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July 29, 1986 

The Honorable Ernest F* Hollings 
United States Senate 

Dear Senator Hollmgs: 

In response to your July 5,1984, letter and our subsequent agreements 
with your office, we reviewed the radioactive waste’ management prac- 
tices at the Department of Energy’s (DOE) Savannah River Plant (SRP) to 
determine if these practices have adverse environmental impacts. 

SRP primarily produces plutonium, tritium, and other special nuclear 
materials for national defense, and it occupies an area of about 300 
square miles along the Savannah River m South Carolina. The E. I. du 
Pont de Nemours and Company (Mont) constructed the plant in the 
1950’s and has since operated it for DOE under a cost reimbursement, no- 
fee type contract. DuPont’s operational responsibihties include carrying 
out the various radioactive waste disposal and storage activities. 

SRP generates radioactive anborne, liquid, and solid waste during its 
operations. Some of this waste 1s disposed of by shallow land burial or 
by controlled releases into the atmosphere and surface streams on the 
plant site. A large part of SRP’S radioactive waste, however, is in interim 
storage awaiting the completion of permanent offsite disposal facihtles. 
Mont contmuously monitors the radioactive waste disposal and storage 
operations to ensure that radioactivity released mto the envu-onment 
does not exceed DOE and Environmental Protection Agency (EPA) radio- 
logical protection standards The states of South Carolina and Georgia 
also monitor concentrations of radioactivity in the vicuuty of the plant. 

Our analysis of Mont and state monitoring reports showed that radioac- 
tivity contained in the environment outside the plant boundary was welI 
within applicable standards. Withm the plant boundary, however, some 
of the surface streams contained elevated levels of radioactivity, and 
the soil and groundwater at several waste storage and disposal sites 
were highly contaminated with radioactivity. While SRP officials stated 
that a remote possiblhty exists that some contamination could reach the 

- 
‘Materials from nuclear operahons that are r&o&we and for winch there 1s no pracWal use or for 
whch recovery IS nnpractwil Because of the tech~d nature of th*s SubJect, a gksary IB prowded 
at the end of tlus report 
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deep Tuscaloosa aquifer, they believe that the concentration of radioac- 
tivity would be very low by the time it discharged into the Savannah 
River, 

SRP has taken several actions and has other actions underway to reduce 
radioactive releases into the environment. However, the waste storage 
and disposal sites may require long-term institutional control. In addi- 
tion to these actions, SRP is preparing an environmental impact state- 
ment (ns) to evaluate the impact of its waste management practices on 
groundwater quality and to assess remedial actions that may be needed. 

Our review objective, scope, and methodology is discussed in appendix I. 
Our overall review results are summarized in this letter, and detailed 
information about SRP’S radioactive waste management practices is 
included in appendices II through V. 

Impact of Radioactive rized below; specific details are discussed in appendices III through V, 
Releases 

Offsite Impact Except for a small swamp area near the plant site, our analysis of 
DuPont’s records showed that radioactive releases from SW’S operations 
have had very little impact outside the plant boundary. Except for tri- 
tium, DuPont’s reports show that there IS no distinguishable difference 
between airborne radioactivity at the plant boundary and that observed 
at air-monitoring stations located 26 and 100 miles from the plant. 
Although tritium can be detected outside the plant, the highest airborne 
concentration measured during 1984 at the plant boundary was less 
than I percent of DOE's offsite concentration guide. The 1984 measure- 
ments are consistent with measurements made during 1982 and 1983. 

DuPont’s monitoring report for 1984 also showed that tritium and occa- 
sional traces of strontium-90 were the only two radionuclides that could 
be detected in the Savannah River using routine analytical methods. By 
using special low-level analysis techniques, Wont was also able to detect 
very low levels of cesium-137. The monitoring report showed, however, 
that the concentrations of these three radionuclides were less than 1 
percent of DOE'S off&e concentration guides, Although DuPont has 
detected tritiurn and very low concentrations of cesium-137 at the two 
downriver public drinking water treatment plants, the average tritium 
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concentrations measured during 1984 were only 8.5 and 12.6 percent, 
respectively, of EPA'S public drinking water standard. The average 
cesium-137 concentrations measured were considerably less than 1 per- 
cent of the drinking water standard. 

DuPont reports also show that concentrations of radioactivity in other 
elements of the environment m the viciruty of the plant were very small. 
Dupont’s reports for 1984, for example, show that concentrations of 
radioactivity found m such items as rainwater, milk, food, vegetation, 
soil, and fish were similar to levels found in these items in other parts of 
the country. Georgia and South Carolina measurements of radioactive 
concentrations in the environment in the vicmity of the plant generally 
agreed with the results being reported by wont. Officials from both of 
these states told us that they considered DuPont’s monitoring data to be 
reliable and that tritium 1s the only radionuclide in the offsite environ- 
ment that they can attribute to SRP'S current operations. EPA'S Eastern 
Environmental Radiation Facility also made lunited measurements in 
December 1982 of radioactive concentrations in the environment around 
the plant and reported that its results generally agreed with those 
obtained by wont. 

Most of the radioactivity released from SRP’S operations are of such low 
concentrations that, when dispersed in the environment, they are not 
measurable by conventional monitoring procedures; therefore, DuPont has 
to use mathematical models to calculate offsite concentration levels and 
radiation doses to the pubiic DuPont uses models that the Nuclear Regu- 
latory Commission (NRC) prescribes for the commercml nuclear industry 
in calculating doses from air and water Dupont modified these models in 
order to input physical and biological data specifically applicable to SRP 

and to expand the amount of output data. 

DuPont’s computations for 1984, as III previous years, showed that SRP'S 

operations had very little impact on the public. Its computations 
showed, for example, that a hypothetlcal individual living on the plant 
boundary would have received a maximum annual whole body dose of 
less than 1 percent of DOE'S standard. DuPont’s calculated doses were also 
well within EPA’S airborne emission and public drinking water standards. 
We noted that EPA in December 1982 made a limited verification of 
DuPont’s dose computations during its work leading to the establishment 
of the mrborne emlsslon standard. Using release data provided by DOE, 
EPA calculated offsite doses using its own models and found a very close 
correlation with DuPont’s calculations. 
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Whrle radioactive concentration levels in the environment around SRP 

are very low, there is a swamp adjacent to the southern boundary of the 
plant site that was contammated during the 1960’s because of leaks 
from defective fuel elements in a storage basin at one of the nuclear 
production reactors. Neither SRP nor South Carolina officials, however, 
consider it necessary to restrict usage of the swamp or to take remedial 
actions because no one is living in the area. DuPont’s evaluations show 
that it is possible for an individual to receive a dose ranging from a few 
millirem to a few tens of millirem if a person used the swamp for 
fishing, hunting, or launching boats; however, these doses would be well 
within DOE’S standards 

OGite Impact SRP’S radroactive waste management operations have resulted in ele 
vated levels of radioactivity in surface streams on the plant site, and the 
soil and groundwater at several waste disposal and storage sites are 
highly contaminated with radioactivity. Also, SRP officials told us that 
there is a remote possibility that some of this contamination could reach 
the deep Tuscaloosa aquifer. In addition, DOE may have to maintain long- 
term institutional control of these contaminated waste sites. Specifics of 
these problems are discussed below. 

Extent of Contamination DOE did not have standards governing concentrations of rai\ioactivity 
that could be contained m surface and groundwater within the bounda- 
ries of its facilities2 We therefore compared the tritium, grc B alpha, and 
gross beta contamination levels measured by Wont during t ie period 
1980 through 1984 with DOE’S offsite concentration guides and EPA’s - 
public drinking water standard to illustrate the extent and levels of con- 
tammation within the plant boundary. The extent and levels of contami- 
nation in surface streams, groundwater, and soil are discussed below. 

Surface streams-Our analysis of Mont’s monitoring reports showed 
that onsite surface streams during the period 1980 through 1984 con- 
tamed elevated levels of radioactivity resulting primarily from the low- 
level radioactive liquid waste that SRP released into these streams and 
the contaminated groundwater which discharged into them from 
beneath the waste burial ground and seepage basins. Most of the 
streams, for example, contained tritium concentrations which ranged 

%OE IS UI the process of developmg ons~te concentration gudcs to govern the amount of rachac- 
t~ty that can be wntamd m surface and groundwater As part of thy effort DOE estabhshed an 
mtcnm gude for on&e surfare waters on Apnl24,1986 
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from slightly above to 750 times greater than EPA'S public drinking 
water standard, and tritium concentrations in one of the streams were 
also greater than DOE’S offsite concentration guide. In addition, three 
streams contained maximum gross alpha and beta radioactivity 
exceeding EPA'S drinking water standard; and, at times, gross beta levels 
were greater than DOE'S offsite concentration guide. The radioactivity, 
however, was diluted to levels well within both of these standards by 
the time it reached DuPont’s river monitoring stations along the south- 
western boundary of the plant 

Groundwater-We determined that groundwater was highly contami- 
nated with radioactivity at the low-level waste burial ground, some of 
the seepage basins, and the high-level waste tank farms. The contamina- 
tion occurred primarily as a result of radioactivity migrating from 
burred waste, discharges of contaminated liquid waste into the seepage 
basins, and unintentional spills and leaks of high-level liquid waste. 
Most of the groundwater at the low-level waste burial ground, for 
example, contained maximum tntium concentrations ranging from 
slightly above to about 116,000 times greater than EPA'S public drinking 
water standard, and some concentrations ranged up to about 770 times 
greater than DOE'S offsite concentration guide. Some of the groundwater 
at the high-level waste storage tanks, for example, contained maximum 
gross beta concentrations rangmg from slightly above to 600 times 
greater than EPA's drinking water standard, and the highest concentra- 
tion was also about 83 times greater than DOE’S offsite concentration 
guide. 

M-Large amounts of soil have also been contaminated at these waste 
sites; however, Wont’s evaluations show that, except for tritium, there 
has been very httle movement of the radionuclides because of the reten- 
tion capability of the soil around the sites. The evaluations further show 
that it will take many years for most of the radioactivity to reach 
groundwater and that even longer periods will be required for the con- 
tammated groundwater to discharge into a surface stream, About 
30,000 square feet of sol1 was unintentionally contaminated, for 
example, as a result of leaks m one of the high-level waste storage tanks. 
wont estunates, however, that it will take thousands of years for most 
of the radioactivity to reach the groundwater and over a million years 
for the contammated groundwater to discharge into a surface stream. 
wont’s evaluations show that most of the radroactivity will decay to 
very low levels dunng this period. 

Page 6 GAO/RCElM&143 Nuclear Waste Management Practicea 



Potential contamination of 
Tuscaloosa Aquifer 

Under a large area of the plant, groundwater moves primarily in a hori- 
zontal direction because underlying hydrological conditions prevent its 
downward migration. These conditrons, however, do not exist under 
seepage basins at two of the production reactors, and DuPont has deter- 
mined that there is a possibility for some of the contaminated ground- 
water under these basins to migrate downward and reach the 
Tuscaloosa aqurfer. SRP environmental and waste management officials 
told us that the possibility of radioactive contamination reaching the 
aquifer is very low but that a remote possibuity does exist. Even if this 
happens, SRP officials sard that it would take about 200 years for the 
radionuclides to discharge into the Savannah River. Because of the 
retention capabilities of the soil and the decay that would occur during 
this period, these officials also sard that the contamination level would 
be very low by the time it reached the river. The low level of contamina- 
tion would be further diluted by river water before reachmg the public 
drinking water treatment plants located 60 to 70 miles downriver 

institutional control DOE may have to mamtam long-term institutional control over the low- 
level burial ground, several of the seepage basins, and the high-level 
waste tank farms because of radioactive contamination at these sites. 
We noted, for example, that an EIS issued in 1977 showed that these 
waste sites would remam contaminated with radioactivity for the fore- 
seeable future even after production operations ceased and that their 
restoration nught not be technically or economically practical, 

Actions Intended to SRP has taken several actions and has others underway that are intended 

Reduce Future Impacts 
to reduce the amount of radioactivity reaching the environment from 
both normal and umntentional releases. These actions include transfer- 
ring the extremely hazardous high-level liquid waste to safer storage 
tanks, preparing to permanently dispose of high-level and transuranic 
waste in offsite repositones, changing certam low-level waste disposal 
practices, evaluating new low-level disposal methods, and modifying the 
trrtnun production facilities. 

In addition to these actions, SRP is evaluating the extent of radioactive 
contamination at the waste sues to determine whether any remedial 
actions are warranted, including removal of the contamination, as part 
of an EXS being prepared to assess the impact of its radioactive waste 
management practices on groundwater quality The EIS will also contain 
additional information on the need to mamtain long-term institutional 
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control over the waste storage and disposal sites and the potential con- 
tamination of the Tuscaloosa aquifer. The EIS is scheduled to be com- 
pleted in the spring of 1987. 

DOE Comments In commenting on a draft of this report, DOE stated that the report accu- 
rately characterized the existing situation at SRP and suggested only 
minor revisions to update and clarify several statements contained in 
the report. (See appendix VI) We have incorporated DOE's suggestions 

where appropriate. 

As arranged with your office, unless you publicly release its contents 
earlier, we plan no further distribution of this report until 7 days after 
the issue date. At that time we will send copies to interested parties and 
make copies available to others upon request. 

Sincerely yours, 

J. Dexter Peach 
Director 
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Appendix I 

Objective, Scope, and Methodology 

In a July 6,1984, letter, Senator Ernest F. Hollings requested that we 
examine various aspects of the Savannah River Plant’s (SRP) radioactive 
waste management practices. After performing preliminary review 
work at SRP, we met with Senator Hollings’ office and agreed to review 
SRP’S current and planned practices for handling, storing, and disposing 
of radioactive waste to determine whether these practices had adverse 
environmental impacts. 

We performed most of our review work at SRP and at the Department of 
Energy (DOE) headquarters in Washmgton, D.C., because DOE is respon- 
sible for establishing department-wide radiological protection standards, 
monitoring radioactive releases against these standards, and assessing 
the impact of the releases. We also performed work at the Environ- 
mental Protection Agency (EPA) headquarters in Washington, D. C.; 
Georgia’s Environmental Protection Division, Atlanta, Georgia; EPA'S 

Eastern Environmental Radiation Facility, Montgomery, Alabama; and 
South Carolina’s Department of Health and Environmental Control, 
Columbia, South Carolma, because these activities have performed lim- 
ited verifications of the impacts of SRP’S radioactive releases. 

To accomplish our overall objective, we reviewed SRP’S current and 
planned radioactive waste management practices, examined information 
relative to the type and concentrations of radioactivity being released 
into the environment, compared these releases with applicable stan- 
dards and guides, reviewed assessments and comparisons made by orga- 
nizations other than SRP, and identified and assessed the existing and 
potential environmental problems that have resulted from the radioac- 
tive releases. 

To identify SRP’S current and planned radioactive waste management 
practices, we examined applicable waste management procedures, direc- 
tives, and regulations; waste management program and project plans; 
operational descriptions of the waste disposal and storage facilities; and 
various other documents, reports, and assessments. We also visited the 
major waste disposal and storage facilities and discussed the operation 
of these facilities with SRP and E. I. du Pont de Nemours and Company 
(DuPont) officials. 

