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PREFACE 

This report was prepared for Lawrence Livermore Laboratory (LLL) under LLL 

Purchase Order 9101903. This report provides an overview of the inventory and 

sources of transuranic (TRU) solid radioactive wastes. The information data base 

has been updated through calendar year 1977 where possible. This data base is 

being continually updated and will be revised by TERA Advanced Services 

Corporation as necessary during the duration of the LLL waste management 

program. 

It is the purpose of this report to serve as a working document which will be used 

throughout the TRU waste management program. This report, and those 

following, will be compatible not only in format but also in content, reference 

material and direction. Comments, clarifications or improved data should be 

directed to B. G. Kniazewycz at TERA's Berkeley office. 
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-- 1.0 SUMMARY 

I In the early days of the Manhattan Project, little thought was devoted to disposal 
_ of contaminated material since it was secondary to the main task at hand. 
£ Later, as it became apparent that the laboratories would become permanent 

federally supported activities, increasing attention was given to waste disposal 
I problems, especially land burial. As the research, development and production 

programs were expanded and modified, the waste materials and used equipment 
to be buried became much more varied and more difficult to manage. I 

I Solid radioactive waste had often been buried in the most accessible and 

convenient vacant place, without a great deal of thought far the long-term 
consequences. Fortunately, the amount of radioactive material was not large at 

J: that time. The transuranium (TRU) elements were very strictly conserved and, 
at first, solid waste containing separated fission products was not a serious land 
burial problem. Wartime pressures for production and lack of knowledge or 
understanding led to siting and operational practices that, in many situations, are 

\l unsatisf x tory by present day standards. 

I 
'it 

nj The purpose of the report is to support the development of standards and criteria 

U which will specifically address the problem of TRU contaminated waste-gen-
.. erated by Department of Energy (DOE) nuclear programs and commercial 

i f application of nuclear technology. 

| Section 2,0 of this report presents an overview and introduction to the 
generation, sources and past practices dealing with TRU contaminated waste. In 

H Section 3.0 the DOE facilities are discussed and supported in more detail in 
Appendices B through E. Section 4.0 and Appendix F address commercial 

m disposal sites, while Section 5.0 addresses the commercial nuclear industry. The 
2i waste inventory is presented in Section 6.0, and waste projections are discussed 

in Section 7.0. Section 3.0 presents an extensive list of references and related 
II bibliography. 

•I 
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Appendix A presents a glossary of terms and list of metric conversions. A DOE 
facility survey questionnaire and results of thot survey are presented in Appendix 
G. Appendix H presents a list of potential TRU waste sources (special nuclear 
material licensees). 

The generation of transuranic-contaminated waste material is associated with 
the light-water reactor fuel cycle if the spent fuel is recycled. In addition, TRU 
waste ~ay also be generated os a result of handling the spent fuel, either during 
interim storage or final repackaging and disposal. For the military TRU waste, 
i.e., those associated with the various national lobs and facilities operated for 
the defense sector of the government, TRU material is generated as a rssuit of 
weapons program R&D and production. In addition, the use of nuclear power for 
naval ships will also generate such waste when the fuel is processed and recycled. 

To adequately define the sources of TRU waste in the U.S. it is necessary to 
identify all present inventories of such wastes, as well as the facilities which 
generate or may generate such wastes in the future. In many cases, it is difficult 
to clearly define the TRU component generated at a facility without identifying 
the overall waste generation rates as well as characteristics of the waste handled 
at each particular facility. Thus, this report identifies the overall waste 
management programs and generation rates at the various government facilities, 
along with the TRU components. This is especially important when other aspects 
of the LLL TRU waste management program are considered. In particular, the 
waste form and characteristics work requires that the various forms of TRU-
contaminated material be identified and quantified to such an extent that 
meaningful waste forms can be defined and technology to process this waste be 
identified. 

TRU waste has been disposed of at five of the six commercial burial sites which 
have supported the commercial LWR industry as well as Department of Energy 
(DOE)*-generated waste. The sites containing TRU waste are given in Table 6-4 
of this report. These sites have accepted wastes generated in the fuel cycle; 

* DOE and its predecessors AEC and ERDA. 

1-2 % 

TERA CORPORATION 



primarily fuel fabrication and spent-fuel reprocessing, as well as numerous 
miscellaneous R&D activities and small commercial uses of TRU radioisotopes. 
At present there is no commercial reprocessing of spent fuel and what high-level 
waste exists is limited to the nuclear fuel services at the West Valley Facility. 
The present inventory of TRU-contaminated waste is limited primarily to DOE-
generated waste (shipments row terminated) and R&D fuel fabrication activities 
involving plutonium. The best available information indicates that the 
cumulative DOE-generated TRU waste (through 1976) shipped to commercial 
burial grounds contained about 7,6 kg of TRU isotopes. The cumulative TRU 
material buried through 1976 was 123.4 kg which is broken down by commercial 
burial site in Table 6-4. 

