sir medis—filter paper,
charcoal filters, and tritium absorbers. The filter
papers and chareoal fillers are collected and replaced
weekly: the tritium ahsorbers are changed every two
weeks, The colleetion media are then analyzed for
radionuclide content. Acomplete disenssion of sample
cotlection and analytical procedures is found in
Chapter 1 of this report,

Applicable Standards

Concenlration Hmits for radionuclides in air, called
Berived Concentration Guides, (DCCs), are given in
DOE draft Order 540000 [DOESS], These guides are
based on recommendstions in the International
Commission on Radielogiea! Protection Publications
26 and 3¢ ICRPYT ICRPTSL

The DOG for 3 radionuctide iz defined as the air
sncentration of that radionuclide that is caleulated
to result in o committed dose of 100 mrem under

Monltoring Besults

Atmospheric monitoring resulis are presented in
Table 4-1, Vol. IL Tritium was the only radionuclide
of site origin that was routinely detected in offsite alr.
The concentrations of all particulate radionctivity
and trittam were only small percentages of the DOCs
for air,

Gross Alpha and Nonvelatile Beta

Determinations of gross alpha and beta-gamma
radioactivity measure the total concentration of all
alpha-emitting and beta-gamma-emitting radionu-
elides in the sample. Small amounts of particulate
alpha and beta-gamma radiosctivity are released to
the atmosphere from SRS, primarily from P and B-
Aren facilities. However, the coniributions, in the
area surrounding SRS, are generally obscured by
contributions from worldwide fallout. Average gross
alpha and nonvelatile beta concentrations measured
on SRS during 1989 were essentially the same as the
average concentration measured offsite. These aver-
age concentrations are shown in Table 4-2 (right).
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Table 4-1

DOE Derived Concentration Guides for Air (pCi/m3)
H-3 100,000 Nb-95
C-14 6,000 Ru-103
Co-58 2,000 Ru-106
Co-60 80 1-129
Kr-856m 100,000 I-131
Kx-85 3,000,000 Xe-131m
Kr-87 20,000 Xe-133
Kr-88 9,000 Cs-134
Sr-89 300 Xe-135
Sr-80 9 Cs-137

*Values of DCGs are from the DOE draft Order 5400.xx. In cases where different chemical
forms have different DCGs, the lowest DCG for the radionuclide has been listed. These DCQs are
defined as the air concentration of that radionuclide that will give a 50-year committed dose of 100
mrem under conditions of eontinuous exposure for one year.

3,000 Ce-141 1,000
2,000 Ce-144 30

30 U-235 0.1
70 U-238 0.1
400 Pu-238 0.03
2,000,000 Pu-239 0.02
500,000 Am-241 0.02
200 Cm-242 0.7
80,000 Am-243 0.02
400 Cm-244 0.04

The maximum onsite gross alpha concentration of
6.3 fCi/m*® was detected in an air sample from F Area,
while the maximum onsite nonvolatile beta concen-
tration of 89 fCi/m® was detected in an air sample
from the Burial Ground South sampling location.

Figure 4-2 (following page) indicates the historieal
influence of fallout from weapons tests on particulate
nonvolatile beta activity in air. Elevated nonvolatile
beta concentrations were observed at all locations
following atmospheric testing of nuclear weapons.
The increased concentrations in May through July
1986 reflect increased beta-gamma activity in the air
ag a result of the Chernobyl incident.

In general, some increase in nonvolatile beta activity
in air also occurs at all locations in the spring as a
result of the mixing of the stratosphere with the
tropesphere. This mixing moves additional quanti-
ties of radicactivity from the stratosphere to the
iroposphere, closer to the earth’s surface. Depending
on prevailing meteorological conditions, this phe-
nomenon usually occurs between January and June.

Table 4-2
Average Activity Concentration (fCi/m?)"

Location Alpha Beta
Onsite 14 18
Site perimeter 1.1 17
25-mile radius 1.1 17
100-mile radius 1.6 17

*1,000 fCi/m?® = 1 pCi/m?®

Plutonium

Average concentrations of ®*Puin air for 1989, for the
four groups of monitoring locations are givenin Table
4-3 (below). Concentrations measured at the site pe-
rimeter and offiste locations reflect background con-
centrations. Higher values of plutonium were de-

Table 4-3
Average Plutonium Concentrations in the
Vicinity of SRS (aCi/m?®)*

Location Pn-238 Pu-239>}
Onsite 46 12

Site perimeter 5.0 21
25-mile radius 5.0 1.8
100-mile radius 3.0 18

* 1,000,000 aCi/m® = 1 pCi/m?
*DOE DCG for #*Py in air is 20,000 aCi/m® and
30,000 aCi/m?® for #*Pu

tected at the onsite monitoring stations near F and H
Areas and the Radioactive Waste Burial Ground.

Plutonium-239 concentrations onsite ranged from
less than 20 aCi/m?® to 100 aCi/m®. This maximum
concentration, measured at the F-Area monitoring
station, was attributed to startup of a special pluto-
nium process in F Area.

Onsite concentrations of ®*Pu ranged from 1.¢ aCi/
m?in 3/700 Area to 679 aCi/m?in F Area, Concentra-
tions of **Pu averaged 46 aCi/m®at onsite monitor-
ing locations. Concentrations of »**Pu at the site
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Figure 4-2, Average nonvolatile beta in air, 19751989

perimeter, 25-mile radius, and 100-mile
radius did not differ significantly from
one another, as shown in Table 4-3.

The observed ratic of abundance of Py
to #%Pu in all samples from the three
sampling locations indicates that the
plutonium was not completely isolated
fromother alpha-emitting radionuclides
during sample preparation. For this
reason, these data should be considered
useful as an upper limit of 2*Pu. The
value of this data is largely qualitative
and should not be interpreted quantita-
tively.

The major gamma-emitiing radionu-
clide routinely detected in air was "Be, a
naturally occurring radionuclide formed
by the interaction of cosmic rays with
oxygen and nitrogen in the upper at-
mosphere. In 1989, maximum concen-
trations of naturally occurring "Be
ranged from 119 to 9,820 fCi/m3,

Tritium

The average concentrations of tritium
in air measured in 1989, for the four
groups of moniteringlocations, are given
in Table 4-4 {above right). The average
concentrations showed a decreasing
trend with distance from the site.

Onsite tritium concentrations in air
ranged from 5.6 to 4,360 pCim3. The
maximum value, detected at the H-
Area station, was 4.4% of the DOEDCG
for tritium in air {100,000 pCi/m?). The
1589 average onsite concentration was
22% less than the 1988 average tritium
concentration of 840 pCifm®.

1989 Atmospheric Releases and
Site-Perimeter Concenfrations
Radioactivity released to the atmos-
phere from SRS facilities during nor-
mal operations is monitored at the ef-
fluent release points. The monitoring
results are used to calculate the total
guantities of radionculides released
from SRS. The 1989 calculated atmos-
pheric releases are shown in Table 4-5

(right).
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Table 4-4
Average Tritium Concentrations in
the SRS Vicinity

Tritium-1989 Tritium-1988

Location {(pCi/m?) (pCi/m?)
Onsite 643 840 .
Site perimeter 37 54
25-mile radius 14 17
100-mile radius 9 12

Average concentrations of radionuclides in air at the
site boundary are calculated from the atmospheric
release quantities. These calculations use computer
codes to implement standard meteorological disper-
sion equations [USNRC73]. The calculated average
concentrations at the site perimeter are shown in
Table 4-5.

Since tritium is the only monitored radionuclide of
SRS origin that is routinely detected in offsite air,
measured tritium concentra-

Offsite Radiation Doses from

Atmospheric Releases

Offsite radiation committed doses from atmospherie
releases during 1989 were calculated for individuals
nearest the site and for the population within 50
miles (80km) from the center of the site. Meteorologi-
cal data covering five-year periods areupdated about
every five years and are used in caleulating offsite ra-
diation doses. This collection of data has not been up-
dated since 1986; therefore, meteorological data from
1982 through 1986 were used to perform 1989 dose
calculations. These calculations utilized computer
codes to implement models of the various pathways
of exposure. Chapter 3 contains descriptions of the
models and codes.

Table 4-6 on the following page presents the caleu-
lated dose by pathway and by radionuclide to a
hypothetical individual located at the site perimeter
at the points of maximum exposure. With an as-
sumed average dietary intake, the dose to this indi-

1989 Radioactive Atmospheric Releases and Calculated
Concentrations of Radionuclides

tions can be used to confirm Table 4-5

the calculated site perime-

ter concentrations. The av-

erage concentration of trit-

jum measured at the site

perimeter monitoring sta-

tions, 37 pCi/m3,is 43% lower Nuclides

than the 65 pCi/m® calcu- .
iated value shown in Table G}?S?? ?oz:(r;ge\)fapors.
4-5. It appears thatthecalcu- H-3 (elemental)
lated concentrationsfor 1989 H-3 (total)

are a reasonably conserva- C-14

tive estimation of the offsite Kr-85

effect from releases of radio- 1-129

active materials, I-131

Tt is noted that noble gases Ps;tégugﬁe S
gre not routinely monitored Zr-95’

at. ambient air stations be- Nb-95

cause of sampling and analy- Ru-103

sis complexity. However, the Ru-106

dose from release of noble C:: 134

gases, which is determined 05:137

from calculated release Ce-141
quantities and from stan- Co-144

dard dose calculation mod- U-235. 238

els, was small {<1%) in 1989 Pu~23é
compared to atmospheric Pu-239

dose from tritium (81%), as Am.241.243
shown in Figure 4-2 located Cm-242 2; 4

in Volume I1. '

Curies Released Calculated Avg. Cone.
Emission Source Site Perimeter (pCi/m®)

2.18E+05 6.5E+01
9.16E+04 2.TE+01
3.09E+05 9.2F+01
1.80E+01 5.4E-03
4. 17E+04 1.2E+01
5.19E-02 1.4E-05
3.64E-04 3.8E-07
1.14E-03 3.1E-(7
5.80E-05 1.6E-08
1.28E-04 3.4E-08
7.00E-06 1.9E-09
3.26E-03 8.8E-07
9.20E-05 2.5E-08
9.56E-04 2.6E-07
1.00E-06 2.7E-10
7.62E-04 2.1E-07
5.05E-03 1.2E-09
B.61E-04 2.3E-07
1.30E-03 3.7E-07
2.01E-04 5.4E-08
2.80E-05 7.5E-09
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Maximum Individual Doses at the Site Perimeter from Atmospheric Releases

Doge, mrem® % of Total Doge Dose, mrem® % of Total Dose

Table 4-6
By Pathway

Maximum Individual
Pathway
Plume 1.63E-04 0.09
Ground 2.06E-04 0.11
Inhalation 9.05E-02 49.41
Vegetation 5.97E-02 32.59
Milk 1.61E.02 8.79
Meat 1.65E-02 9.01
Total 1.83E-01
By Radionuclide

Maximum Individual

Radi lid
Gases and Vapors:
H.3 1.50E-01 81.95
C-14 4.97E-03 2.72
Ar-41 0.00E+00 0.00
Kr Xe isotopes 1.63E-04 0.09
I-129 2.07E-02 11.31
I-131 7T.79E-07 0.00
Particulates:
Sr-90 4, 18E-05 0.02
Ru-106 1.72E-04 0.09
Cs-134, 137 4 50E-05 0.02
U-235, 238 2.50E-07 0.00
Pu-238 2.17E-03 1.19
Pu-239 4,14E-03 2.26
Am-241,243 5.83E-04 0.32
Cm-242,244 4.19E-05 6.02
Total 1.83E-01
* Committed effective dose equivalent.

Maximum Individual

Dose, mrem® % of Total Dose Dose, mrem* % of Total Dose

1.63E-04 0.05
2.06E-04 0.07
9.05E-02 28.78
1.59E-01 50.56
4.55E-02 14.47
1.91E-02 6.07
3.14E-01

Maximum Individual

2.39E-01 76.05
1.05E-02 3.34
0.00E+00 0.00
1.63E-04 0.05
5.33E-02 16.96
1.74E-06 0.00
1.01E-04 0.03
2.19E-04 0.07
7.32E-05 0.02
2.86E-07 0.60
3.39E-03 1.08
6.53E-03 2.08
9.22E-04 0.29
6.60E-05 0.02
3.14E-01

vidual is 0.18 mrem (0.0018 mSv), If maximum
intake of all types of food (milk, meat, and vege-
tables) is assumed, the dose is 0.31 mrem ( 0.0031
mSv) or 1.2% of the NESHAP standard of 25 mrem/
year whole body dose to any member of the public.

Table 4-7 (right) shows the calculated committed
dose to the average individual at the site perimeter
by pathway. These doses, based on the 1989 atmos-

pheric releases, were calculated for persons with
normal living habits residing at 320 locations equi-
distantly spaced along the site perimeter. These
committed doses were then averaged over the 320
locations to give the values in Table 4.7,

The major pathways contributing toindividual doses
from atmospheric releases are from inhalation and
consumption of vegetation. A committed dose 0of0.11
mrem ( 0.0011 mSv) was calculated for the average
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individual at the site perimeter assum-
ing average dietary intake. This dose is
0.44% of the NESHAP standard of 25
mrem/year whole body dose.

Comparisons of the committed doses for
the maximum and average individuals to
applicable standards and natural sources
of radiation are summarized in Table 4-8

(right).
Collective Doge

Doses were also calculated for individu-
als residing within 50 miles (80 km) of
SRS, These individual doses were then

Table 4-8

Doses from SRS Atmospheric Releases Compared
with Applicable Standards/Natural Radiation

-0.11 mrem

0.31 mrem

*in mrem

Committed Dose
Avg. Individual

Max. Individual

Standards* % of Standard
25 (NESHAP) .44
100 (DOE) 0.11
295 (Natural) 0.03
25 (NESHAP) 1.2
100 (DOE) 0.31
295 (Natural) 0.11

Table 4.7
Average Individual Dose at the Site
Perimeter from Atmospheric Releases
By Pathway
Average Individual
Dose. mrem® % of Total Dose
Plume 9.72E-05 0.09
Ground 1.24E-04 .12
Inhalation 5.21E-02 49.07
Vegetation 3.49E-02 32.87
Mitk 9.39E-03 8.84
Meat 9.57E-03 9.01
Total 1.06E-01
By Radionuclide
Average Individual
. %.of Total Dose
Gases and Vapors: '
H-3 8.65E-02 81.47
C-14 2.96E-03 2.79
Ar41 0.00E+00 0.00
Kr, Xe isotopes 9.72E-05 0.09
I-129 1.25E-02 1177
1-131 3.94E-08 0.00
Particulates:
Sr-90 2.51E-05 0.02
Ru-106 1.03E-04 0.10
Cs-134, 137 2.70E-05 0.03
11.235, 238 1.35E-06 0.00
Pu-238 1.30E-03 1.22
Pu-239 2.28E-03 2.15
Am-241, 243 3.49E-04 0.33
Cm-242, 244 2.51E-05 0.02
Total 1.06E-01
* Committed effective dose equivalent

summed to obtain the collective doses shown in
Table 4-2, Volume II. The collective dose for the
population of 555,100 individuals residing within
50 miles of the site in 1989 was 17 person-rem
(0.17 person-8v). This dose is 0.01% of the dose of
approximately 160,000 person-rem received an-
nually by this same population from natural
sources of radiation.

Environmental Gamma Radiation

Description of Program

Ambient gamma radiation levels at and around
SRS are continuously measured at 454 locations
with Panasonic thermoluminescent dosimeters
(TLDs). The TLDs provide a quick and reliable
method to determine external gamma radiation
doses to population groups within an 8,000-
square-mile area of SRS in the event of an un-
planned release of radioactivity.

The TLD monitoring stationsinclude onsite loca-
tions, site-perimeter stations, 25-mile-radius lo-
cations, 100-mile-radius stations, South Caro-
lina cities and towns and Georgia cities and
towns. The number of stations and their loca-
tions are shown in the following table:

Onsite . 117
Site Perimeter 183
SC Cities and Towns g2
GA Cities and Towns 52

Half of the locations in South Carolina and
Georgia are inside buildings, with the other half
outdoors. The TLDs at the remaining locations
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are also outdoors. Two TLDs are placed at each
indoor locaticn, and five TLDs are placed at each
outdoor location. The TLDs are collected for analysis,
and replaced, every three months. Control sets of
TLDs also accompany the field TLDs to evaluate sys-
tematic or transport errors. Monitoring locations are
shown in Figure 4-3 (below) and in Figure 4-2, Vol II.

Program Changes in 1989

TLD measurements for the 100-mile-radius loca-
tions are reported differently in 1989 than in previ-
ous years. Table 4-2 in Volume I presents the moni-
toring results from two monitoring stations at each
100-mile-radius location. Previous years, data from
both stations were averaged to provide one result.

Monitoring Results

Ambient radiation fields vary significantly from one
location to another because of differences in the ter-
restrial and cosmic components of natural back-
ground radiation. An example of such differences iz
different concentrations of the decay products of
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Figure 4-3. TLD badges are placed at locations in Georgia and
South Carolina within the 100-mile radius of SRS

radium and thorium in the soil, which results in
different measured radiation levels.

Table 4-9 {right) compares offsite 1989 TLD results
with offsite TLD results for 1988, Summaries of all
TLD data are presented in Tables 4-3, 4-4, 4-5, 4-6,
and 4-7, Vol. 1L

Onsite measurements were taken at fences around
the various SRS operating facilities. Some of these
onsite radiation levels were above offsite, background
levels. The maximum was 2.2 mR/day (803 mR/year),
measured at a Solid Waste Storage Facility in H Area
that stores high-level radioactive waste.

Expansion of Monitoring Network

In addition to the existing sampling stations, 12 site
perimeter stations are being installed and tested.
These stations will supplement the site’s emergency
response capability by continuously measuring and
periodically reporting gamma radiation levels and
tritium concentrations
from each 30° sector
around SRS. The gamma
monitors are capable of
detecting radiation levels
from 10 uR/hr to 1,000 R/
hr. The tritium ion cham-
bers can detect tritium
concentrations from 1 x
10%pCifm® to 1 x 1072 pCi/
m® The stations are ex-
pected to be completed in
1990,

i 51, Mathews

% Orangeburg

% Blackville

The monitors will be
housed in temperature-
controlled buildings. Each
monitoring station will
transmit dataatleast onee
per day through a U.S.
Geological Survey satellite
telemetry system. Should
an emergency occur, the
monitors will be set to
transmit data at 5 to 10-
minuteintervals. Thedata
will then be transmitted
te the WIND (Weather
INformation and Display)
system and integrated into
the overall emergency
response system.

% Smoaks

3 50-Mite Radius
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Table 4-9
Comparison of 1988 and 1989 TLD Ambient Radiation Measurements
Maximum Minimum Average

TLD Monitoring No. of (mR/yr) (mR/yr) (mR/yr)
Station Locations Locations 1989 1988 1889 1988 1889 1988
Site Perimeter 193 142 124 22 47 51 62
25-mile radius 12 110 102 33 51 62 73
100-mile radius 8 110 131 44 66 77 99
South Carolina

Inside buildings 40 183 201 26 55 112 111

Qutside buildings 40 146 168 37 62 1056 106
Georgia

Inside buildings 22 179 201 37 58 98 117

Qutside buildings 22 142 150 44 68 87 106

NONRADIOLOGICAL MONITORING
PROGRAM

Atmospheric Emissions

Masjor norradiological emissions of concern from
stacks at SRS facilities include sulfur dioxide (SO,),
oxides of nitrogen (NO ), and total particulate matter
less than 10 microns (PM, ). Stacks that have such
emissions at SRS include both powerhouse stacks
and process stacks.

Five coal-fired power plants located at SRS burned a
total of 227,017 tons of coal in 1989. This is lower
than the 373,935 tons of coal burned in 1988. The
location, number of boilers, and capacity of each
boiler for these plants are listed in Table 4-10 (right).

The four D-Area boilers use pulverized coal; all other
boilers are stoker fed. The D-Area boilers also burn
waste oil. The content of the coal delivered to the site
for burning is determined by analyzing for sulfur,
carbon, ash, water, and BTU output.

Six additional onsite process stacks also release
nonradioactive materials, including SO,, NO_, and
PM

16°

Description of Monitoring Program

Each power plant stack is monitored for nonradioac-
tive emissions. Six process stacks are also monitered,
including three 313-M Area stacks, one 321-M Area
stack, and two 291 stacks in F and H Areas.

Compliance with the 80, emissions standard at
power plants is determined by the analysis of coal to
be burned. The determination of expected SO, emis-
sions is made using results of analyses of the coal for
sulfur, carbon, ash, water, and BTU output.

The day-to-day control of PM,, and NO, is main-
tained with opacity meters in all SRS powerhouse
stacks, Air compliance tests are also used to deter-
mine compliance with standards for PM,; and NO,.
These air compliance tests are performed every two
years for each boiler by air emissions specialists
under contract with SRS.

Applicable Standards

Permits issued by the South Carolina Department of
Health and Environmental Control (SCDHEC) regu-
late nonradioactive emissions from SRS stacks. Spe-

cificenvironmental permits are referenced in Appen-
dix B.

Table 4-10
SRS Power Plant Boiler Capacities

No.of Boiler Capacity
Location Boilers 10 BTU/hr
A-Administration Area 2 7.7
D-Powerhouse Area 4 396
H-Separations Area 3 71.7
K-Reactor Area 2 194.5
P-Reactor Area 2 194.5




58

Savannah River Site--Environmental Report for 1989

Table 4-11
Aly Emission Btandards

Sulfur dicxide 3.5 108 BTU
Total suspended partienlates 0.6 BWI0f BTU
NGO Opaeity A0%°

*Applicable for process stacks in existence prior to
Junuary 1, 1986, and powerhouse stacks built before
Febanary 13, 1871, when this standard became
gitective, The standard Is 20% for stacks on Hine after
these dales,

Alr emissions standards are listed in Table 4-11
{abovel. In February 1986, a regulation Hmiting the
spacity of NO_to 20% went into effect, as indicated in
Table 4-11. However, stacks existing before January
1, 1888 and powerhouse stacks built before February
11, 1971 are exempt. These existing stacks are sub-
jsel o g 40% NO, opacity limit, Al 8BS process
stacks, inchuding the four 300-M stacks and the 291
¥ atack, are subjeet to the 40% hmit,

Moniforing Reaulis
Almospheric emissions of 80, NO , and PM_, from
powerpiants st 5R3 were within applicable BCDHEC
standards in 1982, The sulfur
eontent of conl burned at SH8 in
1988 averaped 2.6%, which vielded
an average of 2.0 1h 80/10° BTU
inprek, This is 87% of the South
Caroling standard.

Messurements of opacity meters
indingied thal SHY powerhouse
stacks were within limits for NG
and PM more than $9% of the
time in 1588 AL SRE boilers
suliiect fo the alr compliance tosts
i IBED were within complance

Al stacks med the 40% opacity
reguirement sxeept for the 2919
slack, which orcasionally exceeded
Phe limit, Hework of the deterio-
rating acid absorption columo in
the 381-Fstack reduced the stack
spacity o horderline complinnce.

Anumber of programs, ncluding
an abzorber column control proy-
st are being pursusd Lo snsure
that the spacity & below 40% on

all oceasions, The absorber column project is sched-
uled for completion in October 1989,

Ambient Ar Quality

Deseripfion of Monitoring Program

Five stations around the site continuvously monitor
the guality of air at SRS by measuring PM, , 80,
NO,, and ozone ((,) concentrations. SRS operates
these stationsin accordance with EPA and BCHHED
reguirements, The locations of SRS monitoring sta-
tions and the snalyses performed at each station
during 1989 are shown in Figure 4-4 Gelowl

Sputh Carclina and Geerpla also monitor ambient
alr qualily near SRS as part of the nefwork associ-
ated with the Clean Air Act Amendments of 1870,
Georgia and South Carolina also moniter for lead,
carbon monoxide and gasecus fluorides; however,
SE5 dose not monitor these parameters beeause the
potential release Is insignificani compared to the
standard,

Applicable Standards
A comparison of Georgia and South Carolina air
guality standards is listed in Table 4-12 {right).

Figure 4-4. Ambient air quality monitoring locations on SES
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Monitoring Resulls

Table 4-12 presents the maximum air guality
measurements from SRS ambient air monitor-
ing stations and compares them to Georgia and
South Carolina ambient air guality standards.

The measurementsindicatethat air qualitynear
SRS is within standards set by Georgia, Scuth

Carolina, and EPA. SRS monitoring data are presented
in Table 4-8, Vol. I1. Measurements for 1989 by the South
Carolina and Georgia sampling network from selected lo-
cations in the SRS vicinity are presented in Tables 4-9
and 4-10, Vol. IL.

Table 4-12

SRS Ambient Air Quality Compared to South Carolina
and Georgia Air Quality Standards

South
Air Quality Standard Carolina

Sulfur dioxide (ppb)

3 hour 5000

24 hour 140*

Annual 30
Particulate matter <104 (ug/m?®)

24 hour 150

Annual geometric

mean 50
Ozone (pph)

1 hour 120
Nitrogen dioxide (ppb)

Annual 50

b

*  Compared to the most restrictive standard.
Not to be exceeded more than once a year.

SRS % of
Georgia Maximum Standard®
500 71 14
140 40 29
30 3 10
150 56 37
75 21 42
120 96 BG
50 8 16
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1989 HIGHLIGHTS

The same average gross alpha and nonvolatile beta concentration were measured at the
onsite, site perimeter, 25-mile, and 100-mile-radius sampling locations during 1989.

Ambient radiation levels above background were detected in 1989 at the fences around
operating facilities. The maximum was 2.2 mR/day near a waste facility in H Area.

Onsite tritium oxide concentrations in air ranged from 5.6 to 4,400 pCi/m3, The maximum
value is 4.4% of the DOE Derived Concentration Guide for tritium in air (100,000 pCi/m?).

To supplement the site’s emergency response capability, 12 more site perimeter stations
are being installed and tested for measuring gamma radiation levels and tritium
concentrations at each 30° sector around SRS.

In 1989, five coal-fired power plants at SRS burned 227,017 tons of coal. This is almost,
40% less than that burned in 1988.

All SRS process stacks met the 40% nitrogen oxide opacity requirement in 1989, except for
the 291-F stack, which occasionally exceeded the limit.




- Appendix A:
. | Listing of Environmental
Monitoring Reports

RTS

Reports of the routine environmental monitoring program at SRS have been prepared periodically since
before SRS construction in 1951. The monitoring report numbering system and titles have been changed
several times over the years to reflect the evolving progressin the concepts of environmental monitoring. The
amount of detailed information contained in the reports also varies from time to time, and probably reflects
the relative importance and emphasis given to topics by different authors.

Except for July-December 1953, reports were issued semi-annually from 1951 to 1962, and annually begin-
ning in 1963. Attempts to find a report for July-December 1953 have been unsuccessful. The onsite report
was discontinued in 1985 when the onsite and offsite reports were merged into a single publication.

Some of the monitoring reports originally contained secret information, primarily radioactive release values
that could be related to production rates. The secret information in these reports was deleted in the mid-
1970s, and a deleted version (DEL) of the report was issued.

Listed below are onsite environmental reports since 1951.

Number Period Title

DP27 Jun 1951-Jan 1853  Natural Radioactivity Content of the Savannah
River Plant

DPSPU 54-11-12 Jan-Jul 1953 Works Technical Department Data Record,
Health Physics Site Survey Data

No report Jul-Dec 1953

DP9z Jan—dJul 1954 Radioactivity in the Environment of the
Savannah River Plant

DPSP 55-25.34 Jul-Dec 1854 Semi-Annual Progress Report-Regional

DPSP 56-25-13 Jan—Jun 1955 Semi-Annual Progress Report-Regional

DPSP 56-25-54 (DEL) Jul-Dec 1955 Health Physics Regional Monitoring

DPSP 56-25-4 (DEL) Jan-Jun 1956

DPSP 57-25-15 (DEL) Jul-Dec 1958

DPSP 57-25-43 (DEL) Jan—Jun 1957

DPSP 58-25-17 (DEL) Jul-Dec 1957

DPSP 58-25-38 {DEL) Jan—Jun 1958

DPSPU 59-11-23 Jul-Dec 1958

DPSPU 59-11-30 Jan-Jun 1959

DPSPU 60-11-9 Jul--Dec 1959

DPSP 60-25-26 (DEL) Jan-Jun 1960

DPSP 61-25-4 (DEL) Jul-Dec 1960

DPSP 62-25-2 (DEL) Jan-Jun 1961

DPSP 62-25.9 (DEL) Jul-Dec 1961

DPSP 63-25-3 (DEL) Jan—Jun 1962

DPSP 63-25-10 (DEL) Jul-Dec 1962 _
DPSPU 64-11-12 Jan—Dec 1963 Environmental Monitoring at the Savannah

River Plant
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DPST 65-302

DPST 66-302

DPST 67-302

DPST 68-302

DPST 69-302

DPST 70-302

DPST 71-302

DPSPU 72-302
DPSPU 73-302
DPSPU 74-302
DPSPU 75-302
DPSPU 76-302
DPSPU 77-302
DPSPU 78-302
DPSPU 79-302
DPSPU 80-302
DPSPU 81-302
DPSPU 82-302
DPSPU 83-302
DPSPU 84-302
DPSPU 85-302

Jan-Dec 1964

Jdan—Dec 1965
Jan-Dec 1966
Jan-Dec¢ 1967
Jan-Dec 1968
Jan-Dec 1969
Jan-Dec 1970
Jan~Dec 1971
Jan-Dec 1972
dan-Dec 1973
Jan-Dec 1974
Jan-Dec 1975
Jan—Dec 1976
Jan-Dec 1977
Jan-Dec 1978
Jan-Dec 1979
Jan-Dec 1980
Jan—-Dec 1981
Jan-Dec 1982
Jan-Dec 1983
Jan-Dec 1984

Environmental Monitoring at the Savannah
River Plant

DEL~reissue of reports with secret information deleted.

OFFSITE REPORTS

Results of the environmental monitoring program that affected the offsite environment have been reported
to the public since 1959, These reports contained data from the site boundary and beyond. The offsite report
was discontinued in 1985 when the onsite and offsite reports were merged into a single publication. A listing
of the offsite reports follows:

Number

Period

Title

No document
number

DPSPU 62-30-11
DPSPU 62-30-24
DPSPU 63-30-12
DPSPU 63-30-1
DPSPU 64-30-1
DPSPU 64-30-2
DPSPU 65-30-1
DPST 65-30-2
DPST 66-30-1

Jan--Dec 1959

Jan-Mar 1960
Apr—Jun 1960
Jul-Sep 1960
Oct~Dec 1960
Jan-Mar 1961
Apr—Jun 1961
Jul-Sep 1961
Oct~Dec 1961
Jan-Jun 1962
Jul-Dec 1962
Jan-Jun 1963
Jul-Dec 1963
dJan-Jun 1964
Jul-Dec 1964
Jan—Jun 1965
Jul-Dec 1965

The Effect of the Savannah River Plant on
Environmental Radioactivity
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DPST 66-30-2
DPST 67-30-1
DPST 67-30-2
DPST 68-30-1
DPST 68-30-2
DPST 69-30-1
DPST 69-30-2
DPST 70-30-1
DPST 70-30-2
DPST 71-30-1
DPST 71-30-16
DPSPU 72-30-1

DPSPU 73-30-1
DPSPU 74-30-1
DPSPU 75-30-1
DPSPU 76-30-1
DPSPU 77-30-1
DPSPU 78-30-1
DPSPU 79-30-1
DPSPU 80-30-1
DPSPU 81-30-1

dJan—Jun 1966
Jul-Dec 1966
dan—Jun 1967
Jul-Dec 1867
Jan—Jun 1968
Jul-Dec 1968
Jan—Jun 1969
Jul-Dec 1969
Jan—Jun 1970
Jul-Dec 1970
Jan-Jun 1971
Jan-Dec 1971

Jan-Dec 1972
Jan-Dec 1973
Jan—Dec 1974
Jan—Dec 1975
Jan-Dec 1976
Jan-Dec 1977
Jan-Dec 1978
Jan-Dec 1979
Jan-Dec 1980

DPSPU 82-30-1 Jan-Dec 1981
DPSPU 83-30-1 dan—Dec 1982
DPSPU 84-30-1 Jan-Dec 1983
DPSPU 85-30-1 Jan-Dec 1984
ENVIRONMENTAL REPORTS

The Effects of the Savannah River Plant on
Environmental Radioactivity

Environmental Monitoring in the Vicinity of
the Savannah River Plant

Savannah River Plant Environmental Report

(COMBINED ONSITE AND OFFSITE)

In 1985, the onsite and offsite environmental monitoring reports were merged into a single publication.
A listing of these reports follows:

Number

Period

Title

DPSPU 86-30-1
DPSPU 87-30-1
DPSPU 88-30-1

Jan-Dec 1985
Jan-Dec 1986
Jan—Dec 1987

Savannah River Plant Environmental Report
Savannah River Plant Environmental Report
Savannah River Plant Environmantal Report

WSRC-RP-89-59-1*  Jan-Dec 1988 Savannah River Site Environmental Report

*On April 1, 1988, Westinghouse Savannnah River Company assumed responsibility as the prime contractor for the
Savannah River Site. The nomenclature for cnsite and offsite environmental monitoring reports issued after April 1,
1689 wiil reflect this change.
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Appendix B:
Environmental Permits

PEBMIT NQ.

0080-0042-01
0080-0042-02
0080-0042-03
0080-0042-04
0080-0042-05
0080-0042-06
0080-0042-07
0080-0042-CB
0080-0042-CC
0080-0042.CD
0080-0042-CE
0080-0043-01
0080-0043-02
0080-0043-03
0080-0043-04
0080-0043-05
0080-0043-06
0080-06043-07
0080-0043-08
0080-0044-01
0080-0044-02
0080-0044-03
0080-0044-04
0080-0044-05
0080-0044-06
0080-0044-07
0080-0045-01
0080-0045-02
0080-0045-03
0080-0045-04
0080-0045-05
0080-0045-06
0080-0045-07
(080-0045-08
0080-0045-09
0080-0045-10
0080-0045-11
0080-0045-12
0080-0045-13
0080-0045-14
0080-0045-15
0080-0045-16
0080-0045-17
0080-0045-18
0080-0045-19
0080-0045-20

IYPE

AIR
AIR
AIR
AIR
AIR
AR
AlIR
AIR
AIR
AIR
AlR
AIR-VOID
AIR-VOID
AIR
AIR
AIR
AIR
AIR
AlR
AlR
AIR
AIR
AlIR
AIR
AIR
AIR
AIR-VOID
AIR-VOID
AIR-VOID
AIR-VOID
AIR
AIR
AIR
AIR
AlR
AIR
AIR
AIR
AIR
AIR
AIR
AIR
AIR
AIR
AIR
AIR

IITLE

71.1 MMBTU/Hr Coal Boiler #1, 784-A
71.1 MMBTU/Hr Coal Boiler #2, 784-A
600 KW Diesel Generator, 794-A

400 KW Diesel Generator, 773-A

200 KW Diesel Generator, 703-A

400 KW Diesel Generator, 503-2A

150 KW Diesel Generator, 751-A
2507225 KW Diesel Generator, 754-4A
455 KW Diesel Generator, 720-2A
1250 KW Diesel Generator, 754-54A
1250 KW Diesel Generator, 754-54A
43.8 MMBTU/Hr Coal Boiler

43.8 MMBTU/Hr Coal Boiler

150 KW Diesel Generator, 108-4C

150 KW Diesel Generator, 108-1C
1000 KW Diesel Generator, 108-2C
1000 KW Diesel Generator, 108.2C
225 KW Diesel Generator, 105-C

365 KW Diesel Generator, 183-2C

396 MMBTU/Hr Coal Boiler #1, 484.D
396 MMBTU/Hr Coal Boiler #2, 484-D
396 MMBTU/Hr Coal Boiler #3, 484-D
396 MMBTU/Hr Coal Boiler #4, 484-D
150 KW Diesel Generator, 501-D

1.1 Ton/Hr Reject System, 484-D

300 Ton/Hr Coal Crusher, 484-D

71.7 MMBTU/Hr Coal Boiler #1, 784-F
71.7 MMBTU/Hr Coal Boiler #2, 784-F
717 MMBTU/Hr Coal Boiler #3, 784-F
71.7 MMBTU/Hr Coal Boiler #4, 784-F
Uranium Dissolution, 221-F

260 KW Diesel Generator #1, 254-5F
200 KW Diesel Generator #2, 254-5F
175 KW Diesel Generator #1, T72-F
175 KW Diesel Generator #2, 772.F
350 KW Diesel Generator, 254-19F
350 KW Diesel Generator, 235-F

350 KW Diesel Generator, 254-4F

250 KW Diesel Generator, 254-1F

200 KW Diesel Generator, 254-74F
600 KW Diesel Generator, 292-F

665 KW Diesel Generator, 271-4F

300 KW Diesel Generator, 221.FB

415 KW Diesel Generator, 772-1F

300 KW Diesel Generator, 292-2F

300 KW Diesel Generator, 254-9F
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PERMIT NO.

0080-0045-21
0080-0045-22
0080-0045-23
0080-0045-CJ
0080-0045-CI
0080-0046-01
0080-0046-02
0080-0046-03
0080-0046-04
0080-0046-05
0080-0046-06
0080-0046-07
0080-0046-08
0080-0046-09
0080-0046-10
0080-0046-11
0080-0046-12
0080-0046-13
0080-0046-14
0080-0046-15
0080-0046-16
0080-0046-17
(080-0046-18
0080-0046-19
0080-G046-20
0080-0046-21
0080-0046-CJ
0080-0046-CE
0080-0046-CF
0080-0046-CG
0080-0046-CH
0080-0046-CD
0080-0047-01
0080-0047-02
0080-0047-03
0080-0047-04
0080-0047-05
0080-0047-06
0080-0047-07
0080-0047-CA
0080-0047-CB
0080-0047-CB
0080-0048-01
0080-0048-02
0080-0048-03
0080-6048-04
0080-0048-05
0080-0048-06
0080-0048-07
0080-0048-CA
0080-0049-01
0080-00439-02

TITLE

1000 KW Diesel Generator, 221-F

600 KW Diesel Generator, 254-10F
350 KW Diesel Generator, 254-8F

455 KW Diesel Generator, 720-F
Cement & Fly-Ash Silo

71.7T MMBTU/Hr Coal Boiler #1, 784-H
71.7 MMBTU/Hr Coal Boiler #2, 784-H
71.7 MMBTU/Hr Coal Boiler #3, 784-H
Type “O” Waste Incinerator

Separation Process, 221-H

200 KW Diesel Generator, 234-4H

200 KW Diesel Generator, 299-1H

200 KW Diesel Generator, 241.74H
250 KW Diesel Generator, 254-1H

275 KW Diesel Generator, 254-3H

300 KW Diesel Generator, 221-HB

300 KW Diesel Generator #1, 254-5H
300 KW Diese] Generator #2, 254-5H
300 KW Diesel Generator, 232-H

300 KW Diesel Generator, 234-H

500 KW Diesel Generator #2, 232-H
500 KW Diesel Generator, 254-H

600 KW Diesel Generator, 292-H

1000 KW Diesel Generator, 221-H

500 KW Diesel Generator, 254-8H

400 KW Diesel Generator, 254-9H

‘455 KW Diesel Generator, 720-H

150 KW Diesel Generator, 241-96-H
1000 KW Diesel Generator

765 KW Diesel Generator, 233-H
Fuel Process Facilities

Alt. Tanks 48H & 49H

194.5 MMBTU/Hr Coal Boiler

194.5 MMBTU/Hr Coal Boiler

1000 KW Diesel Generator, 108-1K
1000 KW Diesel Generator, 108-2K
150 KW Diesel Generator #1, 108-4K
150 KW Diesel Generator #2, 108-4K
225 KW Diesel Generator

365 KW Diesel Generator, 183-K
800 KW Diesel Generator, 107-K -A
800 KW Diesel Generator, 107-K -B
194.5 MMBTU/Hr Coal Boiler, 184-P
194.5 MMBTU/Hr Coal Boiler, 184-P
1000 KW Diesel Generator, 108-1P
1000 KW Diesel Generator, 108-2P
150 KW Diesel Generator, 108-4P
150 KW Diesel Generator, 108-4P
225 KW Diesel Generator, 152-7P
365 KW Diesel Generator, 183-2P
1000 KW Diesel Generator, 108-1L
1000 KW Diesel Generator, 108-2L
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PEBMIT NO,

0080-0049-03
0080-0049-04
0080-0049-05
0080-0049-06
0080-0049-CA
0080-0055-01
0080-0055-02
0080-0055-03
0080-0055-04
0080-0055-CA
0080-0060-01
0080-0060-02
0080-0060-03
0080-0060-04
0080-0060-05
0080-0060-06
0080-0060-07
0080-0066-01
0080-0066-02
0080-0066-03
0080-0066-04
0080-0066-05
(080-0066-06
0080-0066-CB
0080-0066-CC
0080-0079-01
0080-0080-01
0080-0080-02
0080-0080-03
0080-0080-04
0080-0080-05
0080-0080-06
0080-0080-07

1589002
LS-1-w
LS-4-W
LS-7-W

1S-8-W

LS-11-W
LS-23-W
L5-25-W
LS-43-W
LS-54-W
1.S-55-W

LS-56-W
LS-57-W
LS-59-W

IYPE

AlIR
AlR
AIR
AIR
AIR
AIR
AIR
AIR
AIR
AIR
AIR
AlIR
AIR
AIR
AIR
AIR
AlIR
AIR
AIR
AIR
AIR
AIR
AIR
AIR
AIR
AIR
AIR
AIR
AlIR
AlR
AIR
AIR
AIR

DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER

DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER

DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER

IITLE

400 KW Diesel Generator, 191-L

150 KW Diesel Generator #1, 108-4L

150 KW Diesel Generator #2, 108-4L

225 KW Diesel Generator, 152-7L

365 KW Diesel Generator, 183-2L

Uranium Metal Cleaning with Nitric Acid, 313-M
Aluminum Tube Cleaning with Nitric Acid, 321-M
200 KW Emergency Power Diesel, 320-M

400 GPM Air Stripper

50 GPM Air Stripper

7560 KW Diesel Generator, 673-T

300 KW Diesel Generator, 673-T

300 KW Diesel Generator, 672-T

20 Lbs/Hr Incinerator, 677-T

Process to decompose Tetraphenylborate into Aqueous
1000 KW Emergency Diesel Generator, 654-1T
300 KW Emergency Diesel Generator, 654-T

540 Ton Cement Silo

540 Ton Fly Ash Silo

540 Ton Mixer

84 Ton New Cement Storage Silo

2000 KW Diesel Generator, 292-S

2000 KW Emergency Power Diesel Generator, 292-8
DWPF Vitrification Process, 221-S

187 KW Diesel Generator, 980-S

180 KW Diesel Generator, ATTA Facility

425 KW Diesel Generator

Slag Silo

Three Fly-Ash/Cement Silo

Weight Hopper

Two Pre. Air Blend.

Pre. Feed Storage Bin

Two Grout Mixers ( 1 in service )

Temporary Modular Offices, 100-C

Water Line, Tritium Facilities Support Building, 235-H
Water Line, Office Building, 703-41A

Water Line, Naval Fuels Material Facility, 22 1-17F,
221-18F

Water Line, 703-4A, 703-6A, 703-34A

Water Line, Naval Fuels Material Facility, 247-F
DWPF TC Emergency Water Supply

Chemical Feed Facility Water System, 100-C

Technical Area Water Main Bypass, 773-14A

Domestic Water Line, 707-H

Domestic Water Supply for Chemical Feed Facilities,

G Area

Domestic Water Supply for Chemical Feed Facilities,

H Ares

Domestic Water Line Relocation and Service Line Install,
735-11A

Water System, DWPF Ice House
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PERMITNQ,  TXPE

LS-80-W
LS-61-W

LS-81-W
LS-82-W

L3-106-W
LS-115-W
L3-118-W
LS-119-W
L5-139-W

L3-178-W
LS-185-W
LS-187-W
L.S-232.-W
LS-233-W

LS-238-W
LS-264-W
LS-265-W

41225
48061
111626
200092
200279
201715
107G
202915

203427
203467
203628
203638
203786
204138
204198
205217
206877
206575

207005
208177
208425
208434

208866

DOMESTIC WATER
DOMESTIC WATER

DOMESTIC WATER
DOMESTIC WATER

DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER

DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER

DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER

DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER

DOMESTIC WATER

DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER

DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER

DOMESTIC WATER

IITLE

Domestic Water Line for 704-S Administration Building,
DWPF

Domestic Water Line to Feed DWPF Sanitary Treatment,
Plant

Domestic Water for Construction Office Building, C Area
Domestic Water For Sanitary Treatment Facility,

U Area

DWPF Auxiliary Pump Pit Water Lines, S-511

Water Line, Crafts and Engineers, CAB/Central Shop
Water Line, 719-4A

Water Line, 730-M

Replacement Tritium Facility Domestic Water, 233-H,
249-H

Computer Repair Building Domestic Water, 722-5A
Domestic Water Main, 901-A

ETF-F Lift Station Domestic Water

Temporary Domestic Water for FPF and RTF Facilities
Temporary Domestic Water for F- and H-Area ETF
Construction Office

ECF/CAS Security Upgrade Facilities, 720-H and
701-3H

Central Shops Construction Division Quality Office
Building

Domestic Water Supply for Equipment Storage and
Health Protection Facility, 221-25F

3/700-A Area Water Line from New Domestic Wells
Temporary Water System, 905-104L, 904-105L
Upgrade Gaseous Chlorination Facility, D and G Areas
Deep Wells, 905-104L, 904-105L

Install Domestic Deepwell 905-120P (Well, P Area)
Domestic Deepwell, Railroad Classification Yard, 905-

Water Supply and Well System, DWPF Construction
Support Area

Sodium Hypochlorite System, 280-F

Sodium Hypoclorite System, 280-H

Replace Pistol Range Well

Replace Allendale Barricade Well

Drinking Water Well 905-114G, 681-3G

Replace Domestic Deepwell, 905-94K

Replace Domestic Deepwell, 905-66H

Upgrade Instrumentation 280-1F and 280-1H
Augusta Barricade Water Well, 905-116G

Domestic Water Deepwells and Distribution Line, A
Area

Activated Carbon Treatment System, 3/700 Area
Phosphate Feed System, B Area

ATTA Domestic Water System

Domestic Water System, Barricades, 701-8G,
701-12G, 701-13G

Domestic Water Well for Aiken Barricade Gate House,
701-5G
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209454
210857

212745
400347
400367
401118
401446

402186
402925
404608
404618
405556
405566
406137

400737
402874

403434

405184
408285

408595

409484
408955
4104086
411357
411995
412917
203590
411337
IWP-087A
IWP-175

IWP-210
IWP-211
IwWP-212
TWP-217

IWP-219
12,06

LS-42-8
LS-112-8
LS-186-S

8C 88-D-005

DOMESTIC WATER
DOMESTIC WATER

DOMESTIC WATER
DOMESTIC WATER

DOMESTIC WATER

DOMESTIC WATER
DOMESTIC WATER

DOMESTIC WATER

" DOMESTIC WATER

DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER

DOMESTIC WATER
DOMESTIC WATER

DOMESTIC WATER

DOMESTIC WATER
DOMESTIC WATER

DOMESTIC WATER

DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DOMESTIC WATER
DRINKING WATER
IND. SOLID WASTE
IND. SOLID WASTE

IND. SOLID WASTE
IND. SOLID WASTE
IND. SOLID WASTE
IND. SOLID WASTE

IND. SOLID WASTE
IND. SOLID WASTE

IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND, WASTEWATER

JITLE

TNX Domestic Water System and Well

Drinking Water Well and Distribution System,
905-39F

DWPF Domestic Water Wells 1 and 2

Domestic Water Headers, TNX Area

Fuel Production Facility Water System, 225-H
Domestic Water for NWTF

Production Control Facility for 200-Area Process,
T12-1F

DWPF Domestic Water Distr. System

DWPF Temporary Domestic Water

717-K Domestic Water

705-C Domestic Water

Domestic Water System, 200-H

Domestic Water System, 200-F

Interim Storage and Redrumming Facility, Domestic
Water, 709-1G, 709-2G

DWPF Water Line, Z Area

Segregated Domestic Water Supply, 3/700 Area,
Phase 1

Segregated Domestic Water Supply, 3/700 Area,
Phase II

Water Line, 773-41A, 773-42A

Domestic Water Service for Sanitary Waste Treatment
Facility, TNX

Domestic Water Line, Construction Office Building,
300-M

Water Line, Reactor Simulator Facility, 767-C
Helicopter Facility Domestic Waterline

Drinking Water System, 777-A

ETF-H Lift Station Domestic Water

Water Distribution System, 340-M, 341-M

ETF Drinking Water System, 241-84H, 241-81H
100-L Area Fire Station, 709-1G

Install Sodium Hypochlorite System, 780-A
Sanitary Landfili Expansion

Experimental Sewage Sludge Application Sites
(Road F, 1953 Sandy, Kato Road, Par Pond, K Area,
40 Acre Hardwood, Lower)

D-F Steamline Erosion Control Site

200-H Erosion Control Site

Coal-Ash Waste Landfill, 100-P Area

Z-Area Saltstone Disposal Facility (Solid Waste)
Modification

200-F Erosion Control Site

Sanitary Sludge Land Application, F and H Borrow
Pits

Inert L Facility Loading Dock Sewer Relocation, 234-H
Fire Training Facility Process Sewer, 904-D

FPF Process Sewer Line

F/H ETF Diffuser (Permit Application to South
Carolina Water Resources Commission)
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PERMITNO, = TXYPE

7289

7280
7291
7292
7293
7294
7285
7296
9886
9974
10287
11785
14214

14218
14219

14520
15256
15467
10,253
10,287
10,349
10,358
10,389
10,469

10,475
10,696
10,765
10,778
10,920
10,949
10,955

11,406
11,411
11,413
11,497

11,498
11,588

11,589

11,760
11,971

12,622
12,633

IND. WASTEWATER

IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER

IND. WASTEWATER
IND. WASTEWATER

IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER

IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER

IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER

IND. WASTEWATER
IND. WASTEWATER

IND. WASTEWATER

IND. WASTEWATER
IND. WASTEWATER

IND. WASTEWATER
IND. WASTEWATER

TITLE

“As Built” Wastewater Treatment Facilities, A and M
Areas

“As Built” Wastewater Treatment Facilities, F Area
“As Built” Wastewater Treatment Facilities, H Area
“As Built” Wastewater Treatment Facilities, P Area
“As Built” Wastewater Treatment Facilities, K Area
“As Built” Wastewater Treatment Facilities, C Area
“As Built” Wastewater Treatment Facilities, D Area
“As Built” Wastewater Treatment Facilities, CS Area
M-Area 50 GPM Air Stripper

Conerete Batch Plant, S Area

Evaporator Equalization Tank Back-up System
Septic Tank 100-Area Fire Station

Batch Mixer System-FMF Wastewater Treatment
Facility Modification

NPDES Outfall Structures F-012 & F-013 {Flow
Monitoring Weir Box Structures)

NPDES Qutfall Structures H-017 & H-018 (Monitoring
WeirBox Structures)

“As Built” F/H ETF Tank 50

Evaporator Recycle Line for F/H ETF

Upgrade Process Sewers, 211-F and 211-H

M-Area 330 GPM Air Stripper

Liquid Effluent Treatment Facilities, 300-M

672-T TNX Process Sewer to Outfall X-008

S-Area Oil Separator

M-Area Drain Line

735-11A Lab Building Process Sewer System
Neutralization Facility

Non-Contact Cooling Water Diversion, 300-M Area
Interim Sludge Storage Tank, M Area

Wastewater Neutralization Facility, 704-U
Wastewater Treatment Facility, Naval Fuel (FMF)
SREL Wastewater Disinfection Facility

Trade Waste Flow Equalization Tank, 607-18A
DWPF Concrete Batch Plant Wastewater Treatment
Pond, S Area

Fire Brigade Training Facilities Oil Separator, 411-D
DWPF Treated Effluent Line

DWPF Chemical Treatment Facility, S Area
Production Control Facility Sanitary/Process Sewer,
T12-1F

Flow Monitoring Station for NPDES Gutfall, L-007
Powerhouse Effluent Diversion to Ash Basins, D and H
Areas

Powerhouse Effluent Diversion to Ash Basins, Kand P
Areas

Wastewater for PCB Clean-up, 320-M

Carbon Bed Piping for Organics Removal
Demonstration Project, TNX

Organics Removal Facility, TNX

Effluent Treatment Plant, TNX
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PERMITNQ.  TIYPE

12,683
12,773
12,782
12,870
12,888

12,894
12,922
12,973
13,105
13,154
13,286
13,354
13,355
13,356
13,357
13,431
13,456
13,457
13,734
13,735
13,978
14,020
14,068

14,100
14,338
14,379
14,624
14,832
15,892

84-2Z-209

B4-27.209
LS-10-S
LS-2-8

LS-3-8

LS-32-8
LS-35-8
LS-52-S
L.8-53-8
LS-62-5

IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER

IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND, WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER

IND. WASTEWATER
IND. WASTEWATER
IND. WASTEWATER
IND. WASTE WATER
IND. WASTEWATER
IND. WASTEWATER
MAIN. DREDGING

MAINT. DREDGING
SAN. WASTE
SAN. WASTEWATER

SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER

IILE

Z-Area Saltstone Manufacturing Facility

I-Lake Thermal Barrier Curtain

Replacement Tritium Facility Process Sewer
Effluent Treatment Facility, F/H Area

Metallurgical Laboratory Neutralization Facility,
723-A

Filtrate Hold Tank Covers, M Area

Naval Fuels Material Facility Modifications

P-Area Neutralization Facility, 183-2P

ETF Process Sewer Lines, F/H Area

Flow Measurement Device, L Area

Portable Chromium Removal System, SRL

D-Area Neutralization Facility, 483-1D

F-Area Neutralization Facility, 280-1F

H-Area Neutralization Facility, 280-H

K-Area Neutralization Facility, 183-2K

Flume at M-004 Outfall

“As Built” L Tank

L-Tank Mercury Removal

Industrial Wastewater pH Control System, 211-H
Industrial Wastewater PH Control System, 211-F
TNX Ion Exchange Facility

Mercury and Organic Removal Facility for F/H ETF
M-Basin Closure Wastewater Treatment Facility,
M-Area Basin

Repair Ash Basin Dike, 488-1D

H-and Z-Area Inter-Area Salt Solution Transfer Line
(“As Built” Permit to Transfer Solution from Tank 50
in H Area)

Upper Three Runs Creek Diffuser ( F/H ETF Outfall
H-016)

Existing F/H Area Process Sewer Lines

Supernatant (Supernate) Transfer System and
Polymer Addition System in M-Area Liquid Efftuent
Treatment Facility

F/H ETF Interim pH Adjustment System (Caustic and
Acid Supply)

Maintenance Dredging in Raw Water Intake Canal on
Savannah River, South Carolina Water Resources
Commission

Maintenance Dredging in Raw Water Intake Canal
(681-5G) on Savannah River, Corps of Engineers
Sanitary Sewer System, Naval Fuels Material Facility,
248-F

Sanitary Sewer Line, Tritium Facilities Support
Building 235-H

Sanitary Sewer System, Office Building, 703-41A
Sanitary Sewer Line, Wackenhut Building, TC/U Area
Sanitary Sewer Relocation, 735-11A

Sanitary Sewer, 707-H

Sanitary Sewer Line, Construction Office Building
717-F Sanitary Sewer Relocation for DWPF
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PEBMITNO.,  IXPE

LS-78-5
L5-79-8
LS-80-S

L5-98-S
L5-129-8
L8-134-S
LS-148-S
LS-158-8
L5-168-W
L.S-206-S
L.8-227-S
LS-228-S
L3-239-8
LS5-240-8
1.5-244-8

1LS-256-8
L5-275-8

8611-P
8881
8928
9256

9326

9694
9888
9940

9983
9998
15005
15049

15416
15417
15418
15444
15740
10,131-P

10,132-P

10,236
10,314
10,499
10,521

SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER

SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER

SAN. WASTEWATER
SAN. WASTEWATER

SAN, WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER

SAN. WASTEWATER

SAN. WASTEWATER
SAN. WASTEWATER
SAN, WASTEWATER

SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER

SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN, WASTEWATER
SAN. WASTEWATER

SAN. WASTEWATER

SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER

IITLE

Sanitary Sewer Line for Construction Office Building,
C Area

Sanitary Sewer Line - Electrical Office Building,
Construction Central Shops

Sanitary Sewer Line, Receiving and Stores Warehouse
Construction Central Shops

Sanitary Sewer Addition, S Area

Sanitary Sewer, 719-4A

DWPF Sanitary Sewer Line Modification

Sanitary Sewer, TNX ETP

Sanitary Sewer, 3/700 Construction Facility

A-Area Sanitary Sewer

Sewer Pipe and Manhole, 704-1T, TNX

705-C Sanitary Sewer

717-K Sanitary Sewer

ECF/CAS Security Upgrade Facilities, F Area
3/700 Area Security Upgrade, 720-2A

ECF/CAS Security Upgrade Facilities, 701-3H and
720-H

Grinder Pump for F-Area Equalization Basin
{Macerator), 607-18F

Sanitary Sewer for Equipment Storage and Health
Protection Facility, 221-25F

Septic Tank and Tile Field, CS Area, 709-1G

Flow Equalization Basin, 700-A

FMF Sanitary Waste Treatment, Plant, M Area
Septic Tank and Tile Field, Landfill Monitoring
Building 642-G

Sanitary Wastewater Treatment Plant, F,H,Pand G
Areas

Sanitary Sewer System, 773-41A, 773-42A

DWPF Sanitary Waste Treatment Plant

Sanitary Sewer System, Reactor Simulator Facility,
707-C

Sanitary Treatment Plant, 100-C Area

Septic Tank And Drain Field for ¥/H ET¥F

Sanitary Treatment Plant, 700-A Area
Equalization Basin for Sanitary Treatment Facilities,
Central Shops

Sanitary Flow Equalization Basin for 100-K Area
Sanitary Flow Equalization Basin for 100-P Area
Sanitary Flow Equalization Basin for 100-1, Area
Sanitary Lift Station to Serve Building 341-M
Sanitary Sewer System Exapnsion, C-Area Lift Station
Septic Tank and Drain Field for RTF Construction
Engineers Office

Septic Tank and Drain Field for FPF Construction
Engineers Office

Lift Station, Change Station Facility, 241-68H
DWPF Construction Site Sanitary Sewer System
DWPF Sanitary Sewer System, 200-S

Chemical Feed Facility, A Area
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10,522
10,523
10,524
10,525
10,5626
10,530
10,825
10,906
11,407

11,442
11,615
11,847
11,847
12,383
12,386
12,452
12,453
12,498
12,695
12,725
12,910
18,155

13,156
13,157
13,173

13,175
13,291

13,430
13,717

14,311
14,312
14,313
14,314

14,315
14,316
14,317
14,318
14,319
14,320
14,321

14,322
14,323

SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN, WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER

SAN, WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER

SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER

SAN. WASTEWATER
SAN. WASTEWATER

SAN. WASTEWATER
SAN. WASTEWATER

SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER

SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER
SAN. WASTEWATER

SAN. WASTEWATER
SAN. WASTEWATER

TITLE

Chemical Feed Facility, F Area

Chemical Feed Facility, H Area

Chemical Feed Facility, P Area

Chemical Feed Facility, G Area

Chemical Feed Facility, D Area

TNX Sanitary Wastewater Treatment Plant, 6074G
Sanitary Sewer Lift Station, 607-19-A

Sanitary Sewer, 341-M

Sanitary Waste Transfer Station 321-M Change Room
Renovation

Lift Station - Force Main, 241-82H

Sanitary Treatment Plant, U Area

Effluent Weir, TNX

Effluent Weir for Sanitary Treatment System, TNX
Fuel Production Facility Sanitary Sewer, 225-H
Sanitary Sewer, 730-M

Bromide Feed System, 607-19L

Bromide Feed System, 607-18F

F-Area STP-Phase III

Replacement Tritium Facility Sanitary Sewer

F-Area STP-Phase 1II, 607-F

Sanitary Treatment Facility, H Area

Naval Fuels Flow Measurement Device, Qutfall
F-003(A)

716-2A Sanitary Sewer

Computer Repair Building Sanitary Sewer, 722-5A
Sanitary Sludge Land Application, K-Area and Par
Pond Borrow Pits

Flow Equalization Basin, Building 607-22A

H-Area Septic Tank and Tile Field (Commercial Toilet
Trailer)

Sanitary Sewage Treatment Facility, 607-21F
Wastewater Treatment Facility, Z Area (Septic Tank
System)

Interim Sodium Hypochlorite Disinfection for 607-7C
Interim Sodium Hypochlorite Disinfection for §07-17K
Interim Sodium Hypochlorite Disinfection for 607-17L
Interim Sodium Hypochlorite Disinfection for 607-7P
and 607-23P

Interim Sodium Hypochlorite Disinfection for 607-7F
and 607-21F

Interim Sodium Hypochlorite Disinfection for 607-7H
and 607-21H

Interim Sodium Hypochlorite Disinfection for 831-18
and 832-28

Interim Sodium Hypochlorite Disinfection for 607-15D
Interim Sodium Hypochlorite Disinfection for 607-1B
Interim Sodium Hypochlorite Disinfection for 607-9A
Interim Sodium Hypochlorite Disinfection for SREL
Water Fowl Lab

Interim Sodium Hypochlorite Disinfection for 607-18G
Interim Sodium Hypochlorite Disinfection for §07-17F
(NF)
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PERMITNOQ., = TIXPE

14,324
14,467

14,443
15,506

15,419
15,530

GW-02-894

SAN. WASTEWATER
SAN. WASTEWATER

SAN. WASTEWATER
SAN. WASTEWATER

SAN. WASTEWATER
SAN. WASTEWATER
UNDERGD. STORAGE

TITLE

Interim Sodium Hypochlorite Disinfection for 607-40T
Increased Sanitary Wastewater Treatment Capcity,
607-15D

Septic Tank and Tile Field, H Area

Sanitary Flow Equalization Basin for Naval Fuels
Facility

Sanitary Lift Station, Replacement Tritium Facility,
200-H Area

100-C Area Sanitary Flow Equalization Basin

Gasoline Station Building 715-2G and Gas TK Re
placement, Sitewide (UST)



1950
1951
1951

1951

1952

1953

1959

1960

1961

1964

1964

1965

1971

1971

Original Du Pont contract awarded in August

Began onsite environmental monitoring
Started forest management

Began biological monitoring of the Savannah River by the Academy of
Natural Sciences of Philadelphia

Began the University of Georgia ecology studies at SRS

Began using environmental technical standards based on recommenda-
tions of standards-setting organizations such as the NCRP, ICRP, FRC,
and the AED.