To determine the type and extent of radioactivity released into the envi- 
ronment, we examined various radioactive release reports and docu- 
ments prepared by SRP, DuPont, Georgia and South Carolina; identified the 
source data and methods used for compiling some of these reports and 
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Appendix I 
Objectlve, Scope, and Methodology 

documents; and examined various other documents, reports, and assess- 
ments relative to the radioactive releases. We did not evaluate the ade- 
quacy of the methods wont and the states used to determine the types 
of radioactivity released or the concentration levels of the releases; 
however, we did discuss these matters with SRP, Wont, EPA, and state 
officials. 

To compare the radioactive releases with applicable DOE and other 
radiological protection standards, we identified standards applicable to 
SRP’S radioactive waste management operations, determined the basis 
used to establish the standards, and compared the radioactive releases 
with these standards. We also reviewed comparisons made by Wont as 

well as independent assessments by South Carolina, Georgia, and EPA’S 

Eastern Environmental Radiation Facility. Since DOE did not have stan- 
dards governing the concentrations of radioactivity that could be con- 
tained in surface and groundwaters within the boundaries of its 
facilities, we compared the contamination levels in these waters with 
WE’S offs& concentration guides and EPA’S public drinking water 
standard to illustrate the extent and levels of radioactive contamination 
within the SRP plant boundary. We also discussed various aspects of the 
radioactive release standards and assessments of the releases against 
the standards with DOE, SRP, Mont, EPA, and state officials. 

To identify and assess the environmental impacts that have resulted 
from SRP’S radioactive waste management practices, we examined the 
results of the above discussed comparisons, reviewed various environ- 
mental assessments and evaluations prepared by SRP, Wont, and the 
states of Georgia and South Carolma; and examined other documents, 
reports, and evaluations related to environmental conditions both within 
and outside the plant boundaries. We also discussed the environmental 
n-npacts with SRP, Dtiont, and state officials. 

As discussed above, our review was lunited to examining the environ- 
mental impacts resultmg from SRP’S radioactive waste management 
operations. We did not address the health or safety aspects of SRP’S 

waste management operatrons or assess the programmatic aspects of 
these activities, such as program cost or the need for additional storage 
tanks. In addition, we did not address SRP’s hazardous waste manage- 
ment operations; however, we did provide Senator Hollings with infor- 
mation about these actlvltles m a 1984 report.’ 

‘Department of Jhergy Actmg To Control Hazardous Wastes at Its Savannah Fher Nuclear Flames, 
(GAO/RCED-%23, Nov 21,19&i) 
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Objectlve, Scope, and Methodology 

Our review work was done between October 1984 and January 1986 in 
accordance with generally accepted government auditing standards. 
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Appendix II 

Wste Management Operations 

The Savannah River Plant primarily produces plutonium, tritium, and 
other special nuclear materials for national defense. While most of SRP’S 

activities are defense oriented, some projects involve peaceful uses of 
atomic energy. Plutonium-238 produced by SRP, for example, has been 
used in nuclear-powered cardiac pacemakers; and this product also 
plays a prominent role in our space program by generating electric 
power and providing a source of heat to warm scientific instruments. 
Wont constructed the plant in the early 1960’s and has since operated it 
for DOE under a cost reimbursement, no-fee type contract. Wont’s opera- 
tional responsibilities include carrying out the various radioactive waste 
disposal and storage activities and conducting an extensive environ- 
mental monitoring program to assess the impact of radioactive releases. 

Major Operating 
Facilities 

SRP’S major operating facilities include four nuclear production reactors,1 
a plant for fabricating fuel and target elements to be irradiated in the 
reactors, two chemical separations plants for processing the irradiated 
elements, a research and development laboratory, and various support 
facilities. SRP occupies an area of about 300 square miles along the 
Savannah River in South Carolina. The plant complex is in a rural set- 
ting, and public access to the site is restricted. The production reactors, 
chemical separations plants, and major radioactive waste storage and 
disposal facilities are located near the center of the site which provides 
for considerable dispersion and dilution of radioactivity before it 
reaches the plant boundary as shown by figure II. 1. 

%rte additional nuclear production reactor 19 located at SW, but it IS m a standby status 
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Figure 11.1: Savannah River Plant 
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Appends II 
Waste Management Opexntio~ 

Waste Management Large quantities of radioactive airborne, liquid, and solid waste are gen- 
erated during SRP'S research, development, and production of special 
nuclear materials. In managing this waste, wont uses different disposal 
and/or storage techniques depending upon the waste form and its asso- 
ciated hazards. DuPont’s disposal and/or storage techniques are sun-una- 
nxed below; specific details are discussed in appendices III through V. 

Airborne Waste As part of its normal operations, the facility routinely releases various 
radionuclides into the atmosphere, but there are occasional uninten- 
tional releases. During 1984, for example, the plant released about 1.7 
million curies of airborne radioactivity which included emissions from 
normal operations and two unintentional releases containing about 
66,000 curies. Most of these releases came from the production reactors 
and the chemical separations plants. Wont limits these releases by using 
various containment processes, but its evaluations show that it is techni- 
cally and economically impractical to eliminate all airborne releases. 

Liquid Waste SRP also generates large volumes of highly radioactive liquid waste 
which is isolated from the environment in large underground steel 
storage tanks. After aging for 1 to 2 years, a layer of highly radioactive 
sludge settles to the bottom of the tanks, and the remaining solution is 
evaporated leaving damp salt which is much less mobile and safer to 
store. As of December 1984, SRP'S high-level waste inventory contained 
about 796 million curies of radioactivity and consisted of 3.6 million gal- 
lons of sludge, 9 million gallons of damp salt, and 20.6 million gallons of 
liquid solution. 

Some of SRP'S ltquid waste contains low concentrations of radioactivity 
and is disposed of directly into surface streams on the plant site. Some 
of the low-level liquid waste, however, is discharged into large earthern 
prts-referred to as seepage basins-to prevent surges of radioactivity 
m the streams and to allow short-lived radionuclides to decay. The 
liquid waste seeps downward through the sides and bottoms of the 
basins and eventually discharges into surface streams which carry the 
low concentrations of radioactivity to the Savannah River. 

Solid Waste SRP also generates large quantities of radioactively contaminated solid 
materials which are placed in a centrally located burial ground. Most of 
this waste is buned m shallow earthen trenches, but some of it is tempo- 
rarily stored on large, above grade concrete pads where it can be 
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Waste Management Operations 

retrieved for final disposal. This latter waste-referred to as transu- 
raruc (TRU) waste-is long-lived and highly radiotoxic. As of December 
1984, SRP'S solid waste inventory contamed about 3.5 million curies of 
radioactivity and conslsted of about 15.3 million cubic feet of low-level 
and transuranic waste 

Radiological Protection 
Standards 

In establishing radiological protection stastdards to control radioactive 
releases to the environment, DOE has generally followed the recommen- 
dations of the International Commission on Radiological Protection, the 
National Council on Radiation Protection and Measurements, and the 
Federal Radiatron Council, which is now a part of EPA. This includes 
adopting the principle of mamtaining radioactive releases at levels as 
low as reasonably achievable below recommended standards. 

DOE Standards Based on reconunendatlons by the above activities, DOE established a 
departmentwide standard which lunits the annual whole body dose to 
mdividual members of the public to no more than 500 millirem from all 
sources of radioactive releases. To implement this standard, DOE estab- 
lished offsite concentration guides linutmg the amounts of radioactivity 
that can be contained u-t air and water outside the boundaries of its 
plant sites. DOE’s offslte concentration guides are generally the same as 
those prescribed by NRC for use by the commercial nuclear industry. 
Within the boundaries of its plant sites, DOE also has concentration 
guides llmlting the amounts of airborne radioactivity; however, except 
for onsite drinlung water, DOE did not establish concentration guides 
governing the levels of radioactivity that could be contained in onsite 
surface water or underlymg groundwater because none were considered 
necessary. 

In August 1985, DOE notified its field mstallations of revised annual 
whole body standards to implement recommendations made by the 
National Council on Radiation Protection and Measurements and EPA’S 

radioactive airborne emission standard. DOE'S revised standards, in 
essence, provide that the maximum annual whole body dose from ail 
routine releases to any member of the pubhc shall not exceed 500 mil- 
lirem for occasional exposures and 100 millirem for prolonged exposures 
lasting longer than 5 years. SRP will be required to use these new stan- 
dards in assessing the impact of its radioactive airborne releases for cal- 
endar year 1985 
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In addition to establishing new annual whole body dose standards, DOE 

is also in the process of preparing onsite concentratiob guides to govern 
the amount of radioactivity contained in surface and groundwakr 
within the boundanes of its plant site. The SRP Manager recommended in 
May 1985 that DOE headquarters initiate a program to establish stan- 
dards for onsite surface waters and to review the need for establishing 
radiation protection standards for groundwater. In response to SRP'S rec- 
ommendation, DOE'S Office of Assistant Secretary for Environment, 
Safety, and Health has initiated actions to develop an overall strategy 
for protection of surface and groundwater at its facilities. As part of 
this effort, DOE plans to issue onsite concentration guides for surface 
water and groundwater m 1986. Although not considered necessary in 
the past, an official of this office told us that onsite guides were now 
believed to be needed because of recent changes in regulatory require- 
ments and the increasing concern to protect the environment. On April 
24,1986, DOE established an mterun guide for ratioactivity in onsite sur- 
face water and is in the process of finalizing the guide, 

EPA Standards SRP is required to comply with EPA'S standards for public drinking water 
and radioactive airborne enussions. EPA'S interun primary drinking 
water standard limits the annual whole body dose to 4 millirem, and 
applies at the two pubhc water treatment plants located about 60 and 70 
miles, respectively, downriver from the plant site to protect the public 
from radioactivity released into the river.. The EPA airborne emission 
standard estabhshed m February 1985 limits the annual whole body 
dose to members of the public to no more than 25 millirem and applies 
at the boundary of the SRP plant site. As indicated, these EPA standards 
do not apply within the SRP boundary because WE is responsible for pre- 
scribing onsite radiologxal protection standards for its facilities. 

DuPont Administrative 
Guide 

In carrying out plant operations, DuPont uses an administrative control 
guide which is much more stringent than either the DOE or EPA stan- 

dards. DuPont’s guide llmlts the annual whole body dose to members of 
the pubhc to 10 millirem from all sources of radioactivity. To ensure 
that radioactive releases are controlled to the extent practical, DuPont 
also establishes annual operatmg guides limiting emissions from the 
plant’s production and waste management facilities. The guides are 
reviewed at least annually and are revised based on operating practices, 
prior experience, and production commitments. In addition, Wont has a 
program to unplement DOE'S policy of maintaming radioactive releases to 
levels as low as reasonably achievable. In accomplishing this effort, 
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Wont evaluates new technology that has the potential for improving the 
plant’s current containment processes. 

Radiation Monitoring Wont closely monitors radioactive releases from the plant site to ensure 
that they are within the limits prescribed by DOE's concentration guides. 
In order to determine radioactive concentrations in the environment and 
the resulting doses to members of the public, DuPont conducts an inten- 
sive environmental surveillance and monitoring program. 

DuPont routinely morutors for radioactivity in an area of about 2,000 
square miles on and around the plant site and accomplishes limited mon- 
itoring in an additional 30,000 square-mile area in Georgia and South 
Carolina. Since the program was initiated in 1951, wont has collected 
and analyzed thousands of samples to determine concentration levels of 
radioactivity in the environment on and around the plant. During 1984, 
for example, DuPont collected more than 25,000 samples and accom- 
plished more than 100,000 radiological analyses. The results of the envi- 
ronmental monitormg program are made available to the public in 
annual reports. 

Wont routinely momtors the concentrations of radioactivity in air and 
water because these are the two principal pathways to the environment 
and public. DuPont also periodically collects and analyzes samples from 
various other environmental media to determine radioactive concentra- 
tions that may be present. Samples of such items as rainwater, vegeta- 
tion, soil, milk, food, and animals are routinely collected and analyzed 
because they could be contaminated by radioactivity in air and water 
releases and become additional exposure pathways to people. When 
there are unintentional releases of radioactivity from plant operations, 
DuPont conducts special radiological surveys which are in addition to its 
routine envu-onmental monitoring activities. During these special 
surveys, DuPont collects and analyzes additional samples of such items as 
air, water, vegetation, and milk to determine the effect of the uninten- 
tional releases. 

The states of South Carolina and Georgia also maintain routine surveil- 
lance programs to determine the concentrations of radioactivity in the 
environment around the plant site. Combined, these two states monitor 
over 60 locations around the plant for radioactivity and periodically col- 
lect and analyze samples of au-, water, soil, vegetation, and milk to 
determine the concentrations of radioactivity that may be present. Both 
states also morntor the unintentional airborne releases. 
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Airborne Waste 

As part of its various operations, SRP routinely releases radioactivity 
into the atmosphere; there are also occasional unintentional releases of 
airborne radioactivity While wont uses various containment systems to 
reduce atmospheric releases of radioactivity, evaluations show that it is 
technically and econormcally impractical to completely eliminate all of 
the releases. DuPont continuously monitors airborne radioactive releases 
in order to determine the types and concentration levels of the emissions 
and to ensure that the releases do not exceed DOE and other applicable 
radiologmal protection standards. Our analysis of wont monitoring 
reports showed that SRP'S airborne releases are well within prescribed 
standards and that the releases have had very little impact. Specifics of 
these matters are discussed below. 

Radioactive Airborne SRP'S various operations and activities result in the release of over 30 

Releases 
different radionuclides to the atmosphere. While the releases of these 30 
radionuclides vary, 4 of them generally account for most of the airborne 
radioactivity released from plant operations. During 1984, for example, 
krypton accounted for about 50 percent, tritium for about 47 percent, 
argon for about 2 percent, and xenon for less than 1 percent. 

Although a number of SRP'S operations and facilities contribute to air- 
borne releases, most of the routine and unintentional releases come from 
SRP'S chemical separations plants and nuclear production reactors. 
During 1984, for example, SRP released about 1.7 million curies of radio- 
activity mto the atmosphere; and, of this amount, about 83 percent came 
from the chemical separations plants and about 16 percent came from 
the nuclear production reactors. Table II. 1 shows the total amount of 
radioactivrty released during 1984 from routine and umntentional 
releases. 

Table 111.1: Total Alrbome Radioactive 
Releases During 1984 (In curies) 

Radionuclide 
Krypton 

TrWrn 

Argon 
Xenon 
Carbon 

Production Separations 
reactors plants Other Total 

2,702 840,000 0 842,702 ~. ~~I_- 
231,000 554,000 1,980 786,980 -~ ~~ _-_._ 

35,900 0 0 35,900 

6.170 16 0 6.188 -, _. 
49 34 0 83 --- 

Other 0 1 0 1 

Total 275,821 1,394,053 1,980 1,671,864 
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The unintentional airborne releases of radioactivity result primarily 
from equipment failures, operator errors, and maintenance operations. 
Over the past 10 years, there have been six major unintentional releases 
of radioactivity. All of these releases came from the tritium production 
facilities located in one of the chemical separations areas and consisted 
of tlltlum concentrations ranging from about 8,000 to 480,000 curies. 
The two most recent major unintentional releases occurred in March and 
September 1984 and contained about SS,,OOO curies of tritium. One of 
these releases occurred, for example, because of a leak in a process line 
in the tritium production facility. 