The TRU solid waste inventory that is located at seven different DOE sites is 
approximately 0.41 million cubic meters. Only about 10 percent of this is in 
retrievable storage.** By 1986 it is anticipated that the retrievable storage 
inventory might increase by a factor of 2.5 while the waste in burial sites 
remains virtually unchanged. The present TRU inventory of contaminated 
wastes, soils and sediment is as follows: 

Retrievably stored 374 kg TRU 
Previously buried 760 kg TRU 
Contaminated soils and sediments 190 kg TRU 

*» 0.37 million m 3 are in land burial sites and 0.04 million m 3 retrievobly 
, stored. 

1-3 
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2J) INTRODUCTION 

All operations that produce or use nuclear materials generate radioactive wastes. 

The wastes vary widely in volume, composition, and amount and type of radioac

tivity, depending on the materials and nature of the originating operations. Most 

of the radioactive wastes generated today in the United States are from 

Department of Energy (DOE) site operations and from commercial nuclear 

reactors and supporting nuclear fuel cycle activities. 

The radioactive wastes are generally classified as either "high-level" wastes or 

"other" wastes. High-level wastes (HLW) are defined as those aqueous wastes 

resulting from the operation of the first cycle solvent extraction system, or 

equivalent, and the concentrated waste from subsequent extraction cycles, or 

equivalent, in a facility for reprocessing irradiated reactor fuels, during the 

initial step in the chemical reprocessing of spent fuel. Other waste classification 

schemes have been proposed and utilized. The classification of TRU waste will 

be the subject of a separate report. However, for the purpose of the present 

report the NRC classification scheme will be used. 

65 
The current NRC definition of Class A wastes is as follows! 

Class A radioactive wastes (CARW) are those radioactive 
wastes which, due to their radiotoxicity and radioactive half-
life, could reasonably be expected to contribute to radiation 
exposures in excess of those permitted by applicable Federal 
radiation standards through the use of state-of-the-art disposal 
methods other than disposal in a Class A radioactive waste 
repository. 

From a literal reading, it would appear that no wastes are classifiable as Class A 

radioactive wastes, since state-of-the-art disposal methods eliminate radiation 

exposures that exceed those permitted by applicable standards. However, it is 

understood that at issue here is the geologic isolation of certain classes c7 

radioactive wastes, especially the high-level fission product wastes. Therefore, 

in this report al! wastes that appear to have characteristics that similarly justify 

geologic isolation will be considered as potential Class A wastes. 

TKA CORPORATION 
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Pending numerical definitions currently under development by the NRC, the 
53 potential sources of Class A radioactive wastes are noted below. 

(I) Reprocessing of fuel discharged from light water power reactorsr 

t Solidified fission products and actinides from first-cycle 
raffinate in Purex extraction, referred to as high-level 
wastes. 

• Fuel-element structural materials, including zircaloy 
cladding hulls, stainless steel components and fittings, and 
inconel spacers. 

• Intermediate-level and low-level actiniae (transuranic 
(TRU)) wastes from Purex reprocessing. 

t Kr-85 recovered from dissolver off-gas, as now required 
by EPA. 

• 1-129 recovered from dissolver off-gas, as now required by 
EPA. 

e C-14 recovered from dissolver off-gas and from process 
ventilation. Although C-14 recovery is not yet required, 
atmospheric releases of C-14 offer a greater potential 
enviianaptal hazard than do releases of Kr-85 and I-

• H-3 recovered from discharge fuel. Although H-3 
recovery is not yet required, recovery processes are being 
developed. 

(2) Fabrication of mixed-oxide fuel: low-level transuranium (TRU) 
wastes are produced when reactor fuel is fabricated from 
uranium and recycled plutonium. 

(3) Unreprocessed fuel discharged from light water power reactors. 

(k) High-level radioactive wastes and other wastes generated at the 
Wes! Valley, N. Y. reprocessing plant. These wastes are 
exempted from 10 CFR 50 Appendix F which requires that high-
level wastes from licensed fuel reprocessing plants he solidified 
and ultimately transferred to a Federal repository. However, 
these wastes are subject to a later rule-making decision, and it 
is logical that they be considered as potential Class A wastes 
for a Federal repository. 

2-2 
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(5) Radioactive wastes from decommissioning reactcrs, indepen
dent spent-fuel storage basins, fuel-reprocessing plants and 
mixed-oxide fuel-fabrication plants. 

(6) High-level and transuranic radioactive wastes generated by the 
operation of the Department of Energy (DOE) facilities at 
Hanford, Savannah River, Rocky Flats, the Idaho National 
Engineering Laboratory and other sites are referred to herein as 
"military wastes. Although no decision has been announced 
that these wastes are to be emplaced in a geologic isolation 
facility, the properties of these wastes are such that they 
should be considered as potential Class A wastes. 

The source of the largest potential radiological hazard associated with wastes 
from the nuclear fuel cycle is the HLW stream from fuel reprocessing, or the 
spent fuel assemblies in the absence of reprocessing (see Figure 2-1). A second 
category of solid wastes (See Figure 2-2), which includes a wide variety of 
materials such as cladding hulls and miscellaneous wastes from fuel reprocessing 
and refabrication steps, and which are referred to as trpnsuranic (TRU) wastes, 
represents a problem comparable in importance to that posed by isolation of the 
xtinide component of the HLW. The viability of a nuclear energy industry 
depends upon the ability to dispose of this material reliably and safely. 