Began distribution of annual environmental monitoring report to the
public

Established radionuclide release guides for specific SRS streams

Established Savannah River Ecology Laboratory operated by the
University of Georgia

Related release guides to potential dose and technical standards
containing release guides for all SRS streams were established to stay
under the dose limit

Established release guides for I from all SRS stacks

Began controlled deer hunts

Formed Environmental Analysis And Planning Division which reported
directly to Du Pont management

Developed a radioactivity emisgion inventory
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1972

1972

1972

1972

1972

1972

1973

1973

1974

1974

1975

1975

1976

1977

1978

1979

1980

1983

Provided first radioactive dose calculations for offsite public from SRS
releases in annual environmental monitoring report

Prepared a report on SRS thermal distributions in SRS waters and in the
Savannah River

Technical standards took “As Low As Reasonably Achievable” approach for en-
vironmental releases and this was applied to release guides on an annual basis

Technical standards set for offsite dose {0 maximum individual were 10 mrem/

~ year to whole body, gonads and bone marrow, 30 mrem to gi tract, bone, thyroid

and all other organs

Developed an applied research plan for SRL/SRS

Became the first National Environmental Research Park within DOE
Formed an Environmental Research Organization within SRL

Formed a Central Environmental Committee

Performed first epidemiological studies of populations surrounding the site
Began improving meteorological input to site emergency capabilities

Published a report outlining the needs for environmental monitoring of nonra-
dioactive materials

Began studies on tritiated gas cycling in forest ecosystems
Conducted studies on uptake of plutonium by agricultural crops

Conducted dye studies on site creeks to obtain transport and dispersion para-
meters

Added automated forecast meteorology to site emergency response capability
through collaboration with the National Weather Service

Developed an understanding of the ecology of the Legionnaires disease bacte-
rium

Developed a computer model of heavy gas dispersion

Formed a Du Pont environmental advisory committee for the site
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1985

1985

1985

1986

1986

1988

1989

1989

Completed the TRAC mobile laboratory

Merged the on-and offsite environmental monitoring reports and included
highlights of sitewide environmental studies in the annual environmental
report '

Completed the Ultra-Low-level Underground Counting Laboratory

Standardized and verified methods of calculating dose to public through envi-
ronmental pathways

Published DOE strategic environmental plan
Published a draft DOE Environmental Implementation Plan

Westinghouse Savannah River Company assumed responsibility as the pri-
mary contractor for the Savannah River Site

SRS was officially included on the National Priority List and became regu-
lated under the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA)
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Appendix D:

Nomenclature

Radionuclide and Chemical

Nomenclatures and Half-lives for Radionuclides

Radionuclide Symbol
Americium-241 2IAm
Americium-243 HIAm
Antimony-125 1%5b
Argon-41 Ay
Berrylium-7 "Be
Carbon-14 MO
Cerium-141 HICa
Cerium-144 b
Cesium-134 810y
Cesium-137 ¥y
Cobalt-58 5Co
Cobalt-60 Co
Curium-242 22Cm
Curium-244 #4Cm
Todine-129 1291
Iodine-131 ey |
Krypton-85 85Ky
Krypton-88 SBKr
Manganese-54 “Mn
Niobinm-95 %Nb
Osmium-185 850g
Phosphorus-32 2p
Polonium-210 0pg
Plutonium-238 b
Plutonium-239 WPy
Potassium-40 wK
Promethium-147 4P
Ruthenium-103 195k
Ruthenium-106 Ru
Selenium-75 Se
Strontium-89 8Sr
Strontium-90 0Sr
Tritium H
Uranium-235 bl §)
Uranium-238 Eaal V]
Xenon-133 183% e
Xenon-135 136¥e
Yitrium-90 wy
Zirconium-95 wZr

* m = minute; h = hour; d = day; y = year

Half-life"

458 y
7.95E3 y
27y
1.83h

53d

5730y

33d
284d
205y
30y
71.34d
526y
163 4
17.64d
1.7E7y
B.05d
10.76 y
28h
303 d
354
94 d
14.34d
13844
874y
24E4dy
1.26E9 y
262y
39.6d
367d
1204 4
52d
281y
123y
T1E8y
4.5E9 y
5.27d
9.16 h
64h
656d
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D000

Nomenclatures for Elements and Chemical Constituents

Constituent Symbol
Aluminum Al
Antimony Sbh
Arsenic As
Barium Ba
Berryllium Be
Cadmium Cd
Calcium Ca
Carbon C
Chlorine L&}
Chromium Cr
Cobalt Co
Copper Cu
Fluorine F
Iron Fe
Lead Pb
Lithium Li
Magnesium Mg
Manganese Mn
Mercury Hg
Nickel Ni
Nitrogen N
Nitrate NO,
Nitrite NO,
Oxygen QO
QOzone 0,
Phosphorus P
Phosphate PO,
Potassium K
Radium Ra
Rhenium Re
Selenium Se
Silver Ag
Sodium Na
Sulfate S0,
Sulfur Dioxide 50,
Thallium Ti
Vanadium v

Zinc Zn
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Nomenclatures for Common Chemical Analyses

Analysis Symbol
Biological Oxygen Demand BOD
Chemical Oxygen Demand COD
Particulate Matter <10 microns PM,,
Polychlorinated Biphenyl PCB
Total Dissolved Solids TDS
Total Organic Carbon TOC
Total Organic Halogens TOH
Total Organic Halogens TOX
Total Phosphates TPO,

Total Suspended Solids TSS
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Appendix E:
Drinking Water Standards

Analyte Level Units Status Reference
Americium-241 4 pCi/L proposed EPA, 1986
Antimony-125 300 pCi/L, final EPA, 1977
Arsgenic 0.05 mg/L final CFR, 1987
Barium 1 mg/L final CFR, 1987
Barium-140 90 pCi/L final EPA, 1977
Benzene 0.005 mg/L, final EPA, 1987
Beryllium-7 6,000 pCi/L, final EPA, 1977
Cadmium 0.01 mg/L final CFR, 1987
Carbon-14 2,600 pCi/L final EPA, 1977
Carbon tetrachloride 0.005 mg/L, final EPA, 1987
Cesium-134 20,000 pCi/L final EPA, 1977
Cesium-137 200 pCi/L final EPA, 1977
Chlordane 0.002 mg/l proposed EPA, 1989
Chlorcethene 0.002 mg/L final EPA, 1987

(Vinyl chloride)
Chlarcform* 0.1 mg/L final CFR, 1987
Chromium 0.05 mg/L final CFR, 1987
Chromium-51 6,000 pCi/L final EPA, 1977
Cobalt-58 9,000 pCVL final EPA, 1977
Cobalt-60 100 pCi/L, final EPA, 1977
Dibromochloropropane  0.0002  mg/L proposed EPA, 1989
1,4-Dichlorobenzene 0.075 mg/L final EPA, 1987

(p-Dichlorobenzene) '
1,2-Dichloroethane 0.005 mg/L final EPA, 1987
trans-1,2-Dichloroethene 0.1 mg/L proposed EPA, 1989
1,1-Dichiorcethylene 0.007 mg/L final EPA, 1987
2,4-Dichlerophenoxyacetic

acid 0.1 mg/l, final CFR, 1987
1,2-Dichloropropane 0.005 mg/L proposed EPA, 1989
Endrin 0.0002 mgL final CFR, 1987
Ethylbenzene 0.7 mg/L proposed EPA, 1989
Fluoride 4 mg/L, final CFR, 1986
Groas alpha 15 pC/L final CFR, 1987
Heptachlor 0.0004 mg/L proposed EPA, 1989
Heptachlor epoxide 0.0002 mg/L proposed EPA, 1989
Iodine-129 1 pCiv/L final EPA, 1977
Todine-131 3 pCi/L final EPA, 1977
Iron-55 2,000 pCi/L final EPA, 1977
Iron-59 200 pCi/L final EPA, 1977
Lead 0.05 mg/L, final CFR, 1987
Lindane 0.004 mg/L, final - CFR, 1987
Manganese-54 300 pCi/L final EPA, 1977
Mercury 0.002 mg/L fina} CFR, 1987
Methoxychlor 0.1 mg/L final CFR, 1987
Nickel-59 300 pCi'L, final EPA, 1977

* The level for total trihalomethanes is set at 0.1 mg/l.. Because bromated methanes
are rarely detected in SRS groundwater, EHP presumes that most of the trihalomethanes
present in site groundwater are chloroform.
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M

Analyte Level Units Status Reference
Nickel-63 50 pCi/L final EPA, 1977
Nitrate (as N) 10 mg/L final CFR, 1987
Nitrite (as N) 0.001 mg/L proposed EPA, 1989
Nonvolatile beta 50 pCi/L proposed EPA, 1986
PCBs 0.0005 mg/L proposed EPA, 1989
Pentachlorophenol 0.2 mg/L proposed EPA, 1989
Potassium-40 300 pCyL proposed EPA, 1986
Radium-226 4 pCV/L proposed EPA, 1986
Radium-228 8 pCi/L, proposed EPA, 1986
Ruthenium-103 200 pCVL final EPA, 1977
Ruthenium-106 30 pCi/L final EPA, 1977
Selenium 0.01 mg/L final CFR, 1987
Silver 0.05 mg/L final CFR, 1987
Silvex 0.01 mg/L final CFR, 1987
Strontium-89 200 pCv/L final EPA, 1977
Strontium-90 8 pCi/L. final EPA, 1977
Styrene 0.005 mg/L. proposed EPA, 1989
Technetium-99 900 pCVL final EPA, 1977
Tetrachloroethylene 0.005 mg/L proposed EPA, 1989
Tin-113 4,000 pCVL proposed EPA, 1986
Toluene 2 mg/L proposed EPA, 1989
Total radium 5 pCi/L final CFR, 1987
Toxaphene 0.005 mg/L final CFR, 1987
1,1,1-Trichloroethane 0.2 mg/L final EPA, 1987
Trichloroethylene 0.005 mg/L final EPA, 1987
Tritium 20 pCifmL.  final CFR, 1987
Uranium-234 28 pCy/L proposed EPA, 1986
Uranium-235 28 pCVL proposed EPA, 1986
Uranium-238 28 pCi/LL proposed EPA, 1986
Xylenes 10 mg/L proposed EPA, 1989
Zinc-65 300 pCvVL final EPA, 1977
Zirconium-95 200 pCi/L final EPA, 1977

® This is the lower of two levels given for strontium-89,
References:

CFR (Code of Federal Regulations), 1986. “National Primary Drinking Water Regulations,” 40 CFR, Part
141, pp. 521-568, Washington, DC.

CFR (Code of Federal Regulations), 1987. “National Primary Drinking Water Regulations,” 40 CFR, Part
141, pp. 526-575, Washington, DC.

EPA(U.S. Environmental Protection Agency), 1977. National Interim Primary Drinking Water Regulations,
EPA-570/9-76-003, Washington, DC.

EPA (U.S. Environmental Protection Agency), 1986. “Water Pollution Control; National Primary Drinking
Water Regulations, Radionuclides (Proposed),” Federal Register, September 30, 1986, pp. 34836-34862,
Washington, DC.

EPA (U.S. Environmental Protection Agency), 1987. “National Primary Drinking Water Regulations; Syn-
thetic Organic Chemicals; Monitoring for Unregulated Contaminants,” Federal Register, July 8, 1987,
pp. 25690-25717, Washington, DC.

EPA (U.S. Environmental Protection Agency), 1989. “National Primary and Secondary Drinking Water
Regulations (Proposed Rule),” Federal Register, May 22, 1989, pp. 22062-22160, Washington, DC.



Appendix F:
Errata

The following information was incorrectly reported
in the Savannah River Site Environmental Report
for 1988, WSRC-RP-83-59-1:

On page xi of the Preface, it was incorrectly stated
that “Preparation and Publication of the report is
mandated by Draft DOE Order 5400.xx”. The
correct statement is, “Preparation of the report is
mandated by DOE Order 5400,1.”

On page xxi and page 131 of Volume I, it was
incorrectly reported that 83 mCi of %3Py was
released from an F-Area facility. The amount of
#%Pu released from this facility was 83 pCi.

On page 34, Table 3-2,Volume II, the units given
for calculated release quantities were incorrectly
reported as pCi/em®, the correct unit is pCi/m?.

On page 120 of Chapter 7 in Volume I, the FDA
action level was incorrectly reported as 1.0 ng Heg/g
for daily intake of mercury in edible fish. The
correct FDA action level is 0.5 ng Hg/g.

On page 136 of Chapter 10 in Volume I, it was
incorrectly reported that the 1988 average 'Cs
concentration upriver from SRS was 0.004 pCi/L.
The correct 1988 average concentration was 0.013
pCi/l.
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6
Groundwater Monitoring
Program

SUMMARY—The groundwater monitoring program at SRS samples over 1,000 wells to
obtain data for radioactive and nonradicactive contaminants to quantifiy the effects of SRS op-
erations on groundwater quality.

This chapter describes the monitoring programs, applicable standards, hydrogeology, and
groundwater movement at SRS, and then discusses the monitoring results from 16 major
areas at the SRS: A Area, Radioactive Waste Burial Grounds, C Area, Central Shops Area, D
Area, F Area, General Areas, H Area, K Area, L Area, M Area, P Area, R Area, S Area, TNX
Area, and Z Area.

The Environmental and Health Protection Department (EHP) monitors concentrations of
total radium, gross alpha, nonvolatile beta, and tritium at selected at selected wells in the
radiological groundwater monitoring program.

The nonradiclogical groundwater monitoring program consists of quarterly field measure-
ments of pH, temperature, alkalinity, conductivity, and water level at all wells. Metals and
other nonradicactive constituents are measured annually, semiannually, or quarterly by
contract laboratories that have been approved by the South Carckina Department of Health
and Environmental Control (SCDHEC) to conduct the analyses.

Beginning in 1989, a contracted analytical Iaboratory monitored concentrations of specific ra-
dionuclides from wells in A, F, H, TNX, and Z Areas. Savannah River Laboratory Interim
Waste Technology transferred monitoring of selected wells within the Radicactive Waste
Burial Grounds to EMS. Wells within the 16 areas that have chemical constituents and radio-
activity levels above their respective drinking water standards are identified.

INTRODUCTION

Groundwater is a primary pathway by which con-
taminants may migrate from waste sites at SRS to
streams and rivers flowing offsite. The study and
monitoring of groundwater st SRS have been amajor
effort since the site’s inception in 1952.

Groundwater is subsurface water found in the pores
of rocks and unconsolidated material, Ifthereisalso
airin the pores, the material is unsaturated, and the
water flows downward ¢linging to the particle sur-
faces. If there is no air present, the material is
saturated, and the water flows between the particles
or in ¢cracks toward areas of lower hydraulic head. A
further discussion of groundwater movement is in-
cluded in the hydrogeology section of this chapter.

Groundwater at SRS is recharged by precipitation.
Groundwater reaches the surface naturally through
discharges into springs, creeks, and rivers. In addi-
tion, plants absorb groundwater through their roots
and release it to the atmosphere through their foli-
age. Human activity such as pumping groundwater
for water use can be 2 major source of groundwater
movement to the surface,

In order to determine the extent of possible contami-
nation at SRS, geologists and hydrelogists use wells
to sample the groundwater near waste sites. The
strategy that underlies the actual placement of wells
at a site ig quite complex; however, the theory behind
their placementis simple. Rainwater moving through
the waste site dissolves material from the waste and
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moves it downward through the unsaturated zone to
the water table. In the water table, the potentially
contaminated water moves downgradient toward
the discharge point. Wells placed to intercept the
water that has passed through the waste site are
called downgradient wells, Wells placed to intercept
groundwater before it moves under the site ave called
upgradient wells. Wells sampling water moving next
to the site are called sidegradient wells. Any con-
tamination of the downgradient wells not present in
the upgradient wells of the site is assumed to be the
product of that site. The placement of the section of
the well through which water enters (the sereen
zone) i erucial because water and contamination
travel vertically as well as horizontally.

The water from SRS wells is sampled according to a
schedule that is revised every year in light of regula-
tory requirements and historical data on groundwa-
ter contamination. This schedule includes frequency
of sampling as well as constituents of concern. Scien-
tists review these data, comparing them to past
results. The tables in this report are a summary of
the data collected in 1989. The text highlights those
results that were above drinking water standards set
by the EPA. These standards are under constant
reevaluation by the EPA and other public and pri-
vate organizations and have been developed by years
of regulatory review.

The weight one attaches to these data is difficult to
assess. Sampling methods, laboratory procedures,
and the placement of wells and screen zones can
affect monitoring results, and the aceuracy of instru-
ments used to measure water quality varies. In fact,
below a certain level the results of the instruments
are not valid, and when results are lower than these
levels, the laboratories report them as below the
detection limit (indicated by < in the tables). Asingle
reported excursion above a drinking water standard
may be an anomaly or a natural eccurrence. There-
fore, it is important to look for patterns in the data
and to understand the nature of the waste site that
the well monitors.

DESCRIPTION OF THE GROUNDWATER
MONITORING PROGRAM

Theenvironmental monitoring program atthe Savan-
nah River site (SRS} includes the groundwater moni-
toring rogram, which gathers data to guantify any
effect of SRS facilities on groundwater quality,
Facilities monitored include waste disposal sites,
chemical storage areas, tanks, sewers, spills, and

certain process buildings. The program is designed
to accomplish the following objectives:

n assist SRS in complying with environmental
regulations and Department of Energy
orders

= provide high-quality data to identify and
monitor contaminants in the groundwater

n permit characterization of new facility sites
to ensure the sites selected are well suited to
house those facilities

] support basic research projects

The groundwater monitoring program at SRS is per-
formed by several organizations within Westing-
house Savannah River Company. Groups respon-
sible for components of the program are the Ground-
water Monitoring Group of the Environmental
Monitoring Section (GW/EMS) within the Environ-
mental and Health Protection Department (EHP),
the Environmental Technology Section of the Savan-
nah River Laboratory (SRIVETS), and the operating
departments of SRS, The Site Groundwater Coordi-
nator, in the Environmental Protection Section (EPS),
is responsible for ensuring SRS compliance with
applicable federal, state, and local regulations and
for guidance regarding groundwater matters. SRL/
ETS provides technical support to EPS and the
operating departments. The operating departments
take primary responsibility for eompliance with
envirenmental laws by initiating projects to obtain
data and by preparing and submitting reports and
data analyses. GW/EMS provides services to assist
the operating departments in meeting their respon-
sibilities. These services include activities related to
drilling, sampling, analysis, and reporting.

The GW/EMS also maintains contracts with subcon-
tractors to provide field or laboratory services as
needed and coordinates these activities to meet the
needs of the groundwater program. This centrally
coordinated program ensures consistent adherence
to SRS procedures and specifications as presented in
form WSRC-3Q, Hydrogeologic Data Collection (for-
merly DPSOP 254; presently being revised).

Representatives from GW/EMS, EPS, and SRI/ETS
must review a program plan before well installations
or other drilling activities can begin. The review
ensures that plans are technically sound, practical
and efficient in concept, and cost effective. After the
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review, contractors are selected to provide
the drilling services and field technical
oversight. Finally, the field work is sched-
uled and conducted at the earliest conven-
ient time.

Groundwater sampling and analyses are
conducted either in response to specific
requests for analysis of one or more con-
stituents or as part of the ongoing quar-
terly sampling program that provides the
data for compliance with envirenmental
regulations. Field measurements of pH,
temperature, conductivity, alkalinity, and
water level are taken quarterly at all wells.
Other analyses are performed according to
the sampling schedule, which is generated
using criteria such as regulatory require-
ments, previous analytical results, poten-
tial contaminants, and ongoing research.

The current EHP groundwater monitoring
program at SRS comprisesradiological and
nonradiological monitoring programs. The
radicactive monitoring program began in
the early 1950s and primarily monitors gross alpha,
nonvolatile beta chemiecal cesium, gamma emitters
(M1Ce, 5o, BICr, (g, 137(ls, 193], Ry, %Ry, ¥Ry,
V58D, ¥Zr/Nb}, ¥8r, ¥8r, and tritium at selected sites,
Many of these analyses are conducted in the EMS
lahoratories at SRS. Groundwater monitoring for
nonradioactive constituents began in 1975 with four
wells at the Sanitary Landfill; in 1989, nonradioac-
tive constituents were monitored in approximately
1,000 wells, EHP also monitors for volatile organics
in A and M Areas for the Raw Materials Engineering
and Technology Department and monitors selected
welis within the Radioactive Waste Burial Grounds
for the Interim Waste Technology Section of SRL.

All samples collected for analysis of nonradicactive
constituents and those collected for offsite analysis of
radicactive constituents are shipped to laboratories
under contract to conduct the required analyses.
Samples are screened for total radioactivity prior to
shipment to determine appropriate packaging.
Contract laboratories are certified by the Socuth
Carolina Department of Health and Environmental
Control (SCDHECQ). Theresults of the analyses, sub-
mitted on eomputer disks, are screened after entry
into a compulerized database. The screening in-
volves a data review, error correction, and collation
cycle. Error correction includes reviewing data that
are inconsistent with previous results, with changes

Collection of a groundwater sample from a monitoring
well outside the Radioactive Waste Burial Ground

made only when laboratories can certify that inaccu-
rate data have been reported. Once entered into the
database, the groundwater data are prepared for
formal periodic reports to regulatory agencies or for
publication in the SRS annual environmental report.
The database also allows for data to be extracted for
specific studies.

APPLICABLE MONITORING STANDARDS

Analytical results from samples taken from SRS
monitoring wells are compared with federal primary
drinking water standards (40 CFR 141-142), and
results above these standards are discussed in this
chapter. Altheugh drinking water standards do not
apply to monitoring wells, they are a convenient
reference for comparison.

Federal secondary drinking water standards arenot
addressed in this report because they are primarily
aesthetic puidelines relating to public seceptance of
drinking water {40 CFR 143). Primary drinking
water standards for radioactive and nonradioactive
constituents are given in Appendix ¥ located in the
back matter of this report. Some standards have not
been formally accepted and are identified as pro-
posed standards in the appendix. A constituent is
evaluated by its proposed standard only if there isno
accepted standard,



114

Savannah River Site—Environmental Report for 1989

Several constituents without drinking water stan-
dards are described inthe text ag elevated when their
values exceed certain levels. These constituents and
their comparison values include conductivity at
concentrationg equal to or greater than 100 pmhos/
em, alkalinity values equal to or greater than 100
mew/L, and total dissolved solids values equal to or
greater than 200 mg/L.. Sulfate, which may indicate
waters influenced by coal pile runoff, is described as
elevated if concentrations reach or exceed 25 mg/L.
In addition, pH values equal to or below 4.0 or equal
to or ahove B.5 are noted. The selection of these
values for comparison is somewhat arbitrary; how-
ever, these levels have been deliberately set higher
than the concentrations found in natural groundwa-
ter in the SRS vicinity. The occurrence of elevated
alkalinity, eonductivity, and pH within a single well
could be caused by leaching of the grouting material
used in well construetion.

The groundwater monitoring results tables in Vol-
ume II comprise the routine analyses tables and the
other analyses tables. The format of the routine
analyses tables permits the reporting of only one
result for sach analyte at each wsll for each quarter.
Thus, the computer program that creates the tables
chooses the first analytical resull it encounters for
each analyte, although there may be two or more
results for an analyte in one quarter. The additional
results, called second analysis results, represent
laboratory snalytical replicates, blind replicates,
requests for reanalysis, and comparison analyses
conducted by more than one laboratory.

In routine analyses tables, second analysis results
replace first analysis results for an individual well
under the following conditions: if the first analysis
result for an analyte is below the applicable standard
in all four quarters and the second analysis result is
ahove the standard, the second analysis resull is
reported; if the first analysis result is above the
applicable standard and the second analysis result is
at least 10 times greater than the first analysis
result, the second analysis resulf is reported.

The maximum resulis for the routine analyses are
taken fromthe routine analyses tables (i.e., from first
analysis results and from second analysis results
that have been substituted as a result of the previ-
cusly stated conditions). All first and second analy-
ses results for the other analyses are printed in the
other analyses tables. The maximum results for the
other analyses are taken from both first and second
analyses results,

Intheroutine analysestables, a dateisgiven foreach
quarter in which analyses were performed. Each
date serves as a column heading and is the date on
which field data (sampling method, water elevation,
pH, conductivity, and alkalinity) were collected.
Usually all 1aboratory analyses are conducted on the
same sample that provides the field data; however,
some or all of the analytical resulfs may come from
samples collected on other dates in the same quarter.

Volume II contains analytical data summary tables
for all monitored wells and figures showing their
locations.

CHANGES IN THE MONITORING PROGRAM
DURING 1989

Two 8RS locations were added to the Resource Con-
servation and Recovery Act Facility Investigation
program in 1989: the K-Area Sludge Land Applica-
tion Site (formerly the K-Area Borrow Pit Site; 761-
4€3), monitored by the three wells of the KSS series,
and the Par Pond Sludge Land Application Site
{formerly the Par Pond Borrow Pit Site; 761-5G3),
monitored by the three wells of the PSS series.

The IDB, IDP, and IDQ well series, installed in
1987-1988 to characterize potential sites for new
waste management facilities, were monitored for the
first time in 1989. These wells were installed by the
Savannah River Laboratory (8RL). Also monitored
for the first time in 1988 were four wells of the SCA
series. This series monitors the groundwater be-
neath the Vitrification (Canyon) Building of the
Defense Waste Processing Facility (DWPF) in 8
Area.

Four new well series were installed in 1989 at the
following SRS locations: 9 wells of the USD series
were instalied to monitor diesel fuel contamination
from the Diesel Fuel Storage Facility, located in the
southwestern portion of the Central Shops Area; 2
wells of the P26 series were installed as pump test
welis for the Congaree Formation and the water
table in TNX Area; 12 wells of the TNX series were
installed to monitor various spills in TNX Ares; and
8 wells of the YSC series were installed in YV Area (the
northwest portion of Z Area) for site characterization
for the Waste Selidification and Disposal Facility.

Thirty-eight new wells were added {o existing well
series and were sampled for the first time in 1989 at
the following SRS locations: the Metals Burning Pit
{four ABP series wells), the Metallurgical Labora-
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SRS increased the groundwater monitoring program during
1988 through the installation of many new monitoring wells

tory Seepage Basin (five AMB series wells), the
Miscellaneous Chemical Basin {(three MCB series
wells), the Motor Shop Oil Basin (one AOB series
well), and the SRL Seepage Basins (two ASB series
wells) in A Area; the A-Line and Canyon Buildings
{one FCA geries well)in F Area;the Road A Chemical
Basin (Baxley Road; one BRD series well); and the
Radioactive Waste Burial Grounds (21 BGO series
wells). In addition, approxzimately 45 MSB series
plume definition wells were added in A and M Areas
under the Phase I1I and I1-A Well Drilling Programs
and were sampled for the first time in 1988,

One of the new ASB wells near the A-Area SRL
Seepage Basins (ASB 8C) is also part of the M-Area
Plume Definition program. The new ABP, BGO,
BRD, and MCB wells are Resource Conservation and
Hecovery Act wells. Eight new wells were added to
existing well series but werenot sampled in 1989: the
Vitrification (Canyon) Building {four SCA series wells)
in S Area and the Old TNX Seepage Basin (two XSB
series wells) and the TNX Burying Ground (two TBG
series wells} in TNX Area. Twonew production wells,
FSB 1TA and HSB 1TB, were installed at the F-Area
and H-Area Seepage Basins, respectively.

Thirty-six monitoring wells were abandened in 1989
at the following SRS locations: the Acid/Caustic Basin
{two FAC series wells), the hydrology cluster {(six FC
series wells), and the Seepage Basins (five F series

wells and three FMC series
wells) in F Area; the Seepage
Basins (seven H series wells)
in H Area; the Radioactive
Waste Burial Grounds (12 BG
series wells); and the DWPF
{one RSS series well)in S Area.

In addition to regulatory and
well monitoring changes
within the program during
1988, several other changes
also occurred. The SRL In-
terim Waste Technology Sec-
tien transferred the responsi-
bility for monitoring the IDB,
IDP, and TDQ wells to the
Environmental Protection
Department in 1989, General
Engineering Laboratories of
Charleston, South Carclina,
and metaTRACE of 8t. Louis,
Missouri, contracted to ana-
lyze groundwater samples at
the start of second quarter 1989. These laboratories
replaced Envirodyne Engineers of St. Louis, Mis-
souri. Quality control standards{National Bursau of
Standards--traceable standards), prepared by Envi-
ronmental Resource Associates of Arvada, Colerado,
were sent to both General Engineering and meta-
TRACE, as well as to the M-Area Laboratory, as part
of the quality assurance process. Teledyne Isotopes
of Westwood, New Jersey, became the primary labo-
ratory for individual radioisotope analyses during
the year.

HYDROGEOLOGY AT SRS
Geologic Setting

SRS is located on the Upper Atlantic Coastal Plain,
approximately 20 miles southeast of the Fall Line,
which separates the Piedmont and Coastal Plain
provinces. SRS is on the Aiken Plateau, a compara-
tively flat surface that slopes southeastward and is
dissected by several tributaries of the Savannah
River. The SRS stratigraphy (see Figures 6-1 and 6-
2 on the following pages ) comprises about 1,000 ft of
unconsolidated sands, clayey sands, and sandy clays,
which are underlain by dense crystalline metamor-
phic rock or consolidated sediments in the Triassic
basin. The geologic stratigraphy applicable to SRS
(described from bottom strats to top strata) is as
follows.



116

Saevannah River Site—Environmental Report for 1989

Rocks of the Cape Fear Formation, which constitutes
a regional aquitard, represent the lower-most por-
tion of the Upper Cretaceous Epoch. The Middendorf
and Black Creek Formations and the Steel Creek
Member of the Peedee Formation sequentially over-
lie the Cape Fear Formation. Rocks of Paleocene age
include the Ellenton Member of the Rhems Forma-
tion and the Williamsburg Formation. Very few
clean sands occur in Paleocene rocks, which consti-
tute a regional aguitard.

Rocks of the Eocene-age Congaree Formation are
generally capable of yielding several hundred gal-
lons of water per minute to wells at SRS. Overlying
the Congaree Formation are rocks of the Santee
Formation. The Caw Caw Member of the Santee
Formation is a local aguitard and it has been called

the “green clay” in SRS hydrologic writings. The
McBean Member overlies the Caw Caw and is com-
monly a limey mudstone but may be locally perme-
able. An unnamed sand member is locally a water
producer,

Overlying the Santee Formation are Eocene-age rocks
of the Dry Branch Formation. These rocks are
composed of sands, clays, and fossiliferous lime-
stones. Sandy units of the Dry Branch Formation are
important water producers. The uppermost Eocene-
age rocks at SRS are those of the Tobacco Road
Formation. This formation consists primarily of
clayey sands with a few clean sands or clays. Post-
Eocene rocks are represented by gravels, sands, and
clays and are included in an informal stratigraphic
unit called the “Upland Unit.”
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Figure 6-1. Geologic cross-section of SRS
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sediments into two regionally im-
portant primary aquifers. The third
aquifer at SRS corresponds approxi-
mately to sands of the Congaree
Formation. Other Coastal Plain
sediments transmit water on a local
scale but donot yield water to wells
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in sufficient quantity to be used as
primary aquifers. Portions of the
Santee and the Dry Branch Forma-
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tions generally yield low amounts of i
water to wells; thus, they could be
marginally classified as aquifers.
Clay-rich confining layers consti-
tute aquitards because they retard
the interchange of water between
sandier portions of formations but
do not actually prevent it.

Groundwater Movement
Groundwater movement is con-

trolled by the permeability of the
ground and the gradient of the
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the Coastal Plain sediments at SRS,
the permeability of the ground var-
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ies greatly. Aquifers, such as sand
bodies, are relatively permeable and
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as such allow water to pass through

them easily. Aquitards, such as

clay bodies, are much more impermeable and restrict
the movement of water. If water is in an aquifer
constrained by aquitards consisting of horizontal
layers of clay or other material, the water will move
more horizontally than vertically, If water is within
homogeneous material with no difference between
the horizontal and vertical permeabilities, the water
will move downgradient, regardless of whether the
direction is horizontal or vertical.

The gradient of the groundwater is a measure of the
difference in hydraulic head moving the water in the
saturated zone, The hydraulic head at a point in the
aquifer represents the total potential energy of the
water at that point relative to some reference point.
Each well is screened within a certain zone, and the
water in the well equilibrates with the hydraulic
head of the water in that zone. The elevation of the
top of the water in the well is measured to determine
the hydraulic head of the water in the zone moni-

Figure 6-2. SRS stratigraphic units

tored. By comparing the water levels in adjacent
wells screened in the same aquifer, the horizontal
direction of groundwater flow can be determined.
The horizontal gradients in the water table are rela-
tively steep near the discharge streams and are
relatively flat near groundwater divides between the
discharge streams. Groundwater flows downgradi-
ent to the discharge point.

Maost of the wells in this report are screened in the
water table, the uppermost saturated zone. This
saturated material ranges from relatively imperme-
able clay torelatively permeable sand. The direction
of flow of water in the water table is controlled by the
horizontal and vertical permeabilities and gradi-
ents. Ifthe watertable is within asand layerthathas
a large horizontal gradient and is underlain by an
aquitard, the direction of movement will be domi-
nantly horizontal. If the water table is within an
agquitard that is underlain by an aquifer of lower
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will not accurately
reflect horizontal
gradients. At some
sites there are insuf-
ficient wells or the
horizontal gradients
are too low to make a
determination of the
horizontal flow direc-
tion. At other sites,
particularly where
the watertable occurs
in a thick clay, the
horizontal gradientof
the water-table sur.
face has no clear pat-
tern.
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Ingeneral, ifthe hori-
zontal flow is much
greater than the ver-
tical flow and the
wells are properly
screenedin the water
table, any contamina-
tion of the groundwa-
ter from SRS opera-
tions should be de-
tected in the down-
gradient wells, The
sidegradient wells
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may be affected by the
= site, and the upgradi-
L '( ent wells should re-
5 flect water unaffected

™ by the site.
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At SRS, the horizon-
tal direction of

Figure 6-3. Piezometric map of the Upper Cretaceous aquifer

hydraulic head, the direction of movement will be
dominantly downward to the aguifer and then
continued horizontally.

In this report the wells are categorized as to whether
they are upgradient, sidegradient, or dewngradient
of the site. These characterizations are based upon
the horizontal groundwater gradient at the site and
are determined from water-level elevations, It is
important to consider only wells screened in the
same vertical zones when determining the horizon-
tal gradient because wells sereened above and below
an aquitard can have different hydraulic heads that

groundwater move-
ment is governed
largely by the depths of incisiens of the creeks that
allow discharge of the water to the surface. The
valleys of perennial streams allow discharge from
the shallow formations. The valleys of major tribu-
taries of the Savannah River govern flow direction in
formations of intermediate depth, and the valley of
the Savannah River governs the flow in deep forma-
tions, Generally, groundwater in the Upper Creta-
ceous formations flows toward the Savannah River
and that in the Congaree Formation flows toward
Upper Three Runs Creek or the Savannah River,
depending on proximity (see Figures 6-3 above left
and 6-4, facing page).
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groundwater
moves more hori-
zontally. Along
the Pen Branch
fault, aquitards
{and aquifers) are
offset; that is,
aquitards are ef-
fectively discon-
tinuous, increas-
ing the likelihood
of vertical inter-
change of water
from aquifer to
aquifer. Beneath
much of SRS,
hydraulic head
decreases with
depth, allowing
water to move
downward. How-
ever, in and near
the wvalleys of
UpperThree Runs
Creek and the
Savannah River,
i the Thydraulic
head of the water
above the Paleo-
cene confining
layerislowerthan
the hydraulie
head below this
layer because of
discharge into
these valleys. In
these arcas water
moves upward
across this zone
(Figure 6-5, fol-
lowing page).
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Figure 6-4. Piezometric map of the Congaree Formation aquifer

The vertical direction of groundwater movement is
controlled by the permeability of the aquitards and
the relative difference in hydraulic head of the water
on either side of an aguitard. Aquitards are not
continuous across SRS (see Figures 6-1 and 6-2
shown previously),

Generally, in the nerthwestern part of SRS aquita-
rds are less continuous, permitting vertical flow of
groundwater. Where aquitards are more continu-
ous, as they are in the southeastern portion of SRS,

WASTE SITES COMMON TOSEVERALAREAS
Acid/Caustic Basins

The acid/causticbaginsin F, H, K, L, P, and R Areas
are unlined earthen pits (approximately 50 ft by 50 ft
by 7 ft deep) that received dilute sulfuric acid and
sodium hydroxide solutions used to regenerate ion-
exchange units in the water-purification processes at
the Reactor and Separations Areas in the center of
the site. Other wastes discharged to the basins in-
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cluded water
rinses from the
ion-exchange
units, steam con-
densate, and run-
off from the spill
containment en-
closures for the
storage tanks.
The basins al.
lowed mixing and
neutralization of
the dilute solu-
tions before their
discharge to
Savannah River
Site streams.

The basins were
constructed be-
tween 1952 and
1954, The R-Area
basin was aban-
donedin 1964:the
1-Area basin was
sbandoned in
1968; the H-Area
basin was aban-
doned in 1885,
The other basins
remained in serv-
ice until new neu-
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periods of pro-
longed precipita-
tion. An Interim
Status Closure Plan was submitted to the South
Carolina Department of Health and Envirenmentsl
Control on June 30, 1989, proposing clean closure of
the basins in F, H, K, and P Areas.

Burning/Rubble Pits
From 1951 to 1973, burnable wastes such as paper,

wood, plastics, rubber, oil, degreasers, and drummed
solvents were received and burned monthly inone or

Figure 6-5. Contoured head differential map between the
Upper Cretaceous and Congaree Formation aguifers

more of the burning/rubble pits in A, C, Central
Shops, D, F, K, L, P, and R Areas. In 1973, the
burning of waste stopped, and the pits were covered
with a layer of soil. Rubble wastes, including paper,
wood, conerete, empty galvanized-steel barrels and
drums, and cans were then disposed of in the pits
until they reached capacity and were covered with
soil. All burning/rubble pits were inactive by 1981,
and all are covered except forthe R-Area pit(131-1R),
which has not been backfilled.
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Coal Pile Runoff Containment Basins

Electricity and steam at SRS are generated by burn-
ing coal, which is stored in open piles. The coal is
generally moderate-to-low sulfur coal (1-2%) received
by rail, placed on a hopper, sprayed with water to
control dust, and loaded onto piles. Coal piles origi-
nallyexistedin A, C, D, ¥, H, K, L, P, and R Areas.
The coal pile in R Area was removed in 1964, the L-
Areacoal pile was removed in 1968, and the coal piles
in C and ¥ Areas were removed in 1885,

The facilities generally contain a 90-day reserve of
coal, which is not rotated, resulting in long-term
exposure to the environment. This weathering re-
sultsin the formation of sulfuric acid, whichis caused
by the oxidation of sulfur in the coal and bicactivity.

To achieve compliance with the National Pollutant
Discharge Elimination System permitissuedin 1977,
coal pile runoff containment basins in A and D Areas
were completed in October 1978, and basinsin C, F,
H, ¥, and P Areas were completed in March 1981,

Rainwater runoff from the cesl piles flows into the
coal pile runoff containment basins via gravity flow
ditches and sewers. The basins allow mixing of the
runcff and its seepage into the subsurface, thus
preventing the entry of large surges of low pH runoff
into surface streams. All of the basins are active
including those in C and F Areas, which still collect
runoff although no coal remains at either site.

Dsassembly Basins

The disassembly basins were constructed adjacent to
each reactor at SRS to store irradiated assemblies
prior totheir shipment to the Separations Areas. The
disassembly basins are conerete-lined tanks contain-
ing water. The irradiated assemblies are rinsed
kefore being placed in the basins, but some radioac-
tivity is transferred from these assemblies to the
basin water. Radionuclides enter the disassembly
bagin water as a film of liguid on the irradiated
components as they are discharged from the reactor
tank to the disassembly hasin, in the oxide corrosion
film on the irradiated components, and, infrequently,
from leaks in porous components. Sand filters are
used to remove radiosctive particulates from the
disassembly basin water, The filtered basin water is
circulated through deionizers to remove additional
contaminants and is periodically purged through
regenerated deionizers to thereactor seepage basins.
The disassembly basin is then filled with clean wa-

ter. Purging is carried out to reduce radiation expo-
sure to operating personnel from the accamulation of
tritium in the basin.

Reactor Seepage Basins

Since 1957, active reactor seepage basins have re-
ceived low-level radioactive purge water from the
disassembly basins. This water purge is necessary to
keep the tritium concentration in the disassembly
basin water within safe levels for working conditions.
Although many radionuclides have been discharged
to the basing, almost all of the radicactivity is due to
tritium and small amounts of ©Sr, 1*'Cs, and #*Co.

Before the use of mixed-bed deionizers and sand
filters began in the 1960s, purge water was pumped
directly from the disassembly basins fo the seepage
basins. From 1970 to 1978, the seepage basins for
activereactors were bypassed, and thefiltered, deion-
ized purge water was discharged directly into site
streams. In 1978, the seepage basins for active
reactors were reactivated, and all but K-Area Reac-
tor Seepage Basin are currentlyinuse. In K Area, the
reactor seepage basin was used in 1959 and 1960
only, After that time, when water has been purged
from the K-Area Disassembly Basin to another ba-
sin, it has been discharged to the K-Area Retention
Basin.

GROUNDWATER MONITORING RESULTS
BY AREA

A AREA

A Areaislocated adjacent to M Areain the northwest
portion of SRS (see Figure 6-1, Vol. II). Surface ele-
vations across A Area range approximately from 350
to 380 ft mean sea level (msl). Surface drainage is
toward Tims Branch, approximately 5,000 ft to the
east, and toward valleys to the northwest and south-
west that lead to the Savannah River,

The nearest site boundary to A Ares is approxi-
mately 0.5 miles to the northwest. A Areaisona
water-table mound, with radial flow to the east
toward Tims Branch, to the southwest towarg the
Savannah River, and to the north and west toward
apparent drainage into lower zones. Monitoring of
organic plumes in A Area indicates that most of the
water-table water migrates downward into lower
zones because the vertical gradient exceeds the hori-
zontal gradient. Plume definition wells installed to
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moniter the movement of organic compounds are
discussed in the M-Area section of this report.

In 1988, groundwater was monitored at the following
sitesin A Area: the A-Area Burning/Rubble Pits (and
A-Area Ash Pile 788-2A), the A-Area Coal Pile Runoff
Containment Basin, the A-Area Metals Burning Pit,
the Metallurgical Laboratery Seepage Basin, the
Miscellaneous Chemical Basin, the Motor Shop Qil
Basin, the Savannah River Laboratory (SRL) Seep-
age Basins, and the Silverton Road Waste Site (Fig-
ures 6-2 and 6-3, Vol. 11). A summary of maximum
groundwater monitoring results at these sites is
given in Table 6-1 (Vol. II). The Hazardous Waste
Management Facility and the background wells for A
Area (well clusters MSB 29 and MSB 43) are de-
seribed in the M-Area section of this report.

A-Arvea Burning/Rubble Pits

The A-Area Burning/Rubble Pits (731-Aand 731-1A)
are approximately 800 ft west of Road D and 1,000 #t
north of the A-Area Metals Burning Pit (Figure 6-2,
Vol. II}, Although the pits are backfilled and inac-
tive, A-Area Ash Pile 788-2A, which is currently
active, is near pit 731-A. See the previous section of
this chapter for a discussion of SRS burning/rubble
pits.

The pits are monitored by the four wells of the ARP
series (Table 6-2, Vol. 1I). Horizontal groundwater
flow is to the west toward the Savannah River Swamp.
Relative to the pits, weil ARP 3 is upgradient, and
wells ARP 2 and 4 are sidegradient. Well ARP 1A,
which is screened below the water table, is down-
gradient,

No radioactive constituents were detected above
drinking water standards (DWS) in the ARP wells.

Trichloroethylene (up to 0.856 mg/L) was detected
above the DWS in wells ARP 1A and 3. Tetrachlo-
roethylene (up to 0.049 mg/L) was detected above the
DWS in wells ARP 2 and 3. Mercury (at 0.0027 mg/
L) was detected sbove the DWS in well ARP 4.

A-Area Coal Pile Runoff Containment Basin

A-Area Coal Pile Runoff Containment Basin
(788-3A) is east of Road I} (Figure 6-3, Vol. II) and
approximately 535 ft southeast of the A-Area coal
pile. See the previous section of this chapter for a
discussion of SRS coal pile runoff containment ba-
sins,

The site is monitored by the four wells of the ACB
series (Table 8-3, Vol. II). The horizontal gradient at
the site is low, making determination of horizontal
flow directions difficult.

Gross alpha (up to 29.7 pCi/L) and total radium (up
to 23 pCi/L) were detected above their respective
DWSin wells ACB3A and 4A. One anomalously high
result for nonvolatile beta activity (132 pCi/L) was
reported for well ACB 1A. This result is not consis-
tent with the other results obtained during the year.
Nootherradioactive constituents were detected above
DWS in the ACB wells,

No chemical constituents were detected above DWS
at this site. However, sulfate (up to 58.7 mg/L) and
conductivity (up to 311 pmhos/cm) were elevated in
wells ACB 3A and 4A.

A-Area Metals Burning Pit

The A-Area Metals Burning Pit(731-4A), placed
in service about 1952, is west of Road D and south of
the A-Area Burning/Rubble Pits (Figure 6-2, Vol. II).
Lithium-alaminum alloy, aluminum pieces, plastic
pipe, metal drums, and other metal scraps were
deposited in piles in the pit and burned periodically.

In 1974, the solid materials remainingin the pit were
covered with soil, and the site was regraded. The site
is currently inactive and is part of the Resource
Conservation and Recovery Act (RCRA) Facility
Investigation (RFI) program.

The basin is monitored by seven wells of the ABP
series, four of which were added to this series in 1988
(Table 6-4, Vol. II). These wells monitor the water
table and lower zones. Wells ABP 1DD, 2DD, 4DD,
6D, and 7D are used as piezometers and were not
sampled. Horizontal gradientsare low, makinginter-
pretation of flow directions difficult. However, the
direction of groundwater flow in the water table
beneath the pit appears to be toward the west. Well
ABP 3 appears to be upgradient, and the remainder
of the wells are sidegradient. Wells ABP 1A, 24, and
4 are screened below the water table.

Total radium {at 5.88 pCi/L.) was detected above the
DWS in well ABP 1A, No other radioactive constitu-
ents were detected abeve DWS at this site.

Trichloroethylene (up to 0.108 mg/L) was detected
above the DWS in wells ABP 24, 3, 3C, and 4.
Tetrachloroethylene (up to 0.018 mg/L) was detected



6. Groundwater Monitoring Program

" AArealiesin the norifwest portion of SRS and houses administrative, research, and support facilities, In
1988, groundwater from 73 wells at eight sites in A Areawas analyzed to determine the quantities of cerfain
radioactive and nonradioactive constituents that may be present. Co

Concentrations of trichloroethylene and tetrachloroethylene, organic solvents that do not occur naturally
in groundwater, exceeded applicable standards in one or more wells at seven sites. The highest
concentration of trichloroethylene was 3.76 mg/L at the Savannah River Laboratory Seepage Basins, and
the highest concentration for tetrachloroethylene was 0.123 mg/L. at the Motor Shop Qil Basin. Carbon
tetrachloride (up to 0.021 mg/) was above its standard in several wells at two sites. The presence of
organics beneath A Area is partially a result of past operations in M Area, which is contiguous with A Area,
and discussed inmore detail in the M-Area description. Many M-Area plume definition wells are dispersed
throughout A Area and thus delineate A-Area groundwater contamination and contamination transport.

Radioactive constituents were detected above applicable standards at four sites. Total radium activity (up
to 23 pC¥L} exceeded its standard in one or more wells at the A-Area Coal Pile Runoff Containment Basin,
the A-Area Metals Burning Pit, the Miscellaneous Chemical Basin, and the Silverton Road Waste Site.
Gross alpha activity (up to 32 pCi/L) was elevated in two wells at the A-Area Coal Pile Runoft Containment
Basin and in one well at the Miscellaneous Chemical Basin. Nonvolatile beta activity (up to 132 pCill) was
elevated in one well at the A-Area Coal Pile Runoff Containment Basin and intwo wells at the Miscellaneous
Chemical Basin. Tritium activity {up 10 50.8 pCi/ml.) was above its standard inone well at the Miscellanecus
Chemical Basin.

Lead was above its standard in one well each at the Metallurgical L.aboratory Seepage Basin, the
Miscellaneous Chemicat Basin, and the Silverton Road Waste Site: and mercury and sulfate concentra-
tions exceeded standards in one or more wells at the A-Area Burning/Rubble Pits and the A-Area Coal Pile
Runoff Confainment Basin, respectively. Conductivity exceeded its standard in one or more welis at six
sites, pH at three sites, alkalinity at two sites, and tota! dissolved solids at one site. The maximum values
for these four analytes were found in samples from wells at the Miscellanecus Chemical Basin.
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above the DWS in wells ABP 2A and 3C. No other
chemical constituents were detected above DWS.

Metallurgical Laboratory Seepage Basin

The Metallurgical Laboratory Seepage Basin
(804-110G) at the east edge of A Area (Figure 6-3, Vol.
M) received wastewater effluent from the Metallurgi-
cal Laboratory Building (723-A) from 1956 until
1985. Wastewater released to the basin consisted of
small quantities of laboratory wastes from metallo-
graphic sample preparation {(degreasing, cleaning,
etching) and corrosion testing of stainless steels and
nickel-based alloys.

The wastewater volume discharged from the labora-
tory was small (5 to 10 gal/day) and consisted mostly
of rinsewater. Noncontact cooling water (approxi-
mately 900 gal/day) was also discharged. The basin
is currently inactive and contains rainwater. A
closure plan and & RCRA Part B Post-Closure Plan

have been submitted to the South Carolina Depart-
ment for Health and Environmental control
(SCDHECQ) for review.

The basin is monitored by the 10 wells of the AMB
series (Table 6-5, Vol. II). Five of these wells were
added to the series in 1989 to monitor the Carclina
bay adjacent to the Metallurgical Laboratory Seep-
age Basin. The water table in this area is flat,
making determination of horizontal flow directions
difficult.

Noradicactive constituents were detected above DWS
at this site.

Trichloroethylene (up to 0.3 mg/L) was detected
above the DWS in wells AMB 4, 5, and 6. Tetrachlo-
roethylene (up to 0.013 mg/L} and lead (at 0.103 mg/
L) were detected above DWS in well AMB 5. Noother
chemical constituents were detected above DWS,
However, conductivity (up to 278 pumhos/cm) was
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elevated in wells AMB 4, 7, 10D, and 10DD. Alkalin-
ity (up to 137 meq/L) was elevated in well AMB 7.

Miscellaneous Chemical Basin

The Miscellaneous Chemical Basin (731-5A) is
west of Road D near the A-Area Metals Burning Pit
(Figure 6-2, Vol. II). The basin, in operation by 1958,
was closed and the site graded in 1974. There are no
records of the materials disposed of at this site.
However, soil gas investigations revealed haloge-
nated organics in the near-surface soils at the site.
This site is currently inactive and is part of the RFI
program.

The basin is monitored by seven MCB series wells,
three of which were added to this series in 1989
(Table 6-6, Vol. IT). Wells MCB 2, 4, 5, and 6 monitor
the water table. The remaining wells (MCB 5C, 6C,
and 7C) monitor hetween 155 ft and 170t msl. Wells
MCB 8D and 9D are used as piezometers and were
not sampled. The site is near the groundwater divide
between Tims Branch and the Savannah River
Swamp. Horizontal groundwater flow under the
basin appears to be to the east-northeast toward
Tims Branch. Wells MCB 4 and 5 are upgradient,
and wells MCB 2, 6, 8D, and 9D are sidegradient,
There is insufficient information to determine the
horizontal flow directions in the lower zones,

Total radium (up to 9.6 pCi/L) was detected above the
DWSin wells MCB 4, 5C, 6C, and 7C. Gross alpha(at
32 pCi/L} in well MCB 8C and tritium (at 50.8 pCi/
mL}in well MCB 5C were detected
ashove DWS. Nonvolatile beta ae-
tivity (up to 72.6 pCy/L) was ele-
vated in wells MCB 8C and 6C.

Trichloroethylene (up to 0.701 mg/
L} and tetrachloroethylene (up to
0.102 meg/L) were detected above
DWES in several wells, Carbon
tetrachloride (up to 0.021 mg/L)
was detected above the DWS in
wells MCB 4 and 5. Lead (at 0.065
mg/L)was detected above the DWS
in well MCBBC. Noother chemieal
constituents were detected above
DWS. However, atkalinity (up to
L,29G meqg/L), conductivity (up to
4,780 umhos/em), pH (up to 12.6),
and total dissclved solids (THS)
{up to 635 mg/L) were elevated in
wells MCB 5C, 6C, and 7C, sug-

gesting that the water from these wells may be
affected by the leaching of well grout. Elevated
conductivity (at 106 pmhos/cm) was also detected in
well MCB 2.

Motor Shop 0il Basin

The Motor Shop Oil Basin {(904-101G) is at the
south edge of A Area, by the 716-A Motor Shop
(Figure 6-3, Vol. II). This unlined basin was placed
in service in 1977 to receive liquid waste from the
Moter Shop. Effluent discharges from the Motor
Shop included waste engine oil, grease, kerosene,
ethylene glycol, and soapy water. All waste passed
through an oil skimmer before discharge to the basin.
In August 1983, all discharges to the oil basin were
terminated. The site is carrently inactive but collects
rainwater during periods of heavy precipitation.

The basin is monitored by the three wells of the AOB
series (Table 6-7, Vol. II). One of these wells (AOB 3)
was added to this series during second quarter 1989.
The basin is near the National Pollutant Discharge
Elimination System (NPDES) Outfali A- 14, aknown
source of halogenated organics. There is insufficient
information to determine the horizontal groundwa-
ter gradient at this site.

Noradioactive constituents were detected above DWS
in the AOB wells.

The only chemical constituents detected above DWS
were tetrachloroethylene (up to 0,123 mg/L) and

Groundwater well cluster located in A Area
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trichloroethylene (up to 0.118 mg/L) in well AOB 1.
Conductivity (at 108 pmhos/em) was elevated in well
AOB 3.

Savannah River Lahoratory (SRL)
Seepage Basins

Savannah River Laboratory (SRL) Seepage Basins
(904-53G1, 904-53G2, 904-54G, and 804-55QG) are
east of Road 1-A across from SRL (Figure 6-3, Vol. I1).
These four basins, constructed between 1954 and
1960, received low-level radioactive wastewater
through underground drains from laboratories in
Buildings 735-A and 773-A.

Basins 1 (Building 904-53G1) and 2 (Building 904-
53G2) were placed in operation in 1954. Basins 3
(Building $04-540) and 4 {Building 904-55(3) were
added in 1958 and 1960, respectively, to provide
additional holding capacily. Wastewater flowed
sequentially from Basin 110 Basin 4 (west to east) in
cascade via overflow channels. Bagin 4 has no over-
flow or outlet. When the SRL basins were in opera-
tion, only wastewater with radieactivity less than
160 &/m/mL alpha and/or 50 d/m/ml beta-gamma
was discharged to the basins. An exception to this
practice was made in 1971 when 0.68 Ci of curium
from a leaking separator pit in Building 776-A was
disposed of in the basins. Approximately 34 million
gal of wastewater were discharged to the basins
during their operating life. The basins were taken
out of service in October 1982. A Waste Site Assess-
ment Report and a Groundwater Quality Assess-
ment/Corrective Action Feasibility Plan have been
submitted to SCDHEC for review,

The basins are monitored by eight wells of the ASB
series (1A, 2A, 3A, 4, BA, 6A, 6AA, and 7) (Table 6-8,
Vol. II). Well ASB 6AA was monitored for the first
timein 1989. The groundwater gradients in this area
arerelatively flat, and changes in flow direction have
oceurred. Wells ASB 2A and 3A appear to be upgradi-
ent, wells ASB 5A, 64, and 7 are downgradient, and
well ASB 4 is sidegradient of the basins.