There are various processes installed in the SRP facilities to reduce the 
amount of radioactivity contamed in the air being released from these 
facilities. After the air is passed through these various processes, it is 
released into the atmosphere through stacks ranging up to 200 feet in 
height in order to disperse and dilute the remaining radioactivity in the 
surrounding atmosphere. Although the containment processes reduce 
the amount of radioactivity released, SRP evaluations show that it is not 
practical from either a technical or economical standpoint to contain all 
of the radloactivlty before the air from these facilities is released into 
the atmosphere 

Radiation Monitoring Wont conducts an extensive surveillance and monitoring program for 

Program 
the purpose of determining the types and concentration levels of radio- 
activity in SRP airborne releases and assessing the impact of these 
releases. To accomplish this effort, DuPont uses a system of air-moni- 
toring stations, a large network of thermoluminescent dosimeters, and 
field teams to collect samples of air and other environmental media that 
could be impacted by airborne releases coming from plant operations. 

Monitoring Stations To measure the concentrations of radionuclides in the atmosphere, 
Wont periodically analyzes filter papers, charcoal filters, and tritium 
desiccants collected from 38 au--monitoring stations located on the plant 
site, around the plant perimeter, and outside the plant boundary. These 
air-monitormg stations provide comprehensive surveillance of radioac- 
tivity m the atmosphere and make it possible for DuPont to distinguish 
between radloactivlty from natural background radiation and world- 
wide fallout and that from plant operations. 

Nine of the 38 air-monitormg stations are located on the plant site near 
maJor production and radioactive waste disposal and storage facilities. 
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Thirteen air-monitoring stations are located around the plant perimeter, 
and 12 more stations are located about 25 nules from the center of the 
plant site. The specific locations of these stations permit continuous 
sampling for airborne radioactivity within every 30-degree sector 
around the plant perimeter and at 25mile distances from the plant site. 
The spacing arrangement of these stations also enhances the probability 
of wont detecting a significant radioactive airborne release regardless 
of the prevailing wind direction. 

The four remaining an-momtoring stations are located about 100 miles 
from the plant site at Savannah and Macon, Georgia, and at Columbia 
and Greenville, South Carolina. At this distance, the effect of airborne 
releases from plant operations 1s negligible; however, these stations are 
useful in measuring background radiation from natural sources and 
fallout from nuclear weapons tests during prior years. In its environ- 
mental reports, DuPont therefore compares the measurements taken at 
these distant air-monitoring statlons with measurements taken on and 
nearer the plant site. 

In 1982, DuPont mstalled gamma radiation monitors at the 12 air-moni- 
tormg stations located around the plant perimeter to improve the plant’s 
emergency response capabilities. These monitors continuously measure 
gamma radiation levels at the plant perimeter to detect any significant 
airborne release of radioactivity and to provide near realtime informa- 
tion for any emergency response actions that are warranted. Wont is 

also installing (1) t&urn momtors to provide near realtime data on 
unintentional tritium releases and (2) satellite telemetry equipment to 
unprove the transmission of data between the air-monitoring stations 
and a central control facility. This effort was scheduled for completion 
in June 1986. 

Thermoluminescent 
Dosimeters 

In addition to the ar-monitoring stations, DuPont has an extensive system 
of thermoluminescent dosimeters which are used to continuously mea- 
sure airborne gamma radiation in an 8,000-square-mile area around the 
plant site. The dosimeters measure gamma radiation from all sources 
but do not distmguish between radiation being emitted from natural 
background sources, worldwide fallout, or releases from plant opera- 
tions. The doslmeters are located on the plant site, around the plant 
perimeter, and at vaslous locations outside the boundary of the plant. 
Thirty-seven dosimeters are located at au--monitoring stations, 79 are 
spaced at l-mile intervals around the plant perimeter, 63 are located in 
towns and cities within 50 miles of the plant, and 20 are located at 
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nuclear facilities near the plant. DuPont also uses dosimeters to measure 
gamma radiation levels in a swamp located adjacent to the southern 
boundary of the plant 

Field Sampling In addition to the systems used for monitoring airborne radioactivity, 
wont also routmely monitors other environmental media that could be 
contaminated by airborne releases and thus provide an exposure 
pathway to people residing in the vicinity of the plant. Wont’s field 
teams collect samples of such items as rainwater, vegetation, soil, milk, 
and food which are then analyzed to determine the concentrations of 
radioactivity that are present. 

Concentrations of radioactivity deposited in rainwater, for example, are 
determined from samples routinely collected on a quarterly or more fre- 
quent basis at each of the air-monitoring stations, DuPont also routinely 
collects and analyzes on a quarterly basis samples of grass at air-moni- 
toring stations on and outside the plant perimeter because of its year- 
round availability and importance as food for dairy herds. This type 
vegetation provides an early indication of radioactive fallout because of 
its large exposed surface area. In 1973, DuPont also started collecting 
and analyzing annual soil samples to assess the amount of radioactivity 
deposited from the atmosphere. wont obtains and analyzes soil samples 
from eight locations near the two chemical separations plants, four loca- 
tions along the plant perimeter representing each quadrant of the plant, 
and two control sites located about 100 miles from the plant. 

Special Surveys In addition to its routine monitoring activities, Wont also conducts spe- 
cial radiological surveys when there are unintentional airborne releases 
from plant operations During these special surveys, DuPont’s field teams 
collect additional samples of such environmental media as air, water, 
vegetation, and milk. These additional samples are then analyzed to 
determine the effect, if any, of the unintentional releases. 

State Monitoring The states of South Carolma and Georgia also maintain routine environ- 
mental surveillance for radioactivity around the plant site. Combined, 
these two states momtor over 50 locations around SRP for airborne radi- 
oactivity, and they routmely colect and analyze samples of such envi- 
ronmental media as air, ramwater, surface water, drinking water, soil, 
vegetation, and milk to determine the concentrations of radioactivity. 
These two states also momtor concentrations of radioactivity resulting 
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from large unintentional releases from plant operations. Both of these 
states issue periodic reports documenting the results of their respective 
radiological environmental monitoring programs. 

Impacts of Airborne 
Releases 

To assess the environmental impact of airborne radioactive releases 
from plant operations, Wont compares the measured and/or calculated 
concentrations of radioactivity in the air on and in the vicinity of the 
plant site to DOE’S concentration guides to determine whether the 
releases are within prescribed limits. Wont also measures radioactive 
concentrations contained m various other environmental media to iden- 
tify any increases that could result from plant operations. As discussed 
earlier, Georgia and South Carolina also assess the concentrations of 
radioactivity m V~IIOUS environmental media around the plant site. h-t 
addition to the measurements of radioactive contamination in the envi- 
ronment, DuPont also calculates annual doses to individual members of 
the public and compares the results of its calculations to DOE and other 
standards. 

Wont’s envu-onmental momtoring reports show that concentrations of 
airborne radioactivity measured both on and outside the plant site have 
been well within DOE'S concentration guides over the past several years 
and that the releases have had very little impact either within or outside 
the boundary of the plant. Although the onsite concentration levels of 
tritium are higher than offsite levels, the maximum airborne tritium 
concentration measured onsite during 1984 was less than 1 percent of 
DOE'S onsite concentration guide for this radionuclide. We also noted that 
the maxunum tritium concentration measured in rainwater on the plant 
site during 1984 was only 13 percent of DOE'S concentration guide for 
onsite drmking water. 

During 1984, measured concentrations of tritium contained in air sam- 
ples collected at the monitoring stations located on the plant perimeter 
were also less than 1 percent of DOE'S offsite concentration guide which 
1s consistent with measurements in 1982 and 1983. Concentration levels 
at stations located 26 and 100 miles away from the plant site were con- 
siderably less than the level detected at the plant perimeter. With the 
exception of tritium, concentrations of airborne radioactivity outside 
the plant boundaries are generally too low to distinguish from natural 
background sources and worldwide fallout from nuclear weapons tests 
dunng prior years. Also, concentrations of radioactivity found in such 
Items as ramwater, milk, food, vegetation, soil, and fish were similar to 
levels found m these stems m other parts of the country. 
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Our assessment showed that monitoring reports prepared by the states 
of Georgia and South Carolina generally confirmed the low concentra- 
tion levels being measured and reported by wont. Officials from these 
two states told us, for example, that tritium was the only radionuclide 
that they could attribute to SRP'S airborne releases. In addition to the 
confirmation of Mont’s measurements by Georgia and South Carolina, 
we also noted that EPA'S Eastern Environmental Radiation Facility in 
1982 made limited measurements of concentrations of radioactivity con- 
tained in samples collected on and off the plant site and that EPA'S mea- 
surements generally agreed with the measurements made by wont’s 

laboratory. 

SRP'S airborne releases are generally of such low concentrations that, 
after being dispersed m the atmosphere, wont has to use a mathemat- 
ical model to calculate the concentration levels of radioactivity con- 
tained in the air m order to compare these levels with DOE’S 
concentration guides In making these calculations, we noted that wont 

used the same model that NRC prescribes for commercial nuclear power 
plant operators to use m assessing airborne releases. 

We reviewed the results of DuPont’s calculations during the period 1982 
through 1984 and noted that the highest calculated concentrations at 
the plant boundary were significantly less than 1 percent of DOE’S offsite 
concentration guides. During this 3-year period, for example, tritium 
had the highest calculated concentration levels; but the calculated con- 
centrations for this radionuclide were less than one-fourth of 1 percent 
of the DOE concentration guide. To verify the accuracy of its model cal- 
culations, DuPont compares the measured concentrations of tritium at the 
plant boundary with its calculated concentration levels. These comparid 
sons indicate that the model calculations tend to be conservative and 
overstate radioactivity concentrations at the plant boundary. During the 
3-year period 1982 through 1984, for example, measured concentrations 
of tritium at the plant perimeter were about one-half the calculated 
concentrations. 

Because of the low concentrations of radionuclides contained in airborne 
releases, DuPont uses the previously discussed concentration model along 
with another NRC model to calculate doses to individuals and the general 
public m the vicinity of the plant. Mont expanded NRC’s commercial 
nuclear power plant models m order to input physical and biological 
data specifically applicable to the plant site and to expand the amount 
of output data. Using these two models, wont calculates the average 
and maximum annual doses to the whole body and specific organs at 
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various distances from the plant site for infants, children, teenagers, 
adults, and the general population. The maximum dose calculations are 
based on hypothetical individuals residing at the perimeter of the plant. 
Of these calculations, the whole body dose is the most important 
because SRP’S airborne releases primarily affect the whole body rather 
than individual organs. 

When we completed our review in January 1986, Wont had not com- 
pleted its report on the annual whole body doses for calendar year 1986. 
Table 111.2, however, shows the calculated average and maximum whole 
body doses for individuals at the plant boundary by various age groups 
resulting from SRP’S airborne releases during calendar year 1984. 

Table 111.2: Calculated Impact oll984 
Alrborne Releaws In mtlltrem 

Age Group 
Infant 

Chtld 

Teenager 

Adult 

-. 

--- 

Annual whole body dose@ 
Average Maxlmum 

0 47 1 11 

0 87 237 

0 73 1 78 

0 67 164 

aAs shown In table Ill 1, krypton releases dunng 1984 were greater than tntium releases, however, about 
95 percent of the annual whole body doses resulted from tntium releases whereas less than 1 percent 
of the doses resulted from krypton releases 

The above calculated doses are less than 1 percent of DOE’S annual 600 
millirem standard and would have been less than 3 percent of DOE’S new 
annual whole body standard of 100 milhrem for prolonged exposures. 
These doses are also less than 10 percent of EPA’s new airborne annual 
whole body dose standard of 26 millirem and are well within Wont’s 

administrative control guide of 10 millirem a year. Wont records show 
that individuals resldmg m the vicinity of the plant receive an average 
annual whole body dose of about 93 millirem from natural background 
radiation sources and that measured variations in natural background 
radiation in 1984 ranged from about 47 to 163 millirem in the vicinity of 
the plant. The doses from SRP’S airborne releases were only a small per- 
centage of these background radiation levels. 

We noted that EPA’S Eastern Environmental Radiation Facility in 
December 1982 made a limited verification of DuPont’s calculations as a 
part of EPA’S effort to establish a nationwide radioactive airborne emis- 
sion standard Usmg airborne release data for 1981 provided by DOE, EPA 

mdependently calculated offslte doses with its own models, and the 
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results of these calculations generally confirmed Mont’s dose calcula- 
tions. As a result of the new EPA airborne standard, we also noted that 
Wont will be required to either use EPA models or have its own models 
approved by EPA in computing future doses. 

According to one of the Wont officials responsible for these calculations, 
Wont’s dose models are very conservative because they contain a higher 
factor for tritium than recommended by either the International Com- 
mission on Radiological Protection or the National Council on Radiation 
Protection and Measurements. We noted that use of the lower factor 
would result in a significant reduction in Wont’s offsite whole body dose 
calculations because tritium releases are responsible for most of the 
dosage. During 1984, for example, tritium accounted for about 96 per- 
cent of the calculated 2.37 millirem maximum whole body dose. Had 
DuPont used the lower tritium factor in its calculations, the maximum off- 
site dose would have been less than 1.6 millirem. SRP officials told us 
that wont would use the lower factor in calculating doses from 1986 
airborne releases. 

In addition to calculating annual offsite doses, DuPont makes real-time 
calculations of doses resulting from unintentional releases of radioac- 
tivity to assist in determining whether any emergency actions are war- 
ranted. To assess the impact of these releases, wont uses a system, 
referred to as the Weather Information and Display System, which con- 
sists of meterological towers, several computers, and a network of termi- 
nals. The system combines radioactive airborne release data with 
existing meterological data and calculates dispersion factors and 
resulting doses from airborne releases at various locations both on and 
off the plant site. To verify these calculations, Wont uses a mobile labo- 
ratory with a near realtime monitoring capability and dispatches field 
teams to collect samples from various segments of the environment. In 
addition, Georgia and South Carolina are collecting and analyzing sam- 
ples from various offsite environmental media which verify DuPont’s 
measurements. 

We examined the impact of the unintentional release which occurred in 
September 1984 and noted that DuPont calculated a maximum whole 
body dose of 1.6 millirem to a hypothetical individual at the plant 
boundary. We also noted that wont made an extensive verification of 
the calculated maximum whole body dose, and its assessments showed 
that the actual dosage was probably much smaller than 1.6 millirem. 
Immediately following the release, Wont dispatched field teams which 
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collected and analyzed about 300 samples of air, various types of vege- 
tation, and surface waters in order to confirm the path of the release 
and to measure the levels of radioactivity in these items. Over the next 
several days, these teams also collected 26 samples of milk which were 
analyzed for radioactivity in assessing the offsite dose. To further 
verify its calculated doses, wont collected and analyzed urine samples 
from 73 people who were located in or near the path of the release. The 
maximum dose observed in any of these individuals was less than one 
quarter of 1 millirem. South Carolina also made an extensive assessment 
of the tritium concentration in the unintentional release, and its mea- 
surements compared favorably with those made by DuPont. 