This report presents estimates of sources of transuranium solid wastes in the 
United States and an evaluation of the quantities of these wastes. It is assumed 
that transuranium solid waste has transuranium alpha radioactivity of greater 
than 10 nCi/g (nanocuries per gram). This assumption has the effect of excluding 
most of the very large volume of waste that is generated within the normally 
occupied work areas of transuranium processing and fabrication plants. It is 
assumed that wastes containing less than 10 nCi/g of transuranium nuclides will 
continue to be buried on site cr shipped, generally as Low Specific Activity (LSA) 
or Type A Quantity material, to Hirial grounds (either commercial or DOE sites). 

Up to the present time, commercially generated solid waste contaminated with 
transuranium (TRU) nuclides has been disposed of at commercial burial grounds. 
These are sites carefully selected aid monitored to provide reasonable assurance 
that buried radioactivity is retained there and is unlikely to migrate from the 

2-3 
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11 vicinity. In these analyses, no credit is given to containment provided by the 

packaging. There are six licensed burial grounds which have operated or continue 

| | to operate and accept commercially generated low-level radioactive waste and, 

at present, have TRU-contaminated waste at levels below 10 nCi/g. However, in 

| | the past four years some controversy has arisen concerning the probable 

migration of transuranic activity from the commercial burial site at Maxey 

| | Flats, Kentucky. 

IP 2.1 BACKGROUND ON TRANSURANIUM (TRU)-CONTAMINATED WASTE 

Land burial has been used for the disposal of radioactive wastes since the 

inception of nuclear weapons research in the 1940*5. The term "burial", as i yd 

in this report, refers to the plocement of waste at relatively shallow depths in 

earth materials, with no intent or provision for ready retrievability at a later 

date. As such, it is distinguished from geologic disposal and storage techniques 

by the proximity of the waste to the surface of the earth and the surramding 

biosphere. The migration or dispersal of the radioactive and other toxic 

materials in the waste must be kept to some minimum or acceptable level. 

s 

0 
0 
0 
D 
I 

Initially, burial grounds operated by the U.S. Atomic Energy Commission (AEC) 

handled and disposed of wastes generated by AEC facilities as welt as wastes 

from private industry. However, during the 1950's much of the waste generated 

within private industry was delivered to several private companies for sea dis

posal. Growing pressures against this technique caused the AEC to encourage 

the use of burial facilities at the Oak Ridge National Laboratory at Oak Ridge, 

Tennessee, and me National Reactor Testing Station in Idaho Falls, Idaho, until 

private burial grounds could be established. In 1962 a commercial burial ground 

was opened at Beatty, Nevada, and in 1963 a similar site was opened at 

Morehead, Kentucky. In May l?63 the AEC discontinued its policy of accepting 

wastes from private industry. By 1971, six commercial sites were licensed far 

the handling and disposal of radioactive waste. 

2-4 
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At present, radioactive wastes in all categories other than "high-level waste" 

(produced during the first stage of fuel reprocessing) are buried at both DOE and 

commercial burial sites. 

In 1969 a controversy arose concerning the safety of the burial activities 

involving plutonium contaminated soil at the then National Reactor Testing 

Station (NRTS) near Idaho Falls, Idaho (since renamed the Idaho National 

Engineering Laboratory (INEL)). The controversy primarily involved the concern 

for Pu-239 (a long half-life material) and its high toxicity per unit weight. As a 

result of this concern and the concern of Idaho officials over the long-term 

status of the aquifer beneath the project, the AEC mode a commitment that the 

waste in question would be directed or transferred to a Federal repository in salt 

(then being planned) when it became available. It is noted fhut a U.S. Public 

Health Service review of the waste management practices in question led to the 

conclusion that the land burial techniques then in use met the Federal Radiation 

Council criteria for protection of the public, and that it was very unlikely that 

the radioactivity would migrate from the burial grounds in the future if the then 

current practices were continued. 

A commitment was made in 1970 by the commissioners of the AEC that all 

future transuranium waste would be stored temporarily in a readily accessible 

manner so that it would remain retrievable for a minimum of 20 years. This 

policy has recently been taken by operators to mean surface storage on specially 

constructed concrete or asphalt pads or in underground vaults of waste 

containing more than 10 nanocuries of transuranium nuclides per gram of waste. 

Waste contaminated with transuranium nuclides buried below the surface in 

previous years may be exhumed in the future. 

A background discussion and rationale for considering the special problems of 

managing transuranium waste follows. 