ASB well clusters 8 and 9 are not adjacent to the
basins: well cluster ASB 8 is near NPDES Qutfall A-
1, a possible source of contaminants; well cluster
ASB 9 is approximately 1,600 ft east of the seepage
basins. Well clusters ASB 8 and ASB 9, including
well ASB 9C added during first quarter 1989, are
part of the M-Area Plume Definition program, and
results for these wells are discussed in the M-Area
Plume Definition section,

Noradioactive constituents were detected above DWS
in the ASB wells,

Trichloroethylene (up to 3.76 mg/L) was detected
ahove the DWS in wells ASB 5A, 6AA, and 7. Tetra-
chloroethylene (up to 0.03 mg/L) was detected above
the DWS in wells ASB 1A, 6AA, and 7. No other
chemical constituents were detected above DWS.
However, conductivity (up to 346 pmhos/cm) and pH
(ap to 10.8) were elevated in well ASB 6AA, suggest-
ing that water from this well may be affected by the
leaching of well grout.

Silverton Road Waste Site

The Silverton Road Waste Site (731-3A), southwest
of Road C-1.1 (Figure 6-2, Vol. 11), was used for
disposal of metal shavings, construction debris, tires,
drums, tanks, and miscellaneous items, The startup
date is unknown, and no records of waste disposal
activities have been kept. Operations at the site
ceased in 1974, The waste material is presently
covered with soil and vegetation.

The site is monitored by the 30 wells of the SRW
series (Table 6-9, Vol. II). The wells monitor the
water table and deeper zones. Wells with an “A” or
“B” after the well number monitor the lower zones.
Wells SRW 1 through 6 are at the edge of the site,
with well SRW 1, well cluster SRW 2, and well SRW
3Aupgradient of the site, well SRW 4 sidegradient to
downgradient, and wells SRW 5 and 6 downgradient.
During the year, well SRW 1 was either dry or could
not be sampled. The remaining wells are farther
from the site, with well cluster SRW 16 upgradient,
clusters SRW 14 and 15 sidegradient, and the re-
maining wells downgradient.

Total radium (at 6.34 pCi/L) in well SRW 11 was the
only radioactive constituent detected above DWS at
this site,

Carbon tetrachloride (up to 0.012mg/L) was detected
above the DWS in wells SRW 6, 7, and 11. Trichlo-
roethylene (up to 0.016 mg/L) was detected above the
DWSin wells SRW 7,11, and 14A. Lead (at 0.096 mg/
L) was detected above the DWS in well SRW 7.
Tetrachloroethylene concentrations (ranging up to
0.005 mg/L) were equal to the DWS in well SRW 11,
No other chemical constituents were detected above
DWS. However, conductivity (up to 103 pmhos/cm)
was elevated in well SRW 16A; pH (at 3.9) was lowin
well SRW 2.
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C AREA

C Area is located near the central part of SRS (see
Figare 6-1Vol. II). Surface elevations acrossthe area
range approximately from 250 to 290 fit msl. Surface
drainage is predominantly to the west toward a
tributary of Four Mile Creek. The nearest site
boundary from C Area is approximately 5.6 miles to
the west. Several incised tributaries and streams
exist between C Area and the SRS boundary and are
regions of water-table discharge.

In 1989, groundwater was monitored at the following
sites in C Area: the C-Area Burning/Rubble Pit, the
C-Area Coal Pile Runoff Containment Basin, the C-
Area Disassembly Basin, and the C-Area Reactor
Seepage Basins (Figure 6-4, Vol. I}, A summary of
maximum groundwater monitoring results at these
sites is given in Table 6-10 (Vol. TD).

C-Area Burning/Rubble Pit

The C-Area Burning/RubblePit (131-C) is approxi-
mately 1,000 ft west of C Area (Figure 6-4, Vol. IT) on
& gentle, west-trending slope. See the previous sec-
tion of this chapter for a discussion of SRS burning/
rubble pits,

The site is monitored by the four wells of the CRP
series (Table 6-11, Vol. II). Relative to the pit, CRP
1 is upgradient, well CRP 3 is downgradient, and
wells CRP 2 and 4 are sidegradient.

Tritium (up to 380 pCi/mL) was detected above the
drinking water standard (DWS) in all the CRP wells
except CRP 4. No other radiosctive constituents
were detected above DWS.

Trichloroethylene (up to 14.4 mg/L) was detected
above the DWS in all the CRP wells except CRP 2.
Tetrachloroethylene {at 0.021 mg/L) was detected
aboveits DWSin well CRP 1, Chromium {upto 0.184
mg/L)and lead (up to 0.56 mg/L) concentrations were
above DWS in well CRP 3. No other chemical con-
stituents were detected above DWS. However, pH
{up t0 12.1), alkalinity (up to 578 meq/L), TDS (at 471
mg/L), and conductivity (up to 3,100 pmhos/em) were
also elevated in well CRP 3, suggesting that from
leaching of well grout may affect water in this well.,

C-Ares Coal Pile Runoff Containment Basin

C-Area Coal Pile Runoff Containment Basin
(189-C) is southeast of C Area approximately 650 ft

southeast of the former location of the C-Area coal
pile (Figure 6-4, Vol. II). See the previous section of
this chapter for a discussion of SRS coal pile runoff
containment basins.

The site is monitored by the four wells of the CCB
series(Table6-12, Vol. ID. Relativeto the basin, CCB
2 is downgradient to sidegradient, CCB 4 is upgradi-
ent, and CCB 3 is sidegradient.

No radioactive or chemical constituents were de-
tected above DWS in the CCB wells.

C-Area Disassembly Basin

The C-Area Disassembly Basin (105.C) is located in
the C-Area reactor building (Figure 6-4, Vol. T1). See
the previous section of this chapter for a discussion of
SRS disassembly basins.

Wells CDB 1 and 2 monitor the C-Area Disassembly
Basin (Table 6-13, Vol. II). There is insufficient
information to determine the horizontal groundwa-
ter gradient at this site.

Tritium (up to 395 pCi/mL} was detected above the
DWS in wells CDB 1 and 2. No other radioactive
constituents were detected above DWS at this site,

Lead concentrations (up to 0.128 mg/L) were above
the DWS in both CDB wells. No other chemical
constituents were detected above DWS,

C-Area Reactor Seepage Basins

Thethree C-Area Reactor Seepage Basins {Buildings
904-66(, 904-67G, and 904-68() are currently active
and periodically receive purge water when the C-
Area reactor is operating. The basins are about 650
ft west of the reactor building (Figure 6-4, Vol. ID).

The basins are connected in series, with water enter-
ing Basin 1 then moving to Basins 2 and 3. See the
previous section of this chapter for a discussion of
SRS reactor seepage basins.

The basins are monitored by the six wells of the CSB
series (Table 6-14, Vol. II). Well CSB 1A is upgradi-
ent, well CSB 6A is sidegradient, and wells CSB 24,
3A, 4A, and 5A are downgradient of the basins. Well
CSB 1A was dry throughout the year.

Tritium (up te 42,700 pCi/mL) was detected above
the DWS in all CSB wells except CSB 1A. No other
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and is the she of C Reac:or, whsch was the last ;
of the five SRS reactors 1o begin operations (in -
March 1955). During 1989; gmundwater from.
16 wells atfour sites in C Area was monitoredior
cerain radioactive and nonradioactive constitu-
ents that may be present.

Tritium was detected above its drinking water
standard in 10 of the 12 wealls at the C-Area
Burning/Rubble Pit, the C-Area Disassembly
Basin, and the C-Area Reactor Seepage Ba-
sing, with activity ranging up o 42,700 pCi¥mL at
the latter site. No other radicactive constifuents
were detectied above applicable standards at C-
Area sites.

Trichicroethylene (up to 14.4 mg/L} exceeded
s standard in 7 of the 10 wells at the C-Area
Burning/Rubble Pit and the C-Area Reaclor
Seepage Basins, tefrachlorcethylene (up to
0.021 mg/L) was above its standard in one well
atthe C-Area Burning/Rubbie Pit, andtrans-1,2-
dichiorogthene {up to 0.53 mg/l) was above its
standard in one well at the C-Area Reactor
Seepage Basins.

Lead was above its standard in one or more
wells at the C-Area Burning/Rubble Pit, the C-
Area Disassembly Basin, andthe C-Area Reac-
tor Seepage Basins, and chromium was above
its standard in one well at the C-Area Burning/
Rubble Pit. Values for conductivity, pH, alkalin-
ity, and total dissolved solids were above stan-
dards in severalwells, withthe maximumvalues
for all four analytes found in the groundwaler
froim one well at the C-Area Burning/Rubble Pit.
None ofthe analytes insamplesfromihe C-Area
Coal Pile Hunofi Containment Basinwere above
applicable standards.

radionctive constituents were detected above DWS
at this site.

Trichlorcethylene (up to 3.34 mg/L) was detected
ahove the DWS in wells CSB 24, 34, 4A, and 5A
Lesad concentrations (up to 0.133 mg/L) were above
the DWS in wells CSB 2A, 3A,and 5A. Theonlyother
chemical constituent detected above DWS was frans-
1,2-dichloroethene (at 0.53 mg/L) in well CSB 2A.
However, conductivity (up to 320 pmhos/em) was

elevated in wells CSB 5A and 6A. Elevated pH (up to
11.8) was detected in well CSB 5A also, suggesting
that water in this well may be affected by the leach-
ing of well grout.

CENTRAL SHOPS AREA

Central Shops(CS) Areaislocated in the central part
of SRS as shewn in Figure 6-1 (Vol. 1}, Surface
elevations across the area range approximately from
280 to 300 ft msl. Surface drainage is to tributaries
of Four Mile Creek to the north, west, and south and
to tributaries of Pen Branch to the east.

The nearest site boundary to C8 Area is approxi-
mately 6.5 miles to the west-southwest., Four Mile
Creek, Upper Three Runs Creek, and several other
incised eresks are located between C85 Area and the
site boundary and they are areas of groundwater dis-
charge.

In 1989, groundwater was monitored at the following
sites in CS Area: the Central Shops Burning/Rubble
Pits, the Fire Department Training Facility, the
Ford Building Seepage Basin, the Hazardous Waste
Storage Facility, and the Hydrofluoric Acid Spill
Area (Figure 6-5, Vol. II). A summary of maximum
groundwater monitoring results for these sites is
given in Table 6-15 (Vol. II).

Central Shops Burning/Bubble Pits

Central Shops Burning/Rubble Pite631-1Gand
631-5G are about 600 ft north of CS Area (Figure &-
5, Vol. 11). Pit 631.6Gis about 1 mile southeast of the
area and is not monitored. The exact boundaries of
the pits are unknown. See the previous section of this
chapter for a discussion of SRS burning/rubble pits.

The site is monitored by the four wells of the C8R
series (Table 6-18, Vol. 11). Relative to the site, well
CSR 2 appears to be upgradient and the remainder of
the wells sidegradient to upgradient.

No radioactive or chemical constituents were de-
tected above drinking water standards {(DWS) in the
CSR wells.

Fire Department Training Facility

The Fire Department Training Facility (904-
113G), also known as the Central Shops Burnable Oil
Basin, is at the southeast end of CS Area (Figure 6-
5, Vol. II), about 500 ft north of the Ford Building
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(690-G). The site, a shallow pit surrounded by an 18-
in.-high asphalt dike, was used from 1979 to 1982 by
the SRS Fire Department to train personnel to use
firefighting equipment. After this time, the area was
excavated and backfilled,

The site is monitored by the two wells of the CSO
series (Table 6-17, Vol. II). Information from these
wells is insufficient to determine horizontal flow
directions.

Tritium (up to 23 pCi/mL) was detected above the
DWSin well CBO 1. No other radioactive or chemical
constituents were detected above DWS at this site.

Ford Building Seepage Rasin

The Ford Building Seepage Basin (204-31Q)
{(Figure 8-5, Vol. 11} is approximately 100 ft east of the
Ford Building (690-G). The basin received low-level
radioactive wastewater from Ford Building opera-
tions (repairing heat exchangers) from 1964 to Janu-
ary 1984, The basin is currently inactive and is part
of the RFI program.

The basin is monitored by the three wells of the HXB
series (Table 6-18, Vol. I1). These wells are sereened
below the water table, making interpretation of
horizontal flow directions difficult.

1983, wastes have been stored inside the buildings in
drums placed on diked conerete floors designed to
contain liquid spills. This facility, which is currently
active, is inspected weekly for container leakage.

The site is monitored by the two wells of the HWS
series (Table 6-19, Vol. II). Information from these
wells is insufficient to determine horizontal flow
directions.

Gross alpha (at 20.8 pCi/L) was detected above the
DWS in well HWS 2. No other radicactive or chemi-
cal constituents were detected above DWS at this
site,

Hydrofluoric Acid Spill Area

The Hydrofluoric Acid Spill Area (631-4Q) is
located at the south end of CS Area, just north of the
rail line to C Area (Figure 6-5, Vol. II). Itis uncertain
whether a spill occurred at this site or if contami-
nated soil or containers are buried here. The spill or
burial cccurred prior to 1970, and an identification
sign is the only evidence that any material was
released at this site,

This site is monitored by the four wells of the CSA
series (Table 6-20, Vol. II). Horizontal gradients at
the site are low, making interpretation of flow diree-
tions difficult. Well CSA 2 appears to be upgradient,

Total radium (at 5.79 pC¥VL)
was detected above the DWS
in well HXB 1. One anomal-
ously high result for gross
alpha (334 pCi/L) was detected
above the DWS at well HXB 3,
This result is not consistent
with other results obtained
during the year. No other
radicactive or chemical con-
stituents were detected above
DWS at this site.

Hazardous Waste Storage
Facility

Hazardous Waste Storage Fa-
cility (709-G, 709-2G, and 709-
4(3) is west of CS Area (Figure
6-5, Vol. II). Building 709-2G
contains a mixture of low-level
radioactive waste and hazard-
ous waste., Since November
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wells CSA 1 and 3 sidegradient, and well CSA 4
downgradient of the site,

Total radium (at 6.93 pCV/L) was detected above the
DWSin well CBA 4, No other radioactive or chemical
constituents were detected above DWS at this site.

I AREA

D Area is located in the southwest part of SRS as
shown in Figure 6-1 (Vol. II). Surface elevations
across D Area range approximately from 100 to 150
ft msl, decreasing to the west-southwest toward the
Savannah River. The nearest site boundary to D
Area is the SBavannsh River, approximately 0.75
miles to the west. The water table discharges to the
Savannah River and to the nearby swamp.

In 1989, groundwater was monitored at the following
sites in I Arvea:the D-Area  Buming/Rubble Pits,
the D-Area Coal Pile Runoff Containment Basin and
Ash Basins, and the D-Area Oil Disposal Basin
(Figure 8-8, Vol. II). A summary of the maximum
groundwater monitoring results for these sites is
presented in Table 6-21 (Vol. 11

I3-Area Burning/Rubble Pits

The D-Area Burning/Rubble Pits (431-D and 431-
1D} are approximately 1,000 ft west of D Area (Fig-
ure 6-6, Vel. II}. See the previous section of this
chapter for a discussion of SRS burning/rubble pits.

This site is monitored by the four wells of the DBP
series (Table 6-22, Vol. ID). Three of thefour wellsare
sereened below the water table. However, well DBP
3 appears to be upgradient, wells DBP 1 and 4
sidegradient, and well DBP 2 downgradient of the
pits.

No radioactive or chemical constituents were de-
tected above drinking water standards (DWS) in the
DBP wells. However, conductivity (up te 310 umhos/
em)and sulfate (up to 97 mg/L) were elevated in wells
DBF 2 and 4.

D-Ares Coal Pile Runoff Containment Basin
and Ash Basins

The D-Area Coal Pile Runoff Containment Basin
(488-D} is south of D Area (Figure 6-6, Vol. II). See
theprevious section of this chapter for a diseussion of
SRS coal pile runoffeontainment basins. The D-Area
Ash Basins (488-1), 488-1D, and 488-21)) are south-

west of the D-Area perimeter fence on a northwest-
trending slope. Ash sluice water from the D-Area
pewerhouse has been discharged to the D-Area Ash
Basins since site startup in 1951, The annual ash
disposal rate into the D-Area Ash Basins was ap-
proximately 50,000 yd®yr until 1983 and has been
approximately 65,000 yd¥yr since 1983.

The D-Area Coal Pile Runoff Containment Basin and
Ash Basins are monitored by the 16 wells of the DCB
series (Table 6-23, Vol. II). Horizontal groundwater
flow under the site is toward the southwest. Relative
to the site, wells DCB 2A, 3A, and 8 are upgradient,
wells DCB 1A, 4A, 5A, and 10 are downgradient, and
wells DCB 6, 7, and 9 are sidegradient. Wells DCB
1A, 6,7, 9, 12, and 13 are downgradient of the coal
pile. Well DCB 11is located inthe northern-most ash
basin and is probably sampling water from within
the basin. Wells DCB 12, 15, and 16 are downgradi-
ent of the coal pile, the coal pile runoff containment
basin, and the ashbasins. Well DCB 13 is upgradient
of the ash basins and downgradient of the coal pile
runoff containmentbasin. Well DCB 14 1s sidegradi-
ent to downgradient from the ash basins and may be
downgradient from the coal pile.

Total radium (up to 35.8 pCi/L.) was detected above
the DWS in wells DCB 1A, 6, 7, and 19. Gross alpha
(up to 82.8 pCi/L) was detected above the DWS in
wells DCB 6, 10, and 14. Tritium (up to 292 pCi/mL}
was detected above the DWS in wells DCB 12 and 14.
Nonvolatile beta activity (up to 121 pCi/L) was ele-
vated in well DCB 11,

The DCB wells with the highest levels of chemical
contamination are downgradient of the coal pile
runoff containment basin and the coal pile (DCB 14,
4A,54A,6,7,9, 10, 12, and 13) or within or downgradi-
ent ofthe ashbasins (DCB 11,12, 14, 15, and 16). The
chemical contamination is characterized by low pH
{down to 2.2) and bigh conductivity (up to 8,760
wmhos/em), sulfate (up to 15,0600 mg/L), and TDS (up
to 10,000 mg/L) levels. Arsenic (up to 0.277 mg/L),
chromium {up to 2.76 mg/L}, fluoride {up to 10.1 mg/
L), lead (up to 0.22 mg/L), trichloroethylene (up to
0.083 mg/L.), and tetrachloreethylene (up te 0.01 mg/
L) were detected above DWS in many of these same
wells.

Also detected above the DWS were cadmium (up to
0.03mg/L)in wells DCB 1A and 10, carhon tetrachlo-
ride {at 0.013 mp/L} n well DCB 16, mercury (at
0.003 mg/L) in well DCB 9, and selenium (at 0.014
mg/L)in well DCB 6. No other chemical constituents
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were detected above DWS.
However, alkalinity (up to 349
meqg/L} was elevated in wells
BCB 13, 15, and 16.

D-Area (il Disposal Basin

The D-Area Oil Disposal Basin
{631-3) i3 north of D Area be-
tween Roads A-4.4 and A-4.5
{Figure 6-8, Vol. II). The basin
was constructed in 1952 and
began receiving waste oil prod-
ucts frem D Area that were
unacceptable for incineration in
the powerhouse boilers. These
waste oils may have contained
hydrogen sulfide, chlorinated
organics, or ether chemicals. In
1975, the oil basin was removed
from service and backfilled with
soil.

The basin is menitored by the
four wells of the DOB series
(Table §-24, Vol. I1). The hori-
zontal gradient in this area is
low, making determination of
horizontal flow directions diffi-
cult. At least two major flow
direction reversals have oe-
curred since mid-1984,

Noradivactive constituents were
detected above DWS in the DOB
wells.

: ar.:tw:ty (up 1035, chm_) was eleva!ed in murwelis,gfass afpha actwlty' _
{up1082.8 pCi/L) inthree wells, tritiurm activity (up 1o 292 pC¥mL jinone
well, and nonvolatile beta acnvnty (up to 12! pC;/i.) i one weB

: the htghest concemra!mn at the latter élt
:'f, rmum ﬂuor;de mercury, lead, and selen

- Cont :Mm Basm artd Ash Basiﬂs-,;-

Tetrachloroethylene (up to 0.024 mg/L) and trichlo-
roethylene (up to 0.37 mg/L) were detected above
DWS in wells DOB 1 and 2. No other chemical con-
stituents were detected above DWS. However, con-
ductivity (up to 138 umhos/cm) was also elevated in
wells DOB 1 and 2. Sulfate (up to 25.6 mg/L) was
elevated in well DOB 1.

FAREA

F Area is located in the central part of SRS as shown
in Figure 6-1 (Vol. II), Surface elevations acress F
Area range approximately from 260 t0 320 ft msl, F
Area is incised by several tributaries of Upper Three
Runs Creek, approximately 2,200 ft to the north and
west, and of Four Mile Creek, approximately 2,000
to the south.

Thenearest siteboundary to F Areais approximately
6 miles to the west. F Area is on a near-surface
groundwater divide between Upper Three Runs Creek
and an unnamed tributary of Four Mile Creek. The
near-surface groundwater from the southern part of
F Area discharges to an unnamed tributary of Four
Mile Creek, approximately 2,000 ft to the south. The
near-surface groundwater from the northern part of
F Areadischargesto one of many tributaries of Upper
Three Runs Creek, approximately 1,500 ft to the
north,

in 1989, groundwater was monitored at the following
sites in F Area: the F-Area Acid/Caustic Basin, the F-
Area ALine and F-Area Canyon Building, the F-Area
Burning/Rubble Pits, the F-Area Coal Pile Runoff
Containment Basin, the F-Area Effluent Treatment
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Cooling Water Basin, the F-Area Seepage Basins,
the F-Area Sludge Land Application Site, the F-Area
Tank Farm, and the Old F-Area Seepage Basin
(Figures 6-7 through 6-10, Vol. IT). A summary ofthe
maximum groundwater monitoring results for these
sites is presented in Table 6-25 (Vol. IT).

F-Area Acid/Caustic Basin

The F-Area Acid/Caustic Basin (304-74() is east of F
Area on a slope that leads to an unnamed tributary
of Upper Three Runs Creek (Figure 6-8, Vol_II). See
the previous section of this chapter for a discussion
of SRS acid/caustic basins,

The site is monitored by the six wells of the FAC
series (Table 6-26, Vol, I1}. The screen zone eleva-
tionsin the wells at this site vary, and a clear pattern
of water elevationsin the wells does not exist, making
interpretation of the horizontal flow directions diffi-
cult.

Total radium (up to 19.2 pCi/L) was detected above
the drinking water standard (DWS) in wells FAC 4,
5,and 8. Gross alpha (up to 21.5 pCi/L) was detected
above the DWS in well FAC 4. No other radioactive
constituents were detected above DWS at this site.

No chemical constituents were detected above DWS.
However, conductivity {up to 240 pmhos/cm) was
elevated in all FAC wells except FAC 7. Sulfate (up
to 61 mg/L) was elevated in wells FAC 3, 4, and 5.
Elevated pH (up to 10.3) was detected in well FAC 3
also, suggesting that water in this well may be
affected by the leaching of well grout.

F-Ares A Line and F-Area Canyon Buildings

The F-Area Canyon Building (221-F) is in the center
of F Area (Figure 6-8, Vol II), 'The A-Line Uranium
Recovery Facility (221-1F) is east of the south end of
the Canyon Building (Figure 6-8, Vol. II). At the
Canyon Building, material from the reactors is dis-
solved using nitric acid, and the desired radionu-
clides are separated from the other fission products.
At the A-Line Building, uranium oxide is produced
from uranyl nitrate.

The groundwater at the F-Area Canyon Building
and the A-Line Uranium Recovery Facility is moni-
tored by the two wells of the FAL series and seven
wells of the FCA series (Table 6-27, Vol, II). Well
FCA 19D was added in first quarter 1989, Wells FAL
1, FAL 2, and FCA 2D arebetween the southeast end

ofthe canyon building and the A-Line building. These
buildings are near the groundwater divide between
Upper Three Runs Creek and Four Mile Creek.
Horizontal groundwater flow under the northern
part of the site is toward the east-northeast; horizon-
tal flow under the southern portion of the site appears
to be toward the east-southeast.

Five wells of the NBG series wells were installed
between the Naval Fuel Material Facility (247-F), in
thenorthern part of ¥ Area, and the other facilities in
F Areato determine the groundwater quality prior to
startup of the Naval Fuel Material Facility (Table 6-
27, Vol. ID).

Horizontal groundwater flow appears to be toward
the northeast in this area; however, gradient rela-
tionships between wells are unclear. The wells ap-
pear to be downgradient to sidegradient of the Can-
yon Building and upgradient to sidegradient of the
Naval Fuel Material Facility.

Gross alpha (up to 96.4 pCi/L) was detected above the
DWS in wells FCA2D, 9D, and 16D. Total radium (up
te 22.5 pCi/L) was detected above the DWS in wells
FCA9D, 10A, and 16D, Nonvolatile beta activity (up
to 460 pCi/l.) was elevated in wells FCA 2D and 9D.
Tritium (up to 328 pCi/mL) was detected above the
DWSin well FCA 16D. Noother radicactive constitu-
ents were detected above DWS in the FCA and FAL
wells,

Tritium (up to 2,100 pCi/mL) was detected shove the
DWS in wells NBG 1 and 2. Nonvolatile beta activity
(up to 66.3 pC¥/L) was elevated in well NBG 2. No
other radioactive constituents were detected above
DWS in the NBG wells.

Trichloroethylene (up to 0.245 mg/L) was detected
above the DWSin wells FAL 1and 2 and in wells FCA
2D, 16D, and 18D. Nitrate {up to 47 mg/L) was
detected above the DWS in wells FCA 2D, 9D, and
16D. Lead concentrations {(up to 0.797 mg/L) were
above the DWS in wells FAL 2 and FCA 9D. Noother
chemical constituents were detected above DWS in
FAL and FCA wells. However, conductivity (up to 420
ymhos/em) was elevated in several FAL and FCA
wells. TDS (up to 234 mg/L) and alkalinity (up to 169
meq/L) were elevated in well FCA 19D. Low pH
{down to 3.7} was detected in well FCA 9D,

Trichloroethylene (up to 0.156 mg/L) was detected
above the DWS in all five NB(G wells. Nitrate concen-
trations (up to 94 mg/L) were above the DWS in wells
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- | Area, whichcontains one of the two chemical separations plaris at SRS, is located néar he center of SRS,
- westof H Area. i 1989, groundwater from 130 wells t ninie sites in F Area was sampled to determine the
quantities of cerlain radioactive and nonradiogctive constituents thatmay be present. Atthe F-Area Seepage
Basins, groundwater was analyzed from the water-table aquifer and three lower water zones.

Radioactive constituents were above applicable standards at alf nine sites. Gross alpha activity was elevated
in approximately 50 wells at five sites, including two of the water zones monitored beneath the F-Area
Seepage Basin, with the highest concentration {3.500 pCilL) in the water table beneath the F-Area Seep-
age Basins. Nonvolatile beta activity was elevated in over 50 wells at five sites, including three of the water
zones beneaththe F-Area Seepage Basins, withthe highest activity (10,000 pCiL) atthe F-Area Tank Farm.
Total radium activily was elevated in over 50 wells at eight sites, including three of the water zones beneath
the F-Area Seepage Basins, with the highest activity (233 pCi/L) found in one of the lower zones beneath
the F-Area Sespage Basins. Andtritium activity was elevated in over 60 wells at five sites, including the four
water zones monitored beneath the F-Area Seepage Basins, withthe highest activity (38,800 pCi/mL) in the
waler table beneath the F-Area Sespage Basins. The maximum activities for gross alpha and total radium
in F Area exceeded values oblained at all other sites monitored at SRS in 1988; these values were
approximately 230 and 45 times applicable standards, respeclively. lodine-129, #Ra, #5Ra, **Sr, ¥Sr, and
S8 activities were above standards in both the water table and one of the lower zones beneath the F-Area
Seepage Basins; >'Am and ® activities exceeded standards in the watertable, and ®3Ni activity exceeded
its standard in one of the lower water zones.

Organic compounds were above standards at four sites: the highest concentrations included 0.245 mg/L of
trichioroethylene at the F-Area A Line and F-Area Canyon Buildings, 0.104 mg/L of tetrachioroethyiene in
one of the lower water zones beneath the F-Area Seepage Basins, and 0.007 ma/L of carbon tetrachioride
at the F-Araa Burning/Rubbie Pits.

Nitrate was above its standard in over 40 wells at four sites, lead concentrations in 11 wells at three sites,
and suifate concentrations in eight wells at three siles. The maximum conhcentrations of nitrate and iead,
found at the F-Area Seepage Basins, were higher than those at any other site monitored at SRS in 1989,
exceeding standards by approximately 55 and 70 times, respectively. Arsenic, barium, cadmium, chromium,
fluoride, mercury, and selenium concentrations were above standards at the F-Area Seepage Basing, and
nitrite exceeded #ts standard at the F-Area Studge Land Application Site. Alkalinity, conductivity, pH, and
total dissolved solids exceeded standards in wells at three, eight, six, and three sites, respectively, including
at least two of the water zones monitored beneath the F-Area Seepage Basins.

NBG 1 and 2. The only other chemical constituents
detected above DWS at this site were lead (at 0.059
mg/L) in well NBG 1 and tetrachloroethylene (at
0.008 mg/L) in well NBG 2. However, conductivity
(up to 840 umhos/em) was elevated in wells NBG 1, 2,
and 3. TDS concentrations (at 635 mg/L) were also
elevated in well NBG 2,

F-Ares Burning/Rubble Pits

The F-Area Burning/Rubble Pits {231-F and 231-1F)
arenorth of theintersection of Road C and the F-Area
entranceroad, approximately 2,300 ft west of F Area
{Figure 6-7, Vol. I1). See the previous section of this
chapter for a discussion of SRS burning/rubble pits.

The site is monitored by the four wells of the FBP
series (Table 6-28, Veol., I1). The tops of the screens in
the FBP wells are below the water table, making
interpretation of horizontal flow directions difficult.

Total radium (at 6.05 pCi/L) in well FBP 2A and
nonvolatile beta activity (up to 72.6 pCVL) in well
FBP 1A were detected above DWS. No other radio-
active constituents were detected above DWS at this
site,

Trichloroethylene (up to 0.125 mg/L) was detected
above the DWS in wells FBP 1A and 2A. Carbon
tetrachloride (at 0.007 mg/L) was detected above the
DWS in well FBP 2A; tetrachloroethylene (at 0.005
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mg/L}was equal to the DWSin well FBP3A, Noother
chemical constituents were detected above DWS.
However, conductivity (up to 121 umhos/em) was
elevated in well FBP 1A,

F-Area Coal Pile Runoff Containment Basin

The F-Area Coal Pile Runoff Containment Basin
(289-F) is southeast of F Ares (Figure 6-9, Vol. II).
See the previous section of this chapter for a discus-
sions of SRS coal pile runoff containment basins.

The basin is monitored by the six wells of the FCB
series {Table 6-29, Vol. II). The screen zone eleva-
tions in the wells at this site vary and the horizonta)
gradients are low, making determination of horizon-
tal groundwater flow directions difficult. Well FCB
7 was dry throughout the year.

Total radium (at 5,83 pC/L) was detected above the
DWS in well FCB 3. No other radioactive constitu-
ents were detected above DWS at this site,

No chemical constituents were detected above DWS.
However, conductivity (up to 195 pmhos/em) was
elevated in wells FCB 3 and 6.

F-Area Effluent Treatment Cooling
Water Basin

The F-Area Effluent Treatment Cooling Water Basin
(241-97F) is located in the southwest portion of F
Ares (Figure 6-9, Vol. II). The basin will receive
diverted cooling water from the separations proc-
esses, which may then be sent to the F/H Effluent
Treatment Facility (ETF) if contaminated or to a
permitted outfall if uncontaminated. The ETF was
placed in service in 1988 to treat wastewater for-
merly sent to the F- and H-Area Seepage Basins.

The basin is monitored by the four wells of the FET
series (Table 6-30, Vol, ID. The horizontal flow
gradient is low at this site, making interpretation of
the horizontal flow directions difficult. In general,
well FET 1D appears to be upgradient, and wells
FET 2D, 3D, and 4D appear to be downgradient.

Total radium (at 5.77 pCy/L) was detected above the
DW3 in well FET 4D, No other radicactive constity-
ents were detected above DWS in the FET wells.

Nitrate (at 207 mg/L) was detected above the DWS in
well FET 4D. No other chemical constituents were
detected above DWS at this site.

F-Area Seepage Basins

The F-Area Seepage Basins (304-41G, 904-42G, and
904-43G) are on both sides of Road C-4, southwest of
Road C (Figure 6-10, Vol. II). In 1955, the basin
received wastewater from F Area containing low-
level radioactivity and chemicals, including nitric
acid, mercury, and sodium hydroxide. The basins op-
erated under RCRA interim status from 1980 until
they were taken out of service in the fourth quarter
of 1988. Closure cap construction is underway.

The F-Area Seepage Basins were monitored by the F
(11 wells) and FSB (59 wells) series wells in 1989
(Table 6-31, Vol, II). Forty-two RCRA POC and
plume assessment, wells, added during late 1987 and
early 1988, are part of the FSB monitoring network.
One FSB well (FSB 1TA) was installed during first
quarter 1989 to produce water for closure cap con-
struction, Wells in the FSB series without letters in
their designators and those designated “D” wells are
screened in the water table. Wells designated “C” are
screened in the McBean member of the Santee For-
mation, wells designated “B” are sereened in the
upper Congaree Formation, and wells designated “A”
are screened in the lower Congaree Formation,

Two water tables occur beneath the F-Area Seepage
Basins: a perched groundwater table, 10 to 26 ft
below the ground surface, and the normal water
table, 60 to 65 ft below the ground surface. Both
water tables discharge into Four Mile Creek, about
1,650 ft to the southeast.

Three other water-bearing zones are monitored under
the F-Area Seepage Basins. The Dry Branch and
Santee Formations are monitored between 130 and
165 ft msl, the upper part of the Congaree Formation
ismonitoredbetween 80 and 115 ft msl, and the lower
part of the Congaree Formation is monitored be-
tween 25 and 60 ft msl. The vertical groundwater
gradient is downward from the water table to the
upper part of the Congaree Formation., The vertical
gradient is upward to neutral between the upper and
lower parts of the Congaree Formation. Groundwa-
ter in the Dry Branch and Santee Formations flows
south toward Four Mile Creek. The groundwater in
the Congaree Fermation flows northwest toward
Upper Three Runs Creek.

Horizontal groundwater flow in the water table under
the basins is toward the south in the direction of Four
Mile Creck. Wells FSB 76, 99, 108D, and 109D are
upgradient of the site; wells FSB 77, 78,79,92D, 93D,
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94, 95, 104D, and 110D are downgradient; the re-
mainder of the water-table wells are sidegradient.
Wells F 2, 8, 14, 16, and 19 were either drv or could
not be sampled during the year; wells FSB 87D and
94D were dry throughout the year.

At least one radioactive constituent was detected
aghove DWS in all water-table wells except wells FSB
95D and 111D, Tritium {up to 38,800 pCi/ml), gross
alpha (up to 3,500 pCVL), total radivm (up to 206 pCi/
L3, ®Sr (up to 2,700 pCVL), #8U (up to 1,200 pCi/L),
and nonvolatile beta (up to 6,210 pCVL) activities
were highest in the wells south of the basins. Other
radicactive constituents detected above DWS in the
water-table wells were ' Am (up to 36 pCy/L), I (up
to 290 pC¥L), ®Ra {up to 617 pCY/L), ®Ra {up to 72
pUL), and ¥¥8r (up to 340 pCy/L). Uranium-235 (up
to 61 pCi/L) was detected above the DWS only in well
FSB 78,

All the wells sereened in the McBean Member of the
Santee Formation had tritiom activity (up to 27,000
pli/mL} above the DWS except wells FEB 76C and
111C. Gross alpha (up te T80 pCi/L), total radium (up
{0 233 pCy¥L), #BSr (up to 1,000 pCy/L), ¥Sr (up to 1,500
pCi/L), 1 (up to 140 pCVL), *¥Ra {up to 76 pCi/L),
R a (up to 354 pCY/L), 30U (up to 340 pCi/L), ®Ni (at
53 pCi/L), and nonvolatile beta (up to 4,800 pCi/L)
setivities were detected above DWS in many of these
same wells,

The only radicactive constituent detected above the
DWS in the upper portion of the Congaree Formation
was tritium (up o 220 pCifmL) in wells FSB 788 and
B7B. One anomalously high result for nonvolatile
bets (76 pCi/L) was reported for well FSB 78B. This
resull is not consistent with ether results obtained
during the year.

In the lower portion of the Congaree Formation,
tritium {up to 489 pCiymL} was detected above the
DWS in wells FSB T8A, T9A, 87A, 97A, 99A, and
100A. Totsl radium (up to 9.83 pCi/L) was detected
above the DWS in well FSB 98A,

In the water-table wells, nitrate (up to 550 mg/L) was
detected above the DWS in many wells. Cadmium
{up to 0.052 mg/l.) was detected above DWS in wells
FSE 900, 91D, 92D, 93D, 97D, 104D, and 105D,
Lead concentrations (up te 3.66 mg/L) were above the
DWSinwells FEB 76,90D,93D, 97D, 98D, and 105D.
Also detected above DWS were barium (up to 2.74
mg/L) in wells FSB 90D, 97D, and 98D, fluoride (up
to 6.1 mg/L) in wells FSB 30D, 91D, and 92D, tetra-

chloroethylene (up to 0.011 mg/L) in wells FSB 79,
108D, and 1111, and trichloroethylene (up to 0.025
mg/L) in wells FSB 79, 109D, and 111D, Other
chemical constituents detected above DWS were
mercury (up to 0.004 mg/L) in wells FSB 88D, 89D,
and 107D, chromium (up t0 0.051 mg/L)in wells FSB
93D and 98D, arsenic {(up to 0.13 mg/L) in wells FSB
79 and 92D, and selenium (at 0.023 mg/L) in well FSB
110D. No other chemical constituents were detected
above DWS. However, high conductivity {up to 4,400
umhos/cm), TDS (2,810 mg/L), and low pH (down to
2.9) were detected in many wells. Sulfate (up to 50.9
mg/L} was elevated in wells FSB 78 and 110D.

Nitrate {up to 400 mg/L), conductivity {up to 2,700
pmhos/em), and TDS (up to 3,090 mg/L) were ele-
vated in most of the wells sereened in the McBean
Member of the Santee Formation. Chemical con-
stituents detected above DWS include cadmium (up
to 0.04 mg/L) in wells FSB 78C, 76C, 91C, 97C, 98C,
105C, and 106C, trichloroethylene (up £0 0.016 mg/L)
in wells FSB 91C, 85C, and 111C, and tetrachlo-
reethylene {up t0 0.014 mg/L) in wells FSB 88C, 89C,
and 111C. Barium (up to 1.5 mg/L) in well FSB 97C
and selenium (at 0.011 mg/L) in well FEB 98C were
the only other chemical constituents detected above
DWS. However, pH (upto 11.8) was elevated in wells
94C, 95C, and 110C. Alkalinity (up to 343 meqg/L)
was also elevated in wells FSB 94C and 95C. Low pH
{down to 3.0) was detected In wells FSB 78C, 79C,
88C, 102C, and 105C,

No chemical constituents were detected above DWES
in the upper part of the Congaree Formation. How-
ever, conductivity (up te 247 pmhos/em) was elevated
in wells FSB 76B, 78B, and 79B.

All wells in the lower Congaree Formation had high
conductivity (up to 5,300 pumhos/em). Alkalinity (up
t0 1,160 meqg/L), TDS {up to 1,160 mg/L}, and pH (up
to 12.5) were elevated in wells FSB 964, 98A, and
100A, suggesting that waterin these wellsmaybein-
fluenced by well grout. Alsoelevated were pH(at 8.6)
in well FSB 98A, TDS (up to 262 mg/L} in well FSB
97A, and sulfate (at 25.1 mg/L) in well FSB 100A.
Tetrachloroethylene (up to 0.104 mg/L) was detected
above the DWS in wells FSB 76A, 78A, and 101A,
Trichloroethylene (up to 0,058 mg/L) was detected
ahove DWS in wells FSB T8A, 87A, and 101A.

Other chemical constituents detected above DWS
were chromivm (up to 0,062 mg/L) in wells FSB 98A
and 101A, barium (at 1.23 mg/L} in well FSB 984,
and nitrate (up te 18 mg/L) in well FSB 97A.
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F-Area Sludge Land Application Site

The F-Area Sludge Land Application Site covers
eight acres southeast of F Area, south of Road E
{Figure §-9, Vol. II). Sludge from SRS’s sanitary
wastewater treatment plantsiscurrently disposed of
at this site. Surface elevations at the site range from
approximately 255 to 200 ft msl. See algo the Sewage
Sludge Application Sites section under General Areas,

The site is monitored by the four wells of the FSS
series (Table 6-32, Vol. I). Horizontal groundwater
flow is toward the southwest in the water table,

Tritium {up to 461 pCi/mL) was detected above the
DWS in all the FSS wells except FSS 1D, No other
radioactive constituents were detected above DWS,

Nitrite (up to ¢.08 mg/L) was detected above the DWS
in wells FS8 1D, 3D, and 4D. Lead concentrations
{up to 0.068 mg/L) were above the DWS in wells FSS
1D and 3D. No other chemical constituents were
detected sbove DWS, However, conduetivity (up to
265 ymhosfem) were elevated in wells FSB 1D and
2D. Alkalinity (up to 280 meg/L), pH (up t0 9.5}, and
TDS {at 254 mg/L) were elevated in well FSS 1D,
suggesting that water from this well may be affected
by the leaching of well grout. Sulfate (at 47 mg/L)
was elevated in well FSS 2D,

F-Avea Tank Farm

The F-Area Tank Farm (241-F}, at the southwest
edge of F Aren (Figure 6-9, Vol. II), comprises 22
subsurface tanks containing agueous radicactive
wagtes, These wastes consist of sludges, superna-
tant liguid of varying salt concentrations, and salt
cake. The sludges are primarily a mixture of oxides
and hydroxides of manganese, iron, and aluminum
and a small amount of uranium, plutonium, and
mercury, with almost all of the fission products
originally in the irradiated fuel except cesium. The
supernate is primarily a solution of sodium nitrate,
sodium nitrite, sodium hydroxide, sodium slumi-
nate, and most of the soluble fission products includ-
ing the major cestum isotopes. The solution volume
is reduced in the tank farm evaporators, then stored
in tanks to precipitate the sodium nitrate and sodium
nitrite, which forms the salt eake. In 1961, Tank 8
was overfilled, causing soil contamination and sub-
secuent groundwater contamination in the area.

The site is monitored by the 27 wells of the FTF series
{Table 6-33, Vol. II). The wells surround tank groups

and monitor for Jeaks from the adjacent tanks. The
tank farm is on a groundwater divide between Upper
Three Runs Creek and Four Mile Creek. Horizontal
gradients are low and variable from guarter to quar-
ter. Water-table elevationsindicate noclear trendin
horizontal flow directions. Wells FTF 1, 2, 8, 9. 19,
11, 13, and 14 were either dryor could not be sampled
during the year.

Gross alpha (up to 1,100 pCifL), total radium (up to
91 pCi/L), and nonvolatile beta (up to 10,000 pCi/L)
activities were detected above DWS in many of the
FIF wells. Tritium {up to 44.9 pCi/mL) in wells FTF
5 and 27 was the only other radioactive constituent
detected above DWS at this site.

No chemical constituents were detected above DWS
in the FIF wells. However, pH (up to 12.4) and
conductivity (up to 4,300 pmhos/cm) were elevated in
wells FTF 12, 21, 24A, and 27, suggesting that water
in wells FTF 12 and 21 may be affected by the
leaching of well grout. Conductivity (up to 390
yumhos/cm) was also elevated in wells FTF 3, 4, 5, 6,
7, 25A, and 26.

0ld F-Area Seepage Basin

The Old F-Area Seepage Basin (904-49() is nortih of
the F-Area perimeter security fence and the Canyen
Building (221-F) (Figure 6-8, Vol. II}. The first
seepage basin constructed in the area, it was used for
disposal of wastewater from the Canyon Building
from November 1954 until mid-May 1955, when it
was abandoned in place. During operation, the
seepage basin received a variety of wastewaters,
including evaporator overheads, laundry wastewa-
ter, and an unknown amount of chemicals. Cur-
rently the inactive basin contains some rainwater.
Official waste-site closure has not been completed.

The hasin is monitored by the four wells of the FNB
series (Table 6-34, Vol. II). Horizontal groundwater
flow under the basin is to the north-northeast toward
Upper Three Runs Creek. Well FNB 4 is upgradient;
well FNB 2 is downgradient; wells FNB 1 and 3 are
sidegradient of the basin,

Tritium (up to 430 pCi/mL) was detected above the
DWSin all the FNB wells except FNB 4. Gross alpha
{up to 74 pCY/L) and total radium (up to 16.6 pCi/L)
were detected above DWS in well FNB 2. Nonvolatile
beta activity (up to 620 pCi/L) was elevated in wells
FNB 2 and 3. Noother radicactive constituents were
detected above DWS at this site.
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Trichloroethylene (up to 0.064 mg/L) was detected
above the DWS in wells FNB 1 and 2. Nitrate (up to
27 mg/L) was detected above the DWS in well FNB 2.
No other chemical constituents were detected above
DWS. However, elevated conductivity (up to 290
pmhos/em) and low pH (down to 3.4) were detected in
well FNB 2,

GENERAL AREAS

The General Areas are those sections of SRS outside
areas designated for specific purposes. In 1988,
groundwater was monitored at the following sites in
the General Areas: the Background Well Near
Hawthorne Fire Tower; the Chemicals, Metals, and
Pesticides (CMP) Pits; the Interim Waste Technol-
ogy Site Characterization areas; the Par Pond Sludge
Land Application Site; the Road A Chemical Basin
(Baxiey Road); the Sanitary Landfill; Sewage Sludge
Application Sites; and the Separations Areas (Z and
ZW wells). A summary of maximum groundwater
monitoring results for these sites is presented in
Table 6-35 (Val. I1).

Background Well Near Hawthorne Fire Tower

The Background Well Near Hawthorne Fire Tower is
in the north-central part of SRS between Upper
Three Runs Creek and Tinker Creek (Figure 6-1, Vol,
1. Well GBW 1 was installed at this site to provide
background groundwater quality information (Table
6-36, Vol. I,

No radicactive or chemical constituents were de-
tected above drinking water standards (DWS)in well
GBW 1.

Chemicals, Metals, and Pesticides (CMP) Pits

The Chemicals, Metals, and Pesticides (CMP) Pits
(080-17G, 080-17.1G, 080-18G, 080-18,1G, 080-18.2G,
080-18.3G, and 080-19G) are west of Road ¢ (Figure
6-11, Vol. I} at the top of a hill near the head of Pen
Branch. The CMP Pits were used to dispose of waste
from 1971 through 1979. The waste consisted of
drummed oil, organic solvents, and small amounts of
pesticides and metals, In 1984, the pits were exca-
vated, backfilled, and capped. During excavation,
much of the liquid waste was recovered in the origi-
nal burial drums.

The site is monitored by the 20 wells of the CMP
series (Table 6-37, Vol. 11). Wells CMP 8, 10, 11, 12,
13, 14C, and 15C monitor the water table. Water-

table well CMP 16C was dry throughout 1989, The
remaining wells monitor the lower zones. Ground-
water flows away from the pits on three sides so that
all wells are downgradient of the site except CMP 10,
which is upgradient.

Noradicactive constituents were detected above DWS
at this site.

Tetrachloroethylene (up to 0.019 mg/L) and trichlo-
roethylene (up to 0.01 mg/L) were detected above
DWS in wells CMP 12 and 13. No other chemical
constituents were detected above DWS. However,
conductivity (up to 211 umhos/cm) was elevated in
many of the deeper CMP wells, These elevated
conditions may be caused by naturally occurring
carbonate rocksin thisarea. Elevated pH (up to 10.6)
was also detected in wells CMP 9B and 15B.

Interim Waste Technology Site
Characterization Wells

The Interim Waste Technology Site Characteriza-
tion Wells are located on sites B, P, and Q, each
covering approximately 300 acres. Site B is located
in the north-central part of SRS, approximately 2
miles northeast of H Area. It lies south of Tinker
Creek, west of Mill Creek, and east of MeQueen
Branch between two gently sloping ridges (Figure 6-
12, Vol I). Sites P and Q are adjacent to each other
and are located south of the TC-1 Area and north of
Highway 125. The sites occupy the eastward facing
slope of a ridge separating the Savannah River
floodplain from Upper Three Runs Creck (Figure 6-
13, Vol 1I).

The IDB, IDP, and IDQ well series were installed at
Site B, Site P, and Site @, respectively, during 1987-
1988 and added to the Environmental Protection
Department. (EPD) monitoring program for sam-
pling in 1983 (Table 6-38, Vol. II). These wells were
installed by SRL to characterize potential sites for
new waste management facilities. Wells IDB 3 and
4, IDP 3D and 10, and IDQ 5, 8, 9, and 10 were dry
throughout 1989; well IDP 4 was either dry or could
nef be sampled.

Samples from the wells at these sites were not ana-
lyzed for radicactive or chemical constituents.
However, alkalinity {up to 205 meq/L) was elevated
in wells IDB 2B and IDQ 7. Conductivity (up to 943
pmhos/cm) was elevated in wellsIDB 2B and 2C, IDP
3B and 3C, and IDQ 3B, 6, and 7. Elevated pH (up to
12.4) was detected in wells IDB 2B and 2C, IDP 3B
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and 3C, and IDQ 3B, 4, and 6, sug-
gesting that water in many of the
wells may be affected by the leach-
ing of well grout.

Par Pond Sludge Land
Application Site

The Par Pend Sludge Land Appli-
cation Site (formerly the Par Pond
Borrow Pit Site; 781-5G) covers
22 acres south of Par Pond and is
approximately 1.3 miles north-
northeast of the intersection of
SRS Roads B and F (Figure 6-14,
Vol. I1). SBurfaee elevations at the
siterange approximately from 215
fo 230 ft msl, In 1889, the site
became part of the RFI program
because of the presence of chior-
dane in the lagoon sludge applied
to the site. See also the Sewage
Shadge Application Sites section
under General Areas,

The site is monitored by the three
wells of the PSS series and well
S88 17 {(Table 6-38, Vol. 113, The
data are insufficient to determine
the exaet direction of the horizon-
tal groundwater flow at this site,
but it appears to be toward the
south-southeast,

Total radium (at 6.09 pCVL) in
well 858 17 was the only radioac-
tive constituent detected above
YW at this site.

Nitrite{at 0.03 mg/L) was detected
shove the DWS in well PS8 1D,
No other chemical constituents

were detocted shove DWS.
Road A Chemical Basin (Baxley Road)

The Road A Chemical Basin (Baxley Road; 904
111G) is approximately 2,600 ft west of the intersee-
tion of SR Road A and 3RS Road 6, about 2 miles
southeast of the D-Area Powerhouse (Figure 6-15,
Vol I

The basin is reported to have received miscellaneous
radioactive and chemical agueous waste, but no

records of the materials disposed of at this site are
available. The basin was closed and backfilled in
1873, 1t is currently part of the RFI program.

The basin is monitored by the five wells of the BRD
series {Table 6-40, Vol. I1). Well BRD 5D was added
to the series during third gquarter 1989. BRD 4 is
screened below the water table, and BRD 3 was dry
throughout 1989. Information from the remaining
wells is insufficient to determine horizontal ground-
water flow directions at the site.
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Noradicactive constituents were detected above DWS
in the BRD wells.

Lead (at 0.951 mg/L) was detected above the DWS in
well BRD 2. No other chemical constituents were
detected above DWS at this site.

Sanitary Landfill

The Banitary Landfill (740-G) is southwest of Road C
about midway down the slope from the Aiken Plateau
to Upper Three Runs Creek (Figure 6-16, Vol, 11}
The site was opened in 1873, At the landfill, materi-
als such as paper, plastics, rubber, wood, cardboard,
and rags sre placed in trenches, which are covered
with soil daily. The landfill receives approximately
15,000 to 20,000 tons of waste per year. In addition
to the waste already listed, the landfill receives
pesticide bags, empty cans, puirescible wastes, and
asbestos in bags. The landfill is operated under
South Carolina Domestic Waste Permit No. 87A.

The water table at the landfill is monitored by the 31
wells ofthe LFW series{Table 6-41, Vol, II). Horizon-
tal groundwater flow direction is to the southeast
toward Upper Three Runs Creek. Relative to the
site, wells LFW 29, 30, and 31 are upgradient; wells
LFW 37, 38, 39, 40, and 41 are downgradient. The
remainder of the wells are sidegradient or are within
the landfill.

Total radivm (up to 7.78 pCi/L) was detected above
the DWS in wells LFW 6, 7, 18, and 21, Tritium (up
£o 153 pCiYmL) was detected above the DWS in wells
LFW 7,8, 104, 18, and 21. Grossalpha{up to35 pCV/
L) was detected above the DWES in wells LFW 8, 7,
and 21. No other radioactive constibuenis were
detected above DWS at this site.

Trichloroethylene (up to 0.062 mg/L) was detected
above the DWS in wells LFW 21, 22, 36, 37, and 38.
Coneentrations of trans-1,2-dichloroethene fup to
0.27 mg/l) were detected above the DWS in wells
LFW&, 17,8, 36, and 37. Carbon tetrachloride (up to
0.024 mg/L) was detected above the DWS in wells
LFW 104, 21, 38, and 40.

Other chemical constituents detected above DWS
were tetrachloroethylene (up to 0.344 mg/L) in wells
LFW 21 and 39, chromium (at 0.316 mg/L) in well
LFW 31, and benzene {at 0.008 mg/L)in well LFW 36.
In addition, conductivity (up to 590 pymhos/em) was
above applicable standards in wells LFW 6,7, 8, 17,
18, 21, and 36. Alkalinity {up te 264 meq/L) was

elevated in wells LFW 6, 7, and 8. Sulfate (at 34 mg/
L) was elevated in well LFW 21, Low pH (at 4.0) was
recorded in well LFW 10A.

Sewage Sludge Application Sites

The Sewage Sludge Application Sites were originally
the subject of a research program using domestic
sewage sludge to reclaim borrow pits and to enhance
forest productivity at SRS beginning in 1980. After
sludge was applied to the sites, hardwoods and pines
were planted to identify the amount of wood biomass
that could be produced using the sludge as a fertilizer
and soil conditioner.

Eleven sites were permitted by SCDHEC for sludge
application, The following nine sites had sludge
applied in 1980: the 40-Acre Hardwood Site, the Par
Pond Borrow Pit, the Kato Road Site, the Road F Site,
the Sandy (Lucy) Site, the Orangeburg Site, the K-
Area Borrow Pit, the Second Par Pond Borrow Pit,
and the Lower Kato Road Site. In 1988, the Central
Shops Sanitary Sewage Sludge Lagoon was closed,
and the lagoon sludge was applied to the K-Area and
Par Pond Borrow Pits. Sludge is currently disposed
of at the tenth permitted site, the F-Area Sludge
Land Application Site. When this site becomes
exhausted, shudge disposal will begin at the eleventh
permitted site, the H-Area Sludge Land Application
Site.

All Sewage Sludge Application Sites were monitored
by 33 858 series wells until 1988, New wells were
installed in F, H, and K Areas and at the Par Pond
site in 1988 and replaced 12 of the 855 wells, De-
aeriptions of these new wells {(F8S, HSS, KSS, and
PS8} are provided under the F-Area, H-Area, K-
Area, and General Areas sections, respectively. Other
sewage sludge application sites are still monitored
by the 58 series wells (Table 6-42, Vol. II).

Horizontal groundwater flow at the 40-Acre Hard-
wood Site (wells 888 1,2, and 3) appears tobe toward
the southwest (Figure 6-15, Vol. II). Horizontal
groundwater flow at the Lower Kato Road Site {wells
8554, 5, and 6), the Kato Road Site (wells S58S 19, 20,
and 21), and the Second Par Pond Borrow Pit {wells
888 25, 26, and 27) appears to be toward the east
(Figures 6-13 and 6-14, Vol. II). Horizontal flow at
the Orangeburg Site (wella SS5 7, 8, and 9) is toward
the southeast (Figure 6-18, Vol. I1). There is insuffi-
cient information to determine the exact direction of
the horizontal groundwater flow at the Lucy Site
(wells 888 10, 11, and 12) and at the Road F Site
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(wells 88522, 23, and 24), but it appears to be toward
the south (Figure 6-17, Vol. IT). Wells $8584,6,11,12,
18, and 24 were dry throughout 1989.

Total radium (at 27.6 pCi/L) was detected above the
DWS in well 888 8 at the Orangeburg Site. Total
radium (up to 9.04 pCV/L) was also detected above the
DWS in well 888 27 at the Second Par Pond Borrow
Pit. Noother radicactive constituents were detected
above DWS at these sites,

No chemical constituents were detected above the
DWS. However, elevated conductivity {(up to 109
pmhos/cm) in well SSS 25 and low pH (down to 3.9)
in well 588 27 were detected at the Second Par Pond
Borrow Pit. In addition, pH (down t03.9) was low in
wells 888 7 and 8 at the Orangeburg site.

£ and ZW Wells

In 1951 and 1952, the Z and ZW wells were installed
in the Separations Areas (Figures 6-7 through 6-10
and 6-18 through 6-19, Vol. II). These wells, which
range from approximately 15 to 90 ft deep, measure
water-table elevations. These wells also monitor for
radioactive groundwater contamination that might
exist within a large radius of ¥ and H Areas, Moni-
toring results from these wells are presented in Table
6-43 (Vol. ID), except for well ZW 6, which was dry
throughout the year.

Gross alpha (up to 1,200 pCi/L) was detected above
the DWS in wells 29 and ZW 3. Tritium (up to 166
pCifmL) was detected above the DWS in wells Z 11
and 15 andin wells ZW 2, 5,7, 9, and 10. Nonvelatile
beta activity (up to 1,200 pC¥/L) was elevated in wells
Z9and ZW 5. No other radioactive constituents were
detected above DWS.

Samples from these wells were not tested for chemi-
cal constituents. However, conductivity (up to 293
umhos/em) was elevated in wells Z 8 and 11 and in
wells ZW 14,2, 4, 5,7, 9, and 10. Elevated pH (up to
9.6) was also detected in wells Z 12, 13, and 15.