Actions to Reduce 
Future Impacts 

DuPont is making several modifications to the tritium facilities primarily 
for the purpose of improving production capabilities; however, wont 

projects that these modifications will also result in a significant decrease 
in the maximum whole body dose to the public in the vicinity of the 
plant. As previously discussed, tritmm releases accounted for about 96 
percent of the calculated maximum offsite dose during calendar year 
1984, Had the above improvements been in place during this year, we 
determined that DuPont’s calculated maximum dose of 2.37 millirem to 
the whole body would have been reduced to about 1.24 millirem. In 
addition to these changes, DuPont is evaluating changes in the contain- 
ment processes and technologies that have the potential for further 
reducing the concentrations of radionuclides in plant airborne releases. 
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Large volumes of radioactive liquid waste are generated as a result of 
SRP’S various research, development, and production operations. A large 
part of the liquid waste- referred to as low-level waste-contains small 
concentrations of radioactivity and is released directly into surface 
streams on the plant site. Some of the low-level liquid waste, however, is 
discharged into large, excavated earthen pits, referred to as seepage 
basins, to prevent surges of radioactivity in surface streams and to pro- 
vide time for short-lived radronuclides to decay, Part of the liquid 
waste-referred to as high-level waste-is highly radioactive and has to 
be isolated from the environment so that Dresent and future generations 
will be protected from potential radiation hazards. 

Our analysis showed that SRP’S radioactive waterborne releases have 
had very little impact outside the plant boundary. Within the plant 
boundary, however, we determined that surface streams as well as soil 
and groundwater at some of the waste storage and disposal sites were 
contammated with radioactivity. SRP officials told us that there is a 
remote possibility that some of this contammation could reach the deep 
Tuscaloosa aquifer. Further, DOE may have to maintain long-term insti- 
tutional control over these waste sites because of the radioactive con- 
tamination. Specifics of these matters are discussed below. 

Low-Level Liquid 
Waste 

As a part of its various research and production operations, SRP gener- 
ates large volumes of liquid waste contaminated with low-levels of radi- 
oactivity. Most of the low-level liquid waste is generated at the nuclear 
production reactors and various facilities in the chemical separations 
areas. Depending upon the concentrations of radioactivity contained in 
the waste effluents, they are either released directly into onsite surface 
streams or discharged into seepage basins. Since initiating plant opera- 
tions in the early 1960’s, wont has routinely released millions of gallons 
of low-level liquid waste mto surface streams and seepage basins. 

Mont releases low-level liquid waste directly mto surface streams from 
several facihties, but most of these releases are from contaminated 
water used to cooi the nuclear production reactor heat exchangers. 
wont also releases process cooling water and storm water runoff from 
the chemical separations areas directly into surface streams; however, 
when these effluents are known or suspected to contain radioactivity, 
they are diverted to large retention basms. The retention basins initially 
used at SRP for this purpose were shallow, earthen pits; however, in 
1972, DuPont replaced these with new basins lined with plastic to prevent 
potentrally higher concentratrons of radioactivity from seeping into the 
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soil and underlying groundwater. After the levels of radioactivity in the 
retention basins are determmed, the liquid waste is either retained for 
further decontaminatron or discharged into nearby seepage basins or 
surface streams. 

DuPont discharges millions of gallons of low-level liquid waste each year 
into large, earthen seepage basins located near the research and produc- 
tion facilities. As a part of the high-level waste evaporation process dis- 
cussed later in this appendix, for example, Wont discharges an average 
of about 6 million gallons of low-level radioactive liquid waste annually 
xnto seepage basins located in the chemical separations areas. The pur- 
pose of using seepage basms 1s to prevent surges of radioactivity in the 
streams and to allow short-lived radionuchdes such as tritium to decay. 
These basins are purposely designed to allow the liquid effluents to seep 
through their sides and bottoms to the underlying groundwater. During 
this process, much of the radioactivlty is retained in the soil around and 
under the seepage basins, and the time required for the radioactivity to 
reach groundwater allows some of the short-lived radionuclides to 
decay. The remaimng rachoactivity is further diluted upon reaching the 
groundwater and its slow movement provides additional time for short- 
lived radronuclides to decay before eventually discharging into a surface 
stream. 

Since initiation of operations, Mont has constructed 36 seepage basins 
for disposal of low-level radioactive liquid waste, but waste is no longer 
being discharged to 16 of these basins because of various reasons. Six of 
these basins, for example, are no longer used because SRP placed one of 
its nuclear productron reactors in a standby status. Of the 20 active 
basins, 11 are being used for only radioactive waste, and the other 9 are 
being used for mixed waste containing both radioactive and hazardous 
chemicals. Eleven of the active seepage basins are located at the oper- 
ating nuclear production reacto?, 7 at the chemical separations areas, 
and 2 at other facihtles. 

Although seepage basins have been used since initiating operations in 
the early 1960’s to dispose of low-level liquid waste, SRP plans to close 
the 9 basins currently being used for mixed waste. As part of its ongoing 
EIS to assess the effect of its waste management practices on ground- 
water quality, SRP also plans to evaluate the continued use of the 9 
seepage basins located at three of its four operational production reac- 
tors. SRP has already determined that it will continue to use the 2 basins 
located at the other reactor. 
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DuPont conducts a monitoring program for the purpose of determining the 
types and concentration levels of radioactivity in waterborne releases 
and assessing the impact of the releases. To accomplish this effort, 
wont obtains and analyzes samples from various sources, including 
onsite surface streams, groundwater monitoring wells, the Savannah 
River, public drinking water systems, and two large public drinking 
water treatment facilities located downriver from the plant site. 

wont collects and analyzes water samples from onsite sources before 
the waterborne releases ever reach the plant boundary. wont collects 
and analyzes weekly water samples, for example, from 38 locations 
along onsite streams which drain the plant site to determine the concen- 
tration levels of radioactivity being carried to the Savannah River. 
These samples are analyzed for gross alpha, gross beta, tritium, and 
individual radionuclides such as strontium-90 and cesium-13’71 

wont also collects and analyzes monthly, quarterly, and/or semiannu- 
ally samples from 92 routine groundwater monitoring wells located near 
the seepage basins for gross alpha, gross beta, and tritium radioactivity. 
Of these 92 monitoring wells at seepage basins, 26 are located in the 
chemical separations areas and the remaining 66 are located at the five 
production reactors. Wont also analyzes drinking water from 26 onsite 
facilities for radioactivity on a semiannual basis. South Carolina also 
periodically monitors drinking water from onsite facilities for 
radioactivity. 

In addition to the onsite monitoring activities, Mont collects weekly 
water samples from the Savannah River at five locations above, aa- 
cent to, and below the plant site. The samples are analyzed for gross 
alpha, gross beta, t&nun, and other radionuclides. Since 1976, wont 
has collected annual sediment samples in river floodplain areas at six 
locations above, adjacent to, and below the plant site to obtain estimates 
of the maximum accumulation of various radionuclides in the river bed. 
In 1977 wont also began to collect and analyze annual sediment samples 
from the floodplains of onsite streams in order to determine the amount 
of radioactivity coming from SRP operations, global fallout, and other 
sources. On a weekly basis, wont also traps fish in the river upstream, 
adjacent to, and below the plant to determine and assess the levels of 
radioactivity in the fish. 

As part of its routine monitoring, wont also collec%s and analyzes sam- 
ples of community drhkng water supplies coming from deep wells or 
surface streams in the vicinity of the plant site. DuPont tests samples of 
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drkking water from 14 of these communities for gross alpha, gross beta, 
and tritium radioactivity on a semisnnual basis. In addition to these 
samples, wont obtains daily samples of both raw and finished water at 
the two public drink@ water facilities located about 60 and 70 miles, 
respectively, downriver from the plant site. These samples are combined 
and analyzed monthly for gross alpha, gross beta, tritium, and cesium- 
137 concentrations. 

In addition to the routine monitoring accomplished by wont, South Car- 
olina and Georgia conduct environmental monitoring programs to deter- 
mine concentrations of waterborne radioactivity from sRp operations. 
South Carolina, for example, monitors for concentrations of gross alpha, 
gross beta, and tritium in groundwater wells located in six communities 
located near the plant site. Georgia also monitors for these radioactive 
elements in groundwater wells at 10 locations near the plant site. In 
addition, both states collect and analyze samples of water from the 
Savannah River for gross alpha, gross beta, and tritium as well as sam- 
ples of other environmental media that could be affected by waterborne 
releases. 

Impacts of Radioactive 
Releases 

Except for a small swamp area located near the boundary of the plant, 
our analysis showed that SRP’S practice of releasing low-level radioactive 
liquid waste directly to surface streams or to earthen seepage basins has 
had very little impact outside the plant boundary. We determined, how- 
ever, that some onsite surface streams contained elevated levels of radi- 
oactivity and that the soil and groundwater at some of the seepage 
basins have been contaminated with radioactivity. While some of this 
contamination could potentially reach the Tuscaloosa aquifer, SRP offi- 
cials believe that the concentration level would be very low by the time 
it reached the Savannah River. Further, DOE may have to maintain long- 
term institutional control over some of the contaminated sites to protect 
people who may have access to these areas after the plant is closed. 

0ffsit.e Impacts According to DuPont’s reports, tritium accounts for about 99 percent of 
the radioactivity reaching the Savannah River. Of the tritium reaching 
the river during 1984, DuPont assessments showed that about 67 percent 
came from the seepage basins and that 32 percent came from direct 
releases into onsite surface streams. In exsmining the results of wont’s 
environmental monitoring activities for the period 1980 through 1984, 
we found that tntium and trace amounts of strontium-90 and cesium- 
137 were the only specific radionuclides that DuPont measured in river 
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water by using routine analytical techniques. At times during this 
period, DuPont had to use special low-level analysis techniques to detect 
the very small concentrations of cesium-137. DuPont’s environmental 
monitoring reports durmg this period also showed that the average con- 
centrations of gross alpha, gross beta, and tritium radioactivity in the 
river were less than 1 percent of DOE’S offsite concentration guides. 

Although EPA’S pubhc drinkmg water standard does not apply to river 
water along the boundary of the plant site, we determined that the gross 
concentrations of radioactivity being measured were well below this 
standard. Measured alpha concentrations were generally less than 6 per- 
cent of EPA’S standard, gross beta concentrations were generally less 
than 20 percent of the standard, and tritnun concentrations were gener- 
ally less than 60 percent of the standard. We also determined that moni- 
toring reports prepared by both South Carolina and Georgia generally 
confirmed the low concentrations of radioactivity in the Savannah 
River. Officmls from both of these states told us that they considered 
DuPont’s monitoring data reliable and that their monitoring results gener- 
ally agreed with those being obtamed and reported by DuPont. 

At the two downstream public water treatment plants, DuPont’s moni- 
toring reports showed that tritium and trace amounts of cesium-137 
were the only two radionuchdes that have been detected in the water. 
During 1984, the average concentrations of these two radionuclides, 
however, were considerably less than 1 percent of DDE’S offsite concen- 
tration guides. Furthermore, the tritium concentrations at the plants 
were only 8.5 and 12.5 percent, respectively, of EPA’S public drinking 
water standard. The cesium-137 concentrations at the two plants were 
considerably less than 1 percent of the EPA standard. 

After dilution in the onsite streams and river water, the concentrations 
of most radionuchdes released from SRP’S operations are too small to be 
measured. DuPont therefore uses an NRC model to calculate the concentra- 
tions and the resultmg annual whole body doses to hypothetical individ- 
uals downstream from the plant site who might drink river water, eat 
large amounts of fish, and spend many hours on the river boating and 
swunming. Table IV. 1 shows DuPont’s calculated maximum annual whole 
body doses to hypothetical individuals of various age groups resulting 
from SRP waterborne releases during 1984. 
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Table IV.1: Maximum Annual Whole 
6ody Dose8 From 1984 Waterborne 
Releases 

Age group Millirem 
Infant 0 26 

Child 0 27 

Teenager 031 

Adult 052 

The maximum annual whole body dose to any of these individuals was 
less than 1 percent of DOE's 600 millirem -whole body dose standard 
which was in effect during 1984 and would have been less than 1 per- 
cent of DOE'S new whole body dose standard of 100 millirem for pr* 
longed exposures. DuPont’s calculated doses for individuals consuming 
water at a maximum consumption rate from the two downstream public 
water treatment plants during 1984 were also very small percentages of 
DOE'S standards as well as EPA'S more restrictive public drinking water 
standard of 4 rmllirem a year. During 1984, for example, wont’s calcula- 
tions showed that a child would have received a maximum whole body 
dose of about 0.18 millu-em and that an adult would have received a 
maximum dose of 0.20 millirem. These doses are small when considering 
that DuPont records show that persons living near the plant receive an 
annual whole body dose of about 93 rmllirem from natural background 
radiation. 

While the radioactive concentrations in waterborne releases are very 
low, we noted that a swamp located adjacent to the southern boundary 
of the plant site had become contaminated primarily with cesium during 
the 1960’s as a result of leaks from defective fuel elements stored in a 
basin at one of the production reactors. According to wont assessments, 
a few areas of the swamp contain cesium-137 levels high enough to 
result in an individual receiving a radiation dose in excess of DOE's 

whole body dose standard if the individual resided in the swamp, Since 
the swamp 1s uninhabited, wont studies show that it is highly unlikely 
that anyone would receive a dose of this magnitude. 

For individuals usmg the swamp for such purposes as hunting, fishing, 
and launching boats into the river, wont assessments show that it is 
conceivable that an individual could receive an annual whole body dose 
ranging from a few millirem to a few tens of millirem. Neither SRP nor 
South Carolina officials, however, consider it necessary to place any 
restnctlons on use of the swamp for these purposes or to take any reme- 
dial actions to remove the radioactivity. Wont continuously monitors 
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or&e Impacts 

the area and includes the results of its surveillance in annual environ- 
mental monitoring reports which are available to the public. 

We determined that some of the onsite surface streams contained ele- 
vated levels of radioactivity and that the groundwater beneath seepage 
basins at the chemical separations areas and nuclear production reac- 
tors was contanunated with radioactivity. SRP officials told us that there 
is a remote possibility that some of the contamination at two of the pro- 
duction reactors could reach the Tuscaloosa aquifer. In addition, DOE 
may have to maintam long-term institutional control over some of the 
seepage basins at these facilities because of radioactive contamination. 
Specifics of these matters are discussed below. 