2-5 



II The letter of commitment written by Chairman Glenn T. Seaborg to Senator 

Frank T. Church of Idaho on June 9,1970 was aimed solely at the National Reac-

I I tor Testing Station. It stated, " . . . AEC plans to store not only currently 

generated alpha waste, but also to excavate, process and ship such wastes that 

P are being temporarily stored at NRTS. A number of years will be required to 

complete the transfer of such waste from NRTS, which we hope to start within 

{! the decade." Since nearly the whole decade hos passed and neither a method of 

II 
finally processing such wastes, nor a site for final disposal have been identified, 

;F it does not seem likely that the decade will see the initiation of that very large 

^ and potentially costly project. That general decision, however, has now been 

_ accepted by some as a commitment, and has contributed to the dilemma of the 

U operators of commercial land burial sites when they are presented with waste 

containing transuranium elements. II 

s 

I 

0 

On September 12, 1974 the AEC (now the NRC) published an intention to modify 

its regulations so as to require all commercial sources of transuranium wastes to 

ship it to selected AEC (now DOE) sites for retrievable storage. Should this 

regulation be issued, the contribution from the nuclear power field will add to 

the size of those waste storage facilities at DOE sites, and most certainly it will 

extend the period of subsequent handling and treatment of low-level trans

uranium-contaminated waste well into the foreseeable future. Unless there are 

suitable sites for the final disposal of such waste, a substantial increase in the 

amount of radioactive material would necessarily be placed at surface or near 

surface storage at some yet undesignated DOE sites. 

Notably with the management of transuranium waste, the overlap between 

present practice and older practices makes it difficult to clearly identify the 

problems. There is some concern about the radiological health similarities of 

seepage pits ond land burial sites, particularly with respect to migration of 
I 
Ml radioactive elements in the soil. 
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It is assumed that transuranium wastes that have excessive unit size or radiation 

level for receipt at the Federal repository will be stored or buried on-site in a 

potentially retrievable form separate from nontrunsuranium wastes. These types 

of trensuranium wastes are generated predominantly at DOE or commercial 

plants* for reprocessing spent fuel and, as generated, are primarily a hazard 

because of their fission product content. 

2.2 TRANSURANICS (TRU) AND LONG-LIVED FISSION PRODUCT WASTES 

TRU and some fission product wastes are especially significant because they 

have long half-lives and some are rather radiotoxic. Some transuranic 

radionuclides exhibit both of these properties and are primarily produced by 

single or multiple neutron capture by U-238 in LWR fuel during the operation of 

a nuclear reactor. Reprocessing of spent fuel attempts to remove plutonium, but 

since the separation is not complete, the resulting high-activity liquids will 

contain some plutonium as well as other tronsuranics. Likewise, transuranic 

contamination of low-activity wastes also occurs when the transuranic materials 

are handled or processed, which is primarily at DOE facilities involved in nuclear 

weapons production. 

Transuranics are persistent in the environment, and as a general rule are strongly 

retained by soils. They are not easily transported through most food chains, 

although some reconcentration does take place in the aquatic food chain. They 

pose only a slight biological hazard to humans upon ingestion because they are 

weakly absorbed from the gastrointestinal tract. A greater hazard results from 

* Presently, no commercial reprocessing of spent fuel is allowed by the 
Federal government. 
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inhalation since t h e / behave like normal dust, and fractionate accordingly. 
Production of an adverse health effect in the lung, or elsewhere, depends on the 
particle size and solubility of the inhaled contaminated dust. Upon entry into the 
bloodstream (either by ingestion or inhalation), TRUs will then readily accumu
late in bone and liver tissues, and can significantly increase the risk of cancer. 

Prior to 1970 TRU-contaminated wastes were not segregated from other low-
activity wastes. Current DOE policy is to retrieve and store wastes containing 

jj| greater than 10 nanocuries of T R U alpha-emitting radionuclides per gram. ' 
- Transuranium-contaminated wastes being produced by private commercial 
T7 activities, however, are still being buried at one (Richland) of the six operating 
i t commerical burial grounds. Burial at the remaining five commercial sites is 
_ currently limited to those wastes containing less than 10 nanocuries of TRU 
j | : alpha-emitting radionuclides per gram. 

[j 2.3 MANAGEMENT OF MIL ITARY HIGH-LEVEL WASTE 

] During the early years of the Government's nuclear weapon program, l i t t le 
attention was devoted to developing technologies for long-term storage or dis-

I i posal of high-level waste. Priorities were ploced on producing nuclear weapons 
!' materials; waste management decisions were based on short-term expediency 

rather than long-term implications. As a result, 270 million liters of high-level 
j j defense waste are "temporarily" stored in field tanks at the DOE Hanford Works 

and Savannah River Plant. ' ' Additionally, 11.4 million liters are stored a t 
i Idaho National Engineering Laboratory ( INEL). The waste stored at Hanford 

and Savannah River make up about 94 percent of the total volume of DOE waste. 

Most high-level waste from reprocessing operations is produced in an acidic 
I I chemical form. Stainless steel must be used for temporary storage tanks for acid 
Li waste. In the early years of the Government's nuclear weapons program, 

however, stainless steel was scarce and expensive, so the AEC decided to 
neutralize the waste produced at Hanford to allow storage in tanks constructed 0 

I 
I 2-8 % 
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from cheaper and more readily available carbon steel. Tanks des'gned at the 

Savannah River facilities, constructed in the early 1950% were modeled after 

the Hanford facilities, incorporating improvements from Hanford operating 

experience. As a result, acidic waste to Savannah River is also neutralized 

before storage in carbon steel tanks. Numerous disadvantages to fuch 

neutralization are evident. These include the fact that injecting the neutralizing 

agent more than doubles the volume of high-level waste which must be stored 

and eventually disposed of. Further, plutonium and Sr-90 are insoluble in 

neutralized waste and eventually settle in a sludge at the bottom of the storage 

tanks. Removing the sludge from storage tanks is a very difficult technological 

problem. Further, while the technology necessary to convert this neutralized 

waste to a suitable form for long-term storage or disposal has been demonstrated 

an the laboratory scale, a full scale operation is still questionable. 