HAREA

H Area is located in the central part of SRS as shown
in Figure 6-7 (Vol. II). Surface elevations across H
Area range approximately from 270 to 315 ft msl. H
Area is flanked to the north by Upper Thres Runs
Creek and to the south by Four Mile Creek. Surface
drainage from H Area is toward tributaries of these
two streams.,

The nearest site boundary to H Area is approxi-
mately 7.5 miles to the west. H Area is located near
a water-table divide between Upper Three Runs
Creek and Four Mile Creek. Near-surface ground-
water from the southern part of H Area discharges to
an unnamed tributary of Four Mile Creek, approxi-
mately 1,000t south of H Area. Near-surface ground-
water from the northern part of H Area discharges to
one of two tributaries of Upper Three Runs Creek,
which are approximately 1,500 and 4,000 ft north of
H Area, respectively,

in 1989, groundwater was monitored at the following
sites in H Area: the H-Area Acid/Caustic Basin, the
H-Area Auxiliary Pump Pit, the H-Area Canyon
Building, the H-Area Coal Pile Runoff Containment
Basin, the H-Area Effluent Treatment Cooling Water
Basin, the H-Area Retention Basins, the H-Area
Seepage Basins, the H-Area Sludge Land Applica-
tion Site, and the H-Area Tank Farm (Figures 6-18
through 6-20, Vol II). A summary of maximum
groundwater monitoring results for these sites is
given in Table 6-44 (Vol. II).

H-Area Acid/Caustic Basin

The H-Area Acid/Caustic Basin (904-75G) is west of
H Area by the H-Area effluent stream that leads to
Four Mile Creek (Figure 6-18, Vol. I1). The basin was
excavated in a relatively flat area at an elevation of
approximately 285 ft msl. The basin received steam
condensate from a hose box and drainage from a
chemical pad until 1985 in addition to the acid/
eaustic solutions that were discontinued in 1982. See
the previous section of this chapter for a discussion of
SRS acid/caustic basins.

The basin is monitored by the four HAC series wells
(Table 8-45, Vol. II), Relative to the basin, well HAC
4 is upgradient, well HAC 2 is downgradient, and
wells HAC 1 and 3 are sidegradient. Horizontal
groundwater flow beneath the basin is toward the
northwest,

Tritium (up to 63 pCi/mL) was detected above the
DWS in all the HAC wells. No other radioactive
eonstituents were detected above DWS.

Mercury {at 0.0024 mg/L) was detected above the
DWS in well HAC 2. No other chemical constituents
were detected above DWS. However, conductivity
{up to 667 umhos/cm), sulfate (up to 275 mg/L), and
TDS (up to 390 mg/L) were elevated in wells HAC 1,
2,and 3.
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Radicactive constity

the waler zones beneath the H-Area Seepage Basins, with-the highest activity -

{500 pCiL) at the H-Area Tank Farin. Nonvolatile beta activity was elevated in
over 80 wells at twa sites, including three of the water zones beneath the H-Area
Seepage Basins, with the highest activity (21,000 pCill) in the water table
beneath the H-Area Seepage Basins. Total rddium activity was elevated inover
30 wells at five sites; including three of the water zones beneath the H-Area
Seepage Basins, with the highest activity (45 7 pCi/L) in the water table beneath
the H-Arsa Seepage Basins. The maximum nonvolatile beta activity was higher
than that at any other site monitored at SRS in 1989, exceading is standard by
420 times. Radium-228, ¥5r, and ¥8ractivities exceeded standards inthe watsr
table and in one of the lowar zones beneath the H-Area Seepage Basins; *'Am,
%Co, "8, and ®Ni activities exceeded standards inthe former zone. Uranium-235
and 'Cs activities were alevated in one well each at the H-Area Tank Farm.

Organic compounds were above standards at the H-Area Canyen Building and

in three of the water zones monitored beneath the H-Area Seepage Basing; the
highest concentrations included 0.11 mg/t of richloroethylene in a lower water
zong, 0.204 mg/d. of tetrachloroathylene in a lower water zone, and 0.222 mgyl
of benzene in the water table. o

Cadmium excesded its standard in 19 wells at three sites, chromium concenira:
tions in 8 wells at three sites, lead concentrations in 15 wells at five sies, meroury
concertrations in 14 wells at three sites, nitrate concenirations in 55 wells at two
sites, and sulfate concentrations in seven wells at four sites. The maximum con-

centration of mercury, found in the water iable beneath the H-Ares Seepage
Basing, was higher than that at any other site monitored at SRS in 1989,

exceeding s standard by nine times.  Akafinity, conductivity, pH, and total
dissolved solids exceeded standards in wells at two, seven, four, and four sites,
respectively, including all water zones monitored beneath the H-Area Seepage
Basging, -

above applicable standards at all nine sités.
Tritium activity was elevated.in over 135 wells at eight sites, including all four
-water zones monitored beneath the. H-Area Seepage Basins, with the highest
agtivity (160,000 pCismL) inthe water table beneath the H-Area Seepage Basing.”

Gross alpha activity was slevated inover 40 wells atfour sites, including three of -

H

down, this facility will
collect the solutionina
temporary holding
tank via gravity flow
Hnes.

The pump pit is moni-
tored by the two HAP
series wells (Table &-
44, Vol. I1), Horizontal
groundwater flow ap-
pears t¢ be toward the
north. The wells ap-
pear to be downgradi-
ent of the pump pit and
sidegradient ofthe coal
pile runoif contain-
ment basin.

Tritiumupte 24.2pCY
ml} was detectad
above the DWS in well
HAP 1. Neotherradio-
active constituents
were detected above
DWS at this site.

No chemical constita-
ents were detected
above DWS in the HAP
wells, However, con-
ductivity {up to 370
pmbos/em)and alkalin-
ity {up o 128 meg/L)
were elevated in well
HAP 1

H-Aren
Canyen Building

The H-Area Canvon
Building (223.H) is in
the northenst part of ¥
Aren (Figure 6-18, Vol.
H). At the building,
materials from the

reactors are dissolved using nitric acid, and the

-Area Auxiliary Pump Pit
products.

The H-Area Auxiliary Pump Pit (341-49H) is at the

east end of H Area (Figure 6-19, Vol II). The facility
will pump a high-level radicactive sludge and pre-
cipitate from the H-Area Tank Farm to the S-Area
Low Point Pump Pit. When the pumps are shut

desired radionuclides are separated from waste

The groundwater is monitored by the four wells of the
HCA series (Table 6-47, Vol. I}, The horizontal flow
gradient at the site is low, making interpretation of
groundwater flow directions difficult.
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Tritium {up to 129 pCi/mL) was detected above the
DWS in all four HCA wells. No other radiocactive
constituents were detected above DWS at this site.

Tetrachloroethylene (up to §.031 mg/L) and trichlo-
roethylene (up to 0.014 mg/L) were detected above
DWSin wells HCA2 and 4. Lead concentrations{up
to 0.117 mg/L) were above the DWS in well HCA 4.
Noother chemical constituents were detected above
DWS. However, sulfate (up to 43.0 mg/L) and con-
ductivity (up to 210 pmhos/cm) were elevated in
well HCA 2.

H-Area Coal Pile Runoff Containment Basin

The H-Area Coal Pile Runoff Containment Basin
(289-H) is east of H Area, approximately 1,000 ft
east-northeast of the H-Area coal pile (Figure 6-19,
Vol. II). See the previous section of this chapter for
a discussion of SRS coal pile runeff containment
basins,

The site is monitored by the four wells of the HCB
series (Table 6-48, Vol. [1). The horizontal ground-
water flow direction under the basin appears to be
toward the north. Wells HCB 2 and 3 appear to be
upgradient of the basin; wells HICB 1 and 4 appear
to be downgradient.

Tritium (up to 66.8 pCi/mL} was detected sbove the
DWS in all four BCB wells. Gross alpha (up te 50.9
pCi/L) and total radium (up te 31.3 pCyL) were
detected above DWS in well HCB 2. No other
radioactive constituents were detected above DWS
at this site.

Cadmium (at 0.016 mg/L), chromium (at 0.113 mg/
L), flucride {at 4 mg/L), lead (at 0.15 mg/L), and
selenium (up to 0.025 mg/L.) were detected at levels
equal to or above DWS in well HCB 2. No other
chemical constituents were detected ahove DWS.,
However, conductivity {up to 2,920 pmhos/em) and
sulfate (up to 2,440 mg/L) were elevated in wells
HCB 2 and 4. Low pH (down to 2.6) was detected in
wells HCB 2 and 3; TDS (at 1,640 mg/L) was
glevated in well HCB 2,

H-Area Effluent Treatment Cooling
Water Basin

The H-Area Efftuent Treatment Cooling Water Basin
{241-103H) is southwest of H Area (Figure 6-18, Vol.
II). The basin will receive diverted cooling water
fromthe separations processes, which willbe sentto

the F/H Effluent Treatment Facility (ETF) if contami-
nated orto a permitted outfall if uncontaminated. The
ETF was placed in service in 1988 to treat the waste-
water formerly sent to the F- and H-Area Seepage
Basins,

The basin is monitored by the four wells of the HET
series (Table 6-49, Vol. II). These wells are screened
below the water table, making the determination of
horizontal flow directions difficult. However, well
HET 1D appears to be upgradient, well HET 4D
sidegradient, and wells HET 2D and 3D downgradient
of the basin.

Tritium (up to 44.9 pCi/mL) was detected above the
DWS in all four HET wells. No other radioactive or
chemieal constituents were detected above DWS at
this site.

H-Area Retention Basins

The H-Area Retention Basins (281-3H and 281-8H)
are southeast of the intersection of Road 4 and Road E
{Figure 6-20, Vol. II). Asmall, unlined earthen reten-
tion basin (281-3H) was used from 1955 to 1973 to
provide femporary emergency storage for radicac-
tively contaminated cooling water from the chemical
separations process. The water contained radionu-
clides and possibly trace quantities of chemicals. A
larger, rubber-lined retention basin {281-8H) replaced
the original basin in 1973 and is still in use for receipt
of diverted cooling water or stormwater. The basins
are adjacent, and any contaminants in the groundwa-
ter are probably due to the unlined 281-3H basin,

The basins are monitored by the six wells of the HR3
and HRS series {Table 6-50, Vol. I1). These wells are
gereened below the water table, making determina-
tion of honizontal flow directions difficelt. However,
wells HR3 11 and 13 appear {o be upgradient of the
basing, and well HRS 14 appears to be downgradient
of basin 281-3H; wells HRB 11 and 14 appear to be
sidegradient of basin 281-8H, and wells HR8 12 and
13 appear to be downgradient of basin 281-8H.

Tritium (up to 47.9 pCi/mL) was detected above the
DWS in wells HR3 11 and 13 and in wells HRS 11, 12,
and 13. Total radium (up to 16 pCi/L) and gross alpha
{at 28.8 pCi/L) were detected above DWS in well HRS
14. No other radioactive constituents were detected
above DWS at this site,

Nitrate (up to 35 mg/L) in well HR8 14 was the only
chemiecal constituent detected above DWS at this site,
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However, conductivity (up to 300 pmhos/cm) was
elevated in wells HR3 13 and HRS 14, TDS (at 218
mg/L) was elevated in well HRR 14, Low pH (at 3.8)
was detected in well HR3 11,

E-Area Seepage Basins

The H-Area Seepage Basins (904-44(, 904-45(3, 904-
464G, and 804-560G) are southwest of H Area, south-
west of the intersection of Road E and Road 4 (Figure
6-20, Vol. [I}. Starting in 1955, the basins received
wastewater from H Ares containing low-level radio-
activity and chemicals, including nitric acid, mer-
cury, and sodium hydroxide. Basin 3 has been
inactive since 1962. Basins 1, 2, and 4 operated
under RCRA interim status from 1980 until taken
put of serviee in the fourth quarter of 1988. Closure
cap construction is underway.

At the H-Area Seepage Basins, the water table is 28
to 60 ft below the greund surface and outerops adja-
tent to Four Mile Creek 330 to 1,300 ft from the
hasins, Below the water table are a poorly confined
aguifer within the McBean Formation and a semi-
confined aguifer within the Congaree Formation.

There is & downward flow potential from the water
table to the Congaree Formation as evidenced by the
head relationships between the different zones.
Contaminants in the water-table aquifer and the
MeBean Formation have moved horizontally at a
much greaterrate than vertically, indicating that the
groundwater flow in these areas is more horizontal
than vertical. The groundwater in the water-table
aquifer and the McBean Formation flows scuth toward
Four Mile Creck, whereas the groundwater in the
upper part of the Congaree Formation flows toward
Upper Three Runs Creek to the west,

The H-Ares Seepage Basins were monitored by 16
wells of the H series, 102 wells of the HSB series, and
well BG 10 in 1988 (Table 6-51, Vol. II). In fourth
guarter 1887 and first quarter 1988, 74 RCRA POC
and plume assessment wells were added to the HSB
series to monitor the water table and the waters of
the Dry Branch, Santee, and Congaree Formations.
Oneproduction well (HSB 1'TB) was installedin 1989
to produce water for closure cap construction.

The H series wells and HSE series wells with no
letter and with a “I}” after the well cluster number
are generally screened in the water table. Screen
zone elevations for these wells range from 200-235 ft
msl. Wells HSB 65C, 86C, 111E, and 112E are also

water-table wells, The other wells with a “C” after
the well cluster number monitor the lower part of the
water table and the Dry Branch and Santee Forma-
tions; screen zone elevations depend on the elevation
of formations screened. Wells with a “B” after the
well cluster number are screened at approximately
120-135 ft msl within the upper Congaree Forma-
tion. Wells with an “A” after the well cluster number
are sereened at approximately 160-180 ft msl within
the lower Congaree Formation.

Water-table wells HSB 65 and 66 are upgradient of
the basins. The other water-table wells are down-
gradient to sidegradient of the basins, Wells H 2 and
4 were dry throughout 1989; wells H 12, 15, and 19
were either dry or could not be sampled during the
year.

Tritium {up to 160,000 pCi/mL) was detected above
the DWSin sll ofthe wells sereened in the water table
except in wells HSB 130D, 131D, and 132D. Ob-
served tritium activities were highest in wells along
the edges and downgradient of the seepage basins.
Elevated gross alpha (up to 303 pC¥/1), total radium
{up to 45.7 pCi/L), and nonvoelatile beta (up to 21,000
pCi/L) activities were also generally found down-
gradient of the basins. Other elevated radioactive
constituents were ®Co (up to 404 pCVL}, "1 (up to 50
pCi/LL), 8N (up to 480 pCi’L), **Ra (up to 32 pCy/L),
2Ra (up to 72 pCi/L), *8r {up to 590 pCi/L), *¥8r (up
to 4,200 pCi/L}, and *'Am (up to 35 pCvLL

At least one radioactive constituent was detected
above DWS in all the wells screened in the Dry
Branch and Santee Formations except wells HSB
83C, 100C, 125C, 130, 132C, and 133C. Tritium (up
to 27,100 pCi/ml), gross alpha (up to 33.7 pCi/L},
total radium (up to 12 pCVL), and nonvolatile beta
(up to 260 pCi/L) activities were elevated generally in
the same areas as the highest levels of radioactivity
in the water table,

Tritivm (up to 387 pCi/mL) in wells HSB 68B and
84B was the only radicactive constituent detected
above DWS in wells screened in the upper portion of
the Congaree Formation,

In wells sereened in the lower portion of the Congaree
Formation, tritium (up to 18,900 pCi/ml.), gross
alpha (at 20.8 pCi/L), 2 Ra {at 22 pCy/L), ¥Sr (at 160
pCi/L), ¥8r (at 870 pCi/L), total radium (at 18.5 pC¥
L), and nonvolatile beta (up to 4,370 pCi/L) activities
were detected above DWSin well HSB 84A. Theonly
other radiocactive constituents detected above DWS



6. Groundwater Monitoring Program

143

were tritium (up to 158 pCi/mL) in wells HSB 83A
and 119A and gross alpha (at 16 pCi/L) in well HSB
65A.

Of the water-table wells, samples from well BG 10
and the H well series were not tested for chemical
constituents. In the HSB series wells, nitrate (up to
170 mg/L), mercury (up to 0.0184 mg/L), benzene (up
to 0.22), and trichloroethylene (up to 0.028 mg/L}
were detected above DWS in several wells. Other
chemical constituents detected above DWS include
cadmium (up to 0.022 mg/L) in wells HSB 84D and
88C, lead (up to 0.106 mg/L) in wells HSB 70 and
102D, and tetrachloroethylene (up to 0.008 mg/L) in
wells HSB 101D and 108D. Arsenic (at 0.069 mg/L)
in well HSB 101D and endrin (at 0.00277 mg/L} in
well HSB 107D were the only other chemical con-
stituents detected above DWS., However, elevated
conductivity (up to 1,330 umhos/em), TDS (up to
1,880 mg/L), and low pH (down to 3.4) were detected
in many HSB wells. In addition, pH (up to 9.1) and
alkalinity (up to 104 meg/L} were elevated in well
HSE 101D. Conductivity (up to 948 umhos/em) was
also elevated in well BG 10 and in many H series
wella.

In wells screened in the Dry Branch and Santee
Formations, trichlorcethylene (up to 0.11 mg/L),
tetrachloroethylene (up to 0.204 mg/L), nitrate (up to
120 mg/L), and benzene {up to 0.19 mg/L) were
detected above DWS in several wells. Endrin (at
0.00025 mg/l.) was detected above the DWS in well
HSB 133C. No cther chemica! constituents were
detected above DWS. However, sulfate (at 36.2 mg/
L} was elevated in well HSB 106C. Alkalinity (up to
148 meg/L) was elevatedin wells HSB 70C and 133C.
Conductivity (up to 950 umhos/em), TDS (up t0 4,850
mg/L), and high pH (up to 11.5) were elevated in
several wells.

Trichloroethylene (at 0.007 mg/L) in well HSB 658
was the only chemical constituent detected above
DWS in wells screened in the upper portion of the
Congaree Formation. However, conductivity (up to
280 pmhos/em) was elevated in all the wells, Alkalin-
ity (up to 108 meq/L} was elevated in wells HSB 68B
and 86B. In addition, pH (up to 8.8) was high in well
HSB B4B. TDS (at 203 mp/L) was elevated in well
HESEB 68B.

The only chemical constituents detected above DWS
in wells screened in the lower portion of the Congaree
Formation were chromium (at 0.061 mg/L) in well
HSB 69A, benzene (up to 0.012 mg/L) in wells HSB

68A and 123A, and nitrate (up to 29.7 mg/L) in well
HSB 84A. However, conductivity (up to 760 pmhos/
em) was elevated in all the wells. In addition, high
pH (up to 11.5) was detected in wells HSB 1194,
120A, 123A, 124A, and 139A, suggesting that water
in well HSB 124A may be affected by the leaching of
well grout. TDS (up to 367 mg/L) was elevated in
wells HSB 117A, 118A, 121A 1224, 123A, and 124A.
Alkalinity (up to 173 meq/L) was elevated in well
HSB 124A

H-Area Sludge Land Application Site

The H-Area Sludge Land Application Site covers 13
acres southeast of H Area, south of Road E (Figure 6-
7, Vol. II). Surface elevations at the site range from
approximately 300 te 305 ft msl. See alsothe Sewage
Sludge Application Sites section under General Areas.

The site is monitored by the three wells of the HSS
series (Table 6-52, Vol. II). Because the wells are
almost in a line, the horizontal groundwater flow
direction iz difficult to interpret; however, it appears
to be toward the southeast.

Total radium (at 7.49 pCv/L) in well H{SS 3D was the
only radioactive constituent detected above DWS at
this site.

Lead (up to 0.13 pCy/L) was detected above the DWS
in well HSS 3D. Noother chemical constituents were
detected above DWS.

H-Area Tank Farm

The H-Area Tank Farm (241-H), at the south end of
H Area (Figure 6-18, Vol. I1), comprises 29 subsur-
face tanks containing aqueous radioactive wastes.
These wastes consist of sludges, supernatant liquid
of varying salt concentrations, and salt cake. The
sludges are primarily a mixture of exides and hy-
droxides of manganese, iron, and aluminum and a
small amount of uranium, plutonium, and mercury,
with almost all of the fission products originally in
the irradiated fuel except cesium.

The supernate is primarily a solution of sodium
nifrate, sedium nitrite, sodium hydroxide, sodium
aluminate, and most of the fission products including
the major cesium isotopes. The solution velume is
reduced in the tank farm evaporators, then stored in
tanks to precipitate the sodium nitrate and sodium
nitrite. This precipitate forms the salt cake.
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Monitoring wells are installed around subsurface storage
tanks to monitor for possible groundwater contamination

Tank 16 leaked prior tothe removal of the waste from
that tank in 1972. A spill occurred at Tank 13 in
1983,

In 1989, the site was monitored by the 32 wells of the
HTF series (Table 6-53, Vol. II). The wells surround
tank groups and monitor for leaks from the adjacent
tanks, The site is on the groundwater divide between
Upper Three Runs Creek and Pour Mile Creek.
Gradients at this site are low, and the horizontal
groundwater flow direction is difficult to determine,
except in the western portion of the site where the
flow is toward the west.

Gross alpha (up to 500 pCi/L) and nonvolatile beta
{upte 750 pCVL) activities were detected above DWS
in many of the HTF wells, with the highest activities
occurring around Tanks 13 through 16. Elevated
radisactivity was alsofound east of Tanks 13 through
16 and in the northwestern part of the tank farm.
Tritium (up to 199 pCi/mL) was detected above the
DWSin several wells, with the highest activity cccur-
ring around Tanks 21 through 25, Total radium (up
to 28 pOVL) was detected above the DWS in wells
HTF 6,8, 16, 17, and 22. Uranium-235 (at 50 pCi/L)
wag detected above the DWSin well HTF 7 and 15Cs
(at 505 pCYL was elevated in well HTF 6. No other
radioactive constituents were detected above DWS
at this site,

Cadmium (up t0 0.141 mg/L),
lead (up to 0.609 mg/L), and
chromium (up to 0.312 mg/L)
were detected above the DWS
in many of the HTF wells,
Mercury (at 0.0023 mg/L) was
detected above the DWS in
well HTF 12. Noother chemi-
cal constituents were detected
abhove DWS st this site.
However, conductivity (up to
285 pmhos/em) was also ele-
vated in many of the HTF
wells., Low pH (down t03.9)
was detected in wells HTF 6,
8, 20, and 27.

K AREA

K Areaislocated in the south-
central part of SRS as shown
in Figure 6-1 (Vol. II), The
ground surface elevation near
the central part of K Area is
approximately 280 ft msl and slopes gently to the
west toward Indian Grave Branch and to the east to-
ward Pen Branch. The nearest site boundary to K
Area is approximately 5 miles to the west. The dis-
section of Pen Branch and Indian Grave Branch
creates a groundwater island in the Dry Branch and
Santee Formations. Horizontal groundwater flow in
the Congaree Formation is toward the Savannah
River,

In 1989, groundwater was monitored at the following
sites in K Area: the K-Area Acid/Caustic Basin, the
K-Area Ash Basin, the K-Area Burning/Rubble Pit,
the K-Area Coal Pile Runoff Containment Basin, the
K-Area Disassembly Basin, the K-Area Reactor
Seepage Basin, the K-Area Retention Basin, and the
K-Area Sludge Land Application Site (Figure 6-21,
Vol. IT). Maximum groundwater monitoring results
for these sites are summarized in Table 6-54 (VoL II).

K-Area Acid/Caustic Basin

The K-Area Acid/Caustic Basin (904-80G) is on the
east side of K Area (Figure 6-21, Vol. II) near a
tributary of Pen Branch. See the previous section of
this chapter for a discussion of SRS acid/caustic
basins.

The basin is monitored by the seven wells of the KAC
series (Table 6-55, Vol. II). Relative to the basin,
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wells KAC 3, 5and 6 are upgradient, wells KAC 4 and
7 are sidegradient, and well KAC 1 is downgradient.

Total radium (up to 25.6 pCyL) was detected ahove
the drinking water standard (DWS) in wells KAC 1
and 7. Gross alpha (up to 19.3 pCi/L) was detected
above the DWS in well KAC 1. No other radicactive
constituents were detected above DWS at thid site.

Lead {at 0.082 mg/L} was detected above the DWS in
well KAC 1. Selenium (at 0.042 mg/L) was detected
above the DWS in well KAC 5. No other chemical
constituents were detected above DWE. However,
conductivity (up to 2,740 umhos/cm) and suifate (up
to 1,220 mg/L) were elevated in all the wells except
KACH, Alscelevated were TDS (up t0 1,860 mg/L)in
wells KAC 1, 2, 3, and 7 and alkalinity (at 146 meqg/
L} in well KAC 3.

K-Area Ash Basin

The K-Area Ash Basin (188-K) is southwest of K
Area, about 330 ft south of the coal pile (Figure 6-21,
Vol. II). Thebasin receives ash sluice water from the

powerhouse in K Arsa and has been in service since
1951,

The site 12 monitored by the four wells of the KAB
series (Table 6-56, Vol, 1), Relative to the basin, well
KAB 2 is upgradient, wells KAB 3 and 4 are down-
gradient, and well KAB 1 s sidegradient.

Total radium (up to 21 pCi/L) was detected above the
DWSinall KAB wells except KAB 2, Gross aipha (up
te 36.8 pCyL) was detected above the DWS in wells
KAB 1and 4. Noother radicactive constituents were
detected above DWS at this site.

No chemical constituents were detected above DWS.
However, conductivity {up to 759 pmhos/cm) and
sulfate (up to 109 mg/L) were elevated in all four KAB
wells, Alkalinity {up to 237 meg/L) and TDS (up to
428 mg/L) were elevated in wells KAB 2 and 4.

K-Ares Burning/Rubble Pit

The K-Area Burning/Rubble Pit (Building 131-K) is
approximately 900 ft northeast of K Area (Figure 6-
21, Vol. II). See the previous section of this chapter
for a discussion of the SRS burning/rubble pits.

The pit is monitored by the four wells of the KRP
series{Table 6-57, Vol. IT). The site is near the water-
table divide between Indian Grave Branch and Pen

Branch. Horizontal gradients at the site are low,
making determination of flow directions difficult.

Noradicactive constituents were detected above DWS
in the KRP wells.

Tetrachloroethylene (up to €.086 mg/L) and trichlo-
roethylene {up to 0.027 mg/L) were detected above
DWS in well KRP 4. Lead (at 0.062 mg/L) was
detected above the DWS in well KRP 2. No other
chemical constituents were detected above DWS at
this site.

K-Area Coal Pile Runoff Containment Basin

The K-Area Coal Pile Runoff Containment Basin
{189.K) is west of K Area, between the ash basin and
the reactor seepage basin (Figure 6-21, Vol. II), See
the previous section of this chapter for a discussion of
SRS coal pile runoff containment basins.

The site is monitored by the four wells of the KCB
series (Table 6-58, Vol. I1). Relative to the basin, well
KOB 1is upgradient, well KCB 4 is sidegradient to
upgradient, and wells KCB 2 and 3 are sidegradient
to downgradient.

Total radium (up to 21.8 pCi/L) and tritium (up to
28.7 pCi/mL) were detected above DWS in wells KCB
2 and 3. Gross alpha (up to 31.4 pCi/L) was detected
above the DWS in well KCB 3. No other radioactive
constituents were detected above DWS at this site.

Benzene (at 0.007 mg/L} in well KCB 4 was the only
chemical constituent detected above DWS. However,
sulfate {up to 393 mg/L), conductivity (up to 698
pmhos/om), and TDS {up to 505 mg/L) were elevated
in all the KCB wells except KCB 2. Low pH (down fo
3.5) was detected in well KCB 3.

K-Area Disassembly Basin

The K-Area Disassembly Basin {105-K) is located in
the K-Area reactor building (Figure 6-21, Vol. II).
See the previcus section of this chapter for a discus-
sion of SRS disassembly basins.

Wells KDB 1, 2, and 3 monitor the K-Area Disassem-
bly Basin (Table 6-59, Vol. II). Relative to the basin,
wells KDB 1 and 3 are sidegradient, and well KDB 2
is downgradient.

Tritium (up to 3,470 pCi/mL} was detected above the
DWS in all three KDB wells. Total radium (at 6.3
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pCi/L) was detected above the DWS in well KDB 1.
Noother radisactive constituents were detected above
DWS at this site,

Trichloroethylene (up to 0.17 mg/L) was detected
above the DWS in wells KDB 2 and 3. Tetrachlo-
roethylene (up to 0.008 mg/L) was detected above the
DWS in wells KDB 1 and 2. Lead concentrations (up
to 0.081 mg/L.) were above the DWS in well KDB 1.
No other chemical constituenis were detected above
DWS. However, sulfate (at 29.6 mg/L), conductivity
{up to 309 umhos/cm), alkalinity (up to 106 meg/L),
and TDS (at 206 mg/L) were elevated in well KDB 3.

K-Area Reactor SBeepage Basin

The K-Area Reactor Seepage Basin (304-65G) is west
of K Area (Figure 6-21, Vol. I). The basin was used
1959 threugh 1960. See the previous section of this
chapter for discussion en reactor seepage basins.

The basin is monitored by the four wells of the KSB
series (Table 6-60, Vol. II). Horizontal gradients at
the site are low, making determination of flow diree-

tions difficult. Generally, well KSB 1 is upgradient,
wells KSB 2 and 44 are sidegradient, and well KSB
3 is downgradient.

Tritiom (up to 1,300 pCi/mL) was detected above the
DWS in all the KSB wells. No other radioactive or
chemical constituents were detected above DWS at
this site.

K-Area Retention Basin

The K-Area Retention Basin (804-88@G) is north of K
Area, about 330 ft from the perimeter fence (Figure
6-21, Vol. II). The basin hasbeen used since 1965 for
disposal of purge water from the K-Area Disassem-
bly Basin.

The basin is monitored by the five wells of the KRB
series (Table 6-61, Vol. II). Relative to the basin, well
KRB 8 is upgradient, well KRB 14 is downgradient,
and wells KRB 1, 13, and 15 are sidegradient.

Tritium (up to 180,000 pCi/mL) was detected above
the DWS in all the KRB wells. Total radium (at 6.5

K-Area Summary e

of 1854, In 1989, groundwater

K Area, located inthe soi;ﬁiécé{%tijafﬁ pant of SRS, is the site of K Reaclor, which began eperating in the fall
i from 34 weils at eight sites in K Area was analyzed 16 determine the
quantities of certain radioactive and nonradioactive constituents that may be preséent, :

Radioactive constituents were detected above applicable standards at seven of the sites: total radium
activity (up 10 34.7 pCi/L) was elevated in one or more wells at all sites except the K-Area Burning/Rubbie
Pit and the K-Area Reactor Seepage Basin; tritium (up to 180,000 pCvmL) was above its standard in all
but two wells monitored at the K-Area Coal Pile Runoff Containment Basin, the K-Area Disassembly Basin,
the K-Area Reactor Seepage Basin, and the K-Area Retention Basin: gross alpha activily (up t0 36.8 pCi/
L} was elevated in one or more wells ai the K-Area Acid/Caustic Basin, the K-Area Ash Basin, the K-Area
Coal Pile Runoff Containmenrt Basin, and the K-Area Retention Basin; and nonvolatile beta activity (up to
88.3 pCi/L) was elevated in one well at the K-Area Retention Basin.

Trichloroethylene (up to 0.17 mg/L) and tetrachloroethylene {up to 0.086 mg/l) concentrations exceeded
standards in one or more weils at the K-Area Burning/Rubble Pit and the K-Area Disassembly Basin, and
benzene (at 0.007 mg/L) was elevated in one well at the K-Area Coal Pile Runoff Containment Basin.

Sulfate exceeded its standard in most wells at four sites, with the highest concentration found at the K-Area
Acid/Caustic Basin; lead concentrations likewise were elevated in one or more wells at four sites, with the
highest concentration at the K-Area Retention Basin. Selenium and nitrite concentrations were above
standards at the K-Area Acid Caustic Basin and the K-Area Sludge Land Application Site, respectively.
Conductivity and total dissolved solids were above standards in one or more wells at five sites, alkalinity
was elevated in one or more wells at three sites, and pH exceeded its standard in one well at the K-Area
Coal Pile Runoff Containment Basin. Valuesfor conductivity and total dissolved solids were highest at the
K-Area Acid/Caustic Basin, and alkalinity was highest at the K-Area Ash Basin.
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pCi/L} and nonvolatile beta (up to 88.3 pCV/L) activi-
ties were elevated above DWS in well KRB 15. Gross
alpha (up to 18 pCVL) was detected above the DWS
in well KRB 14. No other radiosctive constituents
were detected sbove DWS in the KRB wells.

Lead (up to 0.897 mg/L) was the only chemical con-
stituent detected above DWS in wells KRB 1, 8, and
18. However, TDS (at 248 mg/L) was elevated in well
KRB 8.

K-Area Sludge Land Application Site

The K-Area Sludge Land Application Site (formerly
the K-Area Borrow Pit Site; 761-4(}) covers 17 acres
southeast of K Area on the west bank of Pen Branch
above its confluence with Indian Grave Branch
(Figure 8-21, Vol. II). Surface elevations at the site
range approximately from 180 to 220 ft msl. In 1989,
the site was declared part of the RFI program be-
cause of the presence of chlordane in the lagoon
sludge applied to the site. See also the Sewage
Shidge Application Sites section under General Areas.

The site is monitored by the three wells of the KSS
series (Table 6-62, Vol. II). Because the wells are
almost in a line, the horizontal groundwater flow
direction is difficult to interpret; however, it appears
ta be toward the southeast.

Total radium (up to 34.7 pC/L) was detected above
the DWS in well KSS 2D. No other radicactive
constituents were detected above DWS at this site.

Nitrite (at 0.11 mg/L) in well KSS 1D was the only
chemical constituent detected above DWS. However,
conductivity (at 109 umhos/em) was also elevated in
well KSS 1D,

L. AREA

L Area is in the south-central part of SRS as shown
in Figure 6-1 (Vol. II) (Vol. I1). Surface elevations
across L Area range approximately from 230 to 260
ft msl and decrease toward Steel Creek, approxi-
mately 2,500 ft to the southeast. Several small
tributaries of Steel Creek receive surface drainage
from L Area.

Thenearest site boundarytoL Areais approximately
5.5 miles to the southeast. Steel Creek represents a
sink into which groundwater from the Dry Branch
and Santee Formations discharges. The incision of
the Aiken Plateau by Pen Branch to the northwest

andby Steel Creek to the southeast ereates a ground-
water island in the Dry Branch Formation.

In 1989, groundwater was monitored at the following
sites in L. Area: the L-Area Acid/Caustic Basin, the L-
Area Burning/Rubble Pit, the L-Area Disassembly
Basin, the L-Area Oil and Chemical Basin, and the L-
Area Reactor Seepage Basin (Figure 6-22, Vol IT). A
summary of maximum groundwater monitoring
results for these sites is given in Table 6-63 (Vol. II).

I-Area Acid/Caustic Basin

The L-Area Acid/Caustic Basin (904-79G) is south of
L Area to the east of the L-Area Oil and Chemical
Basin (904-83G) on a slope leading to Steel Creek
(Figure 6-22, Vol 11). See the previous section of this
chapter for a discussion of SRS acid/caustic basins.

The basin is monitored by the four wells of the LAC
series (Table 6-64, Vol. II). Horizontal gradients are
low at this site, making interpretation of flow direc-
tions difficult.

No radioactive constituents were detected shove
drinking water standards (DWS) in the LAC wells.

Trichloroethylene (up to 0.03% mg/L) was detected
above the DWS in all the LAC wells except LAC 1,
Other chemical constituents detected above DWS
were tetrachloroethylene (up to 0.036 mg/L) in well
LAC 3 and lead (up to 0.078 mg/L) in well LAC 2. In
addition, conductivity (up to 353 pmhos/cm) was
elevated in wells LAC 3 and 4, Alkalinity (up to 149
meq/L) and pH (up to 9.6) were elevated in well LAC
3, suggesting that water in this well may be affected
by the leaching of well grout. Sulfate (at 31.7 mg/L)
was elevated in well LAC 4.

L-Area Burning/Rubble Pit

The L-Area Burning/Rubble Pit (131-L) is approxi-
mately 1,200 ft northwest of L Area, between Road 7-
1 and the steam-line road (Figure 6-22, Vol. II). See

the previous section of this chapter for a discussion of
SRES burning/rubble pits.

The site is menitored by the four wells of the LRP
series (Table 6-65, Vol. IT). Relative to the pit, LRP
2isupgradient, well LRP 1is sidegradient, and wells
LRP 3 and 4 are downgradient,

Neoradioactive constituents were detected above DWS
in the LRP wells.
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Lead concentrations {up to 0.101 mg/L} were above
the DWS in well LRP 2. Tetrachloroethylene (at
0.009 mg/L) was detected above the DWS in well LRP
3. No other chemical constituents were detected
above DWS at this site,

L-Area Disassembly Basin

The L-Area Disassembly Basin (105-L) is loeated in
the L-Area reactorbuilding (Figure 6-22, Vol IT). See
the previous section of this chapier for a discussion of
SRS disassembly basins.

The L-Area Disassembly Basin is monitored by wells
LDE 1 and 2 {Table 6-66, Vol. I}, Information is
insufficient to determine horizontal groundwater
flow directions at the site.

Noradioactiveconstituents were detected above DWS
in the LDB wells.

Tetrachloroethylene (up to 0.008 mg/L) in well LDB
1 was the only chemical constituent detected above
DWS at this site. However, pH (at 3.9) was also low
in well LDB 1,

L-Area Oil and Chemical Basin

The L-Area (Jil and Chemical Basin (904-83() is
southeast of L Area (Figure 6-22, Vol. II}, between
the reactor seepage basin (304-64(G) and the acid/
caustic basin (804-79G). From 1961 to 1979, the
basin received small guantities of radioactive oil and
chemical waste from throughout the site that were
not appropriate for discharge to effluent streams,
regular seepage basins, or the 200-Areas waste
management systems,

The waste came primarily from the reactor areas.
The basin has been inactive sinee 1979. The vegela-
tion inside the basin perimeter fence is removed and
the area kept bare. This area is part of the RFI
program.

The L-Area (il and Chemical Basin is monitored by
the four wells of the LCO series (Table 6-67, Vol. ID).
Relative to the basin, wells LCO 2 and 3 are upgradi-
ent, and wells LCO 1 and 4 are downgradient.

Tritium (up to 360 pCi/mL) was detected above the
DWSin wells LCO 1 and 4. Nonvolatile beta activity
{up to 180 pCVL) was elevated in well LCO 1. No
other radicactive constituents were detected above
DWS at this site.

Tetrachloroethylene (up to 0.052 mg/L) was detected
above the drinking water standard in ali LCCO wells
except LCO 1. Trichlorcethylene(at 0.011 mg/L) was
detected above DWS in well LCO 3, No other chemi-
cal constituents were detected above DWS. How-
ever, conductivity (up to 1,110 umhos/em) and TDS
(up to 619 mg/LL) were elevated in wells LCO 3 and 4.
Alkalinity (up to 155 meg/L) and pH (up to 10.0) were
also elevated in well LOO 3, suggesting that waterin
this well may be affected by the leaching of well
grout. Sulfate (up to 449 mg/L) was elevated in well
LCO 4.
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IL-Area Reactor Seepage Basin

The L-Area Reactor Seepage Basin (904-64G) is
southeast of L Area adjacent, to the L-Area Qil and
Chemical Basin (Figure 6-22, Vol. II). The L-Area
Reactor Seepage Basin was used from 1958 until
1969 and from 1985 to the present. See the previous
section of this chapter for a discussion of SRS reactor
seepage basins,

The basin is monitored by the four wells of the LSB
series {Table 6-68, Vol. IT). Horizontal groundwater
flow direction under the site was toward the south-
east during first quarter 1989 and more easterly for
the remainder of the year. Well LSB 11s downgradi-
ent, wells LSB 3 and 4 are upgradient to sidegradi-
ent, and well LSB 2 is sidegradient of the basin.

Tritium (up to 4,200 pCi/mL) was detected above the
DWS in all the LSB wells except LSB 2. No other
radicactive constituents were detected above DWS
at this site.

No chemical constituents were detected above DWS
at this site. However, pH (down to 3.8) was low in
wells LSB 2 and 3.

M AREA

M Area is located in the northwest part of SRS ag
shown in Figure 6-1 (Vol. II). Surface elevations
across M Area range approximately from 350 to 380
ft msl. Surface drainage is toward Tims Branch,
approximately 5,000 ft to the east, and toward val-
leys to the northwest and southwest that lead to the
Savannah River.

The nearest site boundary to M Area is approxi-
mately 0.5 mileg to the northwest. M Areaisona
water-table mound, with radial flow to the east
toward Tims Branch, to the southwest toward the
Savannah River, and to the north and west toward
drainage into lower zones. Monitoring of organice
plumes in M Area indicates that most of the water-
table water migrates downward inte lower zones.

In 1988, groundwater in M Area was monitored at
the M-Area Hazardous Waste Management Facility
{(HWMFE) (Figure 6-3, Vol II). A summary of the
maximum results of this monitoring is presented in
Table 6-69 {Val. 11}

Groundwater beneath A and M Areas is contami-
nated with halogenated organics as a result of past

operations; in 1989, this plume of organics was
monitored by approximately 200 plume definition
wells (Figures 6-2 and 6-3, Vol, II), Since the discov-
ery of the contamination in June 1981, progress has
been made in assessing the extent of the contamina-
tion and in establishing a remediation program. As
of December 1989, the inventory of organics in the
groundwateris estimated tobe approximately 380,000
Ib with peak concentrations of 150 mg/L.

A Groundwater Remediation Program is under way
to clean up the groundwater contamination. In
February 1983, a 20-gal/min air stripper began op-
eration. in January 1984, two recovery wells were
installed along with a 50-gal/min air stripper. A full-
scale recovery system, which replaced the previous
air strippers in April 1985, consists of 11 recovery
wells and a 400-gal/min air stripper. Through De-
cember 1989, 208,245 1b of organics have been re-
moved from 871,746,850 gal of water,

M-Area Hazardous Waste Management
Facility (HWMF)

The M-Area Hazardous Waste Management Facility
{HWMF) consists of the M-Area Settling Basin {904
51G), which is south of M Area and west of Road IJ,
and Lost Lake (904-112G) (Figure 6-3, Vol. II). The
unlined basin received wastewater containing metsal
cleaning solvents, uranium, and other chemicals and
metals from fuel fabrication processes in M Area. In
operation from 1958 until 1985, water from the
settling basin flowed through an overflow ditch to
Lost Lake, a Carclina bay. A seepage area formed
between the ditch and Lost Lake. A closure cap was
completed on the basin during 1989, and official
RCRA closure is nearing completion. The basin will
be the first SRS hazardous waste site to be closed
under RCRA.

The following MSB wells have been designated asg
POC wells for the M-Area HWMF: MSB 1A, 2A, 3A,
4A,8BA, BA, TA, 8A 13A,13B, and 13C, and 22 (Table
6-70, Vol. 11). Well elusters MSB 29 and 43 are the
designated background wells for the site. Wells MSB
29DD and MSE 43DD are used as piezometers and
were not sampled. Wells MSB 1A, 34, and 4A were
either dry or could not be sampled during the year,
The horizontal water-table flow direction beneath
the facility is mainly to the southwest. The pumping
of water in the Groundwater Remediation Program
has altered the water table near the HWMF, making
determination of upgradient and downgradient wells
inappropriate.
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Total radivm (up to 20 pCi/L) was detected above the
drinking water standard (DWS) in wells MSB 24,
84, 22 and 20D, Gross alpha (up to 34.6 pCi/L:) was
detected above the DWS in wells MSB 22 and 29D,
Noother radioactive constituents were detected above
DWS at this site,

Trichloroethylene (up to 34 mg/l), tetrachloroeth-
viene {up to 128 mg/L), and nitrate (up to 84.6 mg/L)
were detected above the DWS in many wells, Lead
concentrations (up to 0.08¢ mg/L) were above the
DWS in wells MSB 2A and 13B. The only other
chemical constituents detected above DWS were sil-
ver(at 3. 18 mg/L)inwell MSB 7A, cadminm (at 0.023
mg/L) in well MSR 54, chromium (up to 0.065 mg/L)
in well MSB 13B, mercury {(at (.0085 mg/L) in well
MSB 43A, and trans-12-dichloroethene (at 0.133
mg/l)in well MSB 22, In addition, conductivity (up
to 845 pmhos/em) was elevated in wells MSB BA 8A
13C, and 22. TDS con-

were either dry or the wells could not be sampled
during the year.

Several water-bearing zones are monitored within
the contaminant plume. The water table in the area
is relatively flat with drainage toward Tims Branch
and the Savannah River. Upper and Lower Conga-
ree sands drain fo the southeast toward Upper Three
Runs Creek. Water in Cretaceous sediments below
the Ellenton Formation drains to the south toward
the Savannah River.

Total vadium (up to 108 pCi/LL) and gross alpha (up to
155 pCy/L) were detected above DWS in many plume
definition wells. Tritium (at 24.9 pCi/mL) was ele-
vated above the DWS in well ASB 8C, and gross
alpha(at 30.1 pCi/L) was also elevated in well ASB 9.
Nonvolatile beta activity (up to 804 pCiy/L) was
elevated in wells MSB 9C and 10A. Radium-226 (at

centrations {(up to 726
mg/L) were elevated in

s —

well MSB 13B. Low pH
{down $o 3.7) was de-
tected in well MSB 2ZA.

Plume Definition
Wells

Besides the waste-site
grovundwater monitor-
ing conducted in A and
M Areas, groundwater
is also monitored for
erganics by approxi-
mately 200 M-Area
plume definition weils,
which include the MSB
wells not under the
waste-site monitoring
program, the ASE 8and
2 well clusters, the AC
well series, and well
ABW 1(Table6-T1, Vol.
1), Approximately45of
the M-Area plume defi-
nition wells (MSB se-
ries) were installed in
1989, ar was well ASB
9C (Figures 6-2 and 6-3,
Vol . 1) Wells MSB 12D,
17C, 23, 25, 35D, 38D,

41D, 42D, 45C, and 48C
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146 pCi/L) was detected in well ASB 8. No other ra-
dioactive constituents were detected above DWS in
the plume definition wells,

No chemical constituents were detected above DWS
in the AC well series. However, in the MSB and ASB
plume definition wells, nitrate (up to 35.1 mg/L) was
detected above the DWS in wells near the M-Area
Settling Basin. Trichloroethylene (up to 150 mg/L)
and tetrachloroethylene (up to 196 mg/L) were also
detected above DWS in many of the wells, with the
highest concentrations also detected near the M-
Area Settling Basin. Lead (at 0.069 mg/L) was
detected above DWS in well MSB 36TA. Other
chemical constituents detected above DWS were
chloroform {at 1.39 mg/L) in well MSB 47C, carbon
tetrachloride (at 0.006 mg/L) in well MSB 31C, cad-
mium (up to 0.026 mg/L)in well MSB 394, chromium
{at 0.051 mg/L) in well 36A, chloroethene {at 0.015
mg/L) in well MSB 10C, benzene (at 0.006 mg/L} in
well MSB 9C, and mercury (up to 0.0093 mg/L) in
well MSB 17A.  Also detected above DWS were
trichloroethylene {at 0.006 mg/L)in well ABW 1 and
frans-1,2-dichloroethene (up to 1.78 mg/L) in wells
MBB 9B, 11C, 28A, 47B, and 47C.

No other chemical constituents were detected above
DWS. However, elevated conductivity (up to 2,130
umhos/em} and pH (up to 11.9) were detected in a
number of wellg, indicating that many wells may be
affected by the leaching of well grout, Alkalinity (up
to 558 meq/L) was elevated in wells MSB 16C, 374,
440, 48D, 69TA, and 71B. TDS (up to 260 mg/L) was
detected in wells MSB 10C, 19B, and 31B. Sulfate
{upto 171mg/L)waselevatedin welle MSB 11C, 178,
and 19C. Low pH (down to 3.6) was detected in wells
MSBOC, 11F, 124, 194,244, 27, 30B, 31B, 364, 39C,
42B, and 73B.

P AREA

P Areaislocated in the south-central part of SRS (see
Figure 6-1, Vol I1). Surface elevations across P Area
range approximately from 310 to 330 ft msl.

The nearest site boundary to P Areais approximately
5 miles to the east on the opposite side of Lower Three
Runs Creck. Lower Three Runs Creek (to the east),
Steel Creek (to the southwest), and Meyers Branch
{to the south and east) create a groundwaterislandin
P Ares.

The hydraulic gradient varies across P Area and
increases near a tributary to Par Pond, approxi-

mately 1,000 ft to the northeast. The hydraulic
gradient also increases near a tributary to Steel
Creek to the southwest.

In 1989, groundwater wag monitored at the following
gites in P Area: the P-Area Acid/Caustic Basin, the P-
AreaBurning/Rubble Pit, the P-Area Coal Pile Runoff
Contasinment Bagin, the P-Area Disassembly Basin,
and the P-Area Reactor Seepage Basins (Figure 6-23,
Vol. II). A pummary of the 1989 maxymum ground-
water monitoring results is presented in Table 6-72
(Vol. I1).

P-Area Acid/Caustic Basin

The P-Area Acid/Caustic Basin (904-78G) is north-
east of P Area and Road F on a slope that leads to a
tributary of Par Pond (Figure 6-23, Vol. II), See the
previcus section of this chapter for a discussion of
SRS aecid/caustic basins.

The site is monitored by the six wells of the PAC
geries (Table 6-73, Vol. II). Relative te the basin,
wells PAC 1 and 4 are upgradient, and wells PAC 2,
3, 5, and 6 are downgradient.

Total radium (up to 18.3 pCi/L.) was detected above
the drinking water standard (DWS) in wells PAC 5
and 6. Tritium (at 21.5 pCi/mL) was detected above
the DWS in well PAC 5. No other radicactive con-
stitnents were detected above DWS at this site.

No chemiesl constituents were detected above DWS.
However, sulfate (up to 424 mg/L) and conductivity
(up to 891 pmhos/cm) were elevated in wells PAC 3,
4,5, and 6. Also elevated were TDS (up to 664 mg/l)
inwells PAC 3, 5, and 6 and alkalinity (up t0 264 meg/
L)in wells PAC 5 and 6.

P-Area Burning/Rubble Pit

The P-Area Burning/Rubble Pit (131-P) is approxi-
mately 1,200 ft west of P Area (Figure 6-23, Vol. I1).
See the previous section of this chapter for a discus-
sion of SRS burning/rubble pits.

The site is monitored by the four wells of the PRP
series (Table 6-74, Vol. II). Relative to the pit, well
PRP 4 isupgradient, wells PRP2 and 3 are sidegradi-
ent, and well PRP 1A is downgradient.

Tritium (up to 116 pCi/mL) in well PRP 1A was the
only radivactive constituent detected above DWS at
this site.
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| P-Area sﬂmmary

P Areaislocatedinthe east—aenirat part m‘ SR southof B Area PArea isthe s:te cf P Reamor wh:ch began X
operating in February 1954. In 1989, groundwater from 23 wells at tive sites in P Area was analyzed to
. determine the quantities of certain rad:oacwe and nonradnoac::ve mnshments that may be present..

Radioactive constituents above appiwable standards were found at all five sites: tritium (upto approxlmateiy
219,000 pCifmL) was above its standard in all wells monitored at the P-Area Disassembly Basin and the P-
Area Reactor Seepage Basing and in one well each at the P-Area Acid/Caustic Basin and the P-Area
Burning/Rubble Pit; total radium activity {up to 26.6 pCi/l) was elevated in two wells at the P-Area Acid/
Caustic Basin and in one well at the P-Area Coal Pite Runoff Containment Basin.

Halogenated organic compounds exceaded standards in one well at the P-Area Burning/Rubble Pit, with
carbontetrachioride concentrations ranging upo 0.258 mg/ld. and both tetrachioroethylene andtrichloroeth-
ylene concentrations ranging up 1o 0.056 mg/..

Lead exceeded its standard in one or more wells at three sites, with the highest concentration at the P-Area
Reactor Seepage Basing; sulfatle concentrations wers glevated in most of the wells monitored at the P-Area
Acid/Caustic Basin and the P-Area Coal Pile Runoff Containment Basin, with the highest concentration at
the latter site. Cadmium and selenium concentrations were elevated in one well at the P-Area Coal Pile
Runo# Containment Basin, nitrate concentrations were elevated in one well at the P-Area Reactor Seepage
Basing, and chromium concentrations were elevated in one well each at the P-Area Burning/Rubble Pit and
the P-Area Coal Pile Runoff Comtainment Basin. Conductivity and fotal dissolved solids values were above
standards inone or more wells each atthree sites, and alkalinity and pH exceeded standards in several wells

at one site 2ach.

Carbon tetrachloride (at 0.259 mg/L), tetrachloroeth-
ylene (up to 0.056 mg/L), and trichloroethyiene(up to
0.056 mp/L) were detected above DWS in well PRP 3.
Chromium (at 0.066 mg/L} was detected above the
DWS in well PRP 2. No other chemieal constituents
were detected above DWS, However, conductivity
{up to 102 umhos/cm) was elevated in well PRP 3.

P.Area Coal Pile Runoff Containment Basin

The P-Area Coal Pile Runoff Containment Basin
{189-P) is southeast of the coal pile and south of P
Aren (Figure 6-23, Vol. II). See the previous section
of this chapter for a discussion of SRS cosl pile runoff
containment basins.

The szite s monitored by the four wells of the PCB
series (Table 8-75, Vol. II). Horzontal gradientsnear
the basin are low, making interpretation of flow
directions difficult,

Total radium (at 26.6 pCi/L) was detected above the
DWE in well PCB 3A. No other radioactive constitu-
ents were detected above DWS at this site.

Cadmivm (at §.011 mg/L), chromium {up to 0.065
mg/L), lead (at 0.067 mg/L), and selenium (up to

0.016 mg/L) were elevated above DWS in well PCB
3A. No other chemical constituents were detected
ahove DWS. However, low pH {down to 3.2) and
elevated levels of sulfate (up to 12,600 mg/L} and
conductivity {up to 1,579 umhos/cm) were detected in
wells PCB 1A, 3A, and 4A. TDS (at 2,100 mg/L) was
also elevated in well PCB 3A.

P-Area Disassembly Basin

The P-Area Disassembly Basin {105-P) is located in
the P-Areareactor building (Figure 6-23, Vol. II). See
the previous section of this chapter for a discussion of
SRS disassembly basins.

The basin is monitored by wells PDB 2 and 3 (Table
6-76, Vol. II). Both wells are screened below the
water table, makinginterpretation of horizontal flow
directions difficult.

Tritium (up to 330 pCi/mL)in wells PDB 2and 3 was
the only radioactive constituent detected above DWS
at this site.

Lead (up to 0.062 mg/L) was detected above the DWS
in wells PDB 2 and 3. No other chemical constituents
were detected above DWS,
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P-Area Beactor Seepage Basing

The P-Area Reactor Seepage Basins (304-61G, 904-
862G, and 904-63G) are southwest of the reactor
building (Figure 6-23, Vol. I1). The basins are con-
nected in series, with water entering Basin 1 then
flowing to Basins 2 and 3. See the previous section of
this chapter for a discussion of SRS reactor seepage
basins.

The basins are monitored by the seven wells of the
PSB series (Table 6-77, Vol. II). Horizontal ground-
water flow is toward the west. Wells PSB 1A, 2A, 3A,
and 4A are downgradient of the basins. Well PSB 5A
is upgradient of Basin 3. Well PSB 7A is upgradient
to sidegradientof Basin 1. Well PSB 6Aisupgradient
of Basin 2 and downgradient of Basin 1,

Tritham (up to 219,000 pCi/mL) in all seven PSB
wells was the only radioactive constituent detected
above DWS at this site.

Lead (up t0 0.101 mg/L) was detected above the DWS
in wells PSB 4A and 5A. Nitrate (up to 29 mg/L) was
detected above the DWS in well PSBE 2A. No other
chemical constituents were detected above DWS.
However, conductivity (up to 260 pmhos/em) was
elevated in well PSB 2A. TDS (at 566 mg/L) was also
slevated in well PSB 5A.

RADIOACTIVE WASTE BURIAL GROUNDS

The Radiocactive Waste Burial Grounds, lecated be-
tween F and H Areas{Figure 6-7, Vol. II), are used for
storage of radioactive solid waste produced at the site
and shipped from other U.S. Department of Energy
facilities. The original area (643-G)began receiving
waste in 1952 and was filled in 1972. Operations
then shifted to an adjacent site, the 643-7G Burial
Ground. The Mixed Waste Management Facility
(MWMF'; 643-28G), an area within 643-7G, was de-
fined in 1986 (Figure 6-24, Vol. I1). Closure of the
643-28G site isin progress, Sites 643-G and 643.7G
are included in the RFI program.

The Radioactive Waste Burial Grounds are used for
disposal of transuranic (TRU) alpha waste, low-level
aipha and beta-gamma waste, intermediate-level
beta-gamma waste, and waste generated offsite. Until
1965, TRU waste was placed in plastic bags and
cardboard boxes and buried in earthen trenches.
Between 1965 and 1974, TRU waste was segregated
into two categories. Waste containing less than 0.1
Ci per package was buried unencapsulated in

trenches. Waste containing greater than 0.1 Ci per
package was buried in retrievable concrete contain-
ers or encapsulated in concrete,

Since 1974, TRU wastes contaminated with greater
than 10 nCi TRU/g have been stored in water-tight
containers that can be retrieved intact up to 20 years
from the time of storage. Containers are storedon a
concrete pad with a monitoring sump. Some bulky
wastes are stored directly in shallow land burial
trenches. Since mid-1984, newly generated low-level
waste hasbeen placed in metal boxes or metal drums
and is currently stored in engineered, low-level
trenches and covered with at least 4 ft of soil.

Mixed wastes (low-level radioactive waste contain-
ing hazardous waste) stored within 643-G and 643-
28Ginclude lead (used for shielding), cadmium (from
control rods, safety rods, and shielding), tritiated
pump oil, and mercury. Some of the waste is con-
tained in welded stainless steel containers or metal
drums and stored within concrete cylinders.

Degraded solvents and tritinted pump oil were stored
in tanks installed in 1975. A program is under way
to incinerate the degraded solvents and tritiated oil.
The tritiated pump oil was removed from Tank $-32
and either incinerated or stored in Building 643-29G.
Tank S-32 was formally closed under RCRA. In
March 1988, dispoesal operationsforradioactive waste
containing lead or other hazardous wastes were
discontinued. A plan was implemented to ensure
that all other wastes were certified to be free of
hazardous materials.

The Burial Grounds are monitored by wells HSB
854, 85B, and 85C and the BG and BGO well series,
except for well BG 10, which monitors the H-Area
Seepage Basins. Twenty-one BGO series wells were
added to the program in 1989. Thirty-eight of the
BGO series wells at the perimeter of Burial Ground
643-7G are RCRA wells. BG and BGO series wells
with a “D” or no letter after the well cluster number
are screened in the water table. The lower portion of
the water table, the Dry Branch Formation, and the
Santee Formation lie between approximately 120 to
160 ft msl and are monitored by BGO wells with a“C”
after the well cluster number. The Congaree Forma-
tion lies between approximately O to 120 ft msl and is
monitored by BGO wells with an “A” after the well
cluster number.

The MGA, MGC, MGE, MGG, and MGI series wells
{grid wells} monitor the water table and perched
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- 18 p mﬁﬁes o
1’989 101 wellsin andat‘mﬁs;l Bwiaj Gfound 643
G (33 BG wells; 21 BGO wells; 47 MGA, MGC,

' MGE, MGG, and MGl welis)and 41 weﬂsatBunaif

© Ground 643-7G and thé Mixed Waste Manage-
ment Facility (wefls HSB 85A, 858, 85C; 38 BGO
wells) werg sampled o determing the levels of
certain radipactive and nonradicactive constitu-
ents that may be present in the groundwater.