Contamination of surface streams and groundwater-DOE did not have 
standards governing the amounts of radioactivity that could be con- 
tained in either onsite surface water or groundwater within the plant 
boundary. Therefore, we compared the concentrations of gross alpha, 
gross beta, and tritium contained in the streams and groundwater at the 
chemical separations areas and production reactors during the period 
1980 through 1984 with DOE’S offsite concentration guides and EPA’S 
public drinkmg water standard to illustrate the degree of contamination. 
In assessing gross alpha and beta concentrations, we used plutonium 
and strontium-90- principal alpha and beta emitters, respectively, in 
SRP’S waste. The Wont official responsible for environmental analysis 
and reporting told us that these emitters would be the most appropriate 
radionuclides for use in our assessment, 

We determined that most of the onsite surface streams contained tritium 
concentrations which consistently exceeded EPA’s drinking water 
standard during the period 1980 through 1984. Tritium concentrations 
ranged from slightly above to 750 times greater than the EPA standard. 
T&nun concentrations m one of the streams also consistently exceeded 
DOE’S offsite guide, with maximum levels ranging from about 2 to 5 
times greater than the guide. In addition to tritium contamination, three 
of the streams contained maxunum gross alpha concentrations which 
exceeded EPA’S dnnking water standard during most of the 6-year 
period. These streams also contained maximum gross beta concentra- 
tions ranging from slightly above to over 17 times greater than DOE's 

offsite guide. AS previously discussed, however, the gross alpha, gross 
beta, and tritium concentrations are diluted to levels well within both of 
these standards by the tune the radioactivity reaches Wont’s monitoring 
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stations on the Savannah River which flows along the southwestern 
boundary of the plant site. 

As for groundwater contamination at seepage basins, the highest levels 
of contamination were at those basins located at the chemical separa- 
tions areas and nuclear production reactors. Tritium concentrations 
measured in all 26 routine groundwater monitoring wells around the 
seepage basins in the chemical separations areas consistently exceeded 
EPA'S drinking water standard during the period 1980 through 1984. 
Maximum tritium concentrations during this period ranged from slightly 
above to 6,560 tunes greater than the EPA standard. Thirteen of these 
wells also contained maximum tritium concentrations which exceeded 
DOE'S offsite guide at least once during this period, and 6 of these wells 
consistently exceeded DOE's guide, with maximum measurements 
ranging from slightly above to 37 times greater than the guide. 

Six of the 26 wells also contained gross alpha concentrations exceeding 
WA’S drinking water standard at least once during the period 1980 
through 1984. Two of these 6 wells consistently exceeded the EPA 

standard, with maximum measurements ranging from about two to over 
four times greater than the standard. Fourteen of the 26 wells also con- 
tained gross beta concentrations exceeding EPA'S drinking water 
standard at least once during the period, and 7 of these 14 wells consist- 
ently exceeded the EPA standard, with maximum readings ranging from 
about 2 to 200 times greater than the standard. The maximum gross 
beta concentrations m 8 of the 14 wells ranged from slightly over to 33 
times greater than DOE'S offs& guide during the &year period. 

In addition to the 26 routine groundwater monitoring wells, there are 3 
other wells located near the seepage basins in the separations areas 
which Wont no longer routinely monitors because it does not believe the 
concentrations of radioactivity contamed in the wells are representative 
of the extent of groundwater contamination under the seepage basins. 
These wells only extend into very shallow groundwater which ranges 
from 10 to 26 feet deep; however, we noted that they contained high 
concentrations of gross beta and tritium radioactivrty. DuPont’s 1980 
monitoring report, the most recent report containing the results from all 
3 wells, showed that maximum gross beta concentrations ranged from 
26 to 1,200 times greater than DOE'S offsite guide and that maximum 
tritium concentrations ranged from about 8 to 18 times greater than the 
guide. 
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As for groundwater contamination under seepage basins at the three 
nuclear production reactors in operation during the period 1980 through 
1984, we determmed that tritium concentrations in the 18 groundwater 
monitoring wells around these basins consistently exceeded EPA’S 

drinkmg water standard. Maximum tritium concentrations in these wells 
ranged from about 2 to 42,000 times greater than EPA’S standard. The 
maximum concentrations of tritiurn in 10 of these wells also consistently 
exceeded DOE’S offsrte guide, with measurements ranging from slightly 
above to 280 tunes greater than the guide. -None of the 18 wells con- 
tamed gross alpha or beta concentrations exceeding DOE's offsite guides, 
but 1 of them contained gross beta concentrations which were about 
twice as high as EPA'S drinking water standard during 2 of the 6 years. 

As for seepage basms at the other two reactors, Wont did not monitor 
for groundwater contamination at one of the reactors during the period 
1980 through 1984; however, this reactor has been recently refurbished, 
and DuPont plans to begin monitoring groundwater at the seepage basins. 
Wont continued to monitor groundwater under the seepage basins at the 
other mactive reactor, however, because large amounts of strontium-90 
and cesium-137 were released to these basins in 1967 as a result of a 
fuel element farlure. Monitoring reports for these basins show that the 
groundwater still contains elevated levels of gross beta radioactivity. 

Twenty-two of the 48 wells around these basins, for example, contained 
gross beta radlatron exceeding EPA’S drinking water standard at least 
once during the period 1980 through 1984. Maximum measurements 
from these wells ranged from slightly above to 620 times greater than 
EPA'S drmking water standard. Thirteen of the wells also contained gross 
beta contamination levels which ranged from slightly above to 103 times 
greater than DOE’S offsite guide. According to Wont evaluations, radio- 
activity m the soil at these basins has not migrated any significant dis- 
tance since the 1967 mcident. wont’s assessments show that almost half 
of the strontium-90 and cesium-137 has decayed since the release and 
that the remainmg radioactivity has been essentially immobilized in the 
soil. Based on the slow rate of migration to date, Wont concluded that 
the radioactivity at these basins will decay to nondetectable levels 
before reachmg the nearest surface stream. 

Potential contamination of Tuscaloosa aquifer--r)uPont’s evaluations 
show that the most detrimental impact of using seepage basins has been 
the contammation of sol1 resultmg from the slow buildup of radioac- 
tivity over the years of operations. We noted, however, that Wont’s 
assessments also show that there is a possibility of radioactivity at two 
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productron reactor’s seepage basins reaching the Tuscaloosa aquifer. 
The hydrological conditions existmg under these areas of the plant site 
do not create an upward pressure against the shallower groundwater as 
IS the case under other areas of the plant site. For this reason, the radio- 
activity at these seepage basins could migrate downward rather than 
primarrly in a lateral direction and contaminate the aquifer. 

We discussed the possible radioactive contamination of the aquifer with 
SRP environmental and waste management officials, and they said that 
the likelihood of this happening was very low but that a remote possi- 
bility does exist. Addltlonal information should be available on the 
potential aquifer contamination when SRP completes in the spring of 
1987 its ongoing EIS on the impact of its radioactive waste management 
practices on groundwater quality. 

Even If some of the radioactivity did reach the aquifer, SRP officials said 
that it would take about 200 years for the radionuclides to discharge 
into the Savannah Rover just west of the plant site. Because of the reten- 
tion capabilities of the soil and the decay that would occur during this 
period, however, these officials said that the concentrations of 
radionuclides would be very low by the time they discharged into the 
river.. The river water would provide even further dilution before the 
contamination reached the public drinking water facilities located 60 to 
70 miles downstream from the plant site. 

Institutional control--r>oe may have to maintain long-term institutional 
control over the areas of the plant site in which seepage basins are 
located because of the radioactrve contamination that has occurred over 
the past years. An FJS prepared in 1977, for example, pointed out that 
these areas would remain contaminated for the foreseeable future even 
after the plant was closed. More definitive information should be avail- 
able on the required mstitutional control period when SRP completes the 
EIS on the impact of its radioactive waste management practices on 
groundwater quality. As part of this effort, SRP is also evaluating the 
extent of radioactive contamination at all of the seepage basins to deter- 
nune whether any remedial actions are warranted, including the 
removal of radioactrve contamination at these sites. 

High-Level Liquid 
Waste 

High-level liqmd waste at SRP is generated during the chemical reproces- 
sing of fuel and target assemblies which have been irradiated in the 
nuclear production reactors After the fuel and target assemblies are 
removed from the reactors, they are temporarily stored in water-filled 
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basins where they remain for several months. The assemblies are then 
transported to the chemical separations plants where they are dissolved 
in acid and the desired special nuclear products are removed. 

The acidity of the remaining solution, which contains high-level liquid 
waste and a small amount of unrecovered products, is neutralized to 
prevent corrosion of the storage tanks. The waste solution then flows by 
gravity to storage tanks through pipes enclosed in concrete to provide 
double containment of the waste. The waste is allowed to age in a 
receiving tank for 1 to 2 years where short-lived radionuclides decay 
and a layer of sludge settles to the bottom of the tank where it remains. 
The sludge represents only about 6 percent of the waste volume but con- 
tams most of the radioactivity. 

The remaining waste liquid- referred to as supemate-is successively 
passed through evaporators to reduce its volume and form crystallized 
salt which settles on the sides and bottoms of the storage tanks. These 
successive evaporation cycles not only reduce the waste volume by a 
factor of four, but also result in the formation of a much less mobile 
waste form which is safer to store than liquid waste. The radioactive 
concentration in the crystallized salt is about three times the concentra- 
tion levels contained in the liquid supemate. The evaporation process 
also results in a large amount of low-level liquid waste which is dis- 
charged into seepage basins. 

As of December 1984, SW’S high-level waste inventory contained about 
796 million curies of radioactivity and consisted of 3.6 million gallons of 
sludge, 9 million gallons of crystallized salt, and 20.6 million gallons of 
supemate solution. Over the next several years, SW estimates that it will 
generate an annual average of about 3.7 million gallons of high-level 
liquid waste. 

Waste Storage Tanks During the period 1961 through 1982, wont constructed 61 large, under- 
ground tanks to store Its high-level radioactive waste. The tanks are 
located in two areas referred to as farms-one with 29 tanks and the 
other with 22 tanks-adjacent to the chemical separations plants and 
range in capacity from 760,000 to 1,300,OOO gallons. The individual 
tanks and the two farms are interconnected so that waste can be trans- 
ferred between tanks within a farm or tanks located in the other farm. 
All of the tanks were constructed of carbon steel and reinforced con- 
crete, but there are four different designs or types of tanks. 
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Forty-three of the tanks have primary and secondary walls with a 
space, referred to as an annulus, between the sides and bottoms; and the 
outer or secondary walls are encased in reinforced concrete. The sec- 
ondary walls serve as saucer-type devices to catch waste leakage. The 
secondary walls for 16 of these tanks extend 5 feet up the sides of the 
primary walls, but the other 27 tanks are of a newer design and have 
secondary walls completely encasing the primary walls. These 43 tanks 
also have cooling coils to reduce the high heat content of some of the 
waste received from the separations plants, The other eight tanks were 
designed to store waste that does not require auxiliary cooling and only 
have single carbon steel walls encased in reinforced concrete. All of the 
tanks are equipped with various automatic controls and alarms to mon- 
itor for potential leakage of high-level waste. 

Nine of the older double-walled tanks have developed leaks in their pri- 
mary walls, but the secondary walls of eight of these tanks contained 
the leakage Leakage from the other tank, however, rose above the sec- 
ondary wall and seeped through the concrete encasement into the soil 
and groundwater. In addition, DuPont discovered in December 1983 that 
cracks had developed in one of the single-walled tanks. Because of the 
leaks and unacceptable nsk associated with the single-walled tanks, 
wont is transferring the waste into newer tanks. 

Leak Detection and 
Radiation Monitoring 
Program 

Because of potential environmental hazards of high-level waste, hpont 

conducts a waste tank inspection and radiation monitoring program 
aimed at ensuring that the waste is being safely stored. DuPont’s leak 
detection system is primarily based on two basic principles-disappear- 
ance of waste from IIS proper location and appearance in an improper 
location. The latter principle is the most reliable because the volume of 
waste inventories is too large for precise measurements. A small differ- 
ence in inventory levels, for example, could result in the release of a 
very large amount of radioactivity. Although inventory surveillance is 
used as a backup, primary leak detection methods rely on automatic sur- 
veillance of those areas into which leakage is most likely to migrate. 

Various controls and alarms are installed on the waste tanks to detect 
leakage and to automatically transmit this information to control rooms 
located in each tank farm. The annuli of the 43 double-walled tanks, for 
example, are equipped with at least two probes which constantly mon- 
itor for the presence of liquid under their primary containers. When liq- 
uids are detected, these probes automatically activate audiovisual 
alarms located in the control rooms. Once each month, Wont visually 
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inspects the annulus of each tank and tests the probes. Since the eight 
single-walled tanks do not have an annulus space, probes cannot be used 
on these tanks for leak-detection purposes. These tanks, however, were 
constructed on concrete slabs with a network of leak collection channels 
which dram mto sumps located under the tanks. Liquid levels in the 
sumps are continuously monitored and recorded; and, if liquid in one of 
the sumps reaches a preset level, an alarm is automatically activated. 

The storage tanks are also equipped with radiation monitors for 
detecting surface spills and leaks and airborne releases. In addition, 
DuPont makes routine vuMl observations in and around the waste tank 
farms and uses portable radiation monitoring instruments to detect radi- 
oactive leaks and spills. wont also periodically obtains and analyzes 
samples of the high-level waste and constantly monitors its temperature 
using automatic instrumentation to ensure that it is not damaging the 
tanks’ primary walls. 

For inventory control and as a backup to the automatic leak-detection 
equipment, liquid levels inside the tanks are automatically measured 
with a reel tape and recorded hourly in the control rooms. At least once 
each day, DuPont compares the readings with those recorded during the 
previous day. The reel tapes are also equipped with automatic alarms 
that sound if liquid levels are either above or below preset alarm levels. 
Wont waste management personnel also measure the liquid levels in the 
tanks at least once each month using a hand-held tape. Wont also uses 

the hand-held tape along with other instruments to determine the 
amounts of submerged salt and sludge contained in the tanks. 

DuPont makes periodic evaluations of the condition of the storage tanks 
using visual and photographic inspections, steel thickness measure- 
ments, and metallurgical evaluations. By inserting special equipment 
through opemngs m the tops of the tanks, for example, DuPont is able to 
visually inspect and photograph the interior of all of the primary walls. 
Wont is also able to inspect the exterior of the primary walls for the 43 
double-walled tanks that have an annulus space. Although these inspec- 
tions are not primarily designed for detecting leaks, most of the leaks in 
the older waste tanks were found durmg visual inspections. 

While DuPont pnmarily relies on the previously discussed automatic sur- 
veillance and backup systems for leak detection purposes, DuPont has 
drilled wells both within and outside the two tank farms to monitor for 
waste that may have escaped without being detected and to assess the 
environmental impact of the waste spills and leaks that have occurred 
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during past years, A number of these wells were drilled, used for a 
period of time, and then closed. At the time of our review, however, 
DuPont had 142 monitoring wells-71 groundwater wells and 71 dry 
wells-located within and outside the 2 tank farms. DuPont uses the 71 
groundwater wells to monitor the concentration levels of gross alpha, 
gross beta, and tritium in the groundwater beneath and around the 
perimeter of the farms. Forty-nine of these wells are located inside the 
farms, and the other 22 are located around the perimeter of the farms. 
Wont uses the 71 dry wells, located within the two tank farms, to mea- 
sure gamma radioactivity contained in the soil, 

Impacts of Radioactive 
Releases 

Our analysis showed that SRP'S high-level waste operations have had 
very little impact outside the boundary of the plant; however, the 
groundwater and soil around and beneath several of the storage tanks 
have been contaminated with radioactivity which will require many 
years to decay. Although SRP has not prepared a decommissioning and 
decontamination plan for its high-level waste storage tanks, this area of 
the plant site may have to remain under long-term institutional control 
to protect individuals who have access to the site after the plant is 
closed. 

offsite Impacts SRP'S high-level waste storage operations result in small routine releases 
of airborne radioactivrty and large volumes of low-level liquid waste to 
the environment. To prevent a potential explosion, the waste storage 
tanks are equipped with ventilation systems to remove hydrogen, and 
this process results in the release of radioactive tritium to the atmo- 
sphere. According to DuPont estimates, about 650 curies of radioactive 
tritium are released annuaUy from each tank containing newly gener- 
ated and unevaporated waste. The annual offsite whole body dose from 
these airborne releases, however, is estimated to be less than one one- 
thousandths of a mrllirem which is very small when compared to EPA'S 

new airborne emission standard of 25 millirem to the whole body. DuPont 

also discharges large volumes of low-level liquid waste into seepage 
basins located near the two tank farms. Over the past several years, an 
annual average of about 6 million gallons of low-level liquid waste has 
been discharged into these basins. As discussed in the previous section 
of this appendix, however, these releases have had very little impact 
outside the boundary of the plant, 
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Onsite Impacts There have been a number of unintentional releases of high-level waste 
at the waste tank farms. Some of these releases contained large amounts 
of radioactivity and contammated the soil as well as the groundwater 
beneath the tank farms. As a result, DOE may have to maintain long-term 
institutional control over the tank farms. Specifics of these matters are 
discussed below. 