Section 3.0 discusses DOE facilities and is supplemented by more detailed 

information in Appendices B through E. 

2.4 COMMERCIAL NUCLEAR INDUSTRY 

Solid wastes containing small amounts of alpha radioactivity are routinely pro

duced during normal commercial operations at nuclear fuel fabrication and spent 

fuel reprocessing plants. Although these wastes ordinarily have a very low 

actiniae content, their heterogeneous nature, combined with the very long-lived 

alpha content, may impose a safety hazard for many decades. To properly assess 

the magnitude of the alpha waste disposal problem, it is necessary to 

characterize the nature and quantities of wastes produced to date and, to the 

extent possible, to predict future waste production rates from the commercial 

nuclear industry operations, Detailed discussion is provided in Section 5.0. 

2.4.1 FUEL FABRICATION INDUSTRY 

The fuel fabrication industry includes both the plutonium fuel preparation plants 

and fuel fabrication plants. 
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The function of the plutonium fuel preparation plants is to prepare mixed UOy-

Pu0 2 that is used to fabricate fuel elements for plutonium-fueled light water 

reactors or LMf:BR's. The feed materials are purified Pu(N0J. solutions 

received from spent fuel processing plants and natural or depleted uranium as 

UOy U 0 2 , or U O 2 ( N 0 3 ) 2 solutions. 

These plants will probably be physically located on the same site as a fabrication 

or spent fuel processing plant but, in either case, the plant will generate a 

characteristic low radiation level, transuranium waste. The fuel fabrication 

plant will fabricate mixed UOn-PuO* fuel for either light water reactors or the 

LMFBR. This plant generates a low radiation TRU waste of which 60-80 percent 

by volume is combustible and subject to incineration or other means of volume 
59 

reduction. 

Most of the wastes are generated inside glove boxes, but a significant amount of 

waste is also generated external to the boxes in contamination control measures. 

In larger scale facilities, wastes contaminated with recoverable amounts of 

actinides are separated from the wastes that are candidates for burial. The most 

common burial vessel is the standard 208-liter steel drum (DOT I7C or I7H). 

Plutonium-contaminated wastes have been usually buried off-site, by a disposal 

contractor, in approved commercial burial sites. Uranium contaminated wastes 

are buried at approved commercial sites. 

2.4.2 SPENT FUEL REPROCESSING INDUSTRY 

Solid wastes from reprocessing plants can be classified into five categories: 

clodding hulls, intermediate- and low-level (ILW/LLW), general trash, failed 

equipment and dry chemicals. The volume of cladding hulls, ILW/LLW and dry 

chemical wastes are proportional to the amount of spent fuel reprocessed, while 

the volumes of general trash and failed equipment are approximately independent 

of plants throughout and are produced at approximately a constant annual rate 

per plant. 
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Of the total volume of solid waste produced in the reprocessing industry, about 

70 percent of the volume will originate from general trash, while the other 30 

percent will be about equally divided among the other four categories. The 

distribution of the plutonium in the waste will remain fairly constant through the 

years at 32 percent in the cladding hulls, 42 percent in the ILL/LLW, 21 percent 

in the general trash, four percent in the dry chemicals and less than one percent 
59 in the failed equipment. 

Most of the low radiation level, tronsuronium solid waste generated in a spent 

fuel processing plant originates in the sections of the plant that are used for final 

purification, storage, and shipping of the plutonium product. 

2.4.3 OTHER SOURCES 

Radionuclides used in the practice of nuclear medicine constitute the largest 

fraction of the non-fuel cycle uses of radioactivity. Other radioisotopes are 

finding extensive applications in well-logging, in industrial radiography, as large-

curie teletherapy and irradiator sources, in some consumer products (such as 

smoke detectors), and in the manufacture of certain types of gauges. These, 

together with relatively small amounts of radioactive material used in research, 

constitute the primary applications of radioisotopes and potential waste 
48 sources. 

Other TRU waste is possibly generated due to industrial and medical application 

of transuronic radioisotopes. Such uses will generate miniscule levels of waste 

compared to DOE and nuclear fuel cycle wastes. 

2-11 
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1 0 DEPARTMENT OF ENERGY © O S F A C U T I E S 

The purpose of this section is to provide a brief overview of the major DOE 

facilities. More extensive information is provided in Appendices B through E. 