Tritium {up to 5,450,000 pCi/mL) was above its
applicable standard in over 100 of the 142 wells;
gross aipha activity (up to 1,200 pCi/L) and non-
volatiie beta activity (up to 1,100 pCil) were
elevated in over 10 wells each. The maximum
teitium activity was higher than at any other site
monitored at SRS in 1988, exceeding its standard
by over 270,000 times. - in addition, total radium
(up 1o 20 pCiL} and ' Am (at 5.1 pCIL) activities
exceeded standards at Burial Ground 643-G.

Trichloroethylene (up 1o 0.43 mg/l.}, carbontetra-
chioride (up to 0.095 mg/L), and tetrachioroath-
vieng (up to 0.022 mgl) concentrations were
ahove standards in 23, 13, and 4 wells, respec-
tively, at the burial grounds. Lead, endrin, con-
ductivity, alkalinity, pH, and fotal dissolved solids
levels also were elevated in one or more wells at
the burial grounds. Nitrate; sulfate, trans-1,2-di-
chioroethene, and toxaphene concentrations ex-
ceeded standards at Burial Ground 643-G; and
cadrmium, chromium, benzene, and flugride con-
centrations were elevated at Burial Ground 643-

7G and the Mixed Waste Management Facility.

water zones in Burial Ground 643-G. The wells in
these series are monitored by EHP and SRL as part
of ongoing research projects.

The nearest site boundary to the Radioactive Waste
Burial Grounds is approximately 6 miles to the west.
The site iz located on & water-table divide. Ground-
water from the northeast parts of Burial Ground 643-
7G and the MWMF (643-28G) flows toward the north-
northwest, groundwater from the southwestern por-
tions of Burial Ground 643-7G and the MWMF flows

toward the west-southwest, groundwater under the
northwestern parts of Burial Ground 643-7G and the
MWMF flows toward the west, and groundwater
under the eastern portions of Burial Ground 643-7G
and the MWMF flows toward the east-southeast.
Wells BGO3D,4D, 5D, 16, 18,19D,20D, and 21D are
sidegradient, wells BGO 6D, 9D, 11D and 12 are
downgradient, and wells BGO 1D and 2D are up-
gradient to sidegradient of Burial Ground 643-7G
and the MWMF. BG series wells monitoring Burial
Ground 643-G are sidegradient or downgradient of
the site. Wells MGA 36, MGC 11 and 23, MGE 9, 21,
and 34, and MGG 15, 19, 23, and 28 were either dry
or could not be sampled during the year; wells BGO
10D and 14D were dry throughout 1989. A summary
of the maximum groundwater monitoring results for
the burial grounds is presented in Table 6-78 (Vol.
1T}, and groundwater monitoring results for individ-
ual wells are in Table 6-79 (Vol, I},

At Burial Ground 643-G, tritium (up to 5,450,000
pCirfmL) was detected above the drinking water stan-
dard (DWS) in all the monitoring and SRL research
wells except in wells BG 83 and BGO 264, 26D, and
29A. Gross alpha (up to 1,200 pCi/L) was detected
above the DWS in wells BG 52, 58, 60, and 62; BGO
26D, 27D, 31D, 32D, 36D, and 38D; MGC 19; and
MGE 30. Nonvolatile beta activity (up to 1,100 pCi/
1) was detected above the DWS in wells BG 52, 58
and 60, MGC 19, MGE 30, and in most of the SEL
rescarch wells. The only other radicactive constitu-
ents detected above DWS at Burial Ground 643-G
were 2 Am (at 5.1 pCi/L) in well BGO 27C and total
radium {(up to 20 pCi/L} in wells BGO 26D and 32D.

Tritium (up to 8,800 pCiymL) was detected above the
DWS in many of the BGO wells at Burial Ground
643-7G and the MWMF. Gross alpha (up to 20 pC¥/
L) was detected above the DWS in wells BGO 5D and
8A. Nonvolatile beta activity (up to 82 pCi/1) was
elevated in wells BGO 8A and 14A. No other radio-
active constituents were detected above DWS at this
site.

Samples taken from the BG, MGA, MGC, MGE,
MGG, and MGI well series at Burial Ground 643-G
were not analyzed for chemical constituents. Trichlo-
roethylene (up to 0.43 mg/L) was detected above the
DWS in wells BGO 264, 27C, 27D, 30C, 30D, 31D,
321, 33C, 35D, and 37C. Concentrations of trans-
1,2-dichloroethene {up to 2.6 mg/L) were above the
DWS in wells BGO 28D, 30D, 32D, 33C, and 37C.
Tetrachloroethylene (up to 0.016 mg/L) was detected
above the DWS in wells BGO 28D, 32D, and 37C.
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Lead concentrations (up to 0.052 mg/L) were above
the DWS in wells BGO 30D and 37D. Nitrate (up to
41 mg/L.) was detected above the DWS in wells BGO
32D and 37C.

Also detected above DWS were carbon tetrachloride
(up to 0.095 mg/L) in well BGO 37C, endrin (at
0.00025 mg/L} in well BGO 28D, and toxaphene (at
0.00906 mg/L} in well BGO 27D. No other chemical
constituents were detected above DWS in the BGO
wells. However, conductivity (up to 3,920 umhos/cm)
was elevated in many of the burial ground wells. In
addition, pH (up to 12.3) was elevated in wells BGO
26A, 29A, and 35C, suggesting that water in well
BGO 26A may be affected by the leaching of well
grout. Alkalinity (up to 970 meqg/L}in wells BGO 26A
and 29A,TDS (up to 438 mg/L) in wells BGO 26A and
30C, and sulfate (up to 138 mg/L) in well BGO 30C
were also elevated. Low pH {down to 3.9) was
detected in wells BGO 38D and 39D.

Trichloroethylene (up to 0.14 mg/L) was detected
above the DWS in many of the wells at Burial Ground
643-7G and the MWMF. Carbon tetrachloride (up to
0.041 mg/L) was detected above the DWS in wells
BGO 1D, 2D, 3D, 4D, 5C, 5D, 8A, 8C, 8D, 10A, 10C,
and 12A. Benzene concentrations (up to 0.046 mg/L)
were above the DWS in wells BGO 1D, 3D, 5C, 8A,
8D, 104, 10C, 124, and 12D.

The only other chemical constituents elevated above
DWS were lead {(at 0.07 mg/L) in well BGO 11D,
tetrachloroethylene (up to 8.022 mg/L) in well BGO
7D, cadmium {at 0.03% mg/L) in well BGO 11D,
chromium (at 0.05 mg/L) in well BGO 50, fluoride (at
15 mg/L} in well BGO 120, and endrin {at 0.00037
mg/L)in well BGO 16D. In addition, conductivity (up
to 5,600 umhos/cm) was elevated in many of the BGO
wells and wells HSB 85A and 85B. Alkalinity (up to
600 meg/L), pH (up t0 12.3) and TDS (up to 6,860 mg/
L) were elevated in many of the BGO series wells.

R AREA

R Area, located in the east-central part of SRS as
shown in Figure 6-1 (Vol. I1), is on a topographic
divide where surface elevations range approximately
from 280 to 330 £t msl. Surface drainage is to the
northwest and northeast toward Mill Creek and
Pond A and to the southeast and southwest toward
tributaries of Pond 4 and Pond 2.

The nearest gite boundary to R Area is approxi-
mately 4.8 miles {0 the east. Incised tribuiaries,

streams, and Par Pond separate R Area from the
boundary. R Area is near a groundwater divide
between Mili Creek and Par Pond. The groundwater
just north of R Area naturally discharges to Mill
Creek, approximately 1,000 ft to the northwest, and
to the R-Area Canal of Pond A to the northeast. The
groundwater from the southern part of R Area natu-
rally discharges to a tributary of Pond 4, approxi-
mately 1,800 ft south of R Area.

In 1989, groundwater was monitored at the following
sitesin R Area: the R-Area Acid/Caustic Basin, the R-
Area Burning/Rubble Pits, and the R-Area Reactor
Seepage Basins (Figure 6-25, Vol. II). A summary of
the maximum groundwater monitoring results for
these sites is given in Table 6-80 (Vol. 11,

R-Area Acid/Caustic Basin

The R-Area Acid/Caustic Basin (804-77G) is south of
R Area, just south of Road G (Figure 6-25, Vol. II).
See the previous section of this chapter for a discus-
sion of SRS acid/caustic basins.

The site is monitored by the four wells of the RAC
series (Table 6-81, Vol. T1). The direction of horizon-
tal groundwater flow under the basin was toward the
southeast until fourth quarter 1989 when it shifted
to the east. Well RAC 1 appears to be upgradient,
well RAC 2 appears to be sidegradient, and wells
RAC 3 and 4 appear to be downgradient to sidegradi-
ent of the basin.

Total radium (up to 9 pCi/L) was detected above the
drinking water standard (DWS) in all the RAC wells
except RAC 4. Gross alpha (up to 82.5 pCy/L} was
detected above the DWS in wells RAC 2 and 3. No
other radioactive constituents were detected above
DWS at this site.

Lead {(at 0.053 mg/L) was detected above the DWS in
well RAC 2. No other chemical constituents were
detected above DWS. However, conductivity (up to
172 pumhos/em) and sulfate (at 35 mg/L) were ele-
vated in well RAC 1.

R-Area Burning/Rubble Pits

The R-Area Burning/Rubble Pits (131-Rand 131-1R)
are approximately 900 ft southeast of R Area, south-
east of Road G (Figure 6-25, Vol. [I). See the previous
section of this chapter for a discussion of SRS burn-
ing/rubble pits.
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The site is monitored by the four wells of the RRFP
series (Table 6-82, Vol. IT). Well RRP 1 appearstobe
upgradient, well RRP 2 appears to be sidegradient,
and wells RRP 3 and 4 appear {o be downgradient of
the pits,

No radioactive or chemical constituents were de-
tected above DWS in the RRP wells.

R-Area Reactor Beepage Basins

The six R-Area Reactor Seepage Basins (304-103G,
8904-104G, and 904-57G through 904-603) are just
cutside the perimeter fence northwest of R Area
{(Figure 6-25, Vol II). The basins received purge
water from the R-Area Disassembly Basin from 1957
until 1964, Overflow was sequential via overflow
channels from Basin 1 to Basin 2, to Basin 3, to Basin
4. Basin 5 received water directly from the disassem-
bly basin. Basin 6 received water pumped from
Basins 2, 3, and 4 and then was used for receiving
water directly from the disassembly basin.

On November 8, 1957, an experimental fuel element
failed during a calorimeter test in the emergency
section of the R-Area Disassembly Basin. Following
this incident, the seepage basins received approxi-
mately 2,700 Ci of nonvolatile beta activity, includ-
ing ¥8r and *¥Cs. About half of the *Sr and ¥Cs has
decayed since the acci-

of Basin 3 to minimize lateral movement of the radio-
active contamination. Basin 6, which was active
until 1964, was backfilled in 1977.

In 1989, the R-Area Reactor Seepage Basins were
monitored by four wells of the RSA series, three
wells of the RSB series, nine wells of the RSC series,
13 wells of the RSD series, 21 wells of the RSE series,
and three wells of the RSF series (Table 6-83, Vol. I1).
Wells RSD 2B and RSE 4B and six were either dry
or could not be sampled during the year. In 1875, a
substantial increase in ¥Sr activity (3,400 pCi/L) oc-
curred in groundwater monitoring well RSE 13 on
the southeast side of Basin 1 outside the clay dike.
Investigations revealed that the contamination was
migrating through a sewer line that had been aban-
doned afier completion of R-Reactor construction.
Subsequently, eight groundwater monitoring wells
{RSD 4 through RSD 11) were installed downgradi-
ent of well RSE 13 on three parallel lines, approxi-
mately 50, 156, and 300 ft south of well RSE 13,

In general, the water-table gradient beneath most of
the site is to the northwest., South of Basin 1 and at
the nearby abandoned sewer line, the water-table
flow direction appears to be to the south.

Gross alpba (up to 74 pCi/L) was detected above the
DWS in wells RSB 7, RSD 8, and RSE 8. Tritium {at

dent. Much of the re-
leased radioactivity

was contained in Basin
1, which was backfilled
in December 1957, Ba-
sins 2 through 6 were
placed in operation in
1957 and 1958 afler the
incident to assist in
eontaining the radioac-
Livity,

In 1960, Basins 2
through § were closed
and backfilled. The
ground surface above
Basins 1 through 5 was
treated with herbicide
and covered with as-
phalt. In addition, a
kaolinite dike (down to
& clay layer} was con-
structed around Basin

landthenorthwestend
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474 pC¥VmL) was detected above the DWS in well
RSE 10. Nonvolatile beta activity (up to 3,190 pCi/L)
wag detected above the DWS in many of the wells. No
other radioactive constituents were detected above
DWS at this site.

No chemieal constituents were detected above DWS.
However, conductivity (up to 522 pmhos/em) was
elevated in wells RSC 3 and 5, RSD 9, and RSF 1,
Elevated pH {up to 10.9) was also detected in well
RSF 1, suggesting that water in this well may be
affected by the leaching of well grout.

5 AREA

5 Area is located in the central part of SRS just north
of H Area. Surface elevations across S Area range
approximately from 300 to 320 f& msl. Surface
drainage is to the east toward McQueen Branch and
to the west toward Crouch Branch, both tributaries
of Upper Three Runs Creek.

The nearest siteboundary to S Areais approximately
6.5 miles to the north. Near-surface groundwater
flows toward McQueen Branch, approximately 4,000
ft to the northeast.

in 1989, proundwater was monitored at the following
sites in 8 Area: the S-Area Background Wells, the S-
Area Low Point Pump Pit, and the $-Area Vitrifica-
tion Building (Figure 8-19, Vol. II}. A summary ofthe
maximuem greundwater results from 8§ Area is pre-
santed in Table 6-84 (Vol. 1D},

5-Area Background Wells

The six SBG series wells were installed as back-
ground wells in 8-Area and are screened below the
water table (Table 6-85, Vol. II). The groundwater
flow direction appears to be to the north toward
Upper Three Runs Creek (Figure 6-19, Vol. 1), Well
SBG 5 appears to be upgradient, wells SBG 2 and 3
appear to he downgradient, and wells 8BG 1, 4, and
6 appear to be sidegradient of the monitored area.

Trittum (up to 24.2 pCi/mL) was detected above the
drinking water standard (DWS) in wells SBG 1, 3,
and 4. Total radium (at 5.67 pCli/L) was detected
sbove the DWS in SBG 3. No other radioactive
constibuents were detected ahove DWS.

Trichloroethylene (up to 0,094 mg/L) was detected
abovethe DW8in wells SBG 4 and 5. Other chemieal
constituents detected above DWS were lead (at 0.062

mg/L) in well SBG 6 and tetrachloroethylene (up io
0.006 mg/L) in well 8BG 4. No sther chemical
constituents were detected above DWS. However,
TDS {at 546 mg/L) was elevated in well SBG 2.

5-Area Low Point Pump Pit

The S-Area Low Point Pump Pit (511-S) is at the
south end of S Area (Figure 6-19, Vol. IT). The facility
will pump high-level radioactive sludge and precipi-
tate from the H-Area Tank Farm to the Defense
Waste Processing Facility (DWPF) Vitrification
Building (221-8). When the pumps are shut down,
the sludge and precipitate remaining in the line will
drain back to a temporary holding tank via gravity
flow lines.

The S-Area Low Point Pump Pit is monitored by the
two BLF series wells (Table 6-86, Vol. IT). Horizontal
groundwater flow direction under the pit appears to
be toward the north. Well SLP 1 appears to be
downgradient, and well SLP 2 appears to be side-
gradient of the pit.

No radicactive or chemical constituents were de-
tected above DWS in the SLP wells.
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S-Area Vitrification Building

The S-Area Vitrification Building (221-8), also known
as the S-Area Canyon Building, is located in the
northern portion of S Area (Figure 6-19, Vol. II). The
Vitrification Building will contain process and auxil-
iary equipment and personnel facilities to incorpo-
rate radioactive waste into leach-resistant glass.
The glass will be cast in metal canisters and stored in
an interim facility within 8 Area.

Four wells of the SCA series (SCA 1, 1A, 2, and 2A)
monitored the S-Area Vitrification Building in 1989
(Table 6-87, Vol. II). Wells SCA 1A and 2A were dry
throughout 1989. Because ofinsufficient water-level
information, horizontal groundwater flow directions
cannot be determined for this site.

Neo radicactive or chemical constituents were de-
tected above DWS in the SCA wells,

TNX AREA

TNX Area is located in the southwest part of SRS as
shown in Figure 6-1 (Vol. II). Surface elevations
across TNX range approximately from 120 to 150 ft
msl, decreasing to the west-southwest toward the
Savannah River.

Thenearest site boundary to TNX Area is the Savan-
nah River, approximately 0.25 miles to the west. The
water table discharges to the Savannah Riverand to
the nearby swamp.

In 1989, groundwater was monitored at the following
sites in TNX Area: the New TNX Seepage Basin, the
Old TNX Seepage Basin, and the TNX Burying
Ground (Figure 6-26, Vol. II). A summary of the
maximum groundwater monitoring results for these
sites is given in Table 6-88 (Vol. ID).

New TNX Secpage Basin

The New TNX Seepage Basin (904-102T), located in
the east section of the TNX facility, across River Road
from the TNX process area (Figure 6-26, Vol. 11),
replaced the Old TNX Seepage Basin and operated
from 1980 to 1988. A Waste Site Assessment Report
and a Groundwater Quality Assessment/Corrective
Action Feasibility Plan have been submitted to
SCDHEC for review.

The basin is monitored by the four wells of the YSB
series (Table 6-89, Vol. IT). Horizontal groundwater

flow beneath the basin is due west toward the Savan-
nah River Swamp. Well YSB 2A is upgradient, well
YSB 4A is downgradient, and wells YSB 1A and 3A
are sidegradient.

No radicactive constituents were detected above
drinking water standards (DWS) in the YSB wells.

No chemical constituents were detected above drink-
ing water standard at this site. However, conductiv-
ity {up to 460 pmhos/cm) was elevated in wells YSB
3A and 4A. Elevated TDS (at 304 mg/L) was also
detected in well YSB 3A.

0ld TNX Seepage Basin

The Old TNX Seepage Basin (904-76T), in the south-
west corner of the TNX facility (Figure 6-26, Vol. II),
was in operation from 1958 to 1980 and received
waste from pilot-scale tests conducted at TNX. In
1681, thebasin wall wasbreached and the impounded
water was drained into the adjacent wetlands. The
basin was then backfilled with a sand and clay
mixture and the top capped with clay.

The basin is monitored by the five XSB series wells
(Table 6-30, Vol. II). Horizontal groundwater flow
beneath the basin is toward the west in the direction
of the Savannah River Swamp. Well XSB 3A is
sidegradient, and wells XSB 1D, 2D, 4D, and 5A are
downgradient.

Grossalpha(upto 16 pCi/L) was detected above DWS
in well XSB 5A. The only other radioactive constitu-
ents detected above DWS were Ra (at 25 pCi/L) in
well XSB 4D, 908r (at 49 pCi/L) in well XSB 2D, and
#6Ra (up to 202 pCi/L) in wells XSB 2D and 5A.

Trichloroethylene (up to 0.993 mg/L} was detected
above the DWS in all the XSB wells. Carbon tetra-
chloride (up to 0.2 mg/L) was detected above the DWS
in all the XSB wells except XSB 3A. Other chemical
constituents detected above DWS were tetrachlo-
roethylene (upto 0.11mg/L)in wells XSB 1D, 3A, and
5A, nitrate (up to 33.7 mg/L) in wells XSB 4D and 5A,
and chloroform {at 0.221 mg/L) in well XSB 1D.

No other chemical constituents were detected above
DWS. However, conductivity (up to 362 pumhos/cm)
was elevated in all the XSB wells except XSB 1D.
Also elevated were pH (at 9.0) in well XSB 2D and
TDS (at 228 mg/L) in well XSB 5A.
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Nitrate exceeded ﬁs standard intwo or more weﬂs attwo. 3ltes while mercury concemra-
tions were elevated in one well at the area. Conduc’tw:ty and total dissolved solids ex-
ceeded standards in one or more wells.at all three sites, with maximum vakxes of both de-
tected in the TNX Burying Ground wells, and pH exceeded ﬁs slandard in one well each’
al two sites. . T

TBG3 and4. The
only other radio-
active constitu-
ents detected
above DWS were
%8r (at 23 pCi/L)
inwell TBG 3 and
nonvolatile beta
activity (at 55 pCi/
L)in well TBG 4.

Carbon tetrachlo-
ride (up to 0.75
mg/l.)andtrichlo-
“1 roethylene {up to
4 mg/L) were de-
tected above DWS
in all the TBG
wells except TBG
2. Nitrate {up to
54 mg/lL) was de-
tected above the
DWE in wells
TBG 3, 4, and 6.
Tetrachloroeth-
ylene {upto 0.048
mg/L) and trans-

TNX Burying Ground

The TNX Burying Ground (643-5T7) was built
within the TNX operating fence to dispose of debris
from an experimental evaporator that exploded at
TNX in 1953 (Figure 6-26, Vol. II). The buried
material included contaminated conduit, tin, drums,
structural steel, and depleted uranium. Most of the
buried material was excavated and sent to the Radio-
active Waste Burial Grounds between 1980 and
1984. An estimated 27 kg of uranyl nitrate remains
buried at the site,

The TNX Burying Ground is monitored by the six
TBG series wells {Table 6-91, Vol. II). Horizontal
groundwater flow under the burying ground is {o-
ward the west in the direction of the Savannah River
Swamp. Well TBG 7 is upgradient, well TBG 1 is
downgradient, and the remainder of the wells are
sidegradient or within the site.

Total radium (up to 39 pCi/L) and *Ra (up to 30 pCV/
L) were detected above DWS in wells TBG 3, 4, and
6. Gross alpha (up to 69.9 pCi/L) was detected above
the DWS in wells TBG 3, 4, and 7. Radium-228 (up
to 27 pCy/L) was detected above the DWS in wells

1,2-dichleo-

raethene (up to
0.25 mg/L) were detected above DWS in wells TBG 3
and 4. Mercury (up to 0.0044 mg/L) was detected
above the DWS in well TBG 4. Benzene (at 0.097 mg/
L} was detected above the DWS in well TBG 7. No
other chemical congtituents were detected above
DWS at this site. However, conductivity (up to 475
pmhos/em) was elevated in all the TBG wells except
TBG 2. TDS (up to 329 mg/L) was also elevated in
wells TBG 1, 3,4, and 5. LowpH (at 3.9) was detected
in well TBG 4.

Z AREA

Z Area, located north of the intersection of Road F
and Road 4 (Figure 6-1, Vol. II}, is being developed for
the disposal of saltstone. The salistone will be made
by mixing low-level radioactive supernate from the
Separations Areas Tank Farms with fly ash, cement,
and pulverized blast furnace slag.

In 1989, groundwater was monitored at the following
Z-Area sites: the Z-Area Background Wells and the
Z-Area Low Point Drain Tank (Figure 6-18, Vol. IT).
A summary of the maximum groundwater monitor-
ing results is presented in Table 6-92 (Vol. I1).
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) nomad‘oactwe mnstduents that

Tritium activity was detected above ng
standards in the twd wells monitéring the Z-Area _
Low Point Diain Tank, with the highest activity-at.

30.9pCi/mL. No other analyles were found abdve
applicable standards ag e;ther site durmg the year

Z-Area Background Wells

The three ZBG wells were installed as background
wellsin Z Area (Figure 6-19, and Table 6-93, Vol. 11},
Two of the wells (ZBG 1 and 2) monitor the water
table, and the third well (ZBG 1A) monitors a perched

water zone between 276 ft and 281 ft msl. Well ZBG
1 is upgradient of the site, and well ZBG 2 is within
the site,

No radicactive or chemical constituents were de-
tected above drinking water standards (DWS)in the
ZBG wells.

Z-Area Low Point Drain Tank

The Z-Area Low Point Drain Tank {551-2) is south-
east of 8 Area (Figure 6-19, Vol. I1). The facility will
receive low-level radioactive salf solution fromthe H-
Area Tapk Farm and pump it to the Z-Ares Salt
Sclution Holding Tank (201-Z). When the H-Area
pump is shut down, the low point drain tank has
sufficientcapacity to collect the solution still remain-
ing in the lines via gravity flow,

The site is monitored by the two ZDT series wells
{Table 6-94, Vol. II). Well ZDT 1 is downgradient,
and well ZIXF 2 is sidegradient of the tank.

Tritium (up to 30.8 pCi/mL) was detected above the
DWS in both ZDT wells. No other radicactive or
chemical constituents were detected sbove DWS at
this site.

1889 HIGHLIGHTS

| The K-Area and Par Pond Sludge Land Application Sites were added to the RFI program
in 1989, These areas are monitored by the K88 and PSS monitoring wells.

] The number of radionuclide-specific analyses increased during 1989, especially in F and
i Areas to better characterize the radicactive contaminants in the groundwater,

| The maximum activity for total radium was measured in one of the lower zones beneath

the F-Area seepage basins,

| in 1989, all monitoring wells were analyzed for a comprehensive list of 32 radivactive and
nonradioactive constituents to track the concentrations of contaminants and to identify
any new contaminants that may be present.

[ ] Although trichloroethylene and tetrachloroethylene were detected in groundwater
samples collected from M Ares, & groundwater remediation program is underway to

remove the organic contaminants.




INTRODUCTION

Food and Drinking Water
Monitoring Programs

SUMMARY-—Radiological and nonradiological monitoring protocols and 1988 resulis are
reported for milk, food products, and drinking water along with applicable standards. Milk
samples, collected at five dairies within a 25-mile radius of SRS, are analyzed for tritium,
gamma-emitting radionuclides, and %8r, while farm products including vegetables, fruit,
grain, poultry, meat, and eggs are analyzed for gamma-emitting radionuclides, {ritium, ¥8r,
uraniunyplutonium {non-specific), Py, and #*Pu.

Concentrations of *'Cs and *Sr in milk were within ranges reported by the EPA for the
southeastern United States [EPAR2, EPAS3] and are atiributed to worldwide fallout. On the
other hand, tritivm in milk is atiributed to releases from SES. In 1989, the concentrations of

radionuclides measured in foods were near or below levels measured in the control sample from
Columbia, SC.

For drinking water analyses, EMS collected samples from 35 onsite facilities and 16 surround-
ing towns, as well as from two water treatment plants downriver from SRS, and from a water
treatment plant upriver of SRS which serves as a control. All samples were analyzed for gross
alpha, nonvolatile beta, and tritium each time they were collected, while ®Sr analyses were
done annually for samples collected onsite. Tritium was occasionally detected in onsite
drinking water samples collected in operating areas, and was the only radionuciide measured
at downriver water treatment plants.

In the nonradiological monitoring program this year, 27 onsite drinking water systems,
disinfected with chlorine, sodium hydroxide, and polyphosphates, were monitored routinely for
residual chlorine and total coliform. No confirmed positive concentrations of tetrachloreeth-
yvlene, trichloroethylene, or 1,1,1-trichloroethane were detected in monthly analyses of drink-
ing water at six domestic water wells in the A-Administration/M Areas.

A complete discussion of sample collection and ana-
Iytical procedures for these media is found in Chap-

Radicactive materials can be transported to man
through consumption of food, milk, and drinking
water, For this reason, the Environmental Monitor-
ing Section {EMS} analyzes samples from these media
to determine the contributions of radioactivity from
SRS operations and worldwide fallout.

To engure the congsumption of drinking water is safe,
additional drinking water samples are collected at
both on- and offsite locations and analyzed to deter-
mine concentrations of nonradioactive materials.

ter 1 of this report.
RADIOLOGICAL MONITORING PROGRAM
Milk

Description of Monitoring Program

Milk samples are collected every two weeks at five
dairies within a 25-mile radius of SRS and from
locally produced inventories of a major local distribu-
tor. Sampling locations are shown in Figure 7-1,
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Figure 7.1, Milk sample locations

Milk samples are analvzed for tritium and gamma-
emitling radisnucldes, primarily ¥Cs and W1
Additional milk samples are collected quarterly and
analyzed for %8y,

Progrom Changes in 1888

The dairy in Williston, SC that had been supplying
milk for the monitoring program, closed in August
1588, Another dairy, In Denmark, 8C, was added to
the monitoring program as a replacement,

& person TeCceives as & con-
sequence of DOE opera-
tions, through all pathways,
One such pathway is the
congumption of milk that
contains radioactivity.

Monitoring Resulls

A comparigson of radionu-
clide concentrations in milk
over the past three vearsis
presented below in Table 7-
1. Concentrations of radi-
onuclides have remained
fairly congtant. Comprehen-
sive monitoring data for
1988 are presentedinTable
1, Vol 11

Camma-Emitling
Radignuelides

Cesturm- 137 eoncantrations
o milk rangsd from less
than the lower imit of de-
fection {LEDH to 5.1 pUiL.,
The averape contentration
of 1.8 pOWl 1 similar o
comeentrgtions from previe
gug vesrs, Cencentrations
of WCs in milk in the sur-
rounding area of SRS are
within the ranges reporied by the EPA for the south-
eastern United States and are atiributed to world-
wide Tallout from weapons tests and sccurrences
such as the Chernchyl incident.

Concentrations of ' were not detected in any milk
samples in 1888, Because of its short physical halft
life {eight days), "1 is not generally detected, except
shortly after tests of nuclear weapons or in the wake
of events such as the Chernobylincident. There were

Applicable Standards
The Department of Energy
has established & Revised

Table 7.1

Monitoring Data for Milk

Interim Radiation Dose
Limvit of 100 mrem commit-
ted effective dose equivalent
{commitied dose) for indi
vidual members of the pub-
i, This Hmit applies to all
individual members of the

Analysis
Tritiom, pCifml

Cesium-137, pCVL

Strontivm-90, pCil,

1987 1988 1889
Max Avg Max Avg Max  Avg
4.0 0.8 4.0 0.5 187 0.3
1.0 1.0 9.1 3.8 8.0 3.2
81 21 7.5 17 5.1 1.6

publicand includes the dose
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no anncunced atmospheric nuclear weapons tests or
other major nuclear incidents in 1989,

sstrondd
Conecen

trations of ®8r in milk ranged from 0.45 40 8.0
pCVL with an average concentration of 3.7 pCL.
These concentrations are within ranges observed in
previous yvears and are attributed to worldwide fall-
out.

Trit;
Tritium in milk is attributed to releases from 8RS,
Since 1987, the concentrations of tritium in milk
have remained fairly constant, with averages rang-
ing from 0.8 pCi/mL in 1988 15 0.6 pCi¥/mL in 1987,
Maximum and average tritium concentrations in
milk since 1987 ave compared in Table 7-1.

Perppective

The tritiom coneentrations in milk that are attrib-
uted to SRS releases do net correspond to large
radiation doses when compared to dose limits. For
example, the 80-vear committed dose from drinking
0.5 Lofmilk per day for a year, containing 1.7 pC¥mL
tritium concentration is approximately 0.02 mrem
{0.0002 mSv}. This dose is 0.02% of the DOFE annual
Limmit.

Food

Beseription of Monitoring Program

Farm products including vegetables, fruit, grain,
pauliry, and meat are collected annually from 14
locations within the six counties surrounding SRS.
Eggs are collpcted quarterly, Six locations are near
the site perimeter and eight locations are approxi-
mataely 25 miles from SRS, Additionally, eollards are
eollected annually from Columbia, 8C as a control
sample. Food sample locations are shown in Figure
7-1, Vel 11

Food samples are analyzed for gamma-emitting
radionuchdes, tritium, ®8r, uraniom and plutonium
{non-specific), ®Pa, and B8Py,

Applicable Standords
The DOE limit for doses tomembers of the public, 100
mrem committed dose per year from DO opera-

tions, was previously discossed. Another pathway of

exposure to which this limit applies is the consump-
tion of food that contains radioactivity,

Moritoring Resulis
Radioactivity in food monitoring data are presenied

in Table 7-2, Vol. I, In 1989, the concentrations of
radicnuelides measured in foods were near or below
levels measuredin the control sample (collards) from
Columbia, 8C and are thus attribuied to worldwide
fallout.

Concentrations of naturally cecurring “Kvaried from
less than the lower limit of detection (LLD) to 5.0
pCi/g. The results of VK analyses were within ranges
normally ebserved in food and vegetation. Concen-
trations of other gamma-emitting radionuclides in
foods were generally near or less than the LLD (see
Table 1-5, Vol. 1 for LLD values for food samples).
The maximum (s concentration, (.03 pClg, was
measured in both epgs and collards.

Strontinm

Strontium-80concentrations were within the ranges
observed in pastyears and were similar toconcentra-
tions measured in the control sample collected from
Columbia, South Carclina. The maximum Sy con-
centration in 1988 was 0.29 pCilg in collards, the
control sample, compared to a maximum in 1988 of
1.6 pCifg in corn. Strontium-80 concentrations in
food are attributed to accumulation of the radienu-
¢lide in the soil from worldwide fallout.

Uranium and plutonium (U/Pu) maximam concen.
trations ranged from 0.003 pCifg in samples of
chicken, pork, and heef, to 0.007 pCi/g in a grain
sample, The maximum U/Pu concentration mesas-
ured in the control sample in 1989 was 0.005 pCig.
These maximums are lower than the 1988 U/Pu
maximum concentration of 0.38 pCifg.

Maximum concentrations of Py in food ranged
from 0.02 to 0.84 f0V/g. This maximum was meas-
ured in the eontrol sample. Maximum %P concen-
trations in food ranged from 0.02 to 0.17 fCi/g, and
the control sample contained a maximum of 0.10 A0
gof Py, Worldwide fallout that has accumulated in
the soil accounts for the concentrations of plutonium
measured in food.

Triti
Maximum tritiom concentrations in free water ob-
tained from freeze-drying the food ranged from 0.63
to 3.9 pCi/mL. The maximum concentration was
measured in collards, the control sample. This
maximum fritium concentration was lower than
beth the 1988 maximum of 7.1 pCi/mL and the 1987
maximuom of 4.3 pCimL.
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Perspective

The radiation dose from eating foods containing
tritium, atéributable to SRE operations, iz n small
fraction of the armual DOE dose Hmit. If 8 person
eonsumed collards at a maximum consumption rate
of 64 kgfyear {140 hiyr}, the 5O-year committed dose
(.003 mrem {0.00003 m3v) for Lritium {average 0.76
plig), which is 0.00003% of the 100 mrem DOE
annua! dose, and 0.4% of the average CSRA
individoal’s annual dose {rom naturally occurring
radionctivity,

Brinking Watey

Begeription of Monitoring Program

The Envirenmental Monitering Section collects drink-
ing waler samples from 35 onsite facilities and from
18 surrpunding towns, The freguency of sample col-
lection varies depending on the use of the drinking
water systemn, Most onsite systems are sampled ei-
ther monthiy or guarterly, Samples from surround-
ing towns are collected semiannually, The offsite

Figure 72, Locations for offsite public drinking water samples

public drinking water locations are shown below in
Figure 7.2,

Samples are also eollected and analyzed at two water
treatment plants downriver from SRS that supply
trented Savannah River water bo consumers in
Beaufort and Jusper Counties, 8C, and Port Wen-
tworth, GA. The Chervkee Hill Water Treatment

iant at Port Wentworth has been treating Savan-
nah River waler during the entire period of SRS
operation.

Treated water from this plant is used primarily for
indusgtrial and manufacturing purposes in anindus-
trial complex near Bavannah, GA. This treatment
plant serves a consumer population of about 90,000
people who are primarily adulis working in indus-
trial facilities.

The Beaufort-Jasper Water Treatment Plant near
Hardeeville, 80, has been in operation since 1965 1
gerves s consimer population of approximately 50,000
people living in Beaufort
and Jasper counties.

Samples from a water
treatment plant in Novth
Augusta, SC are also col
lected for analysis. The
Nerth Auvgusts Water
Trestment Plant iz upriver
from BES and s unaffectad
by BRE operations, Ther-
fore, this location provides
a control for comparison of
results from ithe other
iraptment plants, Bawand
finished waler samples
fromthese threeplanta ars
collevied daily by ireat.
ment plant personnel and
pompaosited for moenthly
analvsis by BES,

Alldrinking walersamples
are analvesd for concen
trations of gross alphs,
nonvelatile beta, and iril
i each Lime they ave
collected. Birontiun- %0
annivaes ave porformed
annually for samples col-
lected onsite.
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Program Changes in 1983

B Two new offsite drinking water locations,
i the Talatha community and at the
Operations Reereational Assostation (ORA)
Site, were added to the radiclogical monitor-
ing program during 1989,

& The collection and analysis frequencies of
drinking water samples from 400.D Area
were changed from quarterly to monthly.

Applicable Standards

SRS drinking water systems are required to meet the
water quality eriteria in the South Carcling Primary
Drinking Water regulations (R81-58), Included in
these regulations are compliance requirements for
radionuchides based on EPA drinking water stan-
dards, The drinking water standards are based on an
annual whole body dose of 4 mrem from the consump-
ticen of 2 L of water per day [EPATS, EPA%7L, and are
given as maximum contaminant Jevels (MOCL) Al
though SRE s net required to meet these MULs for
radioactivity, it is the policy of 8RS to comply with
these standards toensure consumption of SRS drink.
mg water is safe. Table 7-2 (halow) lists the MOLs for
radionuelides analyzed in the monitoring program.

These EPA drinking water standards also apply to
offsite public drinking water systems.

Monitoring Resulis
Radioactivity monitoving data for deinking waler are
presenied in Table 7.3, Vol, 1L

Table 7-2
EPaA Maximum Contarminant Levels for
Radionuclides in Drinking Water

Ciross alphat
Monvolatile hetss
Trithuom
Strontium-89
Birontium-50

15 pUVL
50 pCi/L
20 pCi/mL
20 pCyL

8 pCil.

¢ Thess Hmits ave based on annual average
eateentrations that would produce a total body
or organ dose eguivalent of 4 mremfyr, ussuming
an intake of 2 L of water per day.

* Including radiuwm-226 and excluding radon and
wraniurmg,

* If the nenvolatile beta analysis result excends & peid,
# "8y analysis must be performed.

(i

LEE WL BILGL I RBR VOIS Ag Beia

Gross alpha and nonvolatile beta concentrations in
drinking water collected onsite and from surround-
ing towns were within ranges atiributed to naturally
seenrring radium and thoriam. Studies conducted in
South Carclina to determine concentrations of natu-
rally occurring radionuelides indicated radium con-
centrations over 20 pCi/L in seme locations [MISQ).

Gross alpha and nonvolatile beta results for finished
water samples collected from the Beaufort-Jasper
and Port Wentworth water treatment plants were
comparable to concentrations chserved at the water
treatment plant in North Augusta, 5C used as a
control location. These results are summarized he-
fow in Table 7.3.

Table 7-3
Average Alpha and Reta in Drinking Water
from Offsite Water Treatment Plants

Alpha Hota
Location {pCi/L} {(pCidn)
Beaufort-Jasper 0.65 2.0
Port Wentworth 0.G69 2.2
North Aungasta (.04 1.6

Tridi
Small but measurable concentrations of tritivm were
occagionally detectod inonsite drinking water samples
collected in operating areas, The maximum onsite
tritium coneentration was 3.6 pCifmL, which is 18%
of the EPA drinking water standard of 20 pCifmL. In
1887, SRL conducted special study to determine
whether britium was present in the Tuscaloosa agui-
fer. The study indicated that trace levels of tritinm
detected in onsite drinking water samples are intro-
duced after sample collectinn {during chemical treat-
ment or through exposure to atmospheric tritium)
and do not reflect contamination in the aguifer,

The maximum tritium eoncentration in drinking
water supplies from surrounding towns was 0.60
pCifmL, or 3% of the EPA drinking water standard.

Increased concentrations of tritium are the only
measurable SRS impact on drinking water at down-
river water treatment plants. Tritiam, when present
m water supplies using Savannsh River water, is
attributed to SRS releases. The measurable tritium
concentrations in surface water vesult from direct
Houid releases to SRS streams and from the ex-
change of tritium from SRS atmospherie releases
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EPA Drinking Waler Standard (20 pCirml)

8 Average Concentration
¥  Maximum Concentration

The drinking water is disin-
fected with chlorine {o ensure
thatbacteriological concentra-
tions are maintained below
state and federal limits. So-

Fritium (pGifmL)

30

¥, Auguste Faw K Auguste Fin

8-J Raw

Bl Fin
Water Treatmen] Planis

Figure 7-3. Tritium concentrations at water treatment plants

with hydrogen inrainwater and surface water, Above,
Figure 7-3 summarizes and compares the maximum
and average tritium concentrations in samples col-
lected from the water treatment plants.

Sirentinm

Onsite drinking water samples are also analyzed for
8805r. The maximum strontinm concentration, 1.02
pCi/L, was measured in K Ares. Since there is no
drinking water standard for **%8y, this concentra-
tion can only be compared to the drinking water
standard for #8r, which is 8 pCi/L and that for ¥Sr,
which is 20 pCi/L.

NONBADIQLOGICAL MONITORING
Drinking Water

Description of Monitoring Program

The 27 separate onsite drinking water systems are
operated and monitored by the SRS Power Opera-
tions Department. Most of the larger systems draw
water from wells installed in the Black Creek-Mid-
dendorf formations (alseo known as the Tuscaloosa
aquifer). The smaller systems utilize more shaliow
wells that draw water from the Congaree or McBean
formations.

PW Raw P

dium hydroxide or soda ash is
added to water in larger sys-
tems to maintain a pH within
acceptable limits. Pol-
yphosphates are also added to
three systems for iron and
corrogion control. The concen-
trations of chemicals added to
the water are monitored daily
at all 27 systems.

The domestic water system in
D) Areaissupplied with treated
surface water from the Savan-
nah River, The D-Area labora-
tory performs turbidity and
total eoliform analyses daily.

Samples from drinking water
suppliesareroutinely analyzed
for residual chlorine and total
coliform. The sampling fre-
quency depends upon the potential for contamina-
tion and the amount of use of the water supply.

In addition, the primary supplies are analyzed for a
comprehensive list of chemicals and other water
quality parameters on 3 12 to 16 month basis. Be-
cause comprehensive analyses were performed in
November 1988, no samples were collected in 1989
for this comprehensive analysis. Samples from the
27 drinking water systems will be collected in early
1990.

Chlorocarbons are monitored monthly in drinking
water at six domestic water wells and at two process
water wells located in the A-Administration Area of
the site. Well locations are shown in Figure 7-2, Vol.
I1. In 1981, groundwater in the vicinity of M Area was
found to be contaminated with metal degreasing
solvents. Follow-up samplingindicated that trichloro-
ethylene and tetrachloroethylene (chlerocarbons)
were present in Wells 20A and 53Ain the A-Adminis-
tration Area. These wells were removed from service
and well 82A replaced these two wells to supply
drinking water. Water from wells 20A and 53A are
now restricted to process water applications. Chloro-
carbons are also measured at other onsite locations
on a semiannual basis.
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1889 Program Changes
In 1989, a special sam-
pling program began as

Table 7-4

Drinking Water Standards for Nonradiological Confaminants*®

required under the Safe

Drinking Water Act Analyt.e

(SDWA) of 1986. The total trihalomethanes

SDWA requires each te_trachlomethylene

drinking water supplier tnchlorf)ethlyene

to determine the concen- 1,1,1-trichloroethane
total coliform

trations of 51 unregulated
volatile organics once per
quarter for four consecu-
tive quarters. The results
will be used to provide
guidance for determining
future drinking water
regulations, In 1989, four
consecutive quarters of
results were chtained for

chlorine.

* EPA standard.

* SCDHEC-recommended guidelines call for a minimum of .2 mg/L {(ppm) chierine
at all parts of the water system. There are no reaximum contaminant levels for

b For constituents not shown, the “National Interim Primary Drinking Water
Regulations” [IEPA75] apply. See Appendix E.

Standard
<100 pg/L
<5 pg/ls
<5 pg/L

<200 pg/L
either monthly average

%<1 colony/100 mL or
% 4 colonies/100 mL in
more than one sample

samples collected in the

700-A Adminisiration
Ares. Sample collection and analysis continues at

other operating areas onsite and will be completed in
1990.

Applicable Standards

SCDHEC implements drinking water standards for
South Carolina that are at least as stringent as the
federal standards. Many of these regulations apply
only to community drinking water systems, and SRS
iz a noncommunity drinking water system. However,
SRS uses SCDHEC maximum contaminant levels
(MCL) and recommended guidelines to ensure safe
drinking water at SRS. Standards used at SRS are
summarized in Table 7-4 (above}.

Monitoring Results

Monitoring data show that residual chlorine concen-
trations were above the minimum level of 0.2 mg/L in
1989. Elevated total coliform counts were detected in
a few domeatic water samples collected in 1989. Be-
cause sufficient concentrations of chlorine were pres-
ent to kill the coliform bacteria, the eleveated results
are attributed to sampling or procedure error. Ana-
Iytical results are presented in Table 7-4, Vol 1L

No confirmed positive concentrations of tetrachlo-
roethylene, trichloroethylene, or 1,1, 1-trichloroethane
were detected in monthly analyses of drinking water
from the domestic water wells in A/M Areas during
1989.

Proceas water wells 20A and 53A continued to show
elevated chlorocarbon concentrations. In 1989, the

maximum concentration in these process wells was
817 ug/L trichloroethylene, measured in well 20A.

For samples collected semiannually, four samples
contained detectable quantities of 1,1,1-trichlo-
roethane. The maximum concentration of 5.87 ng/L
measured at the River 1G pump station iz below the
EPA drinking water standard of 200 pg/L. Monitor-
ing results for chlorocarbons in SRS drinking water
are presented in Tables 7-5, and 7-6, Vol. IL

Table 7-7, Vol. II summarizes the maximum concen-
trations of volatile organics measured in SRS drink-
ing water for samples collected and analyzed during
1989 as part of the special sampling program re-
quired by the SDWA.
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1989 HIGHLIGHTS

Concentrations of ¥ Cs in milk ranged from less than the LLD to 5.1 pCi/L, with the
average concentration of 1.6 pCi/L being similar to data from previous years.

Iodine-131 was not detected in any of the milk samples collected in 1989.

The tritium concentrations in milk that are attributed to SRS releases correspond to a
50-year committed dose from drinking 0.5 L of milk per day for a year of .01 mrem

(0.6001 mSv), which is 6.01% of the DOE Revised Interim Radiation Dose Limit of 100
mrem for annual exposure.

Two new offsite drinking water locations, in the Talatha community and at the
Operations Recreational Association {QORA) Site, were added to the radiological monitor-
ing program during 1989,

(iross alpha and nonvelatile beta concentrations in drinking water collected onsite and
from surrounding towns were within ranges attributed to naturally eceurring radium
and thorium,

In 1989, a special sampling program, required under the Safe Drinking Water Act of
1986, began at SRS. The program requires drinking water suppliers to determine
concentrations of 51 unregulated volatile organics each quarter for four consecutive
guarters.




8
Wildlife Monitoring
Program

SUMMARY—This chapter describes the radiological and nonradiological monitoring
program for measuring the effects of SRS operations on the wildlife population. Conecen-
trations of ¥'Cs, gross alpha, and nonvolatile beta activity were measured in fish caught
in the Savannah River, in onsite streams and ponds, Thurmond Lake {control ake), and
in seafood caught near the mouth of the Savannah River. The 50-year committed dose from
eating fish caught downriver from SRS for a year, having a maximum "'Cs concentration
of 1.2 pCi/g, would be 0.7 mrem (0.007 mSv), 0.7% of the DOE Revised Interim Radiation
Dose Limit for an annual exposure of 100 mrem. Cesium-137 was not detected in either
crabs or oysters.

Over 700 deer and 170 hogs were analyzed for ¥'Cs during the annual hunts at SRS, and
samples of bone, thyroids, and muscle were removed from 5 to 10% of the deer and analyzed
for ®8r, and '"Cs. In deer muscle, the maximum concentration of (s wag 25 pCi/g, which
would give a 50-year committed dose of 0.28 mrem (0.0028 mSv) to an individual who
consumed one 8 oz. steak of deer meat. This dose is 0.28% of the DOE annual dose limit.
In addition, monitoring results are reported for furbearers, turkeys, and turtles trapped
ongite,

In the nonradiological monitoring program, over 250 fish from onsite streams and ponds,
the Savannah River, and Thurmond Lake, were collected and analyzed for mercury, and
the results are reported. Finally, the muscle and liver of 97 deer were analyzed for
cadmium, chromium, lead, and mercury. Low concentration of metals were detected in a
few deer although most were below minimum detectable levels.

INTRODUCTION

The protected boundary of the Savannah River Site
(SES) provides refuge for an abundance of wildlife.
One objective of the site’s environmental monitoring
program is to collect and analyze a thorough repre-
sentation of wildlife on and in the vicinity of the site
and to determine the effects of SRS operations on the
wildlife population.

RADIOLOGICAL MONITORING PROGRAM

The DOE has established a Revised Interim Radia-
tion Dase Limit for individual members of the public.
The limit is 100 mrem committed effective dose
equivalent {committed dose} per year. The limit
applies to all individual members of the public, and

includes doses a person receives as a consequence of
routine DOE operations, through all exposure path-
ways. Pathways that relate to wildlife monitoring
include the consumption of fish and seafood, primar-
ily from the Savannah River, and consumption of
deer and hogs obtained on SRS property.

Figh and Seafood

Description of Monitoring Program

Savannah River fish are trapped upriver from, adja-
cent to, and downriver from SRS throughout the
year. Additional fish are caught in the mouth of the
Savannszh River (river miles 0-8) and in site streams
and ponds. Fish caught from Thurmond Lake are
used as control samples because of the lake’s location
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upriver from SRS. Fish samples are analyzed for
gross alpha, nonvolatile beta, and gamma-emitting
radionuclhides.

Beafoods (crabs and oysters) are collected annually
frem the mouth of the Savannah River near Savan-
nah, GA, and analyzed for gross alpha, nonvolatile
beta, and gamma-emitting radienuclides. The flesh
of the crabs was composited into one sample; oyster
meat was alse composited into four 500-mL samples.

Figh sampling locations on the Savannah River are
shown in Figure 81, Vol. IL

Monitoring Resufts

Table &1 (below} summarizes the maximum concen-
trations of 1¥Cs, gross alpha, and nonvolatile beta ac-
tivity measured in fish caught in the Savannah
River, inonsite streams and ponds, andin Thurmend
Lake, and in seafocd eaught near the mouth of the
Savannah River,

Figure 8-1 (facing page) compares concentrations of
gross alpha and neonvolatile beta over a four-year
period in SRS streams and the Savannah River.

Monitering data for fsh caught in the Savannah
River, in SRS streams and ponds, and from Thur-
mond Lake, the conirol location, are presented in
Table 8-1, Vol. II. Comparisons of (s data to data
results from previous years are presented in Table 8-
2, Vol 1L

In the foliowing monitoring results discussion, un-
certainty values are provided because most mesure-
ments are at or near the lower limits of detection.

Savannah River

A total of 22 river {ish from three locations were
analyzed for gross alpha and nonvolatile beta to
screen for radioactivity. Five fish contained measur-
able concentrations of gross alpha, and all fish
contained measurable concentrations of nonvolatile
beta. These concentrations were within ranges seen
in previous years.

Grogs alpha concentrations ranged from -0.47 £ 0.72
pCifg to 0.82+ 0.66 pCi/g. This maximum concentra-
tion of gross alpha was detected in a catfish caught
upriver from the site. Nonvolatile beta
concentrations ranged from042+12pCi/gto7.1
1 2.1 pCi/g. The maximum concentration of nonvola-
tile beta was detected in a bream caught upriver from
the gite. In fish from Thurmend Lake, the maximum
concentrations of gross alpha {(0.12 1. 0.34 pCi/g) and
nonvolatile beta (3.6 + 2.0 pCifg) were detected in a
bags.

Gross alpha was not detected in the composited
sample of crabmeat. The maximum concentration of
gross alpha in the oyster composites was 0.91£0.73
pCi/g. Both the crab and oyster composites contained
measurable concentrations of nonvolatile beta. The
nonvolatile beta concentration in the crab composite
was 1.5 & 1.4 pCi/g. The maxiroum nonvolatile beta
concentration in the oys-
ters was 0.9+ 1.3 pCi/g.

Table 8-1

Radioactivity in Fish and Seafood Caught On and Near SRS

In 1989, a total of 2256
individual fish from the

SRE at the River-10 sampling location.

BCCeRs.

Maximum Concentration (pCi/g)»®

*The numbers in parentheses indicate the number of samples analyzed.
t Canght in the Savannah River upriver from, adjacent to, and downriver from SRS,
*The maximum was detected in a catfish in the Savannah River downriver from

4The maximam was detacted in a bass from Pond B. Pond B ie isolated from public

Savannah River and
Thurmond Lake were

Location Alpha Beta Cesium-137 analyzed for gamma-
SmbRetd  0m@)  7iGn e | s e
ShS ar;ld oysters 091G 15®) <LLD(5) for fish sample locations
s, pond swampe) 140159 4080139 2 iosy | e S ven
Thurmond Lake 0.12(6) 3.6 (6) 29(12) man-made gamma-emit-

ting radionuclide de-
fected. Fifty-one of the
225 fish analyzed con-
tained measurablelevels
of ¥'Cg; however, concen-
trations of " Cs were less
than 1 pCi/g in all but

four fish. Two of those
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Figure 82, Fish sample locations along the Savannah River

fish were caught in Thurmond Lake. The maximam
concentrabion of " measured in fish downriver
from SHS was 1.2 4 0.43 sz in a catfish crught at
River- 1) Average W05 concentrations in fish caught
upriver, adiacent Lo, and downriver from SRS from
1881 through 1989 are compared in Figure 8.3,

Crabs and ovsters caught at the mouth of the Savan-
rah River were analyzed for gamma-emitting radi-
snuchides, Cesium- 137 was not detected in gither the
craby or in the ovster composites,

Onsite Surface W,

Gross alpha and nonvelatile befa analyses were
performed on 138 fish caught in SRS streams and
ponds, Gross alphs concentrations ranged from -£.44
8 pllidp to o maximum of 1.4 + 1.7 Ui, The
marimum gross alpha concentralion was detected in
g brogm from Upper Three Runs Cresk. Nonvelatile
beta concentrations ranged from 0,16 + 1.0 pCifg to
4104 42 pllify, with the maximun detected in a bass
fronn Pond B

Cestum-137 was the only man-made gamms-emit-
ting radionnchide detected in the fish caught on SRS
The maximum "0s concentration in & fish from an

SEB stresm was 11+ 1.0
pCi/g, mensured in a
bream from Four Mils
Cresk,

The highest "{(Ig concen-
tration in fish canght in
SRS ponds was 255 & 13
piifg, detected in 2 bass
from Pond B. The average
Ws concentration in fish
from Pond Bwas 86pCig
Figh from Pond H contain
higher concentrations of
s than fish from other
snsite locations because i
is part of the effluent re-
lease pathwayfrom B Area
to Par Pond, BE-Yeacior
efftuents were discharged
through this canal from
the late 1880s uniil B
Reactor operabion was pere
manently diseontinued in
10684, During thoat tine, B
Aren released approv-
mately 170 Ci of ¥i(Cs,

The maximum s concentration in Par Pond fish
was slightly lower than the 1988 maximum congen-
tration of 11 £ 0.3 pClig. In 1989, the maximuom (s
eoncentration was 9.2 4 0.5 pCig, measured In 2
erappie. Currently, Par Pond receives reactor heat
exchanger cooling water from P Area. Howgver,
eurrent releases of radioactivity from this source
eonsist only of small amounts of tritium. No
measurable (g is released through this route into
Par Pond. Almost a1l of the s in Par Pond was
released from R Arca before R-Reactor was shut
down in 1984,

Concentrations of "™Cs in fish penerally decreased
from site streams and ponds hetweon 1871 and 1979,
Since 1979, concentrations of W0s in fish from site
streams and ponds have remained fairly constant.

Perapective

Although consumption of fish {3 net a primary soures
of radiation dose to the public downriver from SRS
{1% in 1989), doses are routinely caleulated for con-
sumption of fish containing ¥ Cs. The 50-vear com-
mitied dose from eating fish caught downriver from
SKS for a year with an average consumpbion of 11.3
kg/vear having a "{s concentration of 1.2 pCifg



8. Wildlife Monitoring Program 173

would be 0.7 mrem (0.007 mBv). This dose s 0.7% of
the DO dose Bmit of 100 mrem per vear. This dose
is alse a small percentage {0.24%) of the average
Central Savannah River Area (CSRA) individual's
annual dose from naturally cecurring radicactivity
(285 mreml

A bhigher committed dose would result from eating
fish caught in 8RS streams and ponds than would
resuli from eating river fish. However, access to BRS
stregms and ponds is restricted; therefore, using fish
{or foed is not sllowed. If a person were to illegally
congume fish caught within 8RS boundaries which
eontained 255 pUig of W(s (maximum at Pond Bl at
an average consumption of 11.3 kgfvear, that persen
would receive a commibted dose of 144 mrem, which
iz above the DOE annusl dose Bmil, and 49% of the
gverage Central Savannah River Area (CSRA)
individuals annual dose from naturally eccurring
radionctivity.

Beer and Hogs

Dreseription of Monitoring Program
Annual hunts are conducted at SRS t¢ control the

site's deer and hog populations and o reduce animal-
vehicle asccidents. The Envirenmental Monitering
Section (EMS) performs field analysis for Cs on the
deer and hogs at. the hunt site using a portable 2 x 2
in. sodiom iodide [NaHTU detector. I the s con-
centration in the monitored animal is less than 100
pCifg, the animal is released to the hunter. Samples
of bone, thyroid, and muscle ara removed from 5 to
160% of the animals and analyzed for %8y and ¥ (Cs
The 1989 hunts yielded 712 desr and 178 hogs,
compared to 855 deer and 146 hogs in 1888,

During the SRS annual hunis in 1988, 52 of the 855
deer were sampled for *¥Sr and tritium anslyses,
Tritium analyses were performed on deer muscle and
02 analyses were performed on deerbone and muscle,
Beocause these results were not available for the
Savannah River Site Environmenial Report for 1988,
they are included in this report.

In addition to the controlled hunts, EMS collects deer
samples each year from an 18,000-acre controlled
hunting camp located on the South Carolina Coastal
Plain (SCCP) about 65 miles east of SRE in Beaufort
eounty, Deer samples from this location are consid
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Figure 8-8. Comparison of WCs in fish upriver, adjacent to, and downriver from SRS
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sred ag control samples, not influenced by SRS opera-
tions, and ansalyzed for gamma-emiiting radionu-
chides. During 1989, EMS collected 22 deer from the
sontrolled camp on the SCCP,

in 1989, EMS initiated a special survey to study the
¥1(%s levels in deer collected onsite and in deer col-

hyear, annualcon- .
. conducted over’
the 300-square-mi Savannah River
 Site. Thése hunts help
" poputation and reﬁu

: accic%ems

For sixweeks of

animal-vehicle -

" The hurﬁs are mmaify cunduct&d on!
Wadhesdday and Sdturday of eachweek -
beginningin November andlastinguntil
mid-Decernber. Members of the public
who wish 1o pamgapaie in the hunis
submit applications 1o the WSRC Se-
curty Depantment Deer Hunt Offide, A

Deer  andom drawing determines the hunt
pariicipants. Eagh hurt may consigt of
1040 o 300 hurders, depending upon

Hunts the size of the hunting area.

at The SRS is divided indo 50 hunting

areas called compartmenis. Figure 81
ol Hehowsthegeneralarsaoisach
somparment. Diferent compardments
are hurdsd gach day. Atypicalhunt day
bBeging at 4 am. and jasts untll about 8
pon. Belore g hurderis allowed o lpave
the meeting point, he must recelve an
identitication badge and a salety orign-
fation. The hunters are ransporedio a
hunting compariment and positionad at
4 specific location (348 hunting), where
thay hunt until noon.