Soil and groundwater contammation-wont cleaned up many of the 
high-level waste surface spills and leaks by removing the contaminated 
soil and disposing of it in the low-level burial ground or by taking other 
measures. Some of the unintentional releases, however, contaminated 
subsurface soil. One large unintentional release which occurred in Sep- 
tember 1960, for example, resulted because of leaks in the primary wall 
of one of the older storage tanks. Although this tank had a g-foot sec- 
ondary wall, DuPont assessments showed that an estimated 700 gallons of 
high-level waste exceeded the top of its secondary wall for a B-hour 
period. DuPont estimated that a few tens of gallons of high-level waste 
seeped through the concrete encasement and reached the soil and 
groundwater beneath the tank. According to DuPont’s assessments, much 
of the radioactivity was retained in about 30,000-square-feet of soil 
around and under the tank 

For the radioactivity reaching the groundwater, DuPont evaluations show 
that the leading edge of the contamination will take from about 100,000 
to 800,000 years to discharge mto a surface stream which will allow 
sufficient time for most of the radionuclides to decay to low levels. 
These evaluations further show that most of the radioactivity will 
require from about 200,000 to l-2 million years to reach a surface 
stream which ~111 allow considerably more time for the radionuclides to 
decay. A wont assessment in October 1984 shows that DuPont plans to 
continue momtoring the migration of the radioactivity and that the site 
will be investigated to determme if any other actions are required 

In addition to this example, another large unintentional release of high- 
level waste occurred m April 196 1 when one of the tanks was overfilled 
because measuring devices were not properly calibrated. DuPont initially 
concluded that the waste overflow had dramed into a catch tank, but 
they determined in 1974, after installing 8 new monitoring wells, that 
about 1,500 gallons of the waste escaped to the soil and groundwater 
around and beneath the tank. According to a February 1985 DuPont 

assessment, the radioactive waste overflow contaminated about 1,000 to 
1,500 cubic feet of sod located from 12 to 26 feet below grade. As for the 
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radioactivity that reached the groundwater beneath the tank, Wont esti- 
mates that it will take several hundred thousand years for the 
radionuclides to discharge into a surface stream which will allow time 
for most of them to decay to very low levels. wont has determined that 
there has been very little migration of the radioactivity in the soil and 
that the contaminated areas will not be excavated at this time because 
of radiation exposure to personnel. 

To determme the extent of groundwater contamination beneath the two 
tank farms and the rate of migration, we examined Wont’s monitoring 
reports showing the concentrations of gross alpha, gross beta, and tri- 
tium radiation contained in the 49 interior and 22 perimeter ground- 
water wells. Because DOE did not have standards governing the amounts 
of radioactivrty that could be contained in either onsite surface water or 
groundwater, we compared the concentrations of gross alpha, gross 
beta, and tritium contamed in these wells during the period 1980 
through 1984 with DOE'S offsite concentration guides for uncontrolled 
areas and EPA'S public drmking water standard to illustrate the levels of 
groundwater contammation beneath the tank farms and the rate of 
migration. 

None of the 49 groundwater wells located mslde the tank farms con- 
tamed gross alpha contamination exceeding DOE'S offsite concentration 
guide during the period 1980 through 1984; however, 3 of these wells 
exceeded EPA's dnnking water standard during this period, with the 
highest measurement bemg about 11 times greater than the standard. As 
for gross beta contamination, 10 of the wells contained concentrations 
exceeding DOE’S offsite concentration guide at least once during the 6- 
year period The highest concentration measured during this period was 
about 83 times greater than DOE'S offsite guide. We also determined that 
21 of the wells contained concentrations exceeding EPA'S drinking water 
standard at least once during this period and that 6 of these wells con- 
srstently exceeded the standard. Maximum beta concentrations in these 
6 wells ranged from slightly above to 500 tunes greater than the EPA 

drinking water standard. 

We determined that 36 of the 39 mtenor wells monitored contained tri- 
tnu-n concentrations exceeding EPA'S drinking water standard at least 
once during this period, and 22 of these wells were consistently above 
the EPA standard Maxunum tntmm concentrations in these 22 wells 
ranged from slightly above to 31 times greater than EPA'S standard. 
None of these concentration levels, however, exceeded DOE'S offsite 
guide. 
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Our exammation of the radioactlve concentrations contained in the 22 
perimeter wells, however, showed that very little radioactivity has 
migrated out of the tank farm area. Of the 10 perimeter wells monitored 
for gross alpha and beta radiation, none of the concentrations exceeded 
EPA’S drinking water standard. Fifteen of the perimeter wells contained 
tritium concentrations which exceeded EPA’S drinking water standard at 
least once dunng the 5-year period, and 7 consistently exceeded the 
standard, with maxrmum concentrations ranging from slightly above to 
65 times greater than the standard. None of the 16 wells, however, 
exceeded DDE’S offsite guide 

While not a part of the high-level waste facilities, DuPont has determined 
that there 1s radioactive contamination above background levels in the 
groundwater under one of the chemical separations plants. To assess the 
extent and cause of contammation, DuPont is measuring radioactive con- 
centrations contained m 14 groundwater momtoring wells around the 
facility. An assessment made by DUPOXI~ in June 1986 shows that it would 
take about 200 years for the existing contammation to discharge into 
the nearest stream. The assessment further pointed out that dilution 
and decay during thus period would likely reduce the concentrations to 
levels that could not be detected. At the time we completed our review, 
however, DuPont was still m the process of assessing the extent and cause 
of groundwater contammatlon under this facility. 

Tuscaloosa aquifer-DuPont analyses show that most of the radioactivity 
m the high-level waste spills and leaks has been retained by the soil 
around and under the tanks and that the radionuclides in the ground- 
water will decay to very low levels before discharging into one of the 
onsite surface streams DuPont evaluatrons also show that the radioac- 
tivity 1s not expected to migrate downward into the large Tuscaloosa 
aquifer. DuPont has determmed that groundwater beneath the two tank 
farms moves primarily in a lateral or honzontal direction and eventually 
discharges into surface streams The groundwater movement is lateral 
rather than downward because of hydrological conditions under this 
area of the plant site which, m essence, create an upward pressure 
against the shallow groundwater. 

DuPont plans show that it will contmue monitormg the movement of 
groundwater beneath the two tank farms and assessing potential 
changes that could occur in the existing hydrological conditions. We also 
noted that SRP plans to assess the impact that the unintentional releases 
of hrgh-level waste has had on groundwater beneath the two tank farms 
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as part of the EXS currently being prepared to assess the effect of its 
waste management practices on groundwater quality. 

Institutional control-In addition to the groundwater and soil contami- 
nation, we noted that long-term institutional control may have to be 
maintained over the tank farms We noted, for example, that an EE pre- 
pared in September 1977 on SRP’S radioactive waste management activi- 
ties showed that institutional control of the area occupied by the two 
tank farms would have to be mamtamed for the foreseeable future. The 
EIS pointed out, for example, that areas contaminated with cesium and 
strontium would have to be controlled for at least 300 years, and a much 
longer control period would be required for those areas contaminated 
with longer lived radionuclides unless major recovery and cleanup pro- 
grams were initiated A more current assessment of the institutional 
control period, however, will be available when SRP completes its 
ongoing FXS and prepares its decommissioning and decontamination plan 
for the older high-level waste tanks that are currently being emptied as 
a part of the waste transfer program. 

Actions 1 ntended to Reduce Although SRP has taken a number of actions over the years to improve 

Future Impacts its management of high-level waste and upgrade the waste storage tanks 
with more current automatic control and alarm devices, two of the more 
significant actions mvolve the waste transfer program and preparations 
to permanently dispose of this waste offsite in a deep underground 
repository. Both of these actions should significantly reduce the poten- 
tial for future unintentional releases of high-level waste to the 
environment 

Wont IS m the process of transferring high-level waste from 23 of the 24 
storage tanks which were constructed prior to 1964 to newer tanks 
because of the leaks and uncertainties associated with estimating the 
remaining useful life of the older tanks. One of the older single-wall 
tanks, however, 1s being retained to receive and store low-level liquid 
waste. Wont expedited the waste transfer process when it discovered in 
December 1983 that cracks had developed in one of the eight tanks that 
had been constructed without a secondary wall. Because of the unac- 
ceptable risk associated with the single-walled tanks, DuPont plans to 
complete transferring the high-level waste from these tanks during 
fiscal year 1986. At the time of our review, DuPont had transferred about 
40 percent of the waste contamed in the 23 old tanks and was projectmg 
that all of the waste would be transferred by the end of 1994. Comple- 
tion of the waste transfer program should significantly reduce the 
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potential for additional contamination of soil and groundwater beneath 
the two tank farms. 

In addition to the waste transfer program, SRP plans to prepare its high- 
level waste for permanent disposal in a deep offsite underground reposi- 
tory. The waste solidification process is to be accomplished in a Defense 
Waste Processing Facility which is scheduled to become operational in 
fiscal year 1990. The highly radioactive waste sludge will be transferred 
to this facility where it will be mixed with fine particles of borosilicate 
glass and melted. The molten glass will then be poured into stainless 
steel canisters where it will solidify. The waste canisters are to be stored 
onsite in air-cooled vaults until an offsite repository is available for 
their final disposal. The liquid and salt portions of the high-level waste 
will be decontaminated in the tank farms to remove cesium and traces of 
other radioactive elements. The decontaminakd salt will then be mixed 
with cement and other additives and treated as low-level waste for 
onsite disposal. 
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SRP generates large quantities of solid radioactive waste during its 
research, development, and production of special nuclear materials 
Smce initiating operatrons in the early 1950’s, solid radioactive waste 
generated at SRP as well as waste materials received from other facilities 
have been placed m a large, centrally located burial ground. Most of this 
waste has been permanently disposed of by burial in shallow earthen 
trenches, but some of It is stored temporarily on large, above grade con- 
crete pads awaiting shipment to a permanent disposal facility being con- 
structed m New Mexico. 

Our analysis showed that SRP'S solid radioactive waste operations have 
had very little impact outside the plant boundary, but the groundwater 
beneath the burial ground has been highly contaminated with radioac- 
tivity This contamination coupled with the large amount of radioactive 
waste which has been burred may require DOE to maintain long-term 
institutional control over this waste site. Specifics of these matters are 
discussed below. 

Solid Radioactive 
Waste Operations 

- 
Solid radioactive waste consists of such matenals as equipment, plastic 
gloves, protectrve clothing, and waste paper that are contaminated with 
varying levels of alpha, beta, and gamma radiation. wont classifies 
these waste materials as either low-level waste or TRU waste. Low-level 
waste is generated m a number of research, development, and produc- 
tion operatrons, but TRU waste is primarily generated at the chemical 
separatrons plants during cleamng operations, maintenance inspections, 
equipment replacements, and other activities. In addition to the solid 
materials generated by its own operations, SRP also receives shipments 
of both low-level and TRU waste from other federal installations. 

Most of the low-level waste contams very lrttle radioactivity; however, 
some of IC contains contammatron levels high enough to requrre 
shielding to protect personnel durmg waste handling and disposal opera- 
tions Over 90 percent of the radionuclides m low-level waste decays to 
acceptably safe levels within about 100 years, but a few of them will 
require as long as 500 years to decay to safe levels. On the other hand, 
TRU waste contains very long-lived, radlotoxic radionuchdes such as plu- 
tonmm which will remam dangerous to humans for thousands of years. 

Burial Ground DuPont stores and/or disposes of solid waste in a fenced 195-acre burial 
ground located at the approximate center of the plant which 1s about 6 
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miles from the nearest plant boundary. The original burial plot, con- 
sisting of 76 acres, was placed in operation in the early 1960’s; and, 
after it was filled with waste in 1972, the site was expanded to an adja- 
cent 119 acres. Although the primary purpose of this facility is to 
handle solid waste materials, hpont also uses rt as an interim repository 
to store organic solvents and lubrrcating oils contaminated with low 
levels of radioactivity. DuPont is currently demonstrating the incineration 
of these contaminated liquids as a final disposal measure. 

The fenced burial ground is relatively level and contains a number of 
drainage ditches to control rainwater runoff. The area is planted with 
specially selected grass to control surface erosion and to prevent pos- 
sible uptake of radionuclides by deep-rooted vegetation. Also, the soils 
underlying the burral ground have a hrgh capacity for retaining most 
radronuclides which reduces their migration into groundwater. The 
mean water table beneath the burial ground LS about 45 feet, and it takes 
from about 20 to 100 years for the underlying groundwater to discharge 
into one of the onsrte surface streams. 

Although the present burial sate has sufficient space to continue storing 
TRU waste for many years, disposal space for the large volume of low- 
level waste 1s becommg limited. wont has taken several measures such 
as a new trench design to conserve remaimng burml space and is evalu- 
ating others; however, rt projects that additronal burial space will be 
needed within 3 to 4 years. Wont is evaluating several potential new 
sites, including a 200-acre area directly north and adjacent to the 
existing burial ground 

Wont is in the preliminary stages of developing a closure plan for the 
initial 76 acres of the burial ground which has been filled with waste 
materrals. As part of this effort, hpont has contracted for studies to 
identify state-of-the-art closure concepts and assess such factors as the 
unpact and cost of placmg unpermeable matenals over the site to reduce 
the infiltration of rainwater and to retard the discharge of contaminated 
groundwater into surface streams. The studies are to also identify the 
best type of vegetation to plant H order to mmimize soil erosron and 
prevent the possible uptake of radlonuchdes. 