3.1 INTRODUCTION 

DOE contractors operate large land burial operations at five principal DOE 

facilities. Oak Ridge Notional Laboratory (ORNL), Oak Ridge, Tennessee; Los 

Alamos Scientific Laboratory (LASL), Los Alamos, New Mexico; Idaho National 

Engineering Laboratory (INEL), Idaho Falls, Idaho; Hanford Works, Richland, 

Washington and Savannah River Plant (SRP), Aiken, South Carolina. Smaller land 

burial sites are at other DOE facilities including Scndia, Albuquerque, New 

Mexico; Pantex, Amarillo, Texas; Nevada Test Site, Las Vegas, Nevada; Feed 

Materials Production Center, Fernald, Ohio; and the gaseous diffusion plants at 

Oak Ridge, Tennessee, Paducah, Kentucky, and Portsmouth, Ohio. A list of 

major DOE waste generating/burial sites is given in Table 3-1. 

In 1970 AEC (DOE) established a policy that transuramc waste in concentrations 
3 

exceeding 10 nanocuries per gram be stored above ground end be retrievable. 
At the five principal facilities an estimated one million cubic meters of waste 

have been buried containing 18 million curies. The waste includes approximately 

952 kilograms of transuranium nuclides, mainly at INEL and Hanford, of which 

740 kilograms are buried and 212 kilograms are retrievably stored (1975). The 

current annual volume of DOE generated waste is approximately $5,000 m . The 

volume is expected to decrease gradually in the future with the use of improved 

waste management techniques including volume reduction technology. 

I DOE facilities at Oak Ridge, Los Alamos, Savannah River, Idaho and Hanford, 

hove also used cribs for disposal of some liquid waste which contained levels of 

radioactivity unacceptable for release to uncontrolled areas. Through 1974 over 

525 billion liters of liquid waste, containing five million curies, have been 

discharged into the ground at Savannah River, Idaho and Hanford with the 

intention that the radioactivity would be tracked as it moved through the soil 

beyond the point of release and that the extent of migration would be limited by 

removing the driving force of further liquid releases. 

3-1 
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TABLE 3-1 

MAJOR GENERATING STORAGE AND DISPOSAL SITES , 
FOR SOLID LOW-LEVEL RADIOACTIVE WASTE, JUNE 1976' 

Amarillo, Texas — DOE generating site; DOE storage and disposal site, (uranium-
contaminated waste, and tronsuranic-contaminated waste). 

Argonne, Illinois — DOE generating site. 

Fernald, Ohio - DOE generating site, DOE disposal and storage site (uranium-
contaminated waste). 

Honford, Washington — DOE generating site; DOE storage and disposal site 
(fission product/induced activity contaminated waste, uranium-contaminated 
waste, transuranic - contaminated waste). 

Idaho Foils, Idaho — DOE generating site; DOE storage ond disposal site (fission 
product/induced activity-contamincted waste, uranium-contaminated waste, ond 
transuranic-contaminated waste). 

Livermore, California - DOE waste generating site; DOE storage and disposal 
site (uranium- and thorium-contaminated waste). 

Los Alamos, New Mexico — DOE generating site; DOE storage ond disposal site 
(fission product/induced octivity-contaminated waste, uranium-contaminated 
waste, and transuranic-contaminated waste). 

Miamisburq, Ohio - DOE generating site. 

Las Vegas, Nevada — DOE generating site; DOE storage and disposal sites 
(fission product/induced activity-contaminated waste, transuranic-contaminated 
waste). 

Poducohi Kentucky — DOE generating site; DOE storage and disposal site (ura
nium-contaminated waste). 

Piketon, Ohio - DOE generating site, DOE disposal and storage site (uranium-
contaminated waste). 

Oak Ridge, Tennessee — DOE generating site; DOE storage and disposal site 
(fission product/induced activity-contaminated waste, uranium-contaminated 
waste, and transuranic-contaminaied waste). 

Rocky Flats. Colorado - DOE generating site. 

Albuquerque, New Mexico — DOE generating site; DOE storage and disposal site, 
(uranium-contaminated waste, and transuranic-cantaminated waste). 

Aiken. South Carolina — DOE generating site; DOE storage and disposal site 
(uranium-contaminated waste, fission product/induced activity-contaminated 
waste, and transuranic-contaminated waste). 

In M % 
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3.2 ARGONNE NATIONAL LABORATORY (ANL) 

There is no active burial ground at ANL but at the time of decommissioning of 

the original laboratory in the city of Chicago, building rubble was buried in the 

Cook County Forest Reserve. The site is known and kept under surveillance. 

Other ANL-generated wastes and building rubble were also buried at this 

location. ANL produces a wide variety of solid radioactive wastes suitable for 

burial. Some solid waste arises from the treatment of liquid waste streams by 

evaporation of the liquid waste to a high solids content and a dense self-solid

ification with vermiculite in 208-liter drums. The total annual solid waste 

produced is about 845 cubic meters. At Argonne, all waste suitable for burial 

has been shipped to Sheffield, Illinois, a commercial burial site. 

f| 
[\ 3.3 HANFORD RESERVE 

Past land burial practices at this site are of interest because they give historical 

insight to the attitudes prevailing at various periods. From 1944 to 1954 there 

was no serious segregation of different types of low-level radioactive waste. 