HHES

The humers arethentakenio asecond -
gompariment o hund for the romainder
of the day faround & pm). Environe
ggrdal Monlorng personhel measure
ihe W0g tevels inthe deer with a por-
able deteciorn, then disiribute the deer
ter i hurdens.

iy 1989, 2 total of 712 deer were killed
iy the annual desr hunds,

lected in the southeastern United States. The study
is focusing on the following olyjectives:

i to gain a greater perspective on the condribu-
tions of site operations versus the contribu.
tions of worldwide fallout, to levels of ¥ Csin
deer

w to inveshigate the typical consumption, by
onsite hunters and the puble, of SRS deer
{considering that more than one deer can be
consumed by an individual in one vear)

These studies were not complele at the end of 1985,
Therefore, the resulss are not included in this report,
but will be published when the study is complete.

Monitoring Resulis

Table 8-2 presents maximum concentrations of (s
and ¥Srfoand in deer and hogs taken in hunts en the
SRE in 1989, Laberatory and field measurements of
s in deer are presented in Table 8.3, Vel 1L
Comparisens of 05 indeer from SRS and SCCP are
given in Table 8.4, Vol IE Tables 85 and 8.8 in
Volume H sunmmarize tritium and ¥58r measurements
in deer sampled during the 1888, The 1989 mensure-
ments of ¥8r in deer bone and musele ars presented
in Table 87, Vol 1L In the following monitoring
resulls discussion, uncertainty values are provided
becauss most mesurements ave of or near the ower
hmits of detection,

lamma-Emilting sonuchides
Indeer, the 1988 mavimum Y08 feld measurement
in omuscle tssus was 25 pify, with an ayerage

&,
conwentration of 7.3 plip. Measurements In hogs
wers somewhat lower with 2 maximum P08 coneen-
tration of 14 pCifg and an average of 8.7 0¥ (i The
1988 maximam and average “Ws concentrations in
deer were 60 pCiy and 10.2 pClg, respectively. In
hogs, the 1988 maximum and average field measure-
ménts were 16 pUiir and 6.1 pCiy, respectively,

From the 22 deer colierted at the 8CCP, the average
iaboratory measurement of s was 6.8 3 7.0 p0vy,
while the deer collected on SHE had an averaps fiald
measarement of 7.3 + 8.5 oClp. The maximum cone
centration of 25 pCi/y mensured in the deer from 818
was higher than the 11 pCVe maximum detected in
the deer from the controlled camp on the 3O0P

The bigher BHE maximum may reflect somse uptake
of ¥s contributed by SR8 operations, or it may
reflect differences in the dists of the desr. A compari-
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Table 8-2
Radicactivity in Deer and Hogs on SRS*

Maximum Concentration (pCi/g)

IS’ICS lS?Ib N}Src
Deer 304 (96) 2,100° (40) 12(12)
25°(712)
Hogs 148 (178) - -

* Number in parentheses indicute number of species
analyzed.

® Thyroid.

¢ Bone.

¢ Laboratory analysis,

* Meusured in a deer collected from C Area.

fField measurement — Consumption of the meat of this
deer would lead to a 50-year committed dose of 30

mrem (0.8 mSv) from W (s,

# Field messurement.

—No analysis.

son of ¥Cs concentrations in SRS and SCCP deer
since 1968 has shown year-to-year variations in both
maximum and average concentrations, as shown in
Table 8-4, Vol. If. These comparisons indieate that
much of the ¥7Cs concentration in deer can be attrib-
uted to worldwide fallout.

compared to 9.8 pCifg in 1288, Figure 8-4 (below)
compares concentrations of *'Csin deer from 1981 to
1989.

Triti
Tritium analyses of muscle from deer sampled in
1988 indicated small concentrations of tritium rang-
ing from less than 1 pCi/g to 9.1 pCifg. Tritium
concentrations in deer sampled during 1988 are
presented in Table 8-5, Vol. 1L

Strentium

As expected, concentrations of®Sr were higher in the
bone of the deer than in the muscle. Higher concen-
trations in bone occur because *Sr is chemically
similar to calcium; therefore, like caleium, ®¥8r con-
centrates in the bone. For bone samples analyzed in
1989, ®Srranged from 3.0+ 1.73 t0 12+ 2.62 pCi/e. In
1988, concentrations ranged from 2.4 to 38 pCi/g.
These data are presented in Table 8-6 and Table 8-7,
Vol. II. Strontium-90 was not detected in muscle
samples from deer collected in 1988, In 1989, the
maximum concentration in muscle was 0.79 £ 0.85
pCi/g,

arative Analyses b niversity of Tennessee
Muscle and thyroid samples were collected from SRS
deer and sent to the Department of Physiology and

Muscle samples were collected
from 96 deer and analyzed in
the laboratory to verify field
measurements and to determineg
whether other radionuclides
were present. Statistical analy-
sis of ¥'Cs field and laboratory
mensurements indicate good
agreemenibetween the twosets
of data. Gamma analysis of the
laboratory samples detected only
¥ and normal levels of natu-
rally cecurring “K. Table 8-3,
Vol. Il compares field and
laboratory *Cs measurements
in deer. Laboratory measure-
ments showed (s in the muscle
samples from 1.6 + 0.2 pCi/g to
29.5+ 1.3 pCifg. The 1989 maxi-
mum concentration was lower
than the 1988 maximum con-
centration of 64.0 + 1.0 pCi/g.

Cosium-137 {plig)

IS

The 1989 average concentration
of ¥y in deer, as measured in
the laboratory, was B9 pCifg

T ¥
1800 1881

¥ ¥ Y

¥ T * T T
1982 163 1984 19RE 1686 1987 1388 1489

Figure 8-4. Average " Cs in SRS deer
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Biophysics, University of Tennessee, Memphis, for
analysis. The musecle samples were analyzed for
1370s, and the thyroids were analyzed forboth ®T and
#¥(Cs. The EMS did not analyze the thyvoids of the
deer for 11 The University of Tennessee reported
concentrations of YCs in the musecle samples from
less than 1 pCi/g to 20.3 pCi/g. The analyses for '¥Cs
in muscle were consistent with EMS measurements.

Iodine-129 concentrations in the thyroids ranged
from .87 pCi/g to 2,145 pCifg. The maximum %]
concentration was measured in a male deer collected
from C Area. Concentrations of **(Cs in the thyroids
ranged from 0.1 to 21 pCi/g. These data are presented
in Table 8-8, Vol. 11,

Pergpective

it is important to measure 'Cs in deer due to the
prevalence of cesium from worldwide fallout and SRS
operations. Since cesium can be deposited in deer
fissue, enough of the radienuclide can be consumed
by people to result in a significant radiation dose.

The committed dose to an individual who consumed
one 8 oz steak of deer meat with 25 pCi/g of (s
wouldbe 0.28 mrem {0.0008 mSv), This dose 15 0.08%
of the 100 mrem DOE annual dose Hmit. It should be
noted that the doese received from consuming food
with concentrations of radionuclides is directly pro-
portional to the amount of food consumed. For in-
stance, if the same person were to eat one 8 oz steak,
which contained a concentration of 25 pCifg '¥(Cs
every day for one year, he would receive a committed
dose of 104 mrerm (0.3 mSv). This dose is above the
DOFE annual dese limit and 35% of the average CSRA
resident’s average annual dose from naturally ocour-
ring radioactivity.

The deer with the highest ¥ (s coneentration, 25 pC¥/
#, had edible meat which weighed approximately 70
kg. An adult consuming all of this meat would receive
a committed dose of B8 mrem (0.88 mSv), or 88% of
the DOE annual dose limit.

Consuming one 8 oz deer steak every day for a year,
from the deer having the highest concentration of
tritium (5.7 pCi/g), would result in a committed dose
of 0.03 mrem (0.6003 mSv}. This dose is 0.03% of the
100 mrem DOE dose Hmit for annual exposure.

Furbhearers

Degeription of Menitoring Program
SRS is elosed to outside hunters except for the con-

trolled hunts of deer and hogs. Therefore, furbearers
on SRS are not a likely food source for the surround-
ing population. Furbearing animals such as foxes,
raccoons, opossums, and rabbits are trapped and
analyzed for gamma-emitting radionuclides in the
laboratory.

The U.S. Forest Service administers a contract for
trapping beavers in selected areas within the SRS
perimeter. The purpose of trapping is {6 reduce the
beaver population in specific areas of SRS and thereby
minimize dam building activities that result in flood
damage to timber stands, primary and secondary
roads, and railroad beds. Beavers are monitored with
a G-M detector (Thyae) and disposed of in the SRS
sanitary landfill. In 1989, no beavers were trapped.

Monitoring Resulls

EMS trapped 29 furbearers along 10 transects across
SRS and in the Savannah River swamp near Creek
Plantation during 1989, Fourteen animals analyzed
for gamma-emitting radionuclidesindicated lowlevels
of (s, The maximum concentration of '%Cs was 16
pCifg in a raccoon trapped near Pond B. Monitoring
results for furbearers are shown in Table 8-8, Vol. 11,

Turtles

Description of Monitoring Program

The Savannah River Ecology Laboratory (S8REL)
traps turties both ensite and offsite as part of an
ongoing study to learn about the animal’s migratory
behavior. Trapped turtles are surveyed for radioac-
tivity with a G-M detector (Thyac), aged, and sexed.

Turtles collected from sites where no turtles had
been collected previously, and those turtles having
field radiation measurements above levels previ-
eusly detected in turtles from the same locations are
submitted for laboratery analysis, No on- or offsite
turtles were submitted for laboratory analysis in
1989.

Monitoring Resulis

Atotalof 476 turtles, mainly pondsliders and eastern
mud turtles, were trapped in 1889, Eighteen of the
turtles trapped onsite had radioactivity levels above
the background reading of 150 counts/min. All of
these 18 turtles were pondsliders captured onsite at
the H-Area seepage basins,

Radioactivity was not detected in any of the turtles
trapped offsite. The SREL trapped turtles offsite in
locations adjacent to Lower Three Runs Creek,
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Ducks

The SREL and EMS trap ducks at Par Pond and
Pond B. The trapped ducks are counted whole for
gamma-emitting radionuclides. Because of low wa-
ter levels in Par Pond and Pond B, no ducks were
trapped at SRS during 1989.

Turkeys

Wild turkeys are trapped onsite and used to repopu-
late South Carolina game areas. All turkeys are
monitored with a pertable Nal(T1) detector before
leaving SRS. The EMS monitored 30 turkeysin 1989,
Monitering results ranged from 2 to 10 pCi/g.

NONRADIOLOGICAL MONITORING
PROGRAM

Fish

Description of Monitoring Program

The EMS analyzes the flesh of fish caught from
ensite streams and ponds, the Savannah River, and
Thurmond Lake to determine concentrations of
mercury in the fish. The fish analyzed represent the
most common edible species of fish for the Central
Savannah River Area. Fish collected from Thurmond
Lake are used as controls.

Mercury has been detected in
fish from the river and streams
since the analysesbegan in 1971.
These analyses are performed to
assessthe uptake of mercury that
is assumed to come principally
from industrial releases upriver
from SRS. Much of the mercury
detected in onsite fish reflects
mereury previously present in
Savannah River water, which is
used as cooling water in site fa-
cilities and subsequently pumped
into SRS streams and lakes,

Applicable Standards

Other than occupational expo-
sure, the greatest source of mer-
cury intake in people is consump-
tion of food, particularly fish. The
Food and Drug Administration
(FDA) has established a guide-
line of 0.5 pg He/g, which is a
recommended maximum concen-

tration of mercury in fish for consumption by hu-
mans. Because SRS streams are not open for public
fishing, SRS uses the FDA level as a guide to gauge
concentrations of mercury in onsite streams.

Monitoring Results

In 1989, a total of 254 fish from SRS streams, ponds,
the Savannah River, and offsite lakes were collected
and analyzed for mercury. Mercury in fish monitor-
ing data are presented in Table 8-10, Vol. II.

Several individual fish contained concentrations of
mercury above the FDA guide. However, the average
concentration of mercury in fish from the Savannah
River was 0.24 pg Hg/g downriver from SRS and 0.44
ug Hg/g upriver from SRS. These concentrations are
higher than the average mercury concentration (0.17
Mg He/g) measured in fish from Thurmond Lake, the
control location. The average offsite mercury coneen-
trations at all locations were below the 0.5 pg Hg/g
FDA guideline.

Mercury was also detected in fish from onsite surface
waters above the 0.5 ug Hg/g guide. The mercury con-
centrationsinfish analyzed from onsite surface waters
ranged from 0.05 pg Hg/g to 2.4 ug He/g. The maxi-

Fish are collected from SRS streams and analyzed for mercury



178

Savannah River Site—Environmental Report for 1989

mum eoncentration was measured in a bass from
Four Mile Creek. The average mercury concentra-
tion in fish from onsite surface waters was 0.51 g
Hg/g. The highest average mercury concentration
from a specific location was 0.78 ug Hg/g from Steel

deer muscle and liver. This was the first year that
measurements of this type were made. These samples
were analyzed for cadmium, chromium, lead, and
mercury,

Creek,

Deer

In 1988, special samples from 97 deer were eollected
to determine the concentrations of heavy metals in

Although most analyses were below minimum de-
tectable levels, low concentrations of metals were
detected in a few deer. No conclusions were made
following these analyses because of the limited
amount of data. Table 8-11, Vol. Il presents the
analytical results for these analyses.

M
1889 HIGHLIGHTS

Five of 22 river fish that were analyzed contained measurable quantities of pross alpha, and
all fish contained measurable quantities of nonvolatile beta, but the concentrations were
within ranges seen in previous years.

The highest "Cs concentration in fish from SRS ponds was found in 2 fish from Pond B at
255 pCi/g. The average *¥Cs concentration in Pond B fish was 86 pCi/g. Pond B is part of the
effluent release pathway from R Area to Par Pond, and contains fish with higher concentra-
tions than other onsite locations.

The maximum concentration of 25 pCi/g ''Cs measured in a deer from SRS was higher than
the 11 pCi/g maximum detected in deer from the SCCP control group. The higher SRS value
reflects either some uptake of ¥’Cs from SRS operations, or differences in diets of the deer.

Eighteen of 476 turtles trapped in 1989 had onsite measured radicactivity levels above the
background reading, All eighteen turtles were captured at the H-Area seepage basins,

The average mercury concentrations measured in fish offsite was 0.33 pg Hg/g, and onsite
was 0.51 pug Hg/g, compared to the FDA guideline of 0.5 g Hg/g.
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Sediment

Monitoring of Rainwater,
Soil, Vegetation, and

SUMMARY—This chapter describes the sampling protocols and results of the radielogical

monitoring of rainwater, soil, vegetation, and Savannah River and stream sediments. SRS
maintains a network of rainwater sampling stations at the H-Area onsite station, the
Darkhorse and Barnwsll gate site perimeter stations, a 25-mile-radius station, and four 100-
mile-rading stations. Rainwater samples, which are passed through an ion column to
concentrate the radionuclides, are analyzed for gross alpha, nonvolatile beta, gamma-
emitting radionuclides, ®Pu, and 2Pu. Rainwater that passes through the column and col-
lects in & sample bottle is analyzed for tritium. The maximum and average concentrations
of these radionuclides were essentially the same at each of these locations during 1989.

Both soil and sediment samples, collected annually on and around SRS, are analyzed for
gamma-emitting radionuclides, “Sr, and 2Py, and **Pu. Plutonium concentrations in soil
samples around the separations areas were somewhat greater in 1989 than those detected

at the site perimeter, reflecting F-
samples, concentrations of radicactivi
while stream sediment results reflect

and H-Area releases. In Savannah River sediment
ty were within ranges detected from worldwide fallout,
contributions of radioactivity from SRS Liquid releases.

In 1989, higher concentrations of radionuclides were measured in sediment samples from
Beaver Pond than any other location, and results for the past three years are compared.

For vegetation monitoring, samples were eollected at onsite, site perimeter, 25-mile-radiuys,
and 100-mile-radius locations, as well as at seepage and retention basing located near the
reactor and separations areas, and inside the Radioactive Waste Burial Ground (RWBG).
Gross alpha and nonvolatile beta concentrations in onsite vegetation were similar to those
at 25 and 100 miles, except for the H-Area seepage basin, and locations within the RWBG.

INTRODUCTION

Monitoring rainwater, soil, vegetation, and sediment
for radioactivity is an essential element of the SRS
environmental monitoring program. Collection and
analysis of these environmental samples are crucial
in quantifying the deposition of radicactive materi-
als from routine and nonroutine atmospheric and
surface water releases from SRS, as well as from the
deposition of worldwide fallout from atomic weapons
testing and unusual oceurrences such as the Cher-
nobyl incident.

In addition, data trends of migration and buildup of
radioactivity in foliage and soil are supplied through
these analyses.

RADIOLOGICAL MONITORING PROGRAM
Rainwater

Deseription of Monitoring Program

Small quantities of worldwide fallout that remain in

the atmosphere are deposited on the earth in rain-
water. The quantity deposited each year has de-
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creased significantly since
the 1960s and isnow ab or
helow detectable levels,

Afterincidents such asthe
Chernobylincident orather
releases of radiosctivity,
the falloul in rainwater
besomes more significant.
Radionuchidesin rainwater
may provide a principal
souree of dose to persons
through the grass-to-cow-
to-milk-to-persen pathe
way. Continnous measure-
menis al s reltively small
number of monitoring sia-
tions are sufficient to iden-
tify these events when they
gesur, In 1988, the rain-
water monitoring program
was reduced becsuse of
decreased levels of world.
wide fallout from previous
nuclear weapons fests. A
large number ol siations s
no longer necessary for
representative monitoring.

SES maintaing » nelwork
of rainwater sampling sta-
tions ag a part of the moni-
toring program for world-
wide fallout and emnissions from the site. Bamples are
gotiected monthly from the He-Area onsite station, the
Diarkhorse and Barnwell gate site perimeter sta-
tions, and atthe Olar, Seuth Carcling 25-mile-radius
station {see Fipure 8-1, above) Quarterly samples
are also collected from the four 100-mile-radius sta-
tions (at Colombia and Greenville, 8C; and Macon
and Savannah, TA) These samples are analyzed for
gross alpha, nonvelatile bets, tribium, gamme-emut-
ting radionuclides, %8y, " Py, and *Pu,

Additional reinwater samples from eight other loea-
tioms are collected and retained until analyses from
the primary locations are completed and reviewed,

Monitoring Resulis

Rainwater depositions for 100-mile-radius locations
are difficull to compare with the other locations
monitored because of differences in sampling fre.
suency. Bamples af the 100-mile-radius locations are
sollocted guarterly, whersas samples are collected

Figure 9-1. Raionwater collection pans arve located on top of
selected air monitoring stations on- and offsite

monthly from onsite, site perimeter, and 25-mile-
radius locations.

The method for collecting rainwater involves passing
the water through an ion column, concentrating the
radionuchides, After the water has passed through
the ion eolumn, it collects in a botile beneath the
eolumn so that concentrations of tritium can be
determined. The ion columns and the water in the
bottle are then collected and analyzed to determine
the concentration of radionuclides {see Chapter 1for
analytical method).

More activity will collect on the ion column and be
measured in the sample the longer the ion column
remains at the monitoring station, levels of radiose-
tivity are higher at the 100-mile-radius locations
compared to the onsite, site perimeter, and 25-mile
radiug locations because of the longer colisction time,
Table 8-1, Vol. Il presents deposition of radioactivity
in rainwater resulis for 1989
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Gross Alpha and Nonvolatile Beta

In 1988, maximum gross alpha depositions onsite, at
the site perimeter, and at 25-mile-radius stations
ranged from 17 pCi/fm? to 48 pCi/m?. The maximum
nonvolatile beta depositions inrainwater at the same
locations ranged from 316 pCi/m? to 441 pCi/m®. The
maximum nonvelatile beta deposition was measured
in H Area. Table 9-1 {right) indicates that the maxi-
mum concentrations of these radionuclides were eg-
sentially the same at each of these locations during
198¢,

The maximum alpha deposition at the 100-mile-
radius station was 64 pCi/m?, measured at the Green-
ville, 8C monitoring station. The maximum 100-
mile-radius nonvelatile beta deposition was 730 pCi/
m?, observed in Greenville, 8C. Because of the loca-
tion of these monitoring stations relative to SRS,
thesedepositions are attributed to worldwide fallout,
not to releases from SRS.

Gamma-Fmitting Radionuelides

Cesium-137 and "Be were the only gamma-emitting
radionuclides detected in rainwater during 1989.
The deposition of *'Cs in rainwater onsite, site pe-
rimeter, and 25-mile radiug ranged from below the
lower limit of detection (LLD) te 250 pCi/m?. The
maximum ¥ Cs deposition was at the Darkhorse
monitoring station. Maximum concentrations of 'Be,

anaturallyoceurringradionuclide, ranged from 1,500
te 42,000 pOiim?®.

The only gamma-emitting radionuclide detected at
the 100-mile-radius stations was naturally ocourrTing
"Be. The maximum depositions ranged from 3,000 to
13,060 pCifm?,

Tritivm

Because tritium is not collected on the jon column,
tritivin deposistions are not ealculated. However,
the concentration of tritium is measured in samples
collected at the site perimeter and the 100-mile
radivg. Tritium concentrations in rainwater aver-
aged 1.3 pCi/mL at the site perimeter and 0.09 pC¥/
ml at the 100-mile radins.

The maximum concentration of tritium in rainwater
at thesite perimeter was 12 pCi/mL, measured at the
Darkhorse monitoring station, compared to the
maximum concentration at the 100-mile radius of
.39 pCi/mL. These higher tritiom concentrations in
rainwater at the site perimeter may be attributed to
atmospheric tritium releases from SRS,

Table $-1
Comparison of Gross Alpha and
Nonvolatile Beta in Rainwater

Maximum (pCi/m?)

Location Alpha Beta
Onasite 17 441
Site perimeter 48 316
25-mile radius 21 430

Strontium

Maximum deposition of ¥¥8r in rainwater at all
meanitoring stations ranged from 21 pCi/m® at the
site perimeter to 70 pCi/m? at the H-Area monitoring
station. The maximum concentration at the 25-mile
radius station wag 60 pCi/m®. These depositions are
atiributed to worldwide fallout.

Flutonium

The maximum depositions of **Pu in rainwater
ranged from 0.08 to 2.4 pCi/m®. Maximum deposition
of ®Pu ranged frem 0.14 to 1.9 pCi/m?. The maxi-
mum depesitions of **Pu and *Pu were measured in
samples from the H-Area monitoring station.

Soil

Desecription of Monitoring Program

Soil samples from uncultivated areas provide a
measure of the quantity of radicactivity deposited
from the atmosphere. Samples are collected from
each of the four quadrants around F and H Areas, at
the site perimeter, and at 25-mile-radius locations.
Two control locations approximately 100 miles from
SRE are alse sampled,

The concentrations of radionuclides in soil vary sig-
nificantly among locations becaunse of differences in
rainfall patterns and in the mechanics of tranaport in
different types of soil. Rates of migration in soil also
vary significantly from one radionuclide to another.
Forexample, strontium tends to migrate through seil
more freely than cesium or plutonium.

The local concentrations of radionuclides in soils are
often spatially nonuniform. In addition, the chemical
separation of radionuclides in soil samples in the
laboratory is complicated by the nonhomogeneity of
the soil and by the difficulty in strippingions from the
soil, Therefore, individual measurements of radionu-
clides in soil samples may not be representative of
large areas. An average concentration of multiple
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samples provides abetter measure of soil radionuclide
cancentrations,

Program Changes in 1989

Two new onsite sampling locations, S and Z Area,
were added to the monitoring program in 1989, The
Saltstone Facility is located in Z Area and the DWPF
is located in S Area Four samples will be collected
annually at each of the quadranis around S and Z
Areas to determine the concentration of radionu-
clides i the soil that may be contributed by these
facilities.

Monitoring Resulls
Measurements of radioactive concentrations in soil
for 1989 are presented in Table 5-2, Vol. IL

The quantities of ¥Sr, ¥ Cs, ¥ Pu and *Pu deposited
in soil were ealeulated using soil density, sample
volume, gnd the measared radionuelide concentra-
tion in soil. The deposition of radicactivity in soil,
calculated in mCifkm? from the sample concentra-
tions in Table 9-2, Vol. I, is presented in Table 9-3,
Vol. II. A yearly summary of deposition values since
1973 is shown in Table 9-4, Vol. 11,

Strontium
The maximum concentrations of ¥Srin soil were 0.71
pCi/g around F, H, §, and Z Areas, 0.02 pCi/g at the

Collection of soil samples at the site boundary

Table 9-2
Average Cesium-137 Deposition in Soil

Avyg Deposition(mCi/lkm?)

Location 1989 1988
F Area 65 100
H Area 89 13
Site perimeter 63 75
100-Mile radius 46 33

site boundary, and 0.10 pCi/g at the 100-mile radius
locations. The %8r concentrations measured in the
soils are gimilar to concentrations observed over the
last several years and result primarily from world-
wide fallout from nuclear weapons tests.

Strontium-90 deposition averaged 30 mCikm? in F
Areaand 11 mGCi/km? in H Area. Average depositions
atthesite perimeter and at the 100-mile-radius were
0.6 and 2.4 mCi/km?, respectively. The depositions of
%Sr have ranged from 3 to 30 mCi/km? in F Area and
from 4 to 25 mCi/km? in H Area since 1973. Table 9-
4 in Vol, Il provides a summary of depositions is soil
sinee 1973 for each of the sampling groups.

Cesium-137

Cesium-137 concentrations ranged from 0.05 pCifg
around 5 Area to 0.96 pCi/g around F Area, some-
what lower than the range 6 0.14 to 1.1 pCi/g meas-
ured onsite during 1988. Concentrations of ¥Cs at
the site perimeter and at the 100-mile radius ranged
from 0.29 to 0.79 pCi/g. Offsite data are consistent
with previous years and are within the concentra-
tions observed from worldwide fallout,

The calculated deposition results for 1989 at all
locations were similar to the results reported during
1988, Table 9-2 (above) summarizes and compares
the 1989 depositions of ¥Cs in soil with those from
1988,

Plutonium

In 1989, plutonium concentrations in soil samples
around F and H Areas were somewhat greater than
those detected at 5 and Z Area and at the site
perimeter, reflecting - and H-Area releases. Cumu-
lative atmospheric plutonium releases from the
separations areas, since 1955, total 0.7 C1 %Py and
3.0 Ci *™Pu through 1983, The majority of these
releases occurred in earvlier years of SRS operation.
Releases for 1989 were 0.86 mCi of *¥Puand 1.3 mCi
of 2¥Pu. Most concentrations of *Pu and ?*Pu meas-
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uredin soil at the SRS boundary and at the 100-mile-
radius sampling locations during 1989 were near or
below the lower limit of detection, and all concentra-
tions at those locations were within the ranges
observed in previous years.

Deposition results in 1989 for 2%Pu and ®Pu were
similar at all locations except F Area. The maximum
*5Pu and ®*Pu depositions in the 1989 F-Area re-
sults were 7.9 and 15 mCi/km?, respectively. These
depositions are lower than the 1988 depositions of 34
and 28 mCi/km?, respectively.

Sediment

Deseription of Monitoring Program

Sediment samples have been collected annually at
six Jocations on the Savannah River upriver from,
adjacent to, and downriver from SRS since 1975 and
atnine site stream locations since 1977, The samples
are collected at locations where maximum aceumu-
lation of radioactivity in the river and stream beds is
expected. Collection techniques are designed to ob-
tain samples from the top 8 em of sediment in areas
where fine sediment has accumulated and most
radionuclides will be concentrated. As a result, the
samples are not representative of the entire stream
bed. Sediment is analyzed for gamma-emitting
radionuclides, “Sr, and 2Py and #*Pu.

Monitoring Results

The analytical results for 1989 and a summary of
results from 1875 to 1989 for both river and stream
sediment samples are presented in Table 9.5, Vol. I1.
Concentrations of radionuclides in sediment may
vary from year to year since the exact point at which
a sample is collected in the stream may vary. The
shifting of sediment, and thus contaminants, may
also cause variations in conecentrations.

Concentrations of radioactivity in river sediment
were within the ranges detected from worldwide
fallout. Onsite stream sediment results reflect cur-
rentand previous contributions of radioactivity from
SRS liquid releases. In 1989, higher concentrations
of radionuclides were measured in samples from
Four Mile Creek A-7A (a beaver pond) than were
measured in previous years. Table 9-3 compares
1889 concentrations in sediment from Beaver Pond
with those measured during 1987 and 1988,

Potassium-40, a naturally oceurring radionuclide,
and *¥Cs were the only gamma-emitting radionu-

clides routinely detected in river sediment. The
maximurn 1989 Cs concentration detected in the
river sediment was 0.94 pCi/g; the 1988 maximum
was0.74 pCi/g. Concentrations of naturally ocourring
“K were within ranges observed in previous years,
with a maximum ef 23 pCi/g.

Higher concentrations of ¥Cs were measured in
stream sediments than in the river sediments in
1989. A maximum “'Cs concentration of 410 pCilg
was measured at Four Mile Creek A-7A. The concen-
tration of ¥Cs has increased significantly over the
past two years at this jocation and is attributed o
liquid releases from SRS.

Strontivm

The maximum *Sr concentration in river sediment
downriver from SRS in 1989 was (.07 pCi/g, com-
pared to a maximum of 0.25 pCi/g in 1988. The
maximum concentration in river sediment was meas-
ured below Four Mile Creek and below Little Hell
Landing.

The maximum #*S8r concentration in stream sedi-
ment, measured at Four Mile Creek A-7A, was 2.5
pCi/g (see Table 9-3 below). Concentrations of ¥8r in
sediment at this location have not changed signifi-
cantly from previous years (Table 9-5, Vol. I1).

Plutonjum

The concentrations of **Pu in river sediment during
1989 ranged from 0.002 to 0.006 pCi/g. Plutonium-
238 inriver sediment ranged from 0.010 to 0.089 pCy/
g. The maximum concentrations of *Py and Py
were measured in a sediment sample taken in the
Savannah River below Four Mile Creek. Concentra-
tions of these radionuchides in river sediment are
similar to those reported in 1988,

Table $-3
Comparison of Radionuclides in Sediment
at Four Mile Creek A-7A from 1987 to 1989

(pCi/g)

Radionuclide 1987 1988 1989
Cesium-137 32 262 410
Cobalt-60 0.77 8.3 2.1
Potassium-40 - 4.2 4.7
Strontiuom-90 (.98 3.0 2.5
Plutonium-238 (.66 2,49 5.7
Plutenium-239 0.23 0.76 1.1

- Not detected
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Increasing ®*Pu eoncentrations have been ohserved
in Beaver Pond over the past two years. The 9Py
concentration in the Four Mile Oreek A-7A sediment
sample was 5.7 pCi/gin 1989 and 2.49 pCifgin 1988,
compared to 0.66 pCi/g in 1987, As shown in Table 9-
3, concentrations of Py at Four Mile Creek A-YA
were also higher during 1989 than concentrations
measured in previous yvears.

Vegetation

Description of Monitoring Program
Radicactive contamination of growing plants may
resultfrom transfer of radioactive materials from the
s0il or from radicactivity deposited from the atmos-
phere.

Vegetation samples are collected at onsite, site pe-
rimeter, 25-mile radius, and 100-mile-radius loca-
tions. Onsite samples are eollected around segpage
and retention basins, in and around the Radicactive
Waste Burial Ground (RWBG), around the Defense
Waste Processing Facility (DWPF) in 8 Avea, and
around the Saltstone Facility in 7 Area.

Grass is analyzed routinely for radioactivity; Ber-
muda grass is used, if available, because of its im-
portance as a pasture grass for dairy herds and its
year-reund availability. Grass also provides an early
indication of fallout because of the relatively large
surface area of the grass blades exposed to the air.

Collection of onsite vegetation samples

Monitoring Results
Measurements of the radioactivity in vegetation,

based on dry weight, are presented in Table 9-6, Vol.
IL

The maximum concentration of gross alpha detected
n onsite vegetation was 1.3 pCi/g in a vegetation
sample from H Area. The maximum concentrations
of gross alpha measured offsite were 2.0 pCi/g at the
site perimeter (Highway 21/167); 2.7 pCi/g at the 25-
mile-radius station in Springfield, SC; and 3.3 pCi/g
at the 100-mile-radius location in Colambia, 8C.

Maximum nonvolatile beta concentrations ranged
from 13 to 31 pCi/g at the F- and H-Area locations,
from 12 to 37 pCi/g at the site perimeter, from 19 to
40 pCi/g at the 25-mile-radius locations, and from 17
to 48 pCi/g at the 100-mile-radius loeations. The dif-
ferences in nonvolatile beta concentrationsin the soil
are attributed to variations in worldwide fallout
patterns,

Naturally occurring “Be and “°K were the major con-
tributors te the beta-gamma activities in vegetation,
although Cs was measured in some vegetation
samples. The concentrations measured in samples
from onsite, site perimeter, 25-mile radius, and 100-
mile-radius locations were similar in all samples.
The maximum concentrations of *Cs measured in
these samples were 0.62 pCi/g onsite, 0.33 pCi/g at
the site perimeter, 0.50 pCi/g at the 25-mile radius,
and 0.20 pCi/g at the 100-mile radius.

Lritium

Tritium concentrations in vegetation represent the
concentration in free water which has been extracted
from the sample by freeze drying. Tritium concentra-
tions were significantly different hetween vegetation
samples collected at the F- and H-Area, site perime-
ter, 25-mile, and 100-mile-radius locations. On the
facing page, Figure 9-2 compares the maximum and
average concentrations measured onsife, site pe-
rimeter, 25-mile radius, and 100-mile radius.

In 1989, tritium concentrations decreased with in-
creasing distance from the site. The average tritium
eoncentration at onsite sample locationsin F and H
Areas was 18 pCi/mL, compared to 2.7 pCi/mL at the
site perimeter stations, 1.0 pCi¥mL at 25-mile-ra-
dius stations and 0.09 pCifmL at 100-mile-radius
stations. Maximum fritium concentrations ranged
from 81 pCi/mL in F Area, 14 pCi/mL at a site
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Figure 9-2. Comparison of tritium concentrations in vegetation in 1989

perimeter location, 3.5 pCi/mL at a 25-mile-radius
lecation, and 0.44 pCi/mL at the Greenville, 5C, 100-
mile-radius sample location. These higher concen-
trations arocund the site are attributed to releases
from SRS, Maximum and average concentrations for
1889 are similar to those measured in 1988,

Strontium

Concentrations of #%8r in vegetation also demon-
strated decreasing concentration with increasing
distance from the site, with averages of 1.7 pCi/g
onsite, 1.3 pCi/g at the site perimeter, 0,79 pCi/g at
the 25-mile radius, and 0.14 pCifg at the 1060-mile
radius. The 1989 maximum **%*8r concentration was
2.9 pCi/gin F Area. These measured concentrations
are near the LLD for strontium determination in soil.

Seepage and Retention Basins

In addition to the onsite, site perimeter, 25-mile, and
100-mile-radius locations mentioned previously,
vegetation samples were collected around seepags
and retention basins located near the reactor and
separations areas. Samples from four to eight loca-
tions outside the fence of each basin were composited
for measurements of gross alpha, nonvolatile beta,
and ¥%8r concentrations.

W 1983 Maximum Concentration
B 1983 Average Conceniration

25-Mile Radius

The gross alpha con-
centrations were near
the levels observed
offsite with a maxi-
mumof 1.9 pCi/g, Con-
centrations of non-
volatile beta werealso
near the levels ob-
served offsite, with the
exception of the H-
Area seepage basin.
The H-Area seepage
basin sample was
analyzed three times
because theresults ob-
tained after each
analysis varied sig-
nificantly. The result
that was reported, 80
pCifg, is the average
of the three analyses
results. The maxi-
mum coneentration of
#M03r was 7.6 pCi/g at
the 100-R Area seep-
age basin,

pral "4

10G-Mite Radius

Seepage and retention basin vegetation monitoring
results are presented in Table 9-7, Vol. 11,

Radioactive Waste Burial Ground

Vegetation samples were also collected inside the
RWBG to determine whether uptake of radioactivity
by vegetation from buried waste has occurred. Vege-
tation is collected annually from a relatively large
area at 51 locationsinside the RWBG. This collection
method provides coverage of a large part of the
facility, yet keeps the number of samples to a mini-
mum. The RWBG samples were analyzed for gross
alpha, nonvolatile beta, and gamma-emitting radi-
onuclides. Sample locations are shown in Figure 9-
1, Vol. II; data are presented in Table 9-8, Vol. II.

In 1989, location 4 was the only location within the
RWBG that showed higher levels of radioactivity
than in 1988. The concentration of nonvolatile beta
at location 4 was 140 pCi/g, compared to 15 pCi/g in
1988. The concentration of 13°Cs at this location was
0.18 pCi/g, which is lower than the 1988 concentra-
tion of 0.39 pCi/g.

Locations 9 and 10 have a history of contaminated
vegetation. In 1965, contaminated vegetation with
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coneentrations of up to 7.4 x 10° pCi/g of ¥*8r was
found near locations 9 and 10. Soil core samples at
that time indicated up to 7.7 x 107 pCi/g of nonvolatile
beta (primarily *%8r) within 2 ft of the surface of the
ground. The area was cleared of vegetation and
treated with herbicide several times. Since the appli-
cation of the herbicide, concentrations of nonvolatile
beta at these locations have continued to decrease.

In 1989, the most noticeable decrease occurred in
concentrations of nonvolatile beta. It is unclear

Table 8-4
Radionuclide Concentrations Measured in
Vegeiation ingide the Badicactive Waste
Burial Ground
1988 1989

(pCi/g) (pCi/g)
Location 8
Gross alpha .04 1.3
Nonvolatile beta 41 43
Cesium-137 0.45 0.79
Loecation 8A
Gross alpha 0.13 0.23
Nonvolatile beta 328 16
Cegium-137 4.5 0.27
Location 10
Gross alpha 0.13 0.18
Nenvaolatile beta 99 24
Cesgium-137 1.8 2.5

whether the herbicide restricted the plant roots from
penetrating the contaminated soil or if it prevented
vegetation from growing in the areas of contamina-
tion, Table 9-4 (left) compares 1989 concentrations of
radionuclides measured in vegetation at locations 9,
9A, and 10 with those measured in 1988.

Vegetation samples were also collected quarterly
outside of RWBG fences. Vegetation sampling loca-
tions outside the RWBQG are shown in Figure $-2, Vol.
I1. Monitoring data are shown in Table 9-9, Vol. 11.

The average alpha and nonvolatile beta concentra-
tions in vegetation outside the RWBG fence were 1.2
and 17 pCi/g, respectively. These concentrations are
similar to those reported in 1988 (0.40 pCi/g, gross
alpha and 16 pCi/g, nonvolatile beta), but higher
than those observed before 1988, The higher average
alpha concentrations are attributed to analysis cor-
rection for self-absorption of the sample.

Cesium-137 was the only man-made radionuclide
detected in vegetation outside f RWBG. Amaximum
1#Cs concentration of 2.1 pCi/g was detected at the
Burial Ground 12 sampling location.

These surveysindicate control practicesat the RWBG
havebeen generally effective in preventing the spread
of contamination from the facility.
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M

1988 HIGHLIGHTS

In 1989, maximum gross alpha depositions in rainwater onsite, at the site perimeter, and
at 25-mile-radius stations ranged from 21 to 48 pCi/m?, compared to 64 pCi/m?, measured
at the 100-mile-radius station. Higher levels of radioactivity are expected at the 100-mile-
radius locations because of less frequent collection of the jon columns,

Cesium-137 and "Be were the only gamma-emitting radionuclides detected in rainwater
during 1989,

Maximum ®Sr concentrations in soil were 0.71 pCi/g around F,H, S, and Z Areas, 0.02 pCi/
gat thesiteboundary, and 6. 10 pCi/g at the 100-mile radius locati ons, and result primarily
from worldwide fallout.

Cumaulative atmospheric plutonium releases from the separations areas since 1955, total
0.7 Ci ®*Pu and 3.0 Ci ®*Pu through 1989. Moest concentrations of plutonium measured in
soil at the SRS boundary and at the 100-mile-radius were near or below the lower {imits
of detection in 1989,

The maximum 1989 *Cs concentration in river sediment was 0.94 pCi/g, the 1988
maximum was (.74 pCi/g.

The maximum concentration of gross alpha detected in onsite vegetation was 1.3 pCi/gin
a sample from H Area, which is similar to the maximum alpha concentrations measured
offsite of 2.0 pCi/g at the site perimeter, and 2.7 pCi/g at the 25-mile-radius station.




188 Savannah River Site—Environmental Report for 1989




10

Nonroutine Occurrences

SUMMARY—Nonroutine occurrences are unplanned releases of radioactive or nonradicac-
tive materials to the environment. This chapter outlines the special sampling and measure-
ments program and analytieal results obtained for the nenroutine events that occurred at
SRS this vear.

During 1989, three atmospheric tritium releases, six liquid tritium releases, four releases
involving other specific radionuclides, and two additional nonroutine events occurred at SRS,
Analytical results indicate that no significant environmental impact or dose consequences
occurred from these nonroutine releases,

INTRODUCTION

Theenvironmental monitoring program at the Savan-
nah River Site (S8RS) extends beyond monitoring
routine releases of radioactivity to the environment.
Nonroutine releases of radicactivity from the site are
also monitored.

When a nonroutine release of radioactivity is sus-
pected, the Environmental Monitoring Section (EMS)
initiates a special sampling and analysis program.
Samples are first collected from the suspected source
of release to confirm that a release occurred. Samples
are also collected from locations within the environ-
mental pathway of the suspected release. As the
special samples are collected, they are placed into the
analytical system as priority samples (see Figure 10-
1 on the following page). These special samples may
include air, water (process, stream, or river), vegeta-
tion, and soil,

Sample analyses and measurements taken in con-
nection with nonroutine occurrences are used to
evaluate the environmental impacts as well as dose
consequences. Ali of the release values (both atmos-
pheric and liquid) from the nonroutine releases are
incorporated into final annual offsite dose determi-
nations {see Chapiers 4 and 5). Since annual dose
caleulations incorporate nonroutine release informa-
tion, committed doses are not ealculated for every
nonroutine release.

During 1989, special samples were collected follow-
ing three atmospheric tritium releases, six liquid
tritivm releases, and four releases involving other
specific radionuclides. EMS also collected special
samples during two additional nonroutine occur-
rences,

No significant environmental impact or dose conse-
quences resulted from these nonroutine releases
from SRS in 1989. This conclusion is based on the
annual dose calculations and on the analytical re-
sults of all samples collected in connection with the
nonroutine releases that occurred during the year.
This chapter summarizes the samples collected and
analytical results obtained following the 1989
nonroutine releases,

ATMOSPHERIC RELEASES
Tritium Release—January 3, 1989

On January 3, 1989, approximately 500 Ci of tritium
{chemical form unknown) were released to the at-
mosphere from an H-Area tritium facility, The
Weather INformation and Display (WIND) System
projected a dose of 0.013 mrem to an individual at the
site boundary from this release.

EMS collected eight vegetation and five water samples
from locations downwind of the release. Three vege-
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{ation samples were collected from the downwind Five vegetation samples and one water sample were
area adjacent to H Area, whiletheremaining samples  collected downwind of the release near the East
were collected at the site perimeter near the Dark- Talatha air monitoring station. The water sample
horse air monitoring station. The water samples was collected from standing water. The special
were collected from standing water at the site pe- sampling results are summarized below:

rimeter, The following table summarizes the special

sampling results: No. of Tritium (pCimL) 1988
Sample Samples Max Min Bange
No. of Tritium {pCifmL) 1988
Sample Samples Max Min Bange wveg = 5 197.7:41 22109 1.7-11
StanWat. 1 3.8+09 <0.28-6.7
Veg 8 180.0+18 214+08 1-10

Stan.Wat. 5 72.21+13 148108 <0.28-6.7 , .
Based on the concentrations measured in vegetation

The release was confirmed based on the special samples from the East Talatha monitoring station
sampling results, which were compared to therange  and in rainwater samples collected from Darkhorse
of tritiumn concentrations measured in vegetation monitoring station during 1988, elevated tritium
and rainwater samples collected at the Darkhorse concentrations were detected in vegetation samples
monitoring station during 1988. Elevated concentra-  collected following the release. The tritium concen-
tions of tritium were detected in both water and tration for the water sample was within the range
vegetation samples collected immediately following measured during 1988,
the release,

Plutonium Release—August 27, 1989 to
Tritium Release—March 30, 1988 October 8, 1989

On March 30, 1989, approximately 1,100 Ci (97% A release of 2®Pu from an F-Area facility was iden-
tritium oxide and 3% elemental tritium) of tritium  tified on September 6, 1989 and again on September
were released to the atmosphere from an H-Area 29, 1989, Based on the analysis of stack air filter
tritiam facility. The WIND System projected a dose  papers, the total plutonium released from August 27
of .01 mrem to an individual at the site boundary to October 8, 1989 was estimated to be 13.5 mCi of
from this release. plutonium,

On September 6 and 7, 25 soil
samples were collected around the
F-Area facility. Plutonium-238 and
#9Pu deposition was confirmed
outside the F-Area fonce west of
the facility. Air samples were col-
lected from 200-F, 200-H, 400-D,
Burial Ground South, and at the
dackson sampling locations within
24 hours of the release. Resulis
from these samples indicated that
plutonium levels were within
: +{ ranges normally measured. A wa-
g}'fds,f,",’,?ﬂffmgng “{ ter sample collected from Upper
“{ Three Runs Creek revealed no in-

creased levels of radioactivity.

Normal

: | Continue normal
monitaring

Monitonng

Collect environmental |
i samples from locations |
in pathway of release:

Collect samples
from suspected
relaase source
o determine
whaether reloass
ook place,

air

waler
vegetation
soit

Uss data annually |
to calculate dose |
consaquencas and £
anvironmentat :
{ impacts.

Incorporate results
inte final annual
offeite dosa
determinations.

On September 28, EMS was noti-
fied that additional **Pu contami-
nation was found within 2,000 fi
southwest of the F-Area facility.
Twenty soil and five vegetation
Figure 16-1. Sampling/analysis program of a nonroutine release samples were collected downwind

CHEMISTRY
LABORATORY
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of the relpase. The vesulin cone
firmed the pressnce of Py gnd
P within 2,000 ft of the facility,
Mo special sy samples were sl
iected, However, rouling weskly
airsamplos colleoted by EME indt
cated no incresse in gross alpha,
Py o PPy potividy.

Hesulls from the speclal samples
and routine weekly samples Indie
ented that the platonium released
from the F-Arsa faeility was de-
pesited within 2000 f of the facil-
ity and not carvied offsite.

Teittum HoelesseOotober 18,
188%

Approvimately BOO 8 of fritium
guide wore raleased to the stmos.
phere from an H.Aves tritinm fa-
eifity on Oetober 18, 1889, The
WINTI System projecied o dose of
G008 mrem at the sile boundary
from this release. Figure 10-2{above) shows the path
of the plume ax detailed by the WIND System

Five vegotation and for waler samples were el
fevied downwing of the release near the Darkhorse
mannitoring stalivn. The waler samples were ool
lected from standing water, The following is a sum-
mary of the speeln! sampling resulis

Ma, of Tritium (pUimLl 1988
Soamols Hamnles B oy M}i} §$ BN
Yo S IEHEQHOIR I580 00K 10113

StanWal, 4 5222 104 8RB L 088 <2807

The resulty were comparad with concentrations of

tritium in rainwster snd vegelation samples col
tected at the Darkhorse monitoring during 1988, The
spacial sampling resulis indiestad that dlevated brit.
fun concenirations were present in the vegetation
sarpios enllacled mmediately Howing the release.

LHAND BELEARES

Trittum Holease—{ecomber 88, 1988 {0
Sannary 1, 1HRG

Hetween December 38, 1988 and Janusry 1, 1989,
approgimetely 70O of tritinm were released te Pen
Branch from the K-Area process sewsr

Cirgdos ndicate
Pyl Locations
Every 20 Minutes

Figure 10-2. Tritiom plume following Octeber 19 velease

EME collected two continuous stream samples on
Pen Branch, dewnstream from the ¥ Aves effuent,
HElevated trittum activity in Pon Branch measuraed
during the peried confirmed the release fram the 1.
Aren process sewer. The masimum concentration of
trithom messured in Pen Bronch during 1980 (220
pCiimb) was messured in the sample collected
immediately fllowing the release. After dllution by
the siream, no elovated ooncentrations of fritium
were meamired in the Savannab Biver,

Tritivm Beloase-—January 3 o Jonuary 14, 1988

Belween Januvary 3 and Januaey 10, 1988, 834 O of
tritiam were discharged to Pen Branch vig the K-
Aresprovess sawer and heal exchanger cooling waley
sfffuents. The rithum relosse estimale was ealen
fated from the continuous waler sample collected
from Pon Braneh at Boad A-13 during the release
period and from recerded United Blates Oeclogionl
Survey (USG5 flow rates,

The concentration of ritiuny in the sample collected
at Road A following the releass was 100 plifmi,
which is comparable to the 1388 average tritium
concentration of 120 pCifml. A shightly higher con.
sentration of irilium was also measured at the down-
river sampling location following the release com-
pared to concentrations mensured in 1984, In 10588,
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tritium concentrations ranged from 0.37 to 5.7 pCv/
mL at sampling location River-108B; the 1989 maxi-
mum concentration measured after the release was
8.4 pCi/mL on January 24, 1889

Potential Gamma-Emitting Radionuclide
Release—June 17, 1989

Areleaseofpotentially contaminated water ocourred
at K Reactor on June 17, 1989 when approximately
3,000 gallons of water were releaszed to the K-Reactor
process sewer. This water eventually discharges to
Pen Branch.

Ts determine whether gamma-emitting radionuclides
were released to Pen Branch, a special sampling
program was initiated, Dip samples and continuous
water samples were collected on June 17 and June 18
from Pen Branch. The samples were analyzed for
gamma-emitting radionuclides, nonvolatile beta
activity, and tritium, All gamma:emitting radionu-
clides were less than minimum detectable levels, and
the tritium and nonvolatile beta results were within
ranges normally measured in Pen Branch,

Cesium Release—July 26, 1989

On July 28, 1889, approximately 3 Ci of cesium were
released to an H-Area retention basin from a waste
treatment facility, Water from the H-Area retention
basin is eventually released to Four Mile Creek. To
determine whether elevated cesium activity was
released to the stream, samples from Four Mile
Creek were collected and analyzed. The results con-
firmed that no elevated concentrations of cestum
were released directly into the stream,

Following the release, a special program was initi-
ated to remove the cesium in the water before releas-
ing the water into Four Mile Creek. The maximum
congentration of 'Cs in the water before it could be
released wasg less than 4.5 pCi/imL, an operating
release limit.

A gpecial sampling and analysis program was also
initiated fo monitor the releases to Four Mile Creek.
The special program ensured the cesium activity was
below 4.5 pCi/mL before the basin water was re-
leased.

Contrelled releases to Four Mile Creek began in
September, However, because of rain, clean-up of the
retention basin water to remove the cesium contami-
nation is continuing. Sterm water containing less

than 4.5 pCifmL of cesium is still being released to
the stream. As of December 31, 1989, approximately
58 mCi of ¥'(Cs had been released to Four Mile Creek
from the retention basin.

Tritium Release—July 31, 1989

On July 31, 1989, approximately 8 Ci of tritium were
released from the L-Area disassembly basin tothe L-
Area process sewer during a 340-minute time period.
A composite sample for the release period was col-
lected from the process sewer and analyzed for trit-
tum, The tritium release estimate was calculated
from the composite sample result and the reported
effluent flow rate,

The L-Area process sewer discharges to L Lake and
eventually flows into Steel Creek. Routine biweekly
tritium analyses of samples collected from Steel
Creck at Road A indicated that the L-Area disassem-
bly basin release did not elevate tritium concentra-
tions in Steel Creek.

Mixed Fission Product Release—September 25
to October 23, 1989

From September 25 to October 23, 1989, approxi-
mately 3.18 mCi of mixed fission products, mainly
15Ru and *% Sr, were released through the H-006
cutfall to McQueen Branch.

Two special stream water samples were collected
from McQueen Branch. In addition, the routine weekly
continuous stream samples were collected. The rou-
tine weekly samples and special release samples
were analyzed for gross alpha, nonvolatile beta,
tritium, ¥%8r, and gamma-emitting radionuclides.
Rutheniom-106 and ®% Sr activity was detected in
the McQueen Branch samples,

To determine the extent of the release, a soil sample
near the H-006 outfall and one at the head of McQueen
Branch were collected and analyzed for gross alpha,
nonvolatilebeta, and gamma-emittingradionuclides.
Ruthenium-106 was detected in the seil sample col-
lected near the outfall.

A vegetation sample was also collected near the
putfall and analyzed for gross alpha and nonvolatile
beta activity to determine if the plant had assimi-
lated the radionuclides. The vegetation result indi-
cated the contamination was primarily present on
the soil and not within the vegetation.
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Based on the analytical results, elevated radicactiv-
ity levels were confirmed in the H-006 outfall in H
Area. Residual radioactivity was also confirmed in
the soil at the head of McQueen Branch, As water
flows through the outfall into McQueen Branch,
radicactivity may be washed into the stream. There-
fore, total strontium and gamma-emitting radionu-
clides were added to the analysis protocol for McQueen
Branch to monitor the release. These analyses con-
tinued through December 1989, and will continue
until concentrations in MeQueen Branch return to
normal,

Tritium Release—November 18, 1989

Approximately 240 Ci of tritium were released from
the D-Area process sewer to Beaver Dam Creek on
November 18, 1989, Tritium analyses were performed
on a daily composite sample collected on November
18 and on two biweekly composite samples collected
during November to confirm the release.

Analyses of biweekly sample composites from Beaver
Dam Creek following the release indicated tritium
concentrations were within the range measured from
January-October 1983 (0.77 to 360 pCi/raL). In addi-
tion, biweekly sample composites from the Savannah
River downriver from the release point did not indi-
cate elevated levels of tritium,

Tritium Release—December 1 to December 30,
1989

Approximately 68 Ci of tritium were released from
the P-Area canal to Par Pond from December 1 to
December 30, 1989. Special water samples collected
from the P-Area canal were analyzed to determine
the amount of tritium released.

EMS routinely analyzes stream and river samples
downstream of P Area. Compared to tritium concen-
trations measured through November 1989, the
results indicated that the concentrations of tritium
in Par Pond and the Sgvannah River were not ele-
vated during December.

Tritium Release on December 9, 1989

On December 9, 1988, approximately 3.2 Ci of trit-
ium were released from the K-Area process sewer to
Pen Branch. A special water sample was collected at
the primary environmental sampling location for K-
Area effluents (PB-3). Based on a comparison with
the 1989 average concentration of tritium at PB-3

through November 1989 (53 pCi/mL), the elevated
tritium concentration of 99 pCi/mL confirmed the
trittum release from K Area.

OTHER NONROUTINE QCCURRENCES
Oily Substance—March 9, 1980

On March 9, 1989, an oily film was observed on the
water in an F-Area delaying basin, This basin dis-
charges to Four Mile Creek and is continuously
monitored at the environmental sampling location
FM-3. The routine FM-3 sample and a special dip
sample were collected and analyzed for gamma-
emitting radionuclides to determine if a release had
occurred. Analyses results of the water indicated
that no elevated levels of radioactivity were released
to Four Mile Creek.

Tornado on Southeast SRS—Qctober 1, 1989

On October 1, 1989 at approximately 8 p.m., a tor-
nado struck the south and east sections of SRS
(Figure 10-2). The Savannah River Laboratory (SRL)
conducted a subsequent investigation of the path of
the tornado using ground based and aerial photogra-

=

‘POND

2,
The hashed area shows %
the swath of damage caused
by a tornado October 1, 1989,

Figure 10-2. A tornado crossed SRS in 1989
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phy, as well as meteorological data. The investiga-
tion revealed considerable damage to timber onsite.
The tornado was spawned from a severe thunder-
storm with a height of 57,000 ft in warm and humid
air just to the south of a stationary front which
extended from north central Georgia to extreme
southeast North Carolina. Wind speeds were esti-
mated to have ranged 110-160 mph.

Two million dellars in timber damage occurred over
2,500 acres along a 10-mile swath, but no onsite
structural damage or personalinjury occurred. Most
of the damage was caused by & moderate tornado;
however, tree-fall patterns indicated that some of
this damage was the result of thunderstorm
downbursts which accompanied the tornado.

Ground-based and serial photography showed both
snapped and mowed over trees which indicate that

188¢ HIGHLIGHTS

the tornado was elevated at times, The network of
eight 60 m instrumented towers operated by the En-
vironmental Technology Section of SRL were not in
the swath of damage, but the towers did indicate a
mesoscale cyclonic flow pattern and measured wind
gusts up to 34 mph. Rainfall amounts on SRS for the
24 hr period ending October 2 ranged from 1.80 to
3.68 inches.

In addition to the investigation by SRL, EMS col-
lected special water samples from Steel Creek, Lower
Three Runs Creek, and the Savannah River at sam-
pling location 8A to determine if any radicactivity
was released during the storm. These samples were
analyzed for gamma-emitting radionuclides. All
results indicated no elevated radioactivity in the
streams or river.

B  The largest atmospheric release of tritium occurred on March 30, when 1,100 Ci of tritium
were released from an H-Area facility. The WIND System projected a dose of 0.01 mrem to
an individual at the site boundary from this release.

M Routine air samples,

collected downwind after an atmospheric release of 13.5 m(i of

plutonium over a six-week period, indicated no increase in gross alpha, #*Pu, or *¥Pu activity.

B The largest hquid tritium release occurred between January 3 and 10, 1989 when 534 Ci of
tritium were discharged to Pen Branch via the K-Area process sewer and heat exchanger

cooling water sffluents,

B After 3 Ciofcesium were released to an H-Area retention basin from a Waste Treatment Fa-
cility, a program was initiated to reduce the cesium activity in the retention basin water to
less than 4.5 pCi/mL before releasing the water to Four Mile Creek.

B  Water and soil samples were collected after approximately 3 mCi of mixed fission products
were released through the H-008 outfall to McQueen Branch. Ruthenium-106 and **®Sr were
detected in the water samples, while "Ry was detected in the soil collected near the outfall.
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SUMMARY—This chapter focuses on surveys that are special short- or long-term assessments
of certain sites to determine the effects of SRS effluents on the environment. In 1989, the
Environmental Monitoring Section completed radiological surveys of the Savannah River
Swamp, Pond B, the Savannah Harbor, and dry monitoring wells in the F- and H-Area waste
management facilities. Survey results of Savannah River Swamp soil, vegetation and ambient
radiation indicated that there was no new migration of radionuclides from the swamp in 1989,
The Pond B survey was conducted to characterize and determine the radionuclide exposure
pathways in the mallard duck habitat. Somewhat higher concentrations of radionuclides were
present in vegetation and sediment st Pond B than at remote locations.