Low-Level Waste 
- 

DuPont segregates low-level waste for disposal in the bunal ground into 
three categories depending upon the types and levels of radioactivity. 
These categories are low-level alpha, low-level beta-gamma, and inter- 
medrate-level beta-gamma The low-level alpha and beta-gamma waste 
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contams very low concentrations of radioactivity but represents about 
95 percent of the low-level waste volume generated. On the other hand, 
the utter-mediate-level beta-gamma waste represents only about 5 per- 
cent of the low-level waste volume generated but contains about 95 per- 
cent of the radioactivity 

DuPont packages most of the low-level waste in rigid metal contamers 
which are then stacked in a shallow earthen trench. Large, bulky Items 
that will not fit into metal containers are buried in the trenches without 
any additional containment. In September 1983, DuPont started using 
metal containers for packaging most of the low-level waste in order to 
provide for greater confinement of radionuclides from the envnonment 
and to make better utmzation of burial space. Prior to this time, DuPont 

packaged low-level waste m cardboard boxes and then dumped the 
boxes into the burial trenches. In April 1985, DuPont also changed the 
design of the burial trenches. The floor of the new trench 1s sloped so 
that ramwater will flow away from the waste during disposal opera- 
tlons. The rainwater is collected m sumps and tested for radioactivity 
before being pumped out of the trench. 

DuPont currently disposes of low-level alpha and beta-gamma waste in 
the same trench but uses separate trenches for the intermediate beta- 
gamma waste. wont also uses separate trenches for most low-level 
waste received from other mstallations. tow-level alpha and beta- 
gamma waste is periodically covered with soil to minmuze the potential 
for releases of radioactivity to the environment. Intermediate-level beta- 
gamma waste, however, is covered with soil immediately after emplace- 
ment because of its higher levels of radioactivity. DuPont maintains 
records of the contents, radiation levels, and storage locations of waste 
placed in the trenches 

DuPont is disposntg of about 1 million cubic feet of low-level waste a year 
ln the burial ground. About 10 percent of this waste, or 100,000 cubic 
feet, IS generated by other installations and shipped to SRP for disposal. 
As of December 1984, SRP’S low-level waste inventory consisted of about 
15 milhon cubic feet containing about 2 8 million curies of radioactivity. 

TRU Waste DuPont initially disposed of TRU waste by burying it in plastic bags and 
cardboard boxes in earthen trenches specifically designated for this 
waste Because of its potential environmental hazards, however, SRP 

decided m 1965 that TKT~ waste should be separated into retrievable and 
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nonretrievable categories based on radiation levels. Waste packages con- 
taining less than 0.1 tunes of radioactivlty were designated as nonre- 
trievable and disposed of ln earthen trenches. Waste packages with 
more than 0.1 curies, however, were designated as retrievable and 
placed mto prefabricated concrete containers before being buried. Large, 
bulky items of equipment and other waste items that would not fit into 
the prefabricated containers were first encapsulated m concrete before 
being burled. 

SRP changed these practices in 1974 to comply with revised DOE criteria 
and procedures for handling TRU waste. The revised procedures stlpu- 
lated that all TRU contaminated waste containing more than 10 
nanocunes of radioactivity per gram had to be stored in a retrievable 
mode. The procedures also stipulated that the waste had to be placed in 
contamers that would be contamination free and readily retrievable for 
a period of at least 20 years after being placed in storage. wont, there- 
fore, began placing retrievable TRU waste in 55-gallon polyethylene-lined 
drums or carbon steel containers and stonng them on large concrete 
pads above grade. 

Containers with less than 0 5 curies of radioactivity are placed directly 
on the concrete pads, but packages with higher levels of radioactlvity 
are first placed into large concrete culverts for additional containment. 
Very large items of process equipment which may be contammated with 
greater than 10 nanocunes per gram but that are also highly contami- 
nated with beta-gamma radiation are disposed of in earthen trenches 
without being placed m a container. Before puttu-tg the waste m the 
trench, however, DuPont backfllls it with at least 6 feet of gravel, sand, or 
other material to protect the waste from contact with infiltrating water. 

In February 1984, DOE advised its field mstallatlons that any waste 
materials contaminated with less than 100 nanocunes per gram of TRU 
radionuchdes could be disposed of in earthen trenches as low-level 
waste. However, at the time we completed our review, Wont was contin- 
uing to store waste contammated with more than 10 nanocuries on con- 
crete pads while evaluatmg a new disposal facility that would provide 
greater containment than earthen trenches. DOE also advised its field 
installations that waste with contamination levels of 100 nanocunes or 
more per gram should continue to be stored in a retrievable mode for 
future shipment to a deep geological repository referred to as the Waste 
Isolation Pilot Plant (WIPP) 
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WIPP 1s a research and development facility being constructed in New 
Mexico to demonstrate the safe and permanent disposal of TEUJ waste. If 
the planned 5-year demonstration program is successful, DOE plans to 
designate WIPP as a permanent disposal facility for TRU waste. SRP’S pro- 
gram plans show that rt will begin in 1986 to certify some of its newly 
generated TRU waste for shipment to WIPP. SRP’S first shipment of this 
type waste is tentatively scheduled to be made in the early 1990%. Dupont 

wrll then begin retrieving, processing, and certifying the retrievably 
stored TBU waste. As of December 1984, SRP had about 138,000 cubic 
feet of retrievably stored TRU waste containing about 697,000 curies. 
SRP’S operations result m the generation of about 21,000 cubic feet of 
IBU waste a year, with contamination levels of 100 nanocuries or more 
per gram. 

DOE has no plans to reqmre its field installations to retrieve buried TRU 
waste because of potentral radratlon hazards to operating personnel. 
DOE’S program plan shows, however, that its field installations will be 
required to monitor burled TRU waste and to make periodic evaluations 
of Its safety for the purpose of deternunmg whether remedial actions 
are warranted During early years of plant operations, DuPont buried 
about 160,000 cubic feet of TRU waste containing about 54,000 curies of 
radioactivity in earthen trenches. SRP officials told us, however, that 
DuPont plans to evaluate the feasibility of retrievmg TRU waste that was 
burled m prefabricated concrete containers DuPont buried about 12,000 
cubic feet of TRU waste contaming about 18,000 curies of radioactivity in 
prefabricated containers during the period 1965 through 1974. 

-- 

Radiation Monitoring DuPont conducts radratlon monitormg and research programs for the pur- 
pose of detecting mlgratlon of radlonuchdes from the burial ground and 
evaluatmg potential environmental impacts of the burial ground prac- 
tices. The programs provide for measuring radionuclide concentrations 
m groundwater beneath the burial ground, analyzing gross movements 
or changes m radlatron levels, and assessmg potential future 
radlonuchde mrgratlon DuPont also mamtams surveillance of the retnev- 
ably stored TRU waste to ensure that no radionuclides are being released 
mto the environment To accomplish this effort, DuPont has over 300 
monitormg wells at various locations withm, on the perimeter, and 
outslde the burial ground The five basic types of wells used for the 
monitoring and research programs are referred to as perimeter, grid, 
cluster, trench, and dry wells 
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-- 
DuPont has 35 wells located around the perimeter of the burial ground 
which it uses m its routme momtormg program to detect radionuclide 
mrgratlon from the buried waste. DuPont also has 89 grid wells located 
inside the burlal ground to support both routme monitoring and 
radronuclide migration research, Of the 89 grid wells, Dupont currently 
uses 73 for research purposes and the other 16 for routine monitoring. 
The perimeter and grad wells are sampled and analyzed on a quarterly 
basis, and the results of the analyses are included in DuPont’s routine 
momtoring reports which are made available to the public. 

DuPont has 23 wells, referred to as cluster wells, along the southern 
boundary of the burral ground for measuring the vertical distribution of 
radionuclides m groundwater flowing out of the burial site. Wont sax-n- 

ples and analyzes water from the cluster wells each month for concen- 
trations of tritium and twice a year for the presence of other 
radlonuclides. DuPont also has 24 wells penetrating through filled waste 
trenches for the purpose of perrodically sampling ramwater that might 
collect in the trenches In addition, DuPont has 11 dry wells penetrating 
through waste trenches to detect yearly vertrcal movements of radioac- 
tivity. DuPont uses the momtormg results from these three types of wells 
m Its research program 

In addltron to these wells, DuPont has 120 other wells located both m and 
outside the burial ground which it uses for detecting radionuclide move- 
ment m groundwater flowmg out and away from the burial ground and 
for measuring the levels of groundwater near the burial site. Of these 
120 wells, 97 are usf!d m DuPont’s research program and the other 23 are 
used for routine momtormg purposes. DuPont uses 20 of these wells, for 
example, to monitor mrgration from an offsrte waste shipment con- 
taining a large amount of tritium which was placed in the burial ground 
in 1972 DuPont also uses 37 grid wells located south of the old burial 
ground to measure groundwater levels near the bunal site. 

In addrtron to momtormg for possible radionuchde migration from the 
waste that has been burled over the past years, DuPont maintains a con- 
tinuous surveillance program to detect potential radlonuclide migration 
from the retrlevably stored TRU waste DuPont has sumps located at the 
corners of the concrete storage pads to catch any water that may run off 
the pads. DuPont perrodrcally analyzes water that collects in these sumps 
for the presence of radloactlvlty DuPont also visually inspects the pads 
as they are bemg frlled for the purpose of detecting containers that may 
be leaking and the growth of any deep-rooted plants or trees which 
could uptake radiation through then root systems. 
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Impacts of Radioactive We determined that SRP’S practice of disposing of sohd radioactive waste 

Releases 
m shallow earthen trenches has had very little impact outside the 
boundary of the plant; however, groundwater beneath the burial ground 
has become contammated with radioactivity which will require many 
years to decay. This practrce has also resulted in the disposal of a large 
amount of radioactive waste whmh may require long-term mstitutional 
control to protect individuals who may have access to the site after 
plant operations cease 

Offsite Impacts DuPont’s monrtormg and research activities show that tritium, techne- 
tium-99, and iodine- 129 are the only radionuclides that have migrated 
outside the burral ground boundary Although high concentrations of 
tntium have been measured in several of the monitoring wells located 
on and outside the perimeter of the burial ground, DuPont has found only 
trace quantltres of technetium-99 and lodme-129 outside the burial site. 
Because of the small concentrations of these two radionuclides, how- 
ever, DuPont does not beheve that remedial actions are warranted. DuPont 

does plan, however, to change its future disposal practices for iodine- 
129 to prevent its release to the environment because it 1s very mobile in 
water and will remam radloactlve for milhons of years. 

DuPont evaluations show that much larger amounts of tritmm are 
migrating out of the burlal ground and discharging into a stream which 
empties mto the Savannah River. According to these evaluations, tri- 
trum is discharging into the stream at a rate of about 460 curies a year; 
however, it IS considerably diluted by the time it reaches the Savannah 
River which 1s about 14 miles downstream. After the dilution process, 
DuPont estimates that the maximum annual whole body dose that an indi- 
vidual could receive at the plant boundary from tritium migration would 
be about .OO18 mrlhrern This dosage IS a small fraction of DOE’S annual 
whole body dose standard of 500 millirem for occasional exposure and 
100 millirem for continuous exposure. 

The discharge of trltmm from the burial ground occurred much sooner 
than DuPont had ongmally projected. DuPont estimated in 1977 that it 
would be several years before tritmm would discharge into the nearest 
surface stream. DuPont discovered in the next year, however, that tritium 
was dlschargmg mto a drainage ditch which emptied into a surface 
stream located near the burial ground. Over the years, the ditch had 
eroded to a depth lower than the water table which permitted the dis- 
charge to occur. To reduce the quantity of tritium that was discharging, 
DuPont mitiated action m 1979 to fill the ditch with clay, cover it with 
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topsoil, and plant grass to control future erosion. DuPont also constructed 
a new drarnage canal and added graded rock to prevent future erosion. 
According to DuPont evaluations, a major part of the discharge was 
caused by tritium leaching from the open ends of buried crucibles which 
had been used in the production of tritium. To reduce future leaching, 
DuPont started in 1982 capping the open ends of crucibles before burying 
them m the earthen trenches. 

Onsite Impacts We determined that much of the groundwater under the burial ground 
contains extensive levels of tritium and that some groundwater is con- 
taminated with elevated levels of gross alpha and gross beta radiation. 
Because of this contamination, coupled with the large amount of buried 
waste, LIOE may have to maintain long-term institutional control over the 
low-level burial ground. 

Groundwater contamination-In examining the extent of groundwater 
contamination, we reviewed DuPont’s monitoring reports showing the 
concentrations of gross alpha, gross beta, and tritium radiation in the 
grid wells during the period 1980 through 1984. Since DOE did not have 
standards governing the amounts of radioactivity that could be con- 
tained in on&e groundwater, we compared the concentration levels 
with DOE'S concentration guides for uncontrolled areas off the plant site 
and EPA'S pubhc drinking water standard to illustrate the degree to 
whrch the groundwater beneath the burial ground has been contami- 
nated, In assessing gross alpha and beta concentrations, we used pluto- 
nium and strontium-90-principal alpha and beta emitters, respectively, 
in SRP'S waste The Ihpont official responsible for environmental analysis 
and reporting told us that these would be the most appropriate 
radionuclides to use for our assessment. 

We determined that 10 of the 89 grid wells contained gross alpha con- 
tammatlon exceeding EPA'S drmking water standard at least once during 
the period 1980 through 1984, and 1 of the wells contained levels con- 
sistently exceeding the standard The highest reading from this well was 
about 49 times greater than EPA'S drinking water standard. None of the 
grid wells, however, contained alpha levels exceeding DOE'S offsite con- 
centration guide. 

As for gross beta concentrations, we determined that 67 of the grid wells 
contained concentrations which exceeded EPA'S drinking water standard 
at least once during the 5-year period. Maxrmum readings from these 67 
wells ranged from slightly above to over 400 times greater than EPA'S 
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drinkmg water standard Six of these wells also contained gross beta 
levels exceedmg DOE’S offsrte concentration guide at least once during 
the 5-year period. Maximum concentration levels in only 1 of these 
wells, however, consistently exceeded DOE’S offsite concentratron guide. 
Maximum annual readings from this well ranged from about 2 to 68 
times greater than the DOE offsite guide. 

Most of the grid wells contamed tntium concentrations which exceeded 
EPA’S drinking water standard during the &year period, and some of 
these wells contained extensive amounts of tritnun. Readings taken 
from 85 of these wells durrng 1984, for example, showed that maximum 
tritrum concentrations ranged from slightly above to as much as about 
80,000 times greater than EPA’S drmkmg water standard. One other well, 
however, contained a maximum tritium concentration measuring about 
116,000 tunes greater than the EPA standard. We also noted that max- 
imum t&urn concentrations in 43 of the wells ranged from slightly 
above to about 770 times greater than DOE’S offsite guide. 

Although the groundwater has been contaminated by radionuchdes 
leaching out of the burred waste, wont reports show that there have 
been only three mstances where radlonuchdes have been released from 
TRU containers stored on concrete pads. In all three mstances which 
occurred in 1976, DuPont removed the waste from the defective con- 
tamers, repackaged lt m new containers, and cleaned up the contami- 
nated area of the pad where the leak occurred. In one instance, DuPont 

had to remove and replace a portion of the pad in order to decontami- 
nate the area. DuPont reports on these three instances show that all of the 
radloactivrty was contained on the concrete pads and did not reach the 
environment. 