Combustibles and noncombustibles were buried in the same trench. Burial 

records were incomplete and there was a minimal amount of information as to 

the quantity or type of radiooctive material. From 1955 to IS65 there was an 

increased interest in developing an alternate disposal method. Recordkeeping 

was improved and more faithfully maintained. From 1966 to 1974 a program of 

centralization of the burial grounds in ihe 200 Area was started and completed. 

The measurements of the kinds and amounts of radioactivity in the buried wastes 

improved. Sites were marked with informative semipermanent markers. 

Recordkeeping was further improved as segregation of radiooctive waste by 

categories was initiated. Since 1970, in keeping with the modified policy of 

DOE, transuranium waste has been kept separately in a retrievable form. 

A detailed discussion of the Hanford Reserve is presented in Appendix B. 

| M * 
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3.4 IDAHO NATIONAL ENGINEERING LABORATORY (INEL) 

At Idaho Falls, the AEC built reprocessing facilities in the early 1950's to repro

cess spent fuel from it? research reactors. INEL is also the site for reprocessing 

spent fuel from the Navy's nuclear program. The amount of fuel reprocessed 

there, however, is quite small in comparison to Hanford and Savonnah River. 

Only 11.4 million liters of high-level waste are now stored at INEL after more 

than 20 years of reprocessing. The waste has been retained in its acidic form 

unlike the waste at Hanford and Savannah River. Acid wastes from INEL 

processing operations are transferred to stainless steel holding tanks. There are 

currently 15 of these tanks. Eleven tanks are contained in the underground 

concrete vault. The four 11,000 liter tanks are buried on a concrete pad but ere 

rot surrounded with a vault. These tanks are used to store waste from early 

reprocessing operations and are presently empty. No tank failures have been 

recorded at INEL. At INEL, DOE constructed a calcining facility and began 

operations in 1963. In this process, the liquid acid waste in the holding tanks is 

converted to a dry granular solid. Calcination also results in a 9:1 volume 

reduction in waste. The granules are stored in stainless steel bins which are 

placed in buried concrete vaults. About 6,000 cubic meters of transuranium-

contaminated solid waste is shipped annualiy to the INEL for storage, primarily 

from Rocky Flats operations. This material was formerly buried in pits, but 

waste above the 10 nanocuries per gram level is now stored on asphalt pads under 

sheets of plastic and plywood with a compacted earthen cover. The waste is 

contained in plastic-lined 208-liter drums or special fiberglass reinforced plastic 

covered boxes. This facility provides retrievable storage for alpha emitting 

wastes. A similar pad is used for disposal of radioccfive waste with high salt 
I 21 content and low plutonium content which is not cwrently to be retrieved. ' 

A detailed discussion of INEL is presented in Appendix C. 

3.5 LOS ALAMOS SCIENTIFIC LABORATORY (LASL) 

LASL acts as a burial site for solid waste. LASL produces a large variety of 

contaminated solid waste of which the principal contaminant of concern is Pu-

239. Non-TRU waste is usually packaged in plastic bogs and fiber containers only 
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strong enough to provide contamination control enroute to and at the burial site 
prior to emplacement in large pits to be covered with soil. Fission product 
wastes with high gamma radiation readings are handled separately, shielded 
during transport and at the burial grounds, then placed in specifically drilled 
shafts in the burial area. 

About 80 percent of all radioactive waste that has been buried is contaminated 
with transuranium elements and includes a large amount of Am-241. h 1974 the 

3 
annual burial was 32,020 Ci and 4,071 m of solids including the binding or 
encasing materials. Plutonium, primarily Pu-239, in the solid waste amounts to 
about 150 grams per year and about five kilograms accumulated prior to the tjme 
retrievable storage of TRU-contaminated waste was instituted. Appendix E 
provides a more detailed discussion of LASL. 

3.6 MOUND FACILITY 

No waste is at present buried on-site. Some building rubble contaminated with 
plutonium was buried in the past and the burial site is well identified and fre
quently monitored. All current waste is shipped off-site for burial at a commer
cial burial site or for burial/storage at a DOE site. 

The Mound Facility generates a miscellaneous kind of solid waste which results 
from the treatment of liquid waste streams. The principal contaminant is Pu-238 
with some Pu-239. The usual amount shipped each year is about 2,350 m and of 
this about 75 percent is plutonium-contaminated. About 10 percent of the solid 

3 I 
waste is a result of treatment of 23,000 m of a liquid stream. A detailed 
discussion of the Mound Facility is presented in Appendix E. 

3.7 OAK RIDGE NATIONAL LABORATORIES (ORNL) 

Historically, a variety of systems have been used for the land burial of solid low-
level radioactive waste. Early in the operations of ORNL the solid waste storage 
areas were small and were located at the main ORNL site. Wastes were dumped 
into trenches and backfilled. Ito records were kept of the quantity or kind of 
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solid waste. In fact, it is quite possible that fluid combustibles were also buried. 
It is also likely that little fissionable material is in the waste because an extreme 
effort was made at the time t unserve it. 