Two nonradiological surveys were conducted in 1989. Based on tests of a new sampling system
manufactured by Isco Corporation, the Isco samplers will replace some paddiewheel samplers
that have been used routinely at SRS. The annual river quality survey by the Academy of
Natural Sciences of Philadelphia encompassed studies of the population dynamics of diatoms,

and the chemistry and biological communities of the Savannah River.

INTRODUCTION

In addition to routine sampling and special sam-
pling during nonroutine environmental releases,
radiological and nonradiological surveys are con-
ducted on- and offsite by the Environmental Moni-
toring Section {EMS) and other groups, including
the Savannah River Laboratory (SRL)andthe Acad-
emy of Natural Sciences of Philadelphia (ANSP).
Both short- and long-term radiological surveys are
used to evaluate radioactivity levels and monitor
the effects of SRS effluents on the environment at
SRS and in its tmmediate vicinity, Nonradiological
surveys are conducted to evaluate water quality and
to investigate new technologies.

RADIOLOGICAL MONITORING SURVEYS
Savannah River Swamp Survey

Description of Survey

In the 1960s, a portion of the Savannah River
Swamp between Steel Creek Landing and Little
Hell Landing was contaminated with approximately
25 Ci of 7¥Cs and less than 1 Ci of Co. The contami-
nated swamp area extends beyond the SRS bound-
ary to private property known as Creek Plantation

(see Figure 11-1 on the following page). The offsite
swamp area is uninhabited and not easily accessible
except for oceasional hunting or fishing.

The contamination resulted from failed fuel elements
that leaked radioactivity into P-Area storage basin
water used to shield and cool the irradiated fuel ele-
ments. Over time, some of the fuel storage basin water
containing the ¥'Cs and ¥Co was discharged to Steel
Creek. The radioactivity settled in the swamp during
periods of high water when Steel Creek flowed across
the swamp before entering the river at Little Hell
Landing. The failed fuel elements were removed from
P-Area fuel storage basins in 1970.

Ten sampling trails were established in the swamp in
1974 so that specific locations could be repetitively
monitored to determine the amount and migration of
radioactivity within the Creek Plantation swamp.

Comprehensive surveys were conducted annually
along the trails between 1974 and 1977. These com-
prehensive surveysincluded ambient{environmental)
gammaradiation measurements with thermolumines-
cent dosimeters (TLD) and analysis of vegetation,
soil, and fish samples. The frequency of comprehen-
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In the 1960s, 25 Ci of Cs-137 and less
than 1 Ci of Co-60 was released from
B-Area storage basin to Stee! Creek
and rigrated downsiream to a part
ot the Savannah River Swamp that
extends beyond the SRS boundary.

L3 milss—4

In 1974,
10 sampling
trails were
established
in the swamp
for consistent
monitoring.

x

[ | TLDs were placed 1 m above ground at
54 locations along the 10 established
trails to measure ambient gamma
radiation.

| A fish was collected from one of the
three lakes near the swamp trails and
analyzed for ¥*"Cs, Because of high
water, no fish were caught during the
sampling of Boggy Gut and Cannuck
lakes.

| Exposure rate measurements were
taken every 100 ft along the 10
established trails with portable
survey instruments.

Survey Resulis

The radionuclides detected and their concen-
trations were consistent with results from
previous Savannah River Swamp surveys. The
1989 survey results showed that there was no
new migration within the swamp.

Sojl

Seil samples, collected on Trails 1, 5, and 10,
were analyzed for gamma-emitting
radionuclides, *Sr, 2Py, and 2*Pu. Concen-
trations of radionuclides in soil vary from year

Figure 11-1. Location of'%Cs migration
following a release in the 1960s

sive surveys was reduced to five-vear intervals after
1977 because no significant changes in radiological
conditions were measured. The most recent compre-
hensive survey was performed in 1985 during con-
struction of L Lake. See Figure 11-2 (right) for a
detailed view of sampling in the vicinity of the swamp.

Cursory surveys eonsisting of ambient gamma radia-
tion measurements and sampling at selected loca-
tions are conducted annually to provide interim
monitoring of the swamp. The following tasks were
performed during the 1989 cursory survey:

] Soil and vegetation samples were collected at
selected locations along Trails 1, 5, and 10,
Soil samples were analyzed for gamma-
emitting radionuclides, ¥Sr, 2Py, and ¥*Pu.
These specific analyses are performed to
monitor any radionuclides that may have
been present in the failed fuel elements.
Vegetation samples were analyzed for gross
alpha and gamma-emitting radionuclides.

to year and from sample to sample because of
slight differences in sampling locations and
the non-homogeneity of soil.

Cesium-137 was the only gamma-emitting radionu-
clide detected in the soil samples in 1989, The
concentrations of Cs in soil were within ranges
observed during recent years and showed a maxi-
mum of 155 pCi/g. Strontium-96 concentrations in
soil showed a maximum of 0.34 pCi/fg and were
within ranges observed in previous years. The
maximum *¥Pu and Py concentrations in soil were
0.34 and 0.08 pCi/g, respectively. Analytical data are
presented in Tables 11-1, and 11-2, Vol. 11,

Yegetation

Vegetation samples collected along Trails 1,5, and 10
were analyzed for gross alpha and gamma-emitting
radionuclides. Gross alpha concentrations were
within the ranges observed in previous years and
showed a maximum of 2.7 pCi/g. Table 11-3, Vol. 11,
gives gross alpha concentrations in vegetation.

The only gamma-emitting radionuclides detected in
vegetation were ¥Cs and naturally-occurring K.
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Cesium-137 concentrations were within the ranges
detected in previous surveys. The maximum *Cs
and “K concentrations were 9.6 and 45 pCi/g, re-
spectively. Cesium-137 and *K sample concentra-
tion results are presented in Table 11-4, Vol. II,

In 1889, exposure rates were measured at 100 ft
intervals along each transect using portable survey
instruments. These measurements were used to
define the contaminated area and were compared
with ambient gamma radiation measured by TLDs.

Measurements were taken with a MicroR meter at
ground level and 1 m above the ground. The meas-
urements ranged from 5 to 50 uR/hr at both ground
level and 1 m. The MicroR survey results are pre-
sented in Table 11-5, Vol. II.

TLDs were placed 1 m above the ground at 54
identified locations along the sampling trails to
measure ambient gamma radiation. The TLDs were
collected for processing after an exposure period of
approximately 30 days. The 1989 results ranged
from 0.10 to 0.58 mR/day. The 1989 TLD results
were generally lower than the 1988 results and may
be atiributed to the following factors:

] Transport dosimeters were placed in shielded
storage for the duration ofthe field cycle. This
procedure resulted in a more accurate correc-
tion factor for the field dosimeters, but
lowered the apparent exposure.

Weather conditions following TLD placement
caused high water in the swamp. This stand-
ing water may have attenuated the gamma
radiation resulting in a lower exposure.

Ambient gamma radiation levels measured by TLDs
are presented in Table 11-6, Vol. 11

Both TLD and MicroR meter exposure measurements
were obtained at 25 locations when the established
TLD monitoring point coincided with the 100 ft survey
meter measurement location, The values for both
TLD and survey meter measurements are compared
in Figure 11-1, Volume IL.

As the figure illustrates, the TLD readings are lower
than the survey meter measurements. Most likely,
this discrepancy resulted from converting short-term
exposure rates measured with the MicroR meter (uR/
hr) inte units compatible with long-term exposure
rates measured with TLDs (mR/day). In addition, the
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Figure 11.2. SRS has conducted surveys of the Savannah River Swamp since 1974
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relatively low TLD results may have affected the
comparison.

Fish

Only one fish (sucker) was caught from Jack’s Lake
located near the swamp trails. The ¥Cs concentra-
tion in this fish was less than 1 pCi/g. A summary of
fish monitoring data from the 1974 to 1989 surveys
are presented in Table 11-7, Vol. II

Pond B Survey

Description of Survey

Pond B is an 87 hectare man-made impoundment
that received reactor cooling water and occasional
releases of fission products from 1961 to 1964, Dur-
ing that period, approximately 170 Ci of ¥Cs were
released from R Area. Since the decommissioning of
R Reactor in 1964, Pond B has been largely undis-
turbed. Figare 11-3 (below) gives the location of Pend
B and the background of its contamination in the
1960s [WHIBI].

Research studies conducted by the Savannah River
Ecology Laboratory of the mallard duck population
residing at Pond B led to a special radiological survey
in 1989 to characterize the Pond B envirenment.

Pond 8 Is an 87 hectare man-made
impoundmesnt that received reactor
cooling water and occasional releases
1 of fission products from 1961 to 1964.
During that period, about 17¢ Ci of
Cs-137 was relaas

=

o

Figure 11-3. A survey of Pond B resulted from
resesrch studies of the mallard duck

The radiological survey conducted by EMS focused
on characterizing and determining the exposure path-
ways in the duck habitat. EMS used the following
sampling and analysis plan to accomplish the study:

n Ambient gamma radiation was measured by
placing five TLDs at 10 locations on the 8-km
perimeter of Pond B. The TLDs were placed
at water level, approximately 1 ft from the
shoreline. One TLD was removed from each
location after 48 hours to obtain preliminary
exposure data. The other TLDs remained at
Pond B for 31 days.

| | For comparison with TLD exposure data,
ambient gamma radiation was measured at
each location using a MicroR meter.

] Aquatic vegetation and sediment samples,
two primary exposure pathways for the
mallards, were collected from each of the 10
locations. The samples were first analyzed as
“wet” samples for garama-emitting radionu-
clides to abtain preliminary data.

» The same vegetation was then prepared for
dry weight analysis of gross alpha, nonvola-
tile beta, gamma-emitting radionuclides,
strontium, and tritium. Sediment samples
were analyzed for the same constituents
except tritium,

Survey Resulis

The highest exposure to the mallard ducks residing
in Pond B results from Cs in vegetation and sedi-
ment, The maximum concentrations of ¥{s meas-
ured in vegetation and sediment samples were 300.6
and 67.1 pCi/g, respectively, as shown (above right)
in Table 11-1.

Table 11-1 summarizes and compares the survey
results to “remote” values. For sediment and vegeta-
tion, “remote” values are averages of routine 100-
mile-radius vegetation samples and routine Savan-
nah River sediment samples collected upriver from
SRS. The “remote” values for ambient gamma radia-
tion are averages of TLD measurements at the 100-
mile-radius TLD locations.

Analytical results confirm that higher concentra-
tions of radionuclides are present in the vegetation
and sediment pathways at Pond B compared to the
remote locations. Ambient gamma exposure is com-
parable with values observed on and around SKS.
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Table 11-1. Summary of Pond B Survey Results
Average Maximum Minimom Remote®

Ambient Gamma Radiation® 0.29 0.53 0.20 0.21
{(mR/day)
Vegetation Pathway (pCi/g)

1¥Cs (dry weight) 183.1 300.6 79.5 0.29

0Co(dry weight) 0.6 14 ¢ ¢

Total strontivm 10.7 274 39 0.79

Gross alpha 19 124 -6.2 0.07

Nonvolatile beta 163.9 385.2 48.9 14

Tritivam 5.1 59 3.2 0.93
Sediment Pathway (pCi/g)

¥ Cs(dry weight) 29.5 67.1 14.0 0.18

DCo{dry weight) 0.77 0.12 c c

Total strontium 0.02 0.1 0.00

s o ¢.07

Gross alpha 1.7 4.2 0.24

Nonvolatile beta 188 32.6 8.9
* “Remote” values are 1987 averages of routine 100-mile-radius vegetation samples and routine Savannah

River sediment samples collected from a location above SRS. The “Remote” values conristant for ambient
gamma exposure are averages of TLD measurements at the 100-mile-radius locations.

* Measured at water level with TLDs.
* Lees than the lower limit of detection.
4 Only *8r analyzed at remote location.

Messurements of fodine-129 in Groundwater
and Surface Waier

The Savannah River Laboratory (SRL) hag con-
ducted studies at irregular intervals since 1970 to in-
vestigate the ] content of groundwater and surface
water at onsite and offsite locations [KaR7].

Measurements were made by neutron activation
analysis. Listed below are gome results of previous
studiea:

] In 1977, iedine-129 was detected in ground
water near the F- and H-Area seepage
basins.

B In 1979, indine-129 was detected in ground

water near the Radioactive Waste Burial
Ground.

Todine-129 concentrations in the groundwater
sampleg collected during these studies were com-
pared to the EPA drinking water standard. At a few
locations, the concentrations exceeded both the ex-

isting and pending EPA drinking water standards of
1 and 100 pCi/L, respectively. Figure 11-4 on the
following page identifies the on- and offsite locations
that showed concentrations of #1.

Studies in 1977 and 1978 indicated that in surface
water, Four Mile Creek was the only SRS stream
trangporting significant levels of ™I to the Savannah
River. Dilution by C-Reactoreffluents and the Savan-
nah River reduced the offsite *®] concentrations in
river water to less than 1% of the existing EPA
drinking water standard and less than 0.01% of the
pending standard.

SRL reactivated a guarterly sampling program for
9] in Savannah River water upriver and downriver
from SRS in 1986 after five years of dormancy.
However, ™ analyses were discontinued in 1987 due
to removal of the neutron activation capahility at the
reactor facilities.

Another method of analysis is by inductively coupled
plasma/mass spectrometry. SRL plans to perform %]
analyses on samples cotlected since 1987 after an



200

Savannah River Site--Environmental Report for 1989

lodine-129 was detected in groundwater

B near the F- and H-Area seepage
basins in 1977

K near the Radicactive Waste Burial

Ground in 1979

Radloactive Waste

Burlal Ground

Studies in 19771978
indicated that Four Mile
Creek was the only SRS
stream transporting
significant levels of
i-129 to the Savannah
River.

S
b3 riien

Offsite concantrations
of 1-129 in river water
are loss than 1% of the
existing EPA drinking
water standard and
less than 0.01% of the
pending standard,

In addition, GDNR collected sediment
samples farther downriverin the rivermouth
and in the Ogeechee River in Georgia for
control samples. Approximatiely 1 gal of
sediment was collected at each sampling
location.

z

Survey Resulls

Concentrations of ¥Cs in the Savannah
Harbor sediment were at or below minimum
detectable levels and are presented in Table
11-8, Vol. Ii. Based on the limited amount of
data collected, no conclusionscould bedrawn
on any effects that SRS operations may have
on sediment from the Savannah Harbor.
Studies on soil matrices and composition
would help in developing a larger and more
useful database. These data will aid EMS in
developing further offsite sampling plans.

Surveys of Dry Monitoring Wells in F-
and H-Area Waste Management
Facilities

Health Protection Operations Department
takes profile radiation measurements annu-
ally in dry monitoring (DM) wells in both the
F-and H-Area waste management facilities,
The wells are located at points considered
most valnerable to leaks from piping that
serves the storage tanks. Figures 11-2 and
11-3, Vol. I show locations of the dry moni-
toring wells.

Figure 11-4, SRL conducts studies of ') in on-

and offsite groundwater and surface waters

inductively coupled plasma/mass spectrometer
becomes operational in late 1990 or 1991.

Savannah Harbor Sediment Survey

Description of Survey

EMS, in cooperation with the Georgia Department
of Natural Resources (GDNR), measured and
compared ¥ (s concentrations in sediments from
the Savannah Harbor area in order to determine en-
vironmental impacts resulting from Savannah River
Site operations.

In December 1989, EMS and GDNR jointly sampled
20 sediment locations from the Interstate 95 bridge
to the city of Savannah, GA and Savannah River
Harbor/Port area (see Figure 11-5 on facing page).
All major river channels were sampled.

Dry monitoring wells are 2-in.-diameter,
closed-bottom, steel-cased wells that stop
above the water table. Each monitoring well has
gravel packing in the screen zone. Bentonite and
cement grout seal the well from shallow groundwater
leaking into the well. The top of the well is either
capped or sealed to prevent introducing atmospheric
water into the well.

Eleven DM wells that monitor diversion box #1 in F-
Area facilities were surveyed in 1989 and all wells
showed background radiation levels,

Radiation measurements were taken in 38 addi-
tional DM wells installed in a contaminated area
near Tank 8 in the F-Area waste management facili-
ties. This contamination is attributed to overfilling
the tank in 1961. Radiation levels measured in the
Tank 8 wells define the zone of major contamination,
as shown in Figure 11-4, Vol. II. Radiation levels
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Savannah Harbor Sediment Sampling Locations
(December 11, 1989)

Sempiing
location §-

81, Augustine
Creek

*Hutchinson
gland

PORT
WENTWORTH

BOWNTOWRN
SAVANNAH

Figure 11-5, Savannah Harbor samples were taken in the vicinity of Savannah, Ga

around Tank 8 remained high during the 1989 sur-  All Isco systems proved to be trouble-free and easy to
vey. The maximum radiation level in the wells was operate. Paddlewheel samplers showed a larger vari-
83 R/hr in RP-6 well at a depth of 18 ft. ation in sample volume than the Isco; paddlewheel

samplers are not flow-propertional. Rather, the rota-
Seventeen DM wells in service in the H-Area waste  tion of the paddlewheel is proportional to the velocity
management facilities were surveyedin 1989. These  of the stream. The larger variation with paddlewheel
wells showed no significant changes in 1989 from samplers is likley due to stream flow variations,
previous years, Radiation levels for dry wellsin the  debris blockage of the paddlewheel, or variations in
F-and H-Area waste management facilities are rep- the alignment of the paddlewheel trough. The Isco
resented in Figures 11-4 and 11-5, Vol. IL sampler avoids these problems because it isa pump.

NONRADIOLOGICAL SURVEYS

Isco/Paddlewheel Sampler Comparison

In 1989, EMS tested a new sampling system, a
self-contained unit designed to collect compos-
ite samples, manufactured by Isco, Corp. The
sampler, shown in Figure 11-6 (right), has a
microprocessor-controlled peristaltic pump,
control panel, sample collection jug, and a
protective case.

As part of the survey, the Isco sampler was
tested for ease of use, reliability, and consis-
tency of sample eollection. In addition, the Isco
system and paddlewheel samplers currently in
use at SRS were compared for reproducibility

of sample collection volume and radiological . .
analytical results. Figure 11-6. Diagram of an Isco sampler
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The analytical results from the Isco and paddlewheel
samples were similar, Some differences were ob-
served in the results at levels near detection limits,
but were attributed to the differences in sampling
systems and sampling locations. The paddlewheel
continuously collects small volumes of water (several
drops), while the Isco collects larger volumes (10 mL)
less frequently. Also, the paddiewheel sampler
sameples only the surface of the stream, while the Isco
sampling line can be placed at any depth in the
stream to provide a more representative sample.

From the survey results, EMS concluded that the
Isco samplers can support a wide variety of sampling
applications including flow-proportional sampling.
In addition, the samplers provide a high quality
sample with easy volume adjustment,

On the basis of the results of this study, an Isco
sampler will replace the paddlewheel sampler at
sampling location Four Mile-2, a key location in
monitering radioactivity levels in Four Mile Creek.
In 1990, the Isco will also be placed at other sampling
locations,

Academy of Natural Sciences of
Philadelphia—River Quality Surveys

Description of Survey

The Division of Environmental Research of the
Academy of Natural Sciences of Philadelphia (ANSP),
under contract to WSRC, has carried out continuing
surveys of the aquatic environment and water qual-
ity of the Savannah River since 1851, These studies
are designed to determine the effect, if any, of SRS
effluent discharges on general river health.

The ANSP surveys are conducted both upriver at
Station 1{reference station}and downriver from SRS
at Station 6. In 1982, these studies were expanded to
include Station 5, located below Steel Creek. Survey
locations are shown in Figure 11-4 (facing page).

Several types of studies conducted by ANSP sinee
1951 include:

B detailed surveys every four years of algae and
rooted aguatic plants, protezoa, macroinverte-
brates, insects, fish, and water chemistry

B quarterly cursory studies of aquatic life to study
algae, ingects, and fish

B  semi-monthly surveys of diatom communities

Diatometer Monitoring

For 26 two-week exposure periods from December
217, 1988 to December 28, 1989, artificial substrates
(Catherwood Diatometers®) were deployed on the
Savannah River at three sampling sites near SRS.
For each exposure period, one sample from each site
was analyzed to determine diatom community strue-
ture. These analyses provided data on diatom species
diversity {community richness) and the relative
abundances of all diatoms within the communities
that developed en the substrates. Evaluations of
water quality among stations and sampling periods
were made based on the relative abundance of indi-
vidual species’ populations, the ecological require-
ments and tolerances of the diatoms, and the diver-
sity of the communities.

As inrecent years of study, only minor differences in
diatom communities between those at the reference
station (Station 1) and those at Station 5 {downriver
from the juncture with Steel Creek) were noted.
However, the diversity (number of observed species)
and dominance (percent dominance) in the diatem
communities indicated deteriorating conditions at
Station 8 (downriver from the juncture with Lower
Three Runs). This trend is most evident for the
exposure periods after April 5, 1989 when the num-
ber of observed species at Station 6 was less than 100
for 18 of the 20 exposure periods and percent domi-
nance was greater than 80% for 19 of the 20 exposure
periods.

In contrast, the number of speciesusually wasgreater
than 100 (13 of the 20 exposure periods) and percent
dominance was usually less than 80% (15 of the 20
expesure periods) at the reference station.

Trends in the relative abundance of the dominant
diatom species are not as clear; however,
Gomphonema parvulum, the dominant species at all
three stations, was more abundant at Station 6 than
at the other stations.

The 1989 data indicate that few differences existed
between the reference station (Station 1) and Station
& daring the study year; however, as in the previous
two years, there were marked differences between
the reference station and Station 6. These differ-
ences, including lower species richness and higher
dominance at downriver Station 8 indicate a contin-
ued deterioration of water quality at Station 6 with
respect to the upriver stations. Itisunclear, given the
placements of the existing program, whether the
poorer water quality at Station 6 is related to opera-
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Preliminary information resulting from
the four surveys is summarized below
for each major biclogical group as well
and for the physico-chemical parame-
ters that were measured.

T

In 1988, algae and aquatic macrophytes
were hand collected in the Savannah
River on April 5-7 and November 28-30,
1989 at Stations 1, 5, and 6 and on June
26-29 and September 19-21, 1989 at
Stations 1, 3 (upriver from the conflu-
ence with Steel Creek), 5, and 6.

— The algal and aquatic macrophyie
communities observed during the April
and November studies were similar to
the algal and aquatic macrophyte com-
munities observed during previous
Savannah River studies.

The field observations and the data
available to date for the June and Sep-
tember studies do not indicate any dete-
8 rioration of water guality when com-
pared to recent Savannah River studies.
The numbers of diatom species present
during 1989 at each of the four stations

Figure 11-4, ANSP gurvey locations

tions of the SRS or other activities not related to the
SES which may influence the water quality of Lower
Three Runs Creek, This question will be investi-
gated during ANSP's 1891 survey.

Biological Surveys

Aspart of the eontinuing long-term biclogieal moni-
toring studies, ANSP conducted two comprehensive
biclogical surveys of algal, macrophyte, macroin-
vertebrate, and fish communities of the Savannah
River in the vicinity of SRS during June and Sep-
tember 1989. In addition, two cursory surveys of
nigae, macrophyte and insect communities were
carried out during April and November 1988,

Hurricane Hugo moved onto the Georgia/South
Carolina coast during the September comprehen-
sive survey. Although high winds and rain resulted
in a rapidly increasing river stage, most of the
biclogical and chemiecal sampling was completed
before the study area was affected by the storm.

were the highest recorded since 1965,
with the exception of September 1972,

Nen:Insect Macroinvertebrates

Comprehensive surveys were conducted on June 26-29
and September 1921, 1989 to compare the non-insect
macroinvertebrates population diversity among sur-
vey Stations 1, 3, 5, and 6 and to compare it to that
seen in previous surveys.

Water levels were relatively low during the June
survey. On visual inspection, most taxa that typically
dominate the area (primarily molluses and crustacea)
were present, with the exception of bivalve molluses,
which had reduced numbers of species at all stations.

In September, non-insect macroinvertebrates were
collected at some stations under conditions of rising
water levels. Non-insect macroinvertebrates were
collected at Station 1 under normal seasonal river
height, while the samples from remaining stations
were collected in progressively rising river stages.
Because maeroinvertebrates are eollected from natu-
ral substrates by hand and by collecting nets, fewer
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habitats could be examined as the river rose, result-
ing in a decreased number of species collected.

Laboratory analyses of the June and September
samples are ongoing. Detailed findings will be re-
ported to WSRC in a comprehensive survey report in
May 1880,

Aquatic Insects

Aguatic insect cursory surveys were conducted on
April 57 and November 28--30, 1989, while compre-
hensive surveys were conducted on June 26-29,
September 19-21, and October 26—27, 1989, Artifi-
cial insect substrates (traps), deployed at stations
approximately one month before each field effort,
were collected during each survey. In September,
ANSF collected insect traps at all four stationsbefore
personnel were foreed off the river by the rising
waters caused by Hurricane Hugo. Hand eollections
of the river’s natural insect substrates were con-
ducted in October.

The patterns of variation exhibited by the aquatic
insect population during the 1989 cursory survey
were similar to patterns observed during previous
years. In particular, significant differences among
stations in taxa richness, community evenness, and
Shannon-Wiener diversity were again noted. Rich-
ness, evenness, and Shannon-Wiener diversity val-
ues are all relatively high in areas of good water
quality, tending to decline where water quality has
become limiting to the growth success of various
species, For all of thege parameters, the values at
Station 1 were significantly less than at either Sta-
tion 5 or Station 6. The number of species obtained in
the qualitative collections was also lower at Station
1, although this trend was much stronger in April
than in November.

Hilsenhoff's biotic index ranks species with respect
to their ability to tolerate pollution, with the higher
index values indicating greater pollution tolerances.
In 1989 the biotic index tended to decline downriver
and was significantly lower at Station 6 than Station
1. This fact suggests that the degree of pollution
tolerance, which characterizes the aquatic insect
population, is greater at the upriver station. This
patiern implies that water quality isreduced upriver
from SRS presumably due to some pollution source
located upriver from Station 1 that has a local,
adverse effect on the aquatic insect population. The
fact that the population’s pollution tolerance de-
creases significantly by Station 6 implies some de-
gree of recovery,

Consistent patterns of variation in taxa richness are
also evident in the long-term database on Savannah
River aquatic insects that have been collected by
ANSP during the last 31 years. Species richness at
the upriver reference station has been consistently
lower than the downriver stations in recent years.
However, the average number of taxa per trap has
increased across the various insect groups at all
stations, especially during the last 15 years, suggest-
ing that there have been improvements in water
quality and habitat during this period.

Although ANSP has not analyzed the June and
September trap samples, results from the June
comprehensive hand collections indicate that insect
diversity was generally higher in 1989 compared to
1984. However, diversity in October 1989 was lower
than in 1984, probably due to the adverse effects of
Hurricane Hugo on collecting conditions. A detailed
statistical analysis of all trap samples will be in-
cluded in the comprehensive survey report to be
issued in May 1990.

Just before the November cursery survey, approxi-
mately 54 million gallons of raw sewage was dis-
charged into the Savannah River from the Augusta
Sewage Treatment Plant in Augusta, GA. The insect
trap data do not suggest that the insect communities
in the studied portions of the river were adversely
affected by the sewage release.

Fish

Fish collections were made during two surveys—
dune 23-29, 1989 and September 19-23, 1989 at
Stations 1, 3, 5, and 6. Because storms associated
with Hurricane Hugo curtailed the September sur-
vey, additional collections were taken at Stations 3
and 5 on October 31, 1989. In the summer survey,
40-42 species were caught at Stations 1,5, and 6, and
46 species were caught at Station 3. In the fall
survey, 3739 species were caught at Stations 1, 3,
and 5, and 34 species were caught at Station 6.
Overall, 65 different species were caught during the
two surveys. Some occurrences noted during the
surveys are listed below:

| Spotted bass were usually found further

upriver,
[ | Needlefish were dominant in the summer.
| Several species typical of small tributaries

such as Savannah darter and dusky shiner
were dominant in the fall survey.
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= Species richness at each station was higher
in the summer survey than in the fall sur-
vey, possibly because of lower collecting
effort and efficiency during flood conditions.

Statistical analyses of the fish collection data de-
signed to examine possible differences among sta-
tions and between years will be included in the
ANSP cemprehensive report to be issued in 1990.

»

i wemicai Harameters of the

Chemistry sampling was performed during the two
comprehensive surveys in June and September.
Stations 1, 3, 5, and 6 were sampled for three
consecutive days during each survey. Physico-chemi.-
cal measurements were made onsite at all stations
and water samples were collected for subsequent
analysis for a variety of parametersincluding nutri-
ents and metals. Selected fish specimens collected
during the comprehensive surveys were prepared
for metal analysis.

Preliminary data indicate that there were only minor
station differences in the physico-chemical parame.
ters. For both the June and September surveys, siliea,
nitrite-nitrogen, calcium, total hardness, conductiv-
ity, and sulfate were generally higher than the previ-
ous comprehensive survey conducted in 1984, Con-
centrations of nitrate-nitrogen, orthe- and total phos-
phorus, dissolved organic carbon, alkalinity, total
dissolved solids and water temperature were compa-
rable or slightly higher than the previous study. Total
Kjeldahl nitrogen, ammonia-nitrogen, pH, and zine
were comparable to the previous survey. Biological
oxygen demand and turbidity remained sbout the
same or slightly lower than 1984, while total sus-
pended solids and fecal coliform bacteria counts were
lower.

In general, all parameters fell within ranges seen in
recent years. Analyses of water samples and fish
tissue for metal content will also be included in the
comprehensive report to be issued in May 1990.

m

1989 HIGHLIGHTS

Seil samples from the Savannah River Swamp had concentrations of *’Cs and ®Sr within
ranges observed in recent years, The maximum conecentration of ™ Cs was 155 pCi/g and
of ¥Sr was 0.34 pCi/g.

The 1989 ambient gamma radiation measurements at the Savannsh River Swamp were
generally lower than the 1988 results, ranging from 0.12 to 0.58 mR/day.

The highest exposure to mallard ducks residingin Pond B comes from ®Cs in vegelation
and sediment. The maximum concentrations of *'Cs were about 300 pCi/g in vegetation
and about 67 pCi/g in sediment samples.

Radiation levels in dry wells near Tank 8 in the F-Area define a zone of contamination
from overfilling the tank in 1961. The levels remained high in 1989, with a maximum
radiation level of 83 R/hr measured in RP-6 well at a depth of 18 &,

The numbers of diatom species present in the Savannah River in 1989 were the highest
recorded since 1965, except for September 1972,
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Savannah River Site
Environmental
Management Programs

SUMMARY—This chapter summarizes the audits and compliance activities of environ-
mental protection efforts at SRS in 1989. In particular, the compliance history and
restoration activities for groundwater, surface water, air and waste sites are reported. In
1889, SRS began closure and reclamation activities for the M-Area settling basin, F- and H-
Area seepage basins, and the Mixed Waste Management Facility (MWMF).

Inresponse to the DOE Environmental Restoration and Waste Management Five Year Plan,
WSRC developed a Site-Specific Plan that outlines onsite waste management environ-
mental needs and costs for the next five years. WSRC also completed an Environmental Im-
plementation Plan which defines the site’s environmental policies and objectives for the
sze time period.

Finally, results of an environmental self-assessment, and several compliance inspections by
onsite and offsite groups are reported. WSRC has implemented an environmental training
program for its employees for various topies including RCRA, storage, and environmental

regulations.

INTRODUCTION

A major effort at the Savannah River Site (SRS)is to
ensure that onsite processes do not adversely impact
the environment. Part of this task involves bringing
the site into compliance with all applicable environ-
mental regulations and DOE orders, Consequently,
the Westinghouse Savannah River Company (WSRC)
is developing a comprehensive program to determine
the environmental effects of past waste disposal
practices and to proceed with remedial action as
TIECEsSary.

This chapter describes the environmental manage-
ment and compliance activities conducted at SRS
during 1989,

COMPLIANCE SUMMARY

Comprehensive Environmental Response,
Compensation, and Liability Act

National Priority List

On December 21, 1989, SRS was officially included
on the National Priority List, alse known as the
Superfund list. As a result, SRS must meet the
remedial response provisions of the Comprehensive
Environmental Response, Compensation, and Lia-
bility Act (CERCLA).

To satisfy one of the CERCLA requirements, DOR is
developing a formal tri-party agreement with the
Environmental Protection Agency (EPA), and the
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South Carolina Department of Health and Enviren-
mental Control (SCDHEC). The agreement will
outline a plan for cleaning up and restoring waste
aites, the method of remediation, and the schedules
for producing work plans and site investigations. The
parties must also reach agreement en coordinating
Resource Conservation and Recovery Act (RCRA)
and CERCLA requirements covering waste sites.
Biscussions on this agreement, known as a Federal
Facilities Agreement, began in 1989,

Before SRS became a Superfund site, closure of
several SRS waste sites was underway as required by
RCRA hazardous waste regulations. Other closures
were in the planning stages. These closures are
discussed in the “Waste Site Closures” section of this
chapter.

CERCLA ‘Superfund’ Reportable Releases

A sitewide procedure from Site Item Reportable
Igsue Management(SIRIM)MRP4.072.410, requires
reporting of all oil and chemical releases to the
Technieal Support Center. The Technical Support
Center then notifies the spill coordinator who en-
sures that the spill is reported to DOE, SCDHEC,
and EPA as appropriate to satisfy regulatory re-
guirements.

CERCLA requires that notification to the EPA be
made for any non-permitted release to the environ-
ment exceeding its reportable quantity.

Under CERCLA, a release is defined broadiy so that
almost any substance that enters the environment is
covered. Releases include spilling, leaking, and
pumping. Environment is defined as any water, land,
or ambient air. The only things that are not consid-
ered the environment under CERCLA are the indoor
air and the ingide of a building.

A reportable guantity is the amount of substance
over a specified limit that, if released, requires re-
porting to the EPA. The reportable quantity for a
hazardous substance, any substance specificallylisted
under CERCLA, is variable depending on the sub-
stance. By reference, CERCLA hazardous substances
include substances such as those listed in the Clean
Air Act, Clean Water Act, Toxic Substanees Control
Act, and the Resource Conservation and Recovery
Act.

In genersl, if a substance is spilled on a concrete floor
inside a building, it is not reportable under CERCLA
because it does not reach the environment. However

if the same spill were to go down a drain to a sewer
line, it would be reportable if it were above its
reportahle quantity. All chemical releases to the
atmosphere (e.g., chlorine gas) are considered re-
leases for reporting purposes.

SRS had two Superfund reportable releases during
1989-the first Superfund reportable releases at the
site since 1986. The Superfund reportable releases
during 1989 were reported toe DOE, SCDHEC, and
EPA,

The first release occurred when acidic wastewater
containing trace quantities of radioactivity leaked
from a broken terra-cotta pipe in F Area near the
chemical separations facility. Following discovery of
the leak, WSRC tested all gimilar piping and re-
paired or replaced the piping as needed. Workers
excavated soil contaminated by the release and dis-
posed of it in the low-level waste burial ground,

In the second release, a leak of high-level radicactive
wagte was discovered in piping used to transfer
waste from a processing area into a waste storage
tank in H Area. WSRC Waste Management Depart-
ment igolated the pipe and removed it from service.
Soils contaminated by the spill were excavated and
disposed of in a low-level waste burial ground. The
high level waste pipes have double walls with leak
detection systems, but were still involved in these
releagses. The Waste Management Department i
evaluating operating procedures to determine how to
prevent a recurrence in similar piping.

Resource Conservation and Recovery Act

Waste Site Closures

The WSRC waste management policy calls for the
ongite treatment and disposal of wastes whenever
practical, Carrently, SRS has 262 waste manage-
ment units that are specific defined sites or areas of
waste or contamination. Active and inactive waste
sites comprise 207 of these units, while the remain-
ing areas are contaminated from spills, leaks, or
other similar events. The waste management units
at SRS may contain the following materials:

radioactive materials

hazardous materials

mixture of radivactive and hazardous
matenials

nonhazardous materials
nonradicactive materials
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M-Area basin closure is projected for completion in 1990

Five groundwater units located in A, M, F, H, and
TNX Areas are being investigated or treated for
contamination. Carrently, WSRC is closing 10 units
and is investigating the environmental impact and
specific remediation requirements for each waste
site.

M-Ar ling B

Final closure stages were underway at the M-Area
settling basin at the end of 1989, To close the basin,
water in the basin was removed and cleaned at a
ternporary treatment facility; then discharged
through a Nationa! Pollutant Discharge and Elimi-
nation System (NPDES) outfall. The contaminated
soils were stabilized with cement. The basin was
filled with soil and then capped using clay and a
special fabric to prevent water from passing into the
basin. In the final closure stage, WSRC will plant
grass over the former basin, and an adjacent Caro-
lina bay will be replanted to restore it to a natural
wetland.

While in operation, the M-Area settling basin con-
tained effluents from the fuel and target fabrication
processes in M Area. Degreasing solvents from these
processes seeped out of the basin and contaminated
the groundwater. The contamination is confined to

the site and is not expected to
affect offsite groundwater. To
decontaminate the area,
WSRC is pumping the onsite
groundwater through a strip-
ping column that exposes it to
air, where solvents are evapo-
rated and then degraded natu-
rally by sunlight.

WSRC began closing the seep-
age basins in ¥ and H Areas
during 1989. These basing
received low-level radioactive
wastewater from the chemical
separations areas in F and H
Areas until 1988. The Effluent
Treatment Facility (ETF) now
treats water formerly dis-
charged to the basins. The
basins have been filled with
carbonate rock, furnace slag,
and gravel to stabilize the soil
and chemicalsin thebasin. The
closure process was about 20%
complete at the end of 1989,

i1s
¢

*,
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Closure of the Mixed Waste Management Facility
{MWMF), which received hazardous wastes contami-
nated with radicactivity, began in February 1989.
The closure project involves 58 of the 195 acres of the
existing low-level waste burial ground. Remediation
measures include compacting the covered waste
trenches and constructing a 3-f clay cap over the
facility to prevent water from passing through the
wastes. The project was approximately 35% com-
plete at the end of 1989,

In 1989, SCDHEC indicated that post-closure plans
for groundwater monitoring of the MWMF, which
had been submitted, were inadequate. In response,
plans were developed to ingtall additional monitor-
ing wells for additional data collection. SRS and
SCDHEC will agree on closure of the facility after
MWMF monitoring data is submitted for one year.

Closure plans are currently under review for the
following waste sites:

» Savannah River Laboratory seepage basins

m Metallurgical Laboratory seepage basin
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m acid/caustic basing
| new TNX seepage basin

RCRA Corrective Action Program

The SRS hazardeus waste permit (RCRA Part B
Permit), issued in 1987, requires the site to maintain
a program for investigating hazardous waste units.
This program, called a RBCRA Facility Investigation
{RFI} Program, outlines how WSRC will investigate
the environmental impacts of the waste areas,

EPA approved the site RFI program in September
1988, Seventy-nine waste units are currently in the
RFI program with site-specific work plans submitted
for three of the units. WSRC will submit site-specific
work plans for investigating all 79 waste units as
required by the RFI program schedule.

Mational Poliutant Discharge
Elimination System

Some SRS streams, including L Lake and Par Pond,
receive treated wastewater discharges containing
small concentrations of radionuclides, heated water,
and traces of typical industrial chemicals from SRS
operations. These bodies of water are monitored for
nenradiological constituents to ensure that the dis-
charge limits set under the National Pollutant Dis-
charge Elimination System (NPDES) permit are not
exceeded during the year.

reaching a 99.9% compliance rate in 1989. Only nine
of the 6,859 analyses performed during 1989 ex-
ceeded NPDES permit Himits, The NPDES monitor-
ing program is discussed in Chapter 5 of this report.

Clean Air Act

The federal Clean Air Act establishes air quality and
emission limits throughout the United States.
SCDHEC, which regulates most provisions of the
Clean Air Act for South Carolina, conducted over 100
inspections at SRS and noted one noncompliance in
1989.

SRS has 13 air quality permits covering 130 point
sources for air emissions, The WSRC is currently
assessing all its facilities to ensure that all release
points have been identified and are permitted.

CURRENT ISSUES AND ACTIONS
Environmental Protection Programs

Environmental Restoration and Waste Man-
agement Plan

During 1989, the Department of Energy (DOE) is-
sued an Environmental Restoration and Wastie
Management Five Year Plan cutlining waste man-
agement and environmental restoration plans for all
DOE sites. Based on the Five Year Plan, WSRC
developed a Site-Specific Plan that detailed onsite

Discharges are currently moni-
tored through a system of 76
permitted NPDES outfalls. The
permit covers dischargesfrom 31
SRS water treatment facilities
including the F- and H-Area Bf-
fluent Treatment Facility (ETE),
similareffluenttreatmentplants
in the fuel and target fabrication
area and the equipment testing
area, and sanitary sewage treat-
ment facilities. Discharge Emits
are set for each treatment facility
toe ensare that SRS operations
will not adversely impact aguatic
fife or decrease water guality.

As shown in Figure 12-1(facing
page), SRS NPDES permit com-
pliance has improved continu-
gusly over the past six years,
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Number of Exceedances

tion Team. This team,
which solicits employee
input, is responsible for
developing plans, guid-
ance, goals, and docu-
mentation for the Waste
Minimization Program.
The availability of re-
source materials, train-
ing of personnel, and
waste awareness activi-
ties are key features of
the program, which
should lead to waste re-
duction and recycling of
wastematerials at SRS,

Each department and
gite facility selects a
waste coordinator who

1984 1085 1986 1987 1988 1989 acts as liaison between

the departmentand the

No, Parameters 3162 3750 6240 8560 6250 6859 Waste Action Team.
% Compliance 98.2 98.8 99.4 99.7 99.8 99,9 They identify and char-

Figure 12-1. Savannah River Site NPDES compliance history

waste management, and environmental needs and
costs for the next five budget years.

Over the next five years, WSRC management proj-
ects a total expenditure of $4.2 billion on environ-
mental and waste management activities, Nearly
$460 million of the money will be used specifically for
environmental restoration projects to correct the
effects of past waste disposal practices.

Environmental Implementation Plan

During 1989, WSRC completed an Environmental
Implementation Plan (EIP), which defines the site’s
environmental policies, objectives, and implementa-
tion strategies for the next five fiscal Years
(1989--1994). The EIP outlines specific programs to
maintain air quality, prevent surface water and
groundwater contamination, protect wildlife, and
properly handle wastes. The EIP also sets man-
power, budget, and activity requirements for meet-
ing these ohiectives.

Waste Minimization

WERC developed a waste volume minimization pro-
gram todecrease the volumne of solid waste generated
by site operations. The Waste Minimization Program
consolidates all waste prevention activities into a
centralized site program, headed by the Waste Ac-

acterize their specific
waste streams. Each de-
partment also evaluates and implements methods to
reduce or eliminate waste generation, and prioritizes
waste streams for the minimization project.

Natural Resources Defense Council Lawsuit
In May 1988, SRS, SCDHEC, and NRDC entered
into a consent decree to resolve a lawsuit by NRDC
and SCDHEC regarding SRS compliance with RCRA.
Thedecree established several compliance milestones
and Table 12-1 (following page) summarizes those
milestones met in 1989,

Salvage Yard Silver Recovery

SRS notified SCDHEC that spent photographic fixer
solution was being stored at SRS longer than RCRA
allows. SCDHEC and SRS reached a settlement
agreement, and the terms were approved by DOE.
The fixer solution was shipped offsite and is no longer
reclaimed in the Salvage Yard. SCDHEC has closed
the issue.

Air Quality Programs

National Emissions Standards of

Hazardous Air Pollutants

The National Emissions Standards of Hazardous Air
Pollutants (NESHAP), one section of the Clean Air
Act, sets air guality standards for air emissions con-
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WSRC removes asbestos when it is
found during maintenance and reno-
vations of equipment and buildings.

Table 12-1
Milestones Completed in 1989 for the Natural
Resources Defense Council Lawsuit (NRDX))
Date Action
U/TIBG Submitted Metallurgical Laboratory
Seepage Basin Permit Application to
SCDHEC. Additional groundwater
monitoring wells were installed in
October 198¢
B/15/89 Submitted Metallurgical Laboratory
Seepage Basin Closure Plan to SCDHEC
9/15/88 Submitted Savannah River Laboratory Seepage
Basins Site Assessment to SCDHEC and NRDC

Only personnel trained and licensed
by SCDHEC perform the asbestos
removal,

In 1989, WSRC removed 66,568 lin-
ear feet and 122,862 square feet of
asbestos. This is roughly equivalent
to 12.6 miles of linear asbestos used
in materials like pipe insulation and
2.73 football fields of asbestos build-
ing materials.

During 1989, WSRC began a pro-
gram to identify and label all friable

taining hazardous constituents such as radionuclides
and benzena.

Benzene is produced during waste management
processes that separate high-level radicactive wastes
from less radicactive salts. WSRC does not expect
new benzene regulations to affect current waste
management processes, but gasoline stations at the
site may require some process-modification as a
result of the new regulations.

During 1989, the EPA issued new regulations for
determining the radionuclide levels in air emissions,
and radiation dose from air emissions. As a result,
WSRC will change its dose calculation methods and
the operating guidance issued to personnel in 1980,
Current methods for determining radiation dose to
the public appear to be as conservative, if not more
eonservative, than the new methods.

The Environmental Protection Section (EPS) issued
a draft NESHAP Radionuclide Compliance Manual
during 1989 to provide guidance on regulation re-
guirements, administrative procedures that will
enhance regulatory compliance, and technieal guid-
ancein preparing applications for EPA approval. The
draft manual, being revised to incorporate the new
regulations, is scheduled for release in Auvgust 1090,

Asbestos Removal Program

Early construction projects at the SRS used a si gnifi-
cant amount of ashestos in fireproof wallboard (tran-
site), gasket materials, ceiling tile, insulation, floor
tiles, roofing felt, and slectric wiring. Consequently,
the site has maintained an active asbestos removal
program for the past six vears.

asbestos onsite. Asbestos is friable
when it can be crumbled or pulverized with hand
pressure when dry.

Safe Drinking Water Act

On July 28, 1989, the drinking water system in
Building 722-5A was down for repair. At that time,
WSRC discovered that when the system was in-
stalled in January 1988, it had been connected inad-
vertantly to the area process sewer system. The
system was disconnected and SCDHEC was notified
of the error. SRS implemented the corrective actions
developed with SCDHEC and properly reconnected
the avatem.

Groundwater Programs

SRS has an extensive groundwater moenitoring pro-
gram which is discussed in Chapter 6, with the 1989
meonitoring data compiled in Volume II of this report.
Several groundwater monitoring projects completed

during 1989 are listed below:

| The Hydrogeologic Data Collection Proce-
dures, WSRC-3Q, (formerly, DPSOP 254)
were revised to refleet current and
recommended practices,

] WSRC initiated a redevelopment program of

existing monitoring wells around the F- and
H-Areas seepage basing and the MWMF to
rehabilitate some of the monitoring wells.
The redevelopment technigues, employed to
lower pH levels and to increase puamping
rates, were successful for several monitoring
wells.
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] In October a draft report titled, “Assessment
of SRS Groundwater Monitoring Wells Im-
pacted by Turbidity”, was submitted to DOE
for review and comments.

= A compuier database, redesigned to collect
well construction information, can generate
water-well records that are required by
SCDHEC for all well installations.

WSRC produces several specific groundwater re-
ports during the year as required by various state
and federal environmental regulations. Groundwa-
ter reports submitted to SCDHEC during 1989 are

Listed below:

[ quarterly “Groundwater Quality Assess-
ment” reports for F and H Area, and the
MWMFE

= quarterly “Groundwater Monitoring” reports
for the F-, H-, K-, and P-Area acid/caustic
basins

- quarterly “Groundwater Monitoring and

Corrective Action” reports for M Area

The South Carolina Water Use and Coordination Act
stipulates that all users of 100,000 gallons or more of
water per day on any day must report their water use
for that quarter to the South Carolina Water Re-
sources Commission and the maximum amount of
water withdrawn in a single day for each month of
the guarter,

During 1989, WSRC compiled four guarterly reports
on water usage from nearly 50 production wellg
operating at SRS, The total amount of water use by
the gite in 1989 was approximately 68 billion gallons
with an average use of 17 billion gallons per quarter
(5.7 billion gallons per month).

Underground Storage Tanks

SCDHEC regulates underground storage tanks,
which are a potential source of groundwater con-
tamination. In 1989, there were 102 underground
storage tanks for the storage of petroleum products
such as gasoline and diesel fuel and hazardous sub-
stances as defined by CEROCLA.

During 1989, WSRC tested 25 of 27 regulated tanks
placed in service prior to 1965 for leakage, The
remaining two tanks are out of service until testing
is completed in January 1990. The tests indicated

leakage in five tanks: four diesel fuel tanks and one
gasoline tank. All of the tanks are located in the
Central Shops area. The fuel was removed from the
tanks and WSRC is conducting an assessment of the
area to determine the environmental impact,

DOE began a program to abandon or remove all
regulated single-wall tanks at SRS by 1995. During
1989, 13 single-wall tanks were removed. In areas
where underground tanks are still needed, WSRC
will replace the tanks with double-wall tanks having
leak detection systems. Six of the 13 tanks removed
in 1989 were replaced with new tanks.

Surface Water Programs

Thermal Mitigation

SRS streams are also monitored for compliance with
water quality standards regarding temperature,
which are established by the SRS-NPDES permit.
Pen Branch, which receives discharges from K Reac-
tor, has shown adverse thermal effects from SRS
operations. A consent agreement between SRS and
Scuth Carolina mandates that SRS construct and
operate a cooling tower by 1992 to ensure that dis-
charged water temperatures do not exceed 90°F.

When K Reactor is operating, water is discharged
into Pen Branch at temperatures of 130 to 180°F.
During 1989, construction of a recirculating cooling
tower began that is designed to bring the discharge
temperature below the 90°F regulatory Emit.

The project will reduce the discharge flow rate from
179,000 gal/min to a sustained constant flow of" 206,000
gal/min regardless of whether or not the reactor and
its associated cooling towers are operating. This
lower flow rate will reduce streambank erosion and
the associated stress of fluctuating flow on plant and
animal life in Pen Branch,

Greenpeace Report on Cesium-137

in the Savannah River Estuary

On August 7, 1989, Greenpeace issued a press re-
lease on the publication of their report, “Rad-Scanon
the Savannah River Estuary”. The release stated
that ¥'Cs was detected in the dredge material taken
from the mouth of the Savannah River. Initial SRS
analyses indicate that **"Cs levels reported are within
the expected levels for radivactive fallout in an estu-
ary and are well below regulatory and health risk
levels. The Georgia Department of Natural
Resources(GDNR) issued a statement that reached
simyilar conclusions,
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ENVIRONMENTAL PERMITS

Environmental permits, including permit number,
type of permit, and the permitted source are listed in
Appendix E of Volume 1,

NATIONAL ENVIRONMENTAL POLICY
ACT ACTIVITIES

The National Environmental Policy Act (NEPA)
provides a means to evaluate the potential environ-
mental impacts of proposed federal actions and to
examine alternatives to those actions. A formal re-
view program for NEPA compliance was established
at SRS in 1982,

Since then, approximately 200 to 300 NEPA reviews
and associated documentations are conducted every
year, and in 1989, WSRC conducted 237 reviews.
WSRC documents each review through formal
Memorandums-Te-File, Environmental Assess-
ments, or Environmental Impact Statements (EIS),

Several NEPA activities conducted during 1989 in-
clude the following:

] An Environmental Assessment on the
planned Consolidated Incineration Facility
in H Area was submitted to DOE for review
in December 1989. This facility will treat
certain hazardous and mixed wastes.

o An Environmental Analysis of the Defense
Waste Processing Facility (DWPF) modifica-
tions was prepared and submitted to DOE in
September 1389 and later revised. This En-
vironmental Analysis was developed to
determine the need for preparing a supple-
ment to the prepared EIS on operations of
the DWPF.

| In 1989, DOE proposed sending transuranie
waste from Rocky Flats to other DOE sites
including SRS, I the waste were sent to SRS,
it would be processed in the Transuranic
(TRU) Waste Facility, packaged in TRU
packs, and shipped to the Waste Isolation
Pilot Plant in New Mexico. The Savannakh
River Site collected data in anticipation of an
Environmental Assessment to determine the
impact to site operations if any of this waste
is sent to the site.

[ In March 1989, DOE published a Notice of
Intentto prepare an EIS on the continued op-
eration of K-, L-, and P- Reactors. Public
meetings on the scope of the EIS were held
during April in Aiken and Columbia, SC
and in Savannah, GA. Engineers and scien-
tists at SRS gathered technical data and
made calculations to determine the safety
and environmental effects of continued reac-
tor operation for the EIS. The EIS is approxi-
mately 60% complete and a draft EIS is
expected tobe available for public review and
comment in the second quarter of 1950,
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n The SRS reactors are currently the only
operational production reactors that supply
tritium and pintonium for the nation’s weap-
ons program. Beeause these reactors are
aging, one or more new production reactors
{NPR) were proposed to replace the older
reactors at one or more government-owned
sites. DOE is preparing an EIS that outlines
options for reactor types, siting, construc-
tion, and operation for the NPR, while a site-
selection committee is evaluating possible
locations onsite. A draft EIS is scheduled
for release in early 1991, and the final
decument, including the Record of Decision,
should be complete by the end of 1991.

APPRAISALS OF ENVIRONMENTAL
PROGRAMS AND FACILITIES

The number of audits, appraisals, and surveillances
has increased significantly over the past several
years (Figure 12-2), with many internal and external
organizations participating in these activities. Most
audits, appraisals, and surveillances in 1989 focused
on compliance with regulatory issues, inspections of
facilities, and site programs dealing with environ-
ment, safety, and industrial hygiene.

Internal Reviews

Environmental Self-Assessment

WSRC conducted an extensive self-assessment dur-
ing the summer of 1989 to monitor compliance with
environmental regulations. WSRC identified 333
noncompliance items and by the end of the year, had
resolved 311 of these and developed plans or proce-
dures to resolve the remaining 22 items.

The assessment also identified 25 “gray” issues—
areas where compliance and applicability of regula-
tions were unclear. Since the assessment, 11 “gray”
issues were closed; eight remain unresolved, but will
be addressed through agreements with regulatory
authorities and seven issues are currently being
evaluated internally at SRS.

Several “gray” issues pertain to SRS wastes contain-
ing both hazardous and radieactive contaminants.
As an example, the Resource Conservation Recovery
Act {RCRA) places restrictions on the storage and
land disposal of certain hazardous constituents. Thus,
these wastes cannot be treated or disposed of through
conventional methods for RCRA compliance. DOE,
EPA, and SCDHEC will develop an agreement on

proper handling of these wastes through a Federal
Facilities Compliance Agreement.

Comprehensive Environmental Profection
Evaluation Program

DOE Savannah River Site Environmental Division
(DOE/SR-ED) conducts environmental oversight
evaluations under the Comprehensive Environmental
Protection Evaluation Program (CEPEP). In 1989,
DOE/SR-ED conducted two major CEPEP evalu-
ations in the areas of environmental radiological
release monitoring and hazardous waste storage.

DOE/SR-ED alsoexpanded its surveillance activities
to investigate compliance-related concerns associ-
ated with emergencies, to randomly evaluate site
programs and facilities, and to supplement other
CEPEP evaluations. In 1989, they completed 37
evaluations of spills and releases, drinking water
systems, waste sites, water treatment systems, and
waste storage.

DOE/SR-ED issued nine final reports in 1989 follow-
ing CEPEP evaluations:

[ Nonhazardous Solid Waste Management
Appraisal

] Satellite and Staging Area Inspection

| Water Supply Treatment Operator
Certification Appraisal

| Water Pollution Control Program (NPDES)
Appraisal

= Discharge of Dredged and Fill Material
Appraisal

| Groundwater Facility and Services Appraisal

Nonradiological Air Pollution Control
Emissions Sources Appraisal

[ | Savannah River Ecology Laboratory (SREL)
Radiological and Solid Waste Management
Appraigal

| Hazardous Waste Management Sources and
Waste Streams Appraisal (1.8. Forestry
Bervice)

While most findings in these reports dealt with
deficiencies in administrative matters, none of the
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Figure 12-2, Appraisals, sudits and surveillances of SRS programs

findings revealed an imminent threat to human
health or the environment. However, correction of
the findings is underway.

Westinghouse Environmental Affairs
Program Review

Prior to the Westinghouse transition, a Westing-
house Environmental Affairs Program Review/Audit
was conducted from January 31-February 3, 198% to
assess the status of specific programs issues related
to environment, safety, and industrial hygiene.

WSRO, with the help of EPS, conducted manage-
ment and facility appraisals under the Comprehen-
sive Environmental Compliance Assurance Plan from
June 28-September 7, 1989 on 19 site organizations.
EPS focused on RCRA compliance in evaluating 19
site organizations. The results werereported to DOE/
SR-EDB, an setion plan for resolving the items was
rompleted, and the status of the resulting actions
were reported to DOE biweekly., These activities
were verified to ensure completion of the corrective
actions.

External RHeviews

Complicance Inspections
The EPA and SCDHEC continued onsite evaluations

in 1989, with the annual
EPA and SCDHEC Com-
pliance Evaluation Inspec-
tion on March 13-17,1989.
The inspection focused on
Compliance with RCRA
regulations. WSRC cor-
rected and SCDHEC veri-
fied the 11 findings that
resulted from this evalu-
ation. Six of these finding
dealt with inspections of
facilities and equipment.
Other findings were in the
areas of training, storage,
and documentation.

In addition to the Compli-
ance Evaluation Inspec-
tion, SCDHEC also con-
ducted two other inspec-
tions in 1989. An audit of
the continuous emissions
monitor was conducted on
May 17, 1989 and the
annual NPDES compliance sampling inspection was
done on November 6-17, 1989. WSRC addressed the
two areas of noncompliance cited while the inspec-
tions were held.

1967 1988 1089

Academy of Natural Sciences of

Philadelphia Review

A panel from the Academy of Natural Sciences of
Philadelphia visited SRS in May 1989 as part of an
audit of all DOE sites and contractors. The audit fo-
cused on the areas of environment, safety, health,
and management. The findings of this audit are
expected to be submitted to WSRC in 1990.

OTHER ENVIRONMENTAL ACTIVITIES
Environmental Training Programs

in 1989, the Environmental Protection Section (EPS)
provided the following environmental training pro-
grams for SRS employees and managers:

[ ] Government Institutes, Inc. conducted three
sessions of “Basic Environmental Regula-
tions” at SRS. About 150 senior managers,
environmental professienals and other staff
members from across the site attended the
two-day course.
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Employees at the Defense Waste Processing M

Facility (DWPF) attended a pilot program
called “Spill Response Training” that uses
computer-aided instruction. If evaluations
suggest the course is effective, similar
programs will be given across the site.

Professional employees hired by WSRC re-
ceivean BEmployee Orientation Seminar that
includes a section on environmental protec-
tion at SRS, Nearly 1,600 employees attended
this seminar during 1989,

“RCRA and 90-Day Storage” is a course that
was developed for managers and coordina-
tors of hazardous waste storage areas. In the
future, the course may be extended to per-
sonnel in the Construction and Reactor
departments.