As part of its long-term research program, DuPont has made analyses 
over the past several years to evaluate the amount and rate of future 
radioactive mrgratron from the burral ground as well as the associated 
environmental impacts DuPont’s analyses show that the migration of 
radionuclides in the groundwater will continue to be minimal and that 
future discharges mto onslte streams will be at levels far below environ- 
mental concern 

Tuscaloosa aqUlfW--DuPont’s analyses also show that none of the 
radionuclides m the groundwater beneath the burial ground will migrate 
down to the Tuscaloosa aquifer because of existing hydrological condi- 
tions under this area of the plant sue. These hydrological conditions, in 
essence, create an upward pressure causing the shallower groundwater 
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to flow in a horizontal direction eventually reaching a surface stream. In 
addition to this effort, SRP is evaluating the extent of radioactive con- 
tanunation at the burial ground to determine whether any remedial 
actions are warranted, mcluding removal of the contamination, as part 
of its ongoing EIS to assess the impact of its radioactive waste manage- 
ment practices on groundwater quality, The EIS is scheduled to be com- 
pleted in the spring of 1987 

Institutional control-While DuPont’s analyses show that future migra- 
tlon is expected to be minimal, long-term institutional control may have 
to be maintained over the burial site to ensure that future generations 
who may reside on the sate after the plant 1s closed are not exposed to 
excessive levels of radiation. An EIS prepared m September 1977 con- 
tained an in-depth assessment of SRP’S radioactive waste management 
operations and concluded that the burial ground would have to remain 
under mstrtutional control for the foreseeable future. The EIS pointed 
out that mstltutlonal control would have to be maintained for at least 
300 years because of the presence of cesmm and strontium, and a much 
longer period would be required for plutonium and other long-hved TRU 
radlonuchdes unless major recovery and cleanup programs were 
initiated. 

As part of its long-term research program, DuPont has made a number of 
assessments subsequent to the EIS for the purpose of evaluatmg poten- 
tial future impacts to mdrvlduals and identifying remedial actions that 
may be required when the plant is closed One of these studies made in 
1983 shows that an mdrvldual residing on and farming the burial 
ground sate could receive doses of radiation exceeding WE’S radiation 
protectron standards after the burral ground IS closed and a loo-year 
mstltutional control period elapses. DuPont’s evamatrons indicated, how- 
ever, that the radiatron dose could be reduced to an acceptable level by 
adding an additional 10 to 15 feet of sol1 over the burial site at the time 
of its closure. 

The model used for these assessments, however, evaluated the potential 
impact from indlvldual radionuclides and did not take into account 
potential impacts that could result from multiple radionuchdes that are 
contained m the waste matenals. A DuPont official responsible for some 
of these assessments told us that DuPont plans to use a newly developed 
EPA model which considers the impact of multiple radionudides. He also 
told us that the results of these assessments would be conwdered in the 
ongoing ~1s that 1s being prepared to assess the nnpact of SRP waste man- 
agement practices on groundwater quality. 
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As part of this Ers, SRP plans to evaluate various alternatives for closure 
of the 195acre burial ground as well as remedial actions that may be 
needed. The EIS will contain an in-depth assessment of the institutional 
control period that may be required as well as any remedial actions 
needed to ensure that the environment and public are adequately pro- 
tected from radiation hazards in future years. The results of this work 
should better enable SRP to determine whether the burial ground will 
need to be designated as a permanent waste site or whether the envn-on- 
ment and public can be adequately protected through appropriate reme- 
dial actions. 

Actions Intended to SRP has changed some of the solid radioactive waste management prac- 

Reduce Future Impacts 
tices and is evaluating others which it believes will reduce the amount 
of radioactivity being released into the environment. As part of this 
effort, DuPont plans to demonstrate several new disposal techniques 
which have the potential for practically eliminating the release of 
radionuclides into the environment. In addition, DuPont is making prepa- 
rations to permanently dispose of a large part of SRP’S TRU waste in WPP 

Use of Metal Containers In September 1983, DuPont started burymg low-level solid waste in metal 
containers rather than cardboard boxes. While one purpose of using 
metal containers was to conserve trench space, the containers also pro- 
vide for better containment of radionuclides from the environment than 
the cardboard boxes. In addition, use of metal containers for low-level 
sohd waste is comparable to NRC requirements issued in December 1982 
that prohibit commercial burial ground operators from using cardboard 
or fiberboard containers in their waste disposal operations. 

Use of Engineered Trench In April 1985, DuPont started using a newly designed waste disposal 
trench, referred to as an engineered trench, which will also assist in 
preventing the release of radionuclides into the environment. Although 
the primary purpose of the new trench is to obtain better utilization of 
disposal space, it is designed to also prevent waste material from 
standing in rainwater while the trench is being filled. The floor of the 
trench is sloped so that rainwater will flow away from the waste into a 
sump located at one corner of the trench. This feature reduces the 
potential for radionuclides to leach out of the waste material into water 
that enters the trench 
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Wont is also in the process of evaluating the potential use of two new 
facilities to dispose of solid waste materials. One of these facilities, 
referred to as greater confinement disposal (wD), would be used for 
waste containing most of the beta-gamma radiation as well as waste con- 
taminated with alpha concentrations ranging between 10 and 100 
nanocuries per gram The other facility, referred to as above grade oper- 
ations, would be used for most of the remainmg low-level waste. Wont’s 

evaluations show that these facilities have the potential for reducing the 
release of radionuchdes into the environment to nearly zero. 

Greater Confinement Disposal The GCD concept provrdes for two types of waste disposal facilities-a 
borehole and a specrally constructed trench. The borehole demonstra- 
tion program was uutlated in November 1983, and the trench demon- 
stration program is scheduled to begm in November 1986. 

DuPont has already constructed 20 boreholes for use in demonstrating the 
technical feasrbihty of this disposal method. Each borehole is about 30 
feet deep and contams a 20-foot long, 7-foot diameter fiberglass liner 
which is encased m a l-foot thick concrete annulus, Each borehole has a 
fiberglass bottom, and a steel collar 1s used to line the top 10 feet of the 
borehole to prevent sol1 from falling into the hole. Before being placed 
into the boreholes, the waste will be packaged into 55-gallon drums; and, 
as the boreholes are being filled, concrete grout will be poured around 
the waste to provide additronal stabihzation. 

When a borehole is filled with up to 42 drums of waste, a concrete cap 
will be poured in the top of the fiberglass liner. The steel collar will then 
be removed, and the borehole will be backfilled with son. After all of the 
boreholes are filled, hpont plans to add a low permeable clay cap so that 
the waste will be at least 16 feet underground to prevent the intrusion 
of roots and animals and to discourage human intrusion. After being 
closed, the boreholes ~111 require minimum mamtenance and are 
expected to last at least 500 years which will be sufficient time for 
many of the radlonuclides to decay to innocuous levels. DuPont also plans 
to place monitoring wells in each borehole as well as around the perim- 
eter of the site to detect radlonuclide migration 

During fiscal year 1986, DuPont plans to construct a specially designed 
GCD trench to demonstrate the technical feasibrlity of disposing of large, 
bulky items of waste materials. The trench will be about 100 feet long 
and 50 feet wide with four separate waste disposal cells Concrete will 
be used for the walls and bottoms of each disposal cell. To mimmize 
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rainwater from falling mto the trench, steel covers will be placed over 
each disposal cell when it is not in use. As with the boreholes, DuPont 

plans to cover the trench with soil and a clay cap so that the waste will 
be at least 16 feet underground. DuPont also plans to install drainage 
facllitres to channel rainwater away from the trench. 

DuPont studies show that about 5 percent of the waste volume sent to the 
burial ground during the period 1979 through 1983 contained between 
95 and 97 percent of the radioactivity. According to Wont, this waste 
would have met the criteria for disposal m either a GCD borehole or 
trench. According to DuPont, the GCD disposal facilities will fully meet or 
exceed requirements established by NRC for commercial burial operators 
to follow U-I disposing of solid low-level radroactlve waste. 

Above Grade Gperations In addition to the GCD disposal facilities, Wont also plans to begin dem- 
onstrating the feasibility of an above grade facility by the end of fiscal 
year 1987 or later to dispose of solid waste matermls containing small 
amounts of radioactivity. The above grade concept, in essence, provides 
for placing a specmlly designed pad over exrstmg waste trenches that 
have already been filled with waste. Contaminated waste materials will 
be placed m rigid containers, and the containers will then be stacked on 
the specially constructed pad. Sand will be used to fill void spaces 
between the containers, and a specially desrgned covering wiI1 be added 
to dram rainwater to the sides of the pad and prevent seepage into the 
facility. The pad will also be sloped and any water that enters the 
facility will be collected and tested for radioactlvlty. As with the GCD 

disposal facihtles, DuPont evaluations show that the above grade disposal 
facility would also provide for a near zero release of radionuclides to the 
environment. The above grade facility would also reduce seepage of 
rainwater down through waste already disposed of m underlying 
trenches 

If the above grade and GCD demonstration programs are successful, 
DuPont assessments show that most of SRP’S solid low-level waste could be 
placed m facilities that would practically eliminate the release of 
radionuclides to the environment, thus avoidmg environmental impacts 
associated wrth their potential mgration. In addition to evaluating the 
technical feasibility of these new disposal methods during the demon- 
stration programs, SRP plans to Identify and evaluate any environmental 
impacts of these facilities as a part of its current EIS to assess the effect 
of its waste management practices on groundwater quality, 
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Offsite Disposal of TRU 
WaSte 

In addition to the potential new disposal facilities for solid low-level 
waste, most of SRP'S long-lived, highly radiotoxic TRU waste may be per- 
manently disposed of in WIPP, provided its &year demonstration pro- 
gram is successful. Currently, SRP plans show that most of its newly 
generated TRU waste as well as the TRU waste currently being stored on 
concrete pads could be permanently disposed of in WIPP. In addition to 
this waste, Wont may recommend that TRU waste which was placed in 
prefabricated concrete containers and buried in trenches during the 
period 1966 through 1974 be retrieved and processed for shipment to 
WIPP. 

As of December 1984, SRP had about 150,000 cubic feet of TRU waste 
containing about 616,000 curies of radioactivity retnevably stored on 
concrete pads or buried m the prefabricated containers. This represents 
over 90 percent of the radioactivity contained in TRU waste which SRP 
has either stored or disposed of since initiating operations in the early 
1960’s. While none of the radioactive releases from the TRU pads has 
reached the environment and there has been very little migration of TRU 
radionuclides from buried waste, the removal of this hazardous, long- 
lived waste from SRP would eliminate any potential future environ- 
mental Impacts that could result from accidents or other causes 

Page60 GAO/RCED-86-143 Nuclear Waste Mmag@meM Pmctkes 



Appendix VI 

Advmce Comments From the Department 
of Ehergy 

Mr. J. Dmxtmr Pmach 
Director, Resourcas, Community, and 

Economic Development Div~smn 
U.S. General Accounting Office 
Washington, D.C. 20546 

lhdr Hr. Peach: 

The Department of Energy (DOE) appreciates the opportunity to 
review and comment on the General Accounting OfCice (GAO1 draft 
report titled ‘Impact of Savannah River Plant’s Radioactive 
Waste Mandgement Practices; RCED-86-143. 

We blieve that the draft report &ccurataly characterizes the 
existing srtuation at the Savdnnah R~vsr Plant. Uinor 
corrections and suggested changes to update and clarify sevorrl 
of the statements made in the report dre included a8 an l nclosura 
to the lettmr to Mr. Sam Madonia. 

DOE hopes that these comments wlllbe helpful to GAOin the 
preparation of the final report. 

/ 
Sincer ly, 

/LU 
7 

/ 

Y b 
Martha 0. Hesse 
Assistant SecretAry 
ManAgertent and Administration 
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Glossary 

Aquifer A water-bearing formation of permeable rock, sand, or gravel capable of 
yielding water to wells or springs. 

Alpha Radiation Positively charged particles emitted during radioactive decay. Alpha 
radiation is easily stopped by several sheets of paper. 

Argon An element that 1s a chemically inert gas. Its isotopes include argon-41, a 
short-lived isotope wrth a half-life of 1.83 hours. 

Background Radiation Radiation in the human environment from naturally occurring radioac- 
tive elements and cosmic radiation. Background radiation varies consid- 
erably with location. 

Beta Radiation Negatively charged particles emitted during radioactive decay. Beta 
radiation can be stopped by a thin sheet of metal. 

Borosilicate Glass A strong chemrcally resMxnt glass made primarily of sand and borax. 

Carbon A nonmetallic element Its isotopes include carbon-14 with a half-life of 
5,730 years. 

Cesium-137 A radioactive fission product wrth a half-life of 30 years. Cesium is 
hrghly mobile in the biosphere 

Curie The basic unit used to describe the intensity of radioactivity in a sample 
of material. 

Dose The energy imparted to matter by ionizing radiation per unit mass of 
irradiated matter at a specific location. 
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Fallout The descent to earth and deposition on the ground of radioactive partlc- 
ulate matter from the atmosphere. 

Fuel Element A tube, rod, or other form mto which fissionable material 1s fabncated 
for use in a reactor 

Gamma Radiation High-energy, short-wave length electromagnetic radiation accompanying 
fission. Gamma rays are very penetrating and require a dense or thick 
layer of materials for shielding 

Gross Alpha and Beta Alpha and beta radiation without regard to the specific radionuclides 

Radiation from which the actlvlty 1s being emitted. 

Half-Life The time in which half the atoms of a radloactlve substance disinte- 
grates to another nuclear form 

Iodine-129 A radioactive isotope that has a half-life of 16.9 million years and emits 
beta and gamma radiatron. 

Irradiate Dellberate exposure of a substance to radioactivity. 

Krypton A colorless, inert, gaseous element that is odorless and tasteless. Of the 
krypton radioactive isotopes, krypton-86 has a half-life of 10.73 years. 

Long-Lived Nuclides Radioactive isotopes with half-lives greater than about 30 years. 

Migration The natural travel of a matenal through the air, soil, or groundwater. 
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Millirem A quantity used in radiation protection to express the effective dose 
equivalent for all forms of ionizing radiation. A millirem is one 
thousandths of a rem 

Mixed Waste Materials containmg both nonradioactive and radioactive waste. 

Kanocurie One-brllionth of a curie. 

Plutonium A highly toxic element with isotopes having a wide range of half-lives. 
Plutonium-238 has a half-hfe of 86 years whereas plutonium-239 has a 
half-life of 24,400 years. 

Radiation The emitted particles and/or photons from the nuclei of radioactive 
atoms. The three types of common radiatron are alpha, beta, and 
g=a 

Radiation Standard Permissible exposure levels of radiation and governing regulations. 

Radioactive Decay The spontaneous transformation of one nuclide into a different nuclide 
or into a different energy state of the same nuclide. The process results 
m the emission of nuclear radiation, 

Radioactive Waste Materials from nuclear operations that are radioactive and for which 
there IS no practical use or for which recovery is impractical. 

Radioactivity The spontaneous decay or disintegration of unstable atomic nuclei 
accompanied by the emission of radiation 
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U.S. General Accounting Office 
Post Office Box 6016 
Gaithersburg, Maryland 20877 

Telephone 202-276-6241 

The first five copies of each report are free. Additional copies are 
$2.00 each. 

There is a 26% discount on orders for 100 or more copies mailed to a 
single address. 

Orders must be prepaid by cash or by check or money order made out to 
the Superintendent of Documents. 