“Right-to-Know and 90-Day Storage,” a
course forpersonnelinthe Procurement and
Materials Management Department, began
in 1989.

W

1989 HIGHLIGHTS

M On December 21, 1989, SRS was officially
fund List. This requires that SRS meet th

included on the National Priority or Super-

e provisions of the Comprehensive Environ-

mental Response, Compensation and Liability Act (CERCLA),

® InaDOE program designed to abandon or removeall regulated single-wall tanks at SRS
by 1995, 13 single-walled tanks were removed in 1989, Six were replaced with double-
walled tanks having leak detection systems.

B SRS NPDES permit compliance has improved again, with a 99.9% compliance rate in
1889. Only nine of the 6,859 analyses exceeded NPDES permit limits.

W In 1989, SRS had two Superfund reportable releases— the first gince 19586,

@ Over the next five years, SRS will spend $4.2 billion on environmental and waste man-
agementactivities. Nearly $460 million of this money will be used for environmental res-

toration projects.
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Savannah River Laboratory
Environmental Management

SUMMARY—This chapter summarizes the environm
Environmental Technology Section and the
River Laboratory (SRL). The research activit
dosimetry of the SRS reactors, airborne and a
of the ultra-low level mass spectrometry facil
SRL’s Weather INformation and Display (WIND) System.

Activities to meet permit or environmental jm

and Research Programs

ental research programs performed by the
Environmental Sciences Section of the Savannah
ies cover a range of environmental areas, including
queous radionuclide effluents studies, development
ities, and emergency response capabilities based on

pact statement requirements were supported by the

development of the IMPACT computer system which will improve the quality of SRS environ-

mental assessments. Compliance with Section 316

{a) of the Clean Water Act is being demon-

strated for K-Reactor discharges into Pen Branch and Indian Grave Branch, the 400-D Area
outfall into Beaver Dam Creek, and L-Reactor effluents into L Lake and Steel Creek,

Finally, numerous research activities are directed toward determining the nature and distribu-
tion of SRS pollutants, and cutlining possible remediation plans,

INTRODUCTION

The Environmental Technology Section (SRI/ETS)
and the Environmental Seiences Section (SRI/ESS)
of the Savannah River Laboratory (SRL) conduct
ongoing environmental management and research
programs in support of SRS operations. This chapter
summarizes the activities performed by these groups
in 1989,

ENVIRONMENTAL TECHNOLOGY SECTION
Environmental Dosimetry

New Production Reactor Environmental
Impact Statement

In 1989, the Environmental Dosimetry Group of SEL
estimated the maximum individual and collective
(population) deses resulting from operation of a New
Production Reactor (NPR) at SRS and also evaluated
health risks from normal operations of the new
reactor and support facility, accidental releases from

support facilities, and onsite transportation. These
dose estimates will be included in the Environmental
Impact Statement (EIS) scheduled for release in
1991. Estimated doses from normal operations of the
NPR reactor and support facilities were less than 1%
of the annual Central Savannah River Area (CSRA)
natural background radiation level of 205 mrem.

Reactor Operations Environmental

Impact Staterment

An EIS was prepared for operation of the three
functional SRS reactors. The Environmental Do-
simetry Group provided support for the EIS by per-
forming dose caleulations considering operations of
one, twe, and all three reactors. Based on the ealeu~
lations, if all three reactors operated at fall power,
the maximum individual's dose is expected to in-
crease by approximately 0.5% over the annual CSRA
natural background radiation level of 295 mrem. The
EIS is expected to be released in mid-1990 prior to
restart of the SRS reactors.
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Radiologicul Assessment Program

A comprehensive study of radionuclides in and
around SRS was initiated in 1989. The program
ohjectives of the study included compiling and inter-
preting specific radionuclide monitoring data and
identifying areas requiring additional study.

The SRL and the Savannzh River Ecology Labora-
tory (SREL) researchers are currently reviewing
data on a radionuclide-specific basis. Activities in
1980 focused on the characterization of tritium in the
SRS environment, Annual tritium release data from
site startup through 1988 were collected to caleulate
offsite doses from releases of those radionuclides.

SRL and SREL also estimated concentrations of
tritium in the atmosphere, surface water, and
groundwater, Comparable studies of ¥Cs, ¥ (s,
181, W 2, and 80U are now underway.

Radionuclide Effluent Studies

Long-Lived Airborne Radisisotopes

New "C sampling systems were installed in Fand I
Areas which enable direct recordings of air flow data
for more accurate emission caleulations. Identical
sampling systems, constructed for use in reactor
areas, will be installed when clearance is granted for
placement, of the sampling units,

Samples prepared using a new sample preparation
system for *C analysis, will be counted by liquid
seintillation. This system should provide sensitivity
that compares with gas-flow proportional counters
having anticoincidence shielding. The new system
will also allow analysis of vegetation and other bio-
samples for the first time.

Iodine-129 was monitored for EPA compliance at
both separation areas {(F and H Areas) and the three
functional reactor areas (P, K, and L. Areas). Existing
Environmental Monitoring sampling systems-
charcoal cartridges—were used for this purpose.

Uranium Analysiz by Laser Fluorescence

The laser fluorescence technique for chemical ura-
nium analysis in surface waters is valuable for
monitoring concentration changes in streams. Laser
fluorescence is also valuable in screening samples
before alpha spectrometry or mass spectrometry
analysis,

The continued use of this system for analysis of SRS
stream water allows plotting of yearly uranium
concentration trends, such as that shown in Figure
13-1 (below). Further developmental work is in prog-
ress to extend the detection limit below the current
1.0 pg/L level.
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Figure 13-1. Chemical uranium concentrations in Tims Branch, January through June 1989
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Table 13-1. Contributions of Radioactivity from SRS and Plant Vogtle

Maximum*
(pCi/L)
From SRS _
Tritium 6,000
Cesium-137 0.2
From Plant Vogtle
Cobalt-58 39

before their dilution by the river.

‘[EPA77|ICFRST]

* Concentrations at the mouth of some effluent streams may be greater than the asbove maximums

* Draft DOE Order DOF 5400.xx (Rev. 10/10/88) for soluble forms.

DOE Guide? Drinking Water
(pCiA) Standard® (pCi/L)
2,000,000 20,000
3,000 200
40,000 9,000

1988 Radiometric Analyses of SRS and Plant
Vogtle Effiuents in the Savannah River
SRI/ETS continually studies trace levels of radionu-
ciides in the Savannah River to distinguish SRS and
Plant Vogtle effluents. During 1989, the concentra-
tions of radionuclides in these effluents were well
below DOE Derived Concentration Guides for Drink-
ing Water draft DOE Order 5400.xx and EPA Drink-
ing Water Standards [EPA76). The largest gamma
component in the Plant Vogtle effluent during 1989
was %Co, Major components of the SRS effluents
were trittum and "Cs. The maximum concentra-
tions of these components and the corresponding
DOE guide and EPA drinking water standard are
summarized in Table 13-1 {above).

SRIJETS used several methods to determine concen-
trations of radionuclides in the river, The most sen-
sitive method was to collect the samples on resins for
about two weeks. The samples were then counted
overnight for gamma-emitting radionuclides on high
purity germanium (HPGe) and sodium iodide
INal(TD] detectors in the Underground Counting
Facility. Periodic sediment samples were also
counted in this fashion. A better time-resolution
sampling mode involved consecutive one-day counts
uging an underwater NaI(TD detector located on the
SEL/ETS monitoring platform at the Highway 301
bridge. Tritium concentrations were measured with
a low-level liquid scintillation counter.

All results were consistent with reported effluent
release activities of both Plant Vogtle and SRS. Plant
Vogtle releases during 1989 were significantly lower

because no large batch releases were required and
effluent prefiltering was improved. The results con-
tinue to show that Plant Vogtle effluents contain
primarily neutron activation products (e.g., *'Cr,
¥Mn, Co, Co, **Fe, “Co, %Zr, and ¥Nb), although
trace-level fission products (e.g., ¥'Cs) may also be
present.

During 1988, no SRS releases occurred that would
significantly alter radioactivity levels in the Savan-
nah River. The primary isotopes detected in the SRS
effluents were tritium and ¥Cs.

These low-level radiometric studies provide data for
detecting trends. For example, in Plant Vogtle efflu-
ents, trace-level "Cs is expected from pin-hole leaks
in the fuel assemblies. The amount of *Cs that ean
leak increases with fuel burnup. Before Plant Vogtle
began operation in 1887, ¥Cs concentrations just
above and below the plant’s outfall were indistin-
guishable. From 1987 to 1988, (s concentrations
below the cutfall have generally increased relative to
the concentrations measured above the outfall. The
1889 maximum *Cs concentration was 0.04 pCi/L
below Plant Vogtle’s outfall.

Scoping Study to Identify SRS Deer Using
Cesium-134/Cesium-137 Ratios

SRI/ETS initiated a scoping study to measure the
MCs/MCs ratios in deer. This **Cs/¥Cs ratio may be
used fo identify those deer native to SRS. The ratios
of "MCs/'"Cs over land are generally influenced by
worldwide fallout (i.e., weapons or Chernobyl). Efflu-
ent releases into streams and the Savannah River
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- may influence cesium ratios over flood plains. The
deer in the present study had "*Ca/¥Cs ratios of 1-3
ng/L (parts per trillion). These raties are too low to
discern the animals’ origin.

In Figure 13-2 (right), the graph shows "Cg"Cs
ratios of six deer compared with the ratios for land
soils collected within one mile of the corresponding
kill sites. The cesium ratios in deer correlate rea-
sonably well with cesium ratios in land soils. How-
ever, the deer ratios differ appreciably with some of
the stream bank soils. The data used in developing
this plot imply that the deer feed primarily over land
areas, while approximately 5% feed over bank areas.

Air Particulates - Aiken Airport Collections
Particulate samples from large volumes of air (105
m?) were collected at the Aiken Ajrport at twe to
three-day intervals in 1889. These samples were
counted on HPGe detectors in the Ultra-Low-Level
Counting Facility (ULLCF). Cesium-137 was the
only significant man-made radionuclide detected,
with levels ranging from £.01 to 0.10 fCi/m® The
DOE Derived Concentration Guide value for ¥Csin
air is 400,000 fCVm® [DOESE),

Mass Spectrometry Environmental Research

Fong-Lived Isotope Mass Spectrometry
SRIJETS eompleted an expansion of the ultra-low-
level mass spectrometer laboratory facilities in De-
cember 1989, The laboratory expansion provides
space for a laser facility and four additional mass
specirometers. An existing single stage thermal
ionization mass speectrometer (TIMS) is being up-
graded for ultra-low-level isotopic analyses and will
be installed in Mareh 1980,

Installation of an inductively coupled plasma-mass
spectrometer {ICP/MS) to measure low-level ¥ in
the environment is planned for the third quarter of
1990, The ICP/MS determines I by measuring the
ratio of 2] to naturally oceurring 71 This method is
rapid and eliminates the use of a nuclear reactor
which is necessary for the usual environmental level
neutren activation technigue. The new ICP/MS is
expected to be operational by late 1990,

Noble Gas Mass Spectromeiry

The analyzer for a mass spectrometer used {0 meas-
ure the nonradicactive fission product isotopes of the
noble gases krypton and xenon at ultra-low levels
was designed and is being fabricated. The inlet and
ion detection systems are currently being developed,
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- Each ratic plotted for soil
represents samples taken
within 1 mile of whare the
- deer was killed. This dis- e
| tance is comparable to the
usual range of deer,

Ce-134/Cs-137 In soil {ppl)

Cs-134/Cs-137 in deer (ppl)
Figure 13-2. Ratio of *Cs/%Cg in deer and soil

These systems will provide direct measurement of
the noble gas isotopes, which enables an accurate
assessment of environmental releases of the short-
lived radiocactive krypten and xenon isctopes.

Plutonium Bioassay

A new plutonium bioassay method is under develop-
ment te meet the Environmental and Health Protec-
tion Department’s need to monitor low-level pluto-
nium uptake in individual urine samples. The bioas-
say method, based on Isotope Dilution Mass Spee-
trometry (IDMS), was selected because it is faster
than alpha counting, it yields an isotopicfingerprint,
and it requires relatively small samples.

The detection limit for the present alpha counting is
2% 10%dpm *PPu. The IDMS method will likely lower
that limit to <2 % 10%dpm 2Pu,

SRIVETS directed their initial efforts toward identi-
fying the best chemical separation procedure before
analysis by mass spectrometry. Additional studies
mre underway to optimize electrodeposition of the
separated plutonium on the rhenium mass spee-
trometer filaments to ensure maximum ienization
efficiencies,



13. SRL Environmental Management and Research Programs

223

Radiometric Detector Development

High-Sensitivity, Solid-State Gamma Detector
In 1989, a low-background HPGe detector was put
into service in the ULLCF. This detector has 91%
efficiency relative to & 3 x 3-in, Nal detector. The
large detector head does not accommodate standard
- and 2-L Marinelli beakers, but will accommodate a
commercially available 3-1L. Marinelli beaker. The
vendor redesigned the proposed active/passive
gamma shield for the new detector to address the
larger Marinelli beaker,

Real-Time Agqueous Tritium Monitor

A detection system capable of measuringlow levels of
tritium in aqueocus streams on a regl-time basis is
currently being developed. Using this type of moni-
toring system at outfalls from production reactors
and at processing facilities will improve responses to
unplanned tritium releases into SRS streams.

SRL tested a tritium detection system on tritium-
spiked river water samples with crushed inorganic
scintillator in the laboratory. While this system may
be effective for in-line process monitoring, the tests
revealed that the system could not reliably measure
tritium eoncentrations below 200 pCi/mL. During
the measurement, large errors were associated with
the calibration data at such low concentrations, In

TRAC mobile laboratory

addition, the detection system was easily plugged
with small quantities of silt in the samples and was
highly affected by biological contaminants.

A new tritium detection system was designed and
constructed using thin fibers of plastic scintillator
material. The principal advantage of this type of
system is its tolerance to small amounts of insoluble
material in the sample. In addition, the plastic scin-
tillator provides pulse shape and timing diserimina-
tion that can be used to reduce the background from
bioluminescence. The tritium detection system is
currently being tested in the laboratery.

TRAC Mobile Laboratory Road Monitors
SRL/ETS installed a new ground monitoring system
on the TRacking Atmospheric Contaminants
(TRAC) mobile laboratory to enhance its ability to
detect roadway contamination. A large Nal{Tl} de-
tector was mounted under the vehicle chassis about
22 in. above the road surface. Before installing the
new system, the TRAC mobile laboratory detected
roadway contamination with side-log terrestrial
monitors,

The new Nal(T]) detector interfaces into the TRAC
data acquisition computers to accumulate time and
pulse-height spectra while the TRAC laboratory is
traveling. This added capability improves the sensi-
tivity for detecting a ground contami-
nation source about five times over
that of the side-log terrestrial moni-
tors. When the TRAC laboratory trav-
els at approximately 40 mph, the road
monitor can detect a *Cs point source
of about 30 mCi.

In 1989, mest SRS roads were sur-
veyed with this new detection system
to determine background radioactivity
levels of roadway surfaces. In Novem-
ber 1988, the road monitor surveyed
the onsite roads after a ground con-
tamination event was detected in K
Area. No elevated levels of contamina-
tion were found.

TRAC Mobile Laboratory Dose
Rate Measurement Capability

A High Pressure Ionization Chamber
(HPIC) was installed on the TRAC
mobile laboratory for comtinuous
measurement of expesure rates in the
field. The HPIC improves the ability to
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convert count-rate readings from gamma detection
systems (e.g., plume monitor for atmospherie radia-
tions, side-log terrestrial monitors for general area
radiations, and road monitor for ground radiations)
to exposure rates. SRL interfaced the HPIC to the
Keithley data acquisition system and into the TRAC
navigational computer so that time, distance, loca-
tion, and exposure rates could be acquired and stored
simultaneously. When the TRAC laboratory detects
an elevated background condition, the exposure rate
data are then communicated back to the Weather
Center Analysis Laboratory (WCAL). The HPIC
contains a dual-range electrometer capable of detect-
ing area exposure rates from 10 mR/hr (with a five-
second time constant) to 100 mR/hr.

Emergency Response

Weather INformation and Display System

The suppert provided for the Geographic Informa.
tion System {GIS) and the introduction of revised
emergency response codes increased the computa-
tional and memory storage loads on SRL’s Weather
INformation and Display (WIND) System. Increased
hardware demands due to the expanding nature of
the WIND System also strained the capacity of the
WCAL's computer room.

To respond to these increasing system demands,
SRI/ETS purchased two VAX 8550 computers to

SEL increased the number of WIND
System computers in 1989

replace the two existing VAX 780/750 computers.
These computers, installed in the new SRL computer
room, provide a proper environment for optimum
operation of the computer equipment. The VAX 8550
computers increase the available computing speed
by a factor of six and the memory by a factor of five.

Additional enhancements to the WIND system dur-
ing 1989 are listed below:

[ ] Telecommunication circuits were bridged
to the new computer.

[ ] Software was modified for use with the
new computer systems.

m A local area network and a fiber optic cable
were installed between the WCAL’s
computer room and the “C” Com room
outside the Technical Support Center

| Network repeaters were installed at the
773-A computer room and the TSC “C”
Com room.

All WIND System computers, including the TSC
Micro VAXII, are integral parts of the WIND System
network. The additional hardware improved the
response time between the TSC and WIND System.
Because of theimprovementsto the WCAL's comput-
ers, the WIND System has maintained a continuous
operating time of greater than 99%.

SRIVETS added laser optical disk drives and used
them toback-up 10 years of meteorological data from
magnetic tape. These drives provide convenient file
storage onto diskettes which are compact and im-
mune to electromagnetic contamination.

The Reacter Accident Program was added to the
WIND System applications menu. This program will
be used in emergency response environmental conse-
quence assessments following a reactor fuel damage
incident,

The Reactor Accident Program provides near real-
time estimates of whole-body gamma radiation expe-
sure and thyroid doses at downwind locations onsite
and offsite by combining the capability to compute
estimates of fuel damage and radionuclide-specific
atmespheric releases with atmospheric digpersion
caleulations. In 1989, the program was used success-
fully during emergency exercises involving postu-
lated reactor incidents at K Area.



13. SRL Environmental Management and Research Programs

225

oint Features
Population
Topography

Figure 13-3. The GIS displays and analyzes geographic data

WCAL Geographic Information System

In 1989, testing began on the WCAL emergency
response Geographic Information System (GIS). The
GIS was installed to improve the ability to display
and analyze geographic data relevant to emergency
response cperations.

Initial tests indicate that greater accuracy in plume
positioning is ebtained by overlaying plume predic-
tions on GIS road networks, streams and rivers, and
political boundaries. Figure 13-3 {above) shows the
overlay capability of GIS,

The GIS will also be used to extract map data for
upgrading background maps on emergency response

772-F Replacement Stack Studies

SRI/ETS completed a study in March
1988 to determine the location and
height required for constructing the
772-F replacetent stack in F Area.
This study was conducted to ensure
that the cavity and wake zones of the
221-F building do not affect effluent
from the stack.

As originally planned, the stack might
allow a plume to enter the cavity and
wake zones of the 221-F building when
the wind is from easterly sectors (Fig-
ure 13-4, below). Under these condi-
tions, persennel on the ground near
772-F would be exposed to minimally
diluted effluent if an unplanned re-
lease occurred.

The study showed that the stack
height should either be raised 2.5
times the height of 221-F or moved a
distance of five times the height of 221-
F to the northwest of the presently
planned location. By selecting the latter alternative,
the planned stack height or a lesser stack height
would be adequate to avoid the cavity and wake
effects of 221-F.

The study also showed that a nozzle could be added
to the 772-F stack to gain additional momentum rise
of the plume. A 4-fi-diameter nozzle would result in
an additional plume rise of 19 to 51 ft, depending on
wind speed. However, the nozzle might be noisy.

This study indicates that moving the new 772-F
replacement stack to the west side of 772-F or extend-
ing the height to at least 187.5 ft would satisfy
standard engineering practice stack design.

terminals in SRS operating ar-
ens and the Technical Support
Center. These improvements
resulted from installing the
1:2000000 1.8, Geologie System
{UUSGS) map database into the

Wind velocity
profiie

(1S database and from changing
the puffiplume code to provide
data files compatible with the
WCAL GIS. Special 1:1006000
USGS map data files are being
installed to provide detailed road

information around SRS.

Figure 13-4. Diagram of a potential plume from F stack
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Atmospheric Transport Research

Acoustic Sounders

SRL currently uses an acoustic sounder (sound ra-
dar} network for atmospheric boundary layer re-
search. These sounders will eventually be added to
SRS’s meteorological sensor network. Acoustic
sounders have several advantages over conventional
meteoroiogical towers. The sounders are portable,
they provide data to higher altitudes with greater
resolution than towers, and they can operate under
adverse weather conditions such ag icing. On the
other hand, sounders require careful siting and do
not measure low turbulence levels as well asbivanes
on meteorological towers.

Comparison tests completed in 1989 between the
sounders and SRL metecrological towers showed
that wind speed and direction measurements agreed
within 2% during daytime measurements. However,
the sounders did not determine nighttime turbu-
lence as accurately. A new method was developed to
determine nighttime turbulence with the sounders,
This method uses fluctuations in the horizontal
wind, which can be accurately measured with the
sounders, and a digital filter to determine the turbu-
lent component.

Agqueous Research

Estimate of Cesium-137 Coniribution from
SRS Streams to the Savannah River

An estimate of the percent contribution from (s
remohilization for K-, L, and P-Reactor operations
was needed for the Reactor Operation EIS. SRIVETS
provided support by esiimating '¥Cs contribution
from SRS streams to the Savannah River. During the
time of this study, the primary source of ¥'Cs to the
river from SES operations was *Cs remobilized from
sediments in the SRS stream system,

The (s contribution from each SRS stream to the
Savannah River was estimated using *Cs concen-
fration measurements and flows for SRS streams
and the Savannah River, The percent *Cs contribu-
tion fo the Savannah River from each areais summa-
rized in Figure 13-5 (right).

SRL/ETS used (s concentrating methods and low-
level counting techniques to measure the Y Cs con-
centrations in SKS etreams and the Savannah River,
Rezults revealed that the concentrations of ¥Cs in
the Savannah River were less than 0.2 pCi/Lorabout
0.2% of EPA (s drinking water guide of 100 pCi/L.

Tritium Surface Waier Transport

Studies are underway to determine the pathway of
tritium released to Upper Three Runs Creek from the
Effluent Treatment Facility (ETF}. The ETF proe-
esses effluent previously discharged from F- and H-
Area operations to seepage basins in F and H Areas.
ETF removes radioactivity from the process effluent
except tritium, The effluent is then released to Upper
Three Runs Creek.

After discharge into the Savannah River, water from
Upper Three Runs Creek can be entrained by the IG
river pumphouse canal and pumped to reactor areas.
The canal is located about 100 yards downstream of
the mouth of Upper Three Runs Creek. River water
containing discharged Upper Three Runs Creek
water can salso be entrained by the 400.D
pumphouse, located about one mile downstream
from the mouth of Upper Three Runs Creek. The 400-
D Areaobtainsits drinking water from the Savannah
River.

The concentration of tritium increased in the 1G river
pumphouse header water after ETF startup. This
increase indicated that some Upper Three Runs
Creek water was entrained by the canal, even at
reduced pumping rates due to shut down of the
reactors, Tritium concentrations in the 400-D Area
drinking water alsoincreased from 0.4 t0 1.4 pCirmL,
but remained below the EPA drinking water stan-
dard of 20 pCi/ml.

Contributions of Cs-137 from SRS Streams
to the Savannalh River

P Area
28.7%

Four Mite Creek

All sources
100%

Cs-137 concentrations

Solid line weights of streams h '
i Savannah River were

and Savannah River are

intended to suggest percent less than 0.2 pCill
contributions. {about 0.2% of EPA
drinking water guide).

Figure 13-5, Contributions of ¥C to the
Savannah River from SRS streams
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ENVIRONMENTAL SCIENCES SECTION

Activities to Meet Permit or Environmental
impact Requirements

Impact Assessment Expert System

IMPACT is a computer program developed to im-
prove the quality of SRS environmental assess-
ments. It encodes basie information about varicus
SRS ecological features (e.g., wetlands and wildlife
habitat}, along with data on the sensitivity of these
areas to various types of disturbances. This informa-
tion is encoded into a series of rules. Propesed proj-
ects are evaluated against these rules to identify
petential problems. During 1989, SRL/ESS delivered
the Alpha test release to the National Environ-
mental Policy Act group of the Environmental Pro-
tection Section for evaluation and feedback. Further
work will involve access to site databases.

Environmental I'mpact Detection

Because existing statistical methods are inadequate
for evaluating some environmental issues at SRS,
SRIJESS initiated a study in 1989 to develop statis-
tical methods to handle complex environmental sita-
ations. For example, when researchers try to com-
pare the biota on a site at SRS with those at other
locations, the differences in successional stages (e.p.,
New reservoir versus mature reservoir) at the two
sites may completely confound the statistical an aly-
sis. This new process may help to simplify these types
of problems.

First, methods were developed to establish the ex-
pected behavior of the system over time in the no-
disturbance case, taking into account random ef.
fects. Then, statistical methods were defined for
comparing & test site with a control. Trends and other
effects may alse be tested. Appropriate monitoring
designs were also discussed for such problems. In
1989, two peer-reviewed papers on the results were
accepted in Environmental Management,

Reactor Operation Environmental
Information Document

SRI/ESS and SRI/ETS jointly produced the three-
volume Reactor Operation Environmental Informa-
tion Document (RO-EID) in 1983, The document
covers a wide range of environmental conditions and
concerns in support of the Environmental Impact
Statement (RO-EIS) currently being prepared for
continued operation of K, L, and P reactors at SRS.

Each volume of the RO-EID covers the specific areas
listed below:

Volume I - Geology, Seismology, and
Subsurface Hydrology

Volume Il - Ecology

Volume III - Meteorology, Surface

Hydrology, and Transport
and Impacts

The draft of each volume was completed on August
31, 1989 and has since undergone internal and exter-
nal technical review and revision. The RO-EID will
be issued in February 1990 before issuing the draft
RO-EIS. Itis anticipated that portions of the RO-EID
will be routinely updated as new information he-
comes available.

K-Reactor Predictive 316(a) Demonstration
Section 316(a) of the Clean Water Act requires that
cooling water discharge temperatures neither ex-
ceed S0°F nor cause temperatures in receiving wa-
ters to rise by more than 5°F. To satisfy these regu-
lations, SRS implemented a thermal mitigation plan
using cooling towers for K-Reactor discharges inte
Indian Grave Branch and Pen Branch. A once-
through, gravity-fed, natural-draft, hyperbolic cool-
ing tower and a recirculating cooling tower were two
design alternatives evaluated in the Alternative
Cooling Water Systems EIS.

The recireulating cooling tower was selected beeause
it maintains near-ambient temperatures and moder-
ates flows in Pen Branch. To demonstrate the effec-
tiveness of the recirculating cooling tower mitigation
option, SRI/ESS compiled a Predictive 316(a) Dem-
onstration Report containing information on the
biological communities and physical conditions
likely to occur in Pen Branch and Indian Crave
Branch when K Reactor is operated with a recireu-
Iating cooling tower.

A computer model predicted temperatures in Pen
Branch after constructing the cooling tower. SRL/
ESS compared these temperatures with results from
taboratory studies on the temperature tolerances of
local fishes, ecologiecal data collected by field and
remote sensing surveys en SRS, and information
from the scientific literature to assess the probable
impacts resulting from the cooling tower disch arge.
The results of these analyses indicate that mitiga-
tion with the recirculating cooling tower will permit
Pen Branch biota to recover from previous thermal
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impacts and ultimately return it to natural or near-
natural conditions.

After review by DOE, the Predictive 3186(a) Demon-
stration for K-Reactor operation following mitiga-
tion with a recirculating cooling tower was submitted
to the South Carclina Department of Health and
Environmental Control (SCDHEQ) in mid-March
1988,

F. and H-Area ETF Biological

Monitoring Program

A Dbiolegical monitoring program was initiated in
1987 to assess the effects of the H-016 outfall (F- and
H-Area ETF) on the biota of Upper Three Runs
Creek. Data collected following ETF startup in Octo-
ber 1988 indicated no measurable adverse impacts
on the stream community during the first six months
of operation. However, ETF was operating at less
than 25% of design capacity during that period,

Further studies will determine if the ETF effluents
will impact the stream under normal operating con-
ditions. Toxicity tests indicate that the ETF effluent
should not be toxic after mixing with Upper Three
Runs Creek.

316(a} Bislogical Monitoring Program

for Beaver Dam Creek

In 1988, an 18-month-long biclogical monitoring
program was initiated to determine if thermal miti-
gationin I Area was adequate te protect the biota in
Beaver Dam Creek. Thermal mitigation consists of
increasing the water discharged from the Savannah
River tothe 1001 outfall during the summer months
to prevent stream temperatures from exceeding
Q0°F,

Data collected during the first 12 months of the
program indicate that the siream maintains a di-
verse biological community. Due to reduced steam
production in D Ares, no thermal mitigation was
required during the study. SRI/ESS may extend the
monitoring program to encompass a normal operat-
ing period in D Area.

Sictus of I-Lake/Steel Creek

Monitoring Program

The L-Lake/Steel Cresk monitoring program began
m November 1985 for compliance with Section 316(a)
of the Clean Water Act, which regulates thermal
discharges into surface waters. This menitoring pro-
gram will provide information Lo satisfy provisions of
this law. L Lake, which has an NPDES discharge

permit {outfall L-007), is the once-through cooling
reservoir for L Reactor. Under the NPDES permit
specifications, DOE must demonstrate that the L-
Reactor effluent will not significantly alter ecosys-
tem componentsin the lower halfof L Lake and lower
reaches of Steel Creek.

Results of this program will provide data to facilitate
decisions regarding “balanced biological communi-
ties” (BBCs) within the compliance zone of L. Lake.
BBCs are communities that:

= are not dominated by pollutien {Le.,
thermal) tolerant organisms

] have diversity and productivity character-
istic of lakes and streams of the region

E contain representatives of all feeding
groups expected in a lake or stream of this
region

[ contain self-maintaining (i.e., successfully

reproducing) biotic communities and are
not maintained by continual reseeding,
stocking, and immigration

Completed in November 1985, L. Lake is relatively
young compared to other regional impoundments.
Both young and old reservoirs experience eutrophi-
cation, a {ype of community-level succession.

Eutrophication is defined as the structural and func-
tional changes occurring within the lake's communi-
ties and the ecosystem as & whole. In artificial lakes
such as L Lake, eutrophication is often named “res-
ervoir aging.”

Reservoir aging in L Lake responds to several exter-
nal physicsl, chemical, and bislogical forces includ-
ing water guality of the Savannah River, thermal
loads from L Reactor, the depth of withdrawal at the
lake’s outlet dam, weather conditions inclading rain-
fall, cloud cover, and temperature, and physical and
chemical conditions of the lake’s drainage basin,

To a large extent, the rate and intensity of eutrophi-
cation will determine the development of BBCsin the
basin and in Steel Creck. Based on results of the
current four-year monitoring program, community
development in the lake and creek towards BBC
communities has progressed in an expected and
satisfactory manner.



13. SRL Environmental Management and Research Programs

229

The initial monitoring program for L Lake and Steel
Creek ended December 31, 1989 with a new program
beginning on January 1, 1990, The 1990 program,
approved by SCDHEC, improves sampling designs
and program efficiency, while maintaining continu-
ity with key parts of the initial program.

The 1990 program will incorporate the following
details:

B retain nearly all measured ecological
variables
B use many of the same sampling stations

from the initial program

B employ the same field and laboratory
methods as the initial program

B provide for all modes of L-Reactor opera-
tion (thermal loading) in the suggested
temporal and spatial sampling designs

] incorporate new methods that meet or
exceed those often employed by EPA,
National QOceanic and Atmospheric Agency,
and National Science Foundation designs
for biclogical sampling for taxa richness
and seasonal characteristics of each
community

' incorporate recommendations of a bio-
statistician consulted on field sampling
programs fo ensure proper application of
statistical procedures and sampling
designs

Evaluating L-Lake and Steel Creek biotic popula-
tions regarding BBC criteria is difficult because
many of the criteria were developed for agquatic
systems located at more northern latitudes where
temperature conditions are significantly different
than those at SRS, SRIVESS conducted a Regional
Lakes Study during the summers of 1988 and 198%+t0
compare the water quality and biological populations
in L Lake, Pond B, and Par Pond at SRS and seven
other reservoirs in South Carolina. SRI/ESS will
compare the data collected in these Teservoirs and
final reports will be completed in 1990,

Mitigation Oplions for Fish Kills

in L Lake and Pond C

If fish enter reactor discharge areas during reactor
outages and the reactor is restarted, these fish die

because of rapid rises in water temperature following
restart of the reactor. Factors that influence the
severity of fish kills include the length of the cutage,
season during which the outage occurs, reactor
power level, and fish size in the discharge area.

Fish kills will continue in L Lake and Pond C follow-
ing the start-up of L and P Reactor unless some form
of mitigation is employed. Without mitigation and
assuming a return to past schedules of reactor opera-
tien, fish kills will likely occur in Pond C at approxi-
mately the same frequency and severity as in the
past. However, even without mitigation, it is un-
likely that future fish kills in L Lake will be as large
as past kills because fish abundanee near the L-
Reactor outfall has declined due to natural factors
associated with reservoir aging.

To minimize future kills, eight mitigation options
that vary in approach, scope, likelihood of success,
and cost were developed for 1. Lake and Pond C.
These options fall into the following three general
categories:

»n changes in reactor operations

] methods to exclude fish from the discharge
area

n methods to promote the escapement of fish

from the discharge area

An appropriate option or combination of options will
be implemented in L Lake and Pond C following
additional research and evaluation.

Waste Managemeni and
Groundwater Protection

iroundwater Cleanup Using Horizontal Wells
Vacuum extraction, biotechnology, chemical fixation
and other treatment technologies are under develop-
ment to remediate subsurface (i.e., groundwater and
vadose} systems contaminated with hazardous or
radioactive contaminants, The in sifu processes also
minimize surface discharges or disposal of treated
effluent or waste and they also reduce the costs
associated with groundwater interception and
pumping to surface treatment systems.

Horizontal wells offer an improved geometry for
delivering reactants to or recovering contaminants
from subsurface systems for the reasons listed on the
following page:
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o Contaminants are often confined to
relatively thin water-bearing zones.

- Horizontal wells installed parallel to the
souree can remediate inear sources such
as pipelines and streams.

-] Horizontal wells would be more efficient
in protecting the site boundaries (or other
legal spatial limits)

-] Remediation systems can be installed under
existing facilities using horizontal
wells.

Technical staff at SRS actively studied the possible
applications of horizontal wells for in situ hazardous
waste site and groundwater remediation. In one
study, twe horizontal wells were installed under an
abandoned process sewer line that leaked chlorin-
ated solvents to the subsurface.

Figure 13-6 (shown below) details these wellsand the
processused toremove the contaminants. Ina second
study, a laboratory scale “horizontal well” test sys-
tem was constructed. A full scale field test involving
vacuum extraction from the vadoese zone and simul-
taneous purging of volatile contaminants from the
saturated zone is planned for 1990.

Future research and technology transfer will include
collaboration with various DOE national laborate-
ries, other government agencies, private industry,
and universities. Technical task teams will focus on
the following phases of research: drilling technology;
monitoringtechnology; remediation technology(e.g.,
which remediation technologies could benefit from
the use of horizontal wells); site characterization;
and system modeling.

.

In 1989, studies were conducted to assess the causes
of death of wetland vegetation adjoining Four Mile
Creek near the F- and H-Area seepage basins. Soil
and vegetation samples were collected and chemi-
cally analyzed for concentrations of toxic metals as
well as for nonhazardous but potentially toxic com-
pounds such as sodium.

Although field and laboratory studies were com-
pleted in 1989, literature surveys to assess the toxic
levels relative to those observed continue.

In 1989, tree ring analyses were completed to assess
thetiming and natureof siresses. A laboratory study,
conducted to evaluate the ability of rainfall to leach
toxie constituents from the soils, will provide infor-
mation to evaluate the need for remedial action in
these wetlands.

Ground Surface

Injaction potnt for air
g g-——-’ Extraction of alr containing vaolatile compounds

Groundwater Modeling
Program

Several groundwater
modeling projects were

b o B Ao ittt bk

Ll d L bt b T T
Sy o

completed during 1989,
In one project, SRI/ESS
completed a saturated
flow and transport
groundwater computer
code (FTWORK). The
FITWORK code simu-
lated SRS groundwater
movement to provide
required regulatory in-
formation for the NPR
EIS. The computer code
will be distributed to the
public through Argonne
National Laboratory.

Yadose Zone

Water Saturated
Zohe

S
o i SRI/ESS also developed

Figure 13-6. Horizontal well installation and contaminant removal

a variably saturated
code (VAM3D) for appli-
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cations at SES. VAM3D simu-
lated the effectiveness of the Z-

Helium Tracer and Soil-Gas Sampling System

Area Saltstone facility. An im-
pactsassessment of K-, L, and P-
Reactor operations on groundwa-

Suspected pipe segment is
pressurized with helium,
which will escape through

Hammer and soil-gas probe takes
subsurface gas samples from depths
of about 3 ft. at infervals along

ter was also simulated with i;?:f;‘":m?_@a‘?”pward plpe segment.
VAM3D to fulfiil RO-EIS re- g
guirements. o ::He

Other groundwater modeling
projects completed for SRS sup-
port facilities included A/M-Area
groundwater modeling to assess
the extent and movement of
trichloroethylene contamina-
tion, F- and H-Area modeling to
assess closure of the seepage
basins, and modeling at TNX

The samples can be analyzed in the field with a field contraflow
hefium-mass spectrometer, which efiminates the nitrogen trap
needed with other equipmeni. Testing time is approximately
one minute per measurement.

- R A

R

Area to develop a groundwater

remediation strategy.

Underground Leak Detection

SRIJESS developed and implemented & system for
rapidly tracing the location of leaks in underground
piping systems using helium tracer and soil-gas sam-
pling followed by field mass spectrometry. Several
leak studies were performed at the F- and H-Area
tank farms where high-level radioactive wastes are
stored. In most of the studies, leaks in pipes up to 20
ft deep were located in less than one day. Use of this
system will reduce the employees’ radiation expo-
sure and will also reduce the cost of locating and re-
pairing leaks.

To perform a test on an underground system, the
system is pressurized with helium, which escapes
through any leaks and migrates up through the soil.
A specially designed hammer and soil-gas probe
withdraws subsurface gas samples from about 3 ft
deep at intervals along the buried line. The samples
are then analyzed in the field using a field contraflow
helium mass spectrometer, Figure 13-7 (above) illus-
trates the soil-gas sampling system.

The mass spectrometer design eliminates the liquid
nitrogen trap normally needed. The design also
enables rapid testing (approximately one minute)
and allows immediate follow-up in areas having
possible leaks. SRL/ESS developed a similar tech-
nique using sulfur hexafluoride and gas chromatog-
raphy for situations requiring greater sensitivity.

In 1989, SRIVESS began a sitewide program to trans-
fer the developed technology so that the large num-

Figure 13-7. SRL developed a system to detect leaks in piping

ber of tests anticipated in the F- and H-Area tank
farms over the next few years can be performed.

Fate and Effects of Pollutants from SRS

Remote Sensing Development

Development of remote sensing techniques contin-
ued in 1989 as a cost-effective means of monitering
large areas, such as L Lake, Par Pond, the Savannah
River swamp, and the F- and H-Area seepage basins.
Airborne multispectral scanner (MSS) surveys, air-
borne (helicopter) gamma radiation surveys, and
vertical and oblique aerial photograph surveys col-
lected primarily by EG&G are remote sensing tech-
niques currently used. The French Satellite, Pour
I'Observation (SPOT), also collected seasonal satel-
lite data.

Data analysis provided information on environ-
mental impact to wetlands and the distribution of
radionuclides onsite, Techniques to determine the
water quality and algal distributions in Par Pond
and L Lake were also developed. Photographic and
MSS data provided valuable information in mapping
potential outcrop areas from the F- and H-Area
seepage basins to the upper Four Mile Creek water-
shed. Information gathered by remote sensing sup-
ported the L-Lake 316(a) Demonstration, the RO-
EIS, and the NPR site-selection processes.

Lower cost remote sensing systems, which primarily
include seasonal SPOT satellite data, are currently
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under evaluation in the SRL remote sen sing analysig
laboratory. SRIVESS is comparing SPOT data col-
lected nearly concurrently with the airborne MSS
data to determine if these data can provide a low-cost
supplement for landcover characterization of envi-

ronmental, wetlands, and habitat assessments for
project support and documentation required for
regulatory issues. The SPOT satellite sensor system
may provide detailed seasonal and regional coverage
in a readily usable format for application at SRS,

Pressure measurements
i an aquifer are used
o map isobars, Prassure

Lines of advective flow
along negative pressure

Water alse experiences
turbulent mixing across
gradient

{and along)} lines of flow.

Characterization of Flow and Mixing in Groundwater Aquifers

Turbulent mixing of water
across lines of flow

is constant along any » itis important to assess _ A >
isobar but varies from this mixing in order to A v -
one isobar to another. P predict potential trans- ¥ v »-
The positive rate of » port of contaminants. = _,A »
change in the direction > The study of isotope 4
perpendicular to an ratios of certain ele- = v 'v‘ »
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{stch as C-14 and tritium) give halt-fife {5,730 years)
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sxampla, an “age” is assigred that are many thousands
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Figure 13-8. A number of aguifer characterization studies will be conducted in 1990
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Aguifer Characterization Program

Detailed geochemical and physical eharacterizations
of the asquifers underlying SRS were initiated using
the wellz installed and the cores obtained during the
Baseline Hydrogeologic Investigation Program. The
Aquifer Characterization Program, summarized in
Figure 13-8 {left), will provide information for water
resources utilization and contaminant transport
modeling by describing the hydrogeologic systems
that underlie the site,

The progrem includes the following objectives:

" determining the nature and distribution of
chemical speecies in groundwater from the
various aguifers underlying the site

| determining the relationship between
groundwater and sediment chemistries

= modeling groundwater chemistry

| determining flow paths and rates for each
aquifer system

[ mapping the transmissivities for each
aquifer system across the site

Eghteen well clusters were installed at key locations
across the site. Each cluster consisted of approxi-
mately eight wells screened in different aquifers.
Continuous geelogic cores were obtained at each of
the 18 cluster locations,

Groundwater samples collected from most of the
cluster wells and from offsite wells both up- and
downgradient of SRS were analyzed for major cafi-
ong, major anions, trace metals, pH, conductivity,
temperature, Eh, dissolved oxvgen, gross alphs,
noenvelatile beta, tritium, ¥, and stable isotopes of
oxygen, carbon, and hydrogen.

The radicactive isotopes of carbon and hydrogen
analyses will be used to determine the age of the
waters at various locations and depths across the
site. The stable isotopes of carbon, oxygen, and
hydrogen may provide information on groundwater
flow paths.

Figure 13-8 provides additional information on the
characterization of flow and mixing in groundwater
aquifers. Coresamples were analyzed for mineralogy
and chemistry{ie.,majoroxides, trace elements, and

total organic carbon). Many of the chemical analyses
are complete and data interpretation is under way.

In 1990, aquifer tests will be conducted at each of the
well clusters. Researchers will use these data to
determine aquifer properties such as transmissivity
across the site.

Sitewide Hydrogeologie Study

SRIVESS conducted a hydrogeologic study on SRS
and surrounding areas in 1989 to define and describe
the aquifers and confining systems underlying the
site. Gegphysical and core data derived from deep
wells (those penetrating to basement rock) drilled on
and near SRS were analyzed to determine the thick-
ness, lateral extent, and quality of the aquifer units.

A series of cross sections illustrating the geographic
and stratigraphic distribution of the aquifer units
was also completed. Isopach maps and structural
maps are currently being developed for this study.
The research findings will provide a clear, concise
three-dimensional representation of the hydrologi-
cal units that underlie SRS.

Pen Branch Fault Program

Pen Branch Fault (PB¥F), shown in Figure 13-9 (fol-
lowing page), was identified and described in the fail
of 1988, This fault, located in the middle of SRS from
the southwest to northeast, displaces Coastal Plain
sedimentary rock about 75 ft. PBF is thought to have
been actively moving from the Cretaceous through
Tertiary time (30 to 35 million years ago).

Because PBF is located near operating nuclear facili-
ties, a thorough investigation of the fault was neces-
sary to determine if any seismic hazard exists. The
PBF program will characterize the natureof thefault
and address regulatory issues concerning the place-
ment of nuclear reactorsnear any faults (e.g., Appen-
dix A, 16 CFR 100).

Regulation 10 CFR 100 identifies several criteria
used to determine if a fault is capable of generating
earthquake-type ground motion during the lifetime
of the reactor eperation. The criteria to detemine a
fault’s earthquake capability include:

| the possibility of recent or continual
movement of the fault

W any relation of the fault to recorded earth-
quakes



234

Savannah River Site—Environmental Report for 1989

| a direct connection to a known capable
fault
] a direct connection to another geclogically

very old fault or structure

If the last criterion is satisfied, then the fault is
probably not eapable of producing earthquake-type
ground metion,

An outside technical advisory group, the Earth Sei-
ence Advisery Committee, will be formed in 1990 to
provide independent review and oversight for the
PBF program. This outside group will consist of
experts in seismology, tectonics, structural geclogy,
sedimentology, and geohydrology.

Phase 1 of the PBF drilling program was completed
during 1988. Initial cbservations indicate that sev-
eral wells penetrated different types of basement
rock. Detailed stratigraphic analysis of the cores is
underway to locate the PBF in the Coastal Plain
section,

SRIJESS plans to conduct a high-resolution, shallow
seismic reflection survey for the PBF program in
1990. The survey will detail the structure of the fault
from 50 o 200 f% below the earth’s surface.

Figure 13-8. Pen Branch Fault is located in the middle of SRS

SeismicProgram

During 1989, activities in this proj-
ect focused on seismic issues and
concerns related to present site op-
erations and future facilities. The
SRS Seismic Advisery Committee
held two meetings onsite during
1989 to discuss concerns related to
seismic hazard analysis at SRS and
te review seismic programs.

As a result, new programs were ini-
tiated to review the seismic hazard
assessments developed for the site,
and to purchase strong-motion in-
strumentation for the reactors.

The existing SRS seismic network
continued operation, while plans to
purchase additional instrumenta-
tion were completed. When this in-
strumentation is operational, SRL/
ESS will calibrate the network by
simulating earthquakes using high
explostves. The network will be con-

nected to the SRL WIND System to
provide information for the site in a timely mannerin
the event of an earthquake.

Subsurface Microbiology ‘Deep Probe’
Program at SRS

SRIVESS completed the deepest of four holes drilled
for microbiological analysis in the OHER-DOE Sub-
surface Science Program “Deep Probe” in October
1988. This borehole, located just off SRS near Allen-
dale, SC, was drilled in cooperation with the South
Carolina Water Resources Commission and the
South Carolina Forestry Commission. It reached a
depth of 1,700 fi before reaching basement rock.

Analysis of samples from this hole revealed that
physiologically active microorganisms can be found
at high concentrations at any depth, even in frac-
tured bedrock. However, depth is not an important
variable in determining a soil microbe’s niche,

Molecular analysis ofisolates from these samples re-
vealed that these organisms are unlike any organ-
isms common to surface soils. Standard taxonomic
keys failed to identify 95% of the microorganisms,
and another 4% were misidentified. These microbes
have unusual abilities in their breadth of assimila-
tion of organic compounds and a unique movement
behavior towards organie compounds.
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This research shows potential for defining and con-
trolling environmental transport, and it suggests
that even the deepest aquifers can be bioremediated.

Rioremediation Research and
Development at SRS

This program focuses on using the natural ability of
microbes to degrade toxic wastes by examining both
in situ and “pump and treat” strategies. Studies show
that certain vegetation can promote degradation of
toxic substances like trichloroethylene by encourag-
ing gprowth and physioclogical activity of bacteria and
fungi associated with their roots. This technique may
prove tobe a cost-effective and aesthetically pleasing
way to restore contaminated soil in areas of heavy
clay content where contamination is confined to the
soil's surface.

Contaminated groundwater is conventionally
treated by aeration, a technique that removes vola-
tile compounds but does not degrade them, Instead,
aeration transfers the volatile compounds to the
atmosphere. SRIVESS scientists demonstrated in
the laboratory that if contaminated groundwater
passes through a bioreactor (i.e., a large vessel used
to grow bacteria), the bacteria degrade nearly all
organic eompounds present in groundwater, Thus,
bioreactors may completely decontaminate ground-
water without transferring the contaminants to
another environment. The bioreactor technology is
also less expensive than conventional aeration tech-
nologies, which require high-energy expenditures.

SRL scientists are currently making larger bioreac-
tors so they can be tested under field conditions at
flow rates as high as 10 gpm. Studies have shown
that bacteria capsble of degrading organic contami-
nants such as diesel fuel or gasoline are present in
SRS soil. These microbes can be encouraged to de-
grade these compounds at very high rates by adding
simple imiting compounds like those found in fertil-
izers (e.g., phosphorus and nitrogen). Studies are
underway to determine how to control soil fertiliza-
tion and the optimal mix required to clean up petro-
leum-contaminated areas at SRS.

Biobarrier Testing

Vegetation is commonly used to stabilize the ground
covering buried waste sites. However, if the plant
roots penetrate the waste, constituents of the buried
waste can be brought to the surface. An ideal waste
burial system would allow vegetation to stabilize the
soil above the buried waste but would exclude roots

from the waste. SRI/ESS is testing a bicharrier
technology which uses a slow-release encapsulation
of Trifluralin, a root growth inhibitor. The capsules
are bonded to a geotextile which provides an easy
means of distributing the capsule evenly over the
area to be protected. The projected lifetime of the
bicbarrier capsule is approximately 100 years.

Tests have been conducted in a rhizotron, in glass-
walled field trenches, in established forest vegeta-
tion, and in large pols. In all cases, the Trifluralin
excluded roots from the soil zone below and immedi-
ately surrounding the biobarrier. Concentrations of
Trifluralin near the bicbarrier were greater than 5
ug/em®. At this concentration, the roots of virtually
all species of vegetation should stop growing. The
concentration of Trifluralin was below detection at
distances greater than 10 in. above the biobarrier.

Vegetation grown in the soil above the barrier pro-
vided good ground cover, although some decreased
growth was found in some species, Of the species
tested, the sensitivity to the biobarrier, as measured
by the distance that roots stop near the barrier, is
bamboo > Bahia grass> Bermuda grass> soybean,
where bamboo is the most sensitive.

Potential uses for the biobarrier at SRS include the
protection of clay caps over buried, low-level
saltstone and the protection of gravel drains and clay
caps over decommissioned seepage basing, Trials of

the bicbarrier as part of waste site caps will begin in
1990.

Uptake of Transuranic Elemenis in Burial
Ground Trenches by Vegetation

The uptske of buried, low-level transuranic waste
from uniined earthen trenches by forest vegetationis
under study as part of an evaluation of the potential
radiclogical consequences of reinhabiting the SRS
burial ground. Two tree plots were established in
1979. One plot was located over a trench containing
transuranic waste and the other was located in an
area without trenches.

Tree seedlings were sampled in 1979 and 1980 and
analyzed for ®*Pu and ®*Pu activity. The resulis
indicated a small difference in radionuclide activity
between trees planted over the trench and those
planted on the control plot. The small difference
occurred because root intrusion of the seedlings into
the trench was limited. However, when trees were
sampled in 1986, 1987, and 1988 and analyzed for
1 Am, PPy, ®Py, and ®Np activity, the average
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activity of all isotopes was sigmificantly higher over
the trenches than in the control plet.

These measurements indicate that tree roots will
extract transuranic isotopes from buried, low-level
waste. The amount of radioisctopes migrating from
the trenches to the surface is small and the level in
the trees is low enough that dose from exposure will
be small,

SRIJESS evaluated the long-term transport effects
of radioisotopes from the trenches to the surface soil
by estimating the accumulation in the surface soil.
Transuranic activity in selected food crops was caleu-
lated using the soil activity and literature-derived
concentration factors. In all cases, the resulis indi-
cated low activity of the transuranic isotopes in the
edible portion of the plants. The activity in the leaf
tissue was much higher than in the seed, In one case,
the transuranic activity was higher than the natu-
rally-occurring “K activity in the pine foliage.

Lysimeter Study of Vegetation Uptake

from Buried SRS Saltstone

Alysimeter study iz underway to determine uptake
of radionuclides by vegetation from buried saltstone,
An auxiliary objective of this study is to determine

the relationship between the burial depth and
amount of uptake.

Results indicate that ™T¢ is the only radionuclide at
elevated levels in the vegetation and in the sump
water, The first increase in ¥Tc and nitrate in the
water and in %¥T'¢c in the vegetation suggests that the
other radionuclides and nonradicactive constituents
da not leave the saltstone in measurable quantities.
The release of ¥*Te and nitrate to the sump water
peaked twoyears after the lysimeter was established
and is now slowing. Additional data collected in 1990
should establish the rate of decrease.

The results of the crop analysis indicate that the
smallest concentration of ®T¢ is present in the grain
of corn and soybeans. This observation is important
from a dose perspective. SRL/ESS planted another
corn crop in 1989 to continue the **Te studies. The
vegetation will be analyzed in 1990. SRIJESS will
document the results of this study in a WSRC report
in the spring of 1990.

Transport and Cycling of Tritium

in the Environmeni

The largest contributing radionuclide to the offsite
radiation dose from site operations is tritium. Since
{ritium is an importan{ radionuclide in caleulating
offsite dose, the transport of tritium in the environ-
ment and its implications for health protection are
important, to SRS operations. The following tritium

Figure 13-10 illustrates a typical lysime-
ter setup used in this study. The experi-
ment consists of 29 6-ft-diameter lysime-
ters (devices used to determine the solu-
bility of substances) with depths varying
from 6 to 10 ft. . Nine saltstone blocks, 21t
x2ftx4in., wereburied at depths varying
from 0.5 to 5.5 fl. Pine trees, Bermuda
grass, and row crops were grown in the
iysimeters.

Tree and grass samples grown in the ly-
simeters are collected annually. Row
crops are collected throughout the yearas
each crop matures. These samples are
analyzed for PT¢, %3¢, ] W5, 155D,
%R, #¥Pua, °H, and #%2%Py. The water
collected in the lysimeter sumps is ana-
lyzed for the same radionuclides as well as
for pH, nitrate, nitrite, organic nitrogen,
sulfate, chromium, mercury, boron, and
aluminum. Radioactive water analysis is

Standpipe b

Topsol

Subsoil

L~ Saitstone

Subseil

Gravel Sump

performed annually and nonradioactive
water analysis, quarterly.

Figure 13-10. Typical soil study using a lysimeter
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dispersion measurements in the environment Algaculture and Algal Bioaccumulation

around SRS were emphasized in the tritium trans-
port and cycling project:

H determining the rate of tritiated hydrogen
(HT) uptake in vegetation and soils and
the effect of environmental factors
controlling uptake

=" determining the partitioning of tritium
absorbed from atmospheric HT into plant
organic material

[ ] estimating the transport of organically
bound tritium through food chains using
tritium uptake and partitioning data

B determining the contribution of srganically
bound tritium to the radiation dose to man
from atmospheric releases of HT

[ determining the relationship between
tritiated water and organically bound
tritium in aquatic organisms, particularly
under conditions of changing water tritium
concentrations

SRI/ESS is meeting these program objectives
through field and laboratory experiments and
through cooperation with other groups interested in
envirenmental iritium. Assessing the transport of
tritium to vegetation and soils following inadvertent
atmospheric or liquid tritium releases continued
with the cooperation of the Meteorology and Envi-
ronmental Measurements Groups of SRI/JETS.

In another project, tritium analyses were performed
on fish collected in Par Pond and Upper Three Runs
Creek to determine the organic tritium concentra-
tion in aquatic organisms. Continued analysis of fish
from Upper Three Runs Creek will provide data on
the dynamics of incorporating tritium into organic
forms following an increase in {ritium exposure.

The results of the tritium program were included in
the tritium dose assessment document in the SRS
Radienuclide Assessment Series. The tritium disper-
sion and eycling model, TRITMOD, is being used to
evaluate the long-term consequences of reactor op-
eration at SRS for the Reactor Operations BIS. In
addition, SRIVESS will review tritium cycling and
iransport, based in part on work frem this program,
for the NPR EIS.

Algaculture, a type of biotechnology that involves
growing and harvesting algae, can be performedin a
way that improves existing aquatic systems. Benefi-
cial uses of waste heat and excess nutrients—two
inherent and currently undesirable components of
SRS reactor cooling water effluents—ean also be
derived using algaculture. In addition, algaculture
may be effective in innovative heavy metal/radionu-
clide reclamation processes which utilize bioaccumu-
tation.

Two preliminary feasibility studies of algaculture at
SRS were completed in 1989. One study was a col-
laborative effort between SRIVESS and Georgia
Institute of Technology; the University of South
Carolina performed the second study. Each study
concluded that algaculture at SRS appears techni-
cally sound and highly desirable from environmental
and economic standpoints.

Culturing activities conducted at SRS since the
summer of 1988 have focused on algae in L Lake and
the P-Reactor cooling system. In these experiments,
indigenous algal strains of non-toxie, high-tempera-
ture-tolerant, filamentous, nitrogen-fixing blue-
green algae were isolated from L Lake and the P-
Reactor cooling system and grown in laboratory cul-
ture. Sterile SRS cooling water was used for media.

A two-phase research plan to evaluate the bioaceu-
mulation of algae was developed. The first phase of
this research will evaluate the ability of algae to
accumulate or concentrate materials from the envi-
ronment at SRS, If suitable potential is identified,
the second research phase would determine practical
applications at the site.
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1988 HIGHLIGHTS

The Environmental Dosimetry Group estimated doses from normal eperation of the New Pro-
duction Reactor to be less than 1% of the annual Central Savannah River Area natural back-
ground radiation level of 295 mrem.

Cesium-137 was the only significant radionuclide detected in air particulate samples colleéted
at the Aiken airport, with levels ranging from 0.01 fCi/fm?® to 0.10 fCi/m*. These values can be
compared to the DOE DCG of 400,000 fCi/me,

The Reactor Accident Program, used with the WIND System to provide emergency response
environmental consequence assessments for emergency response, can provide real-time esti-
mates of whole body gamma exposure and thyroid doses at downwind locations onsite and
offsite,

Cesium-137 concentrations in the Savannah River were less than 0.2 pCv/L or about 0.2% of
the EPA (g drinking water guide of 100 pCi/L.

Development of a saturated flow and transport proundwater computer code (FIWORK) was
completed in 1989 and will provide required regulatory information for the New Production
Reactor EIS.

In the aquifer characterization program, 18 well clusters were installed at key locations across
the site. Each cluster consists of approximately eight wells screened in different aquifers.

In a study of the uptake of transuranic elements by vegetation over burial-ground trenches,
the average activity of *'Am, **Pu, **Py, and **Np was significantly higher in trees over the
trenches than in the control plot.