During the period of 1955-1963 ORNL was the southern region storage area for 
solid wastes. About 28,000 m of solid radioactive waste were derived from the 
numerous sources of research and operation waste sent to ORNL burial. The 
variety, character and even the amount of radioactive wastes acquired in this 
way are unknown. 

At ORNL the solid radioactive waste is generated in a number of ways and 
forms. The most bulky and least contaminated is laboratory refuse. It consists 
of animal carcasses, animal wastes, glassware, rubber and synthetic rubber 
goods, paper, rags and a miscellany of items either knovm or suspected to be 
contaminated with radioactive material. Another source of lesser volume comes 
from the variety of chemical and physical research and development activities. 
There is also the usual array of discarded equipment, machinery, tools, tanks, 
valves and pipes that are no longer needed or are so radioactive as to preclude 
successful economic decontamination. Finally, there is soil, concrete flooring, 
and building materials contaminated by spills and leaks. It is anticipated that 

3 
there will be need for the burial of about 3,000 m per annum for the next 10 
years at ORNL. A detailed discussion of all Oak Ridge facilities is provided in 
Appendix E. 

3.8 ROCKY FLATS PLANT (RFP) 

At present no radioactive waste is being buried at Rocky Flats. In the past, some 
burials occurred locally, but most of the plutonium contained in the waste has 
been retrieved and shipped to the Idaho National Engineering Laboratory (INEL). 
The small remainder is in a known location and is under surveillance. The wastes 
currently shipped to INEL are stored in a retrievable transuranium storage area 
if the contamination level exceeds 10 nanocuries of transuranium nuclides per 
gram of waste. About 50 percent of the radioactive solid wastes presently 
produced by the Rocky Flats Plant result from the treatment of liquid 
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streams. ' The rest is produced by a variety of chemical plants and labora

tory operations. 

Shipments of alpha-emitting wastes are made in 208-liter drums or plywood 

boxes coated with a glass fiber impregnated polyester. Rigid polyethylene liners 

in the drums and the box coating provide the integrity needed for 20 year 

retrievable storage. Wastes not requiring retrievable storage are packaged only 

to meet transportation requirements, not to provide control after burial. Alpha-

emitting waste comprises about 90 percent of the total generated. About 7,000 
3 

m of alpha-emitting waste is currently generated each year containing about 20 
kilograms of plutonium of various isotopic compositions. The 15,500 m of liquid 

3 
wastes when treated produce 3,700 m of solids, a reduction to 24 percent of the 

original volume. 

Low specific activity (LSA) waste consists of non-line generated waste and 

evaporated salts. Non-LSA waste consists of line-generated waste, first-stage 

sludge, second-stage sludge, cemented liquids and organic liquids mixed with 

calcium silicate to form a putty-like mass called "grease." Now employed, 

however, is a more useful operation of classification developed in 1970 at INEL 

when it became necessary to establish the retrievable storage operation. 

Category one includes paper rags, miscellaneous filters, glass, gloves and general 

garbage. Category two includes all metallic waste. Category three includes the 

sludges, the cemented liquids and "grease." Category four consists of undefined 

waste. Fortunately, the volume of the last category is small and creates no 

problem of waste management. 

Currently, the Rocky Flats operation generates about 20 kilograms of waste 

plutonium annually. The accumulated Rocky Flots-generated plutonium in the 

INEL burial site through FY 1975 amounts to about 500 kilograms of which 120 
i eh 

kilograms are in the retrievable storage.' 
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3.9 - SAVANNAH RIVER PLANT (SRP) 

Savannah River has replaced Harford as a major production facility for the 
Government's nuclear defense program, with three production reactors now in 
operation. Presently, about 80 million liters of high-level waste are stored in 
carbon steel tanks. DOE is processing high-level waste at Savannah River into 
saltcake as at Hanford. DOE is presently using 31 tanks for high-level liquid 
waste storage, ranging in capacity from 3.7 million liters to five million liters. 
All tanks are constructed of carbon steel and sit in reinforced concrete vaults. 
Eight have single steel walls and the others have double steel walls. Another 24 

23 24 of the largest of the tanks are under construction or planned. ' 

The major radionuclides that are buried or stored in many forms at the SRP 
include the following: H-3 - 2,9 million curies; Co-60 - 150,000 curies; Sr-90 -
4,000 curies; Cs-137 - 4,000 curies; Pu-238 - 309,000 curies; Pu-239 - 1,000 

I 3 
curies; Cm-244 - 40,000 curies. About 11,300 m of alpha-emitting waste were 
buried before 1965 and about an equal volume since then. The earlier burials 
were not encapsulated in concrete. They contained a total of about 200 curies of 
Pu-239. Since 1965, there have been some low-level alpha disposals without 
encapsulation. However, the location of these burials is well known and trial 
exhumations have been undertaken. 

At the Savannah River Plant 19,000 curies of Pu-238 waste, 1,000 curies of Pu-
239 waste from finishing operations, and 40,000 curies of Cm-244 waste from 
SRP production operations are stored along with 290,000 curies of Pu-238 waste 
from the Mound Facility and LASL in an array of concrete containers designed 
for ease of monitoring and retrieval. 

A detailed discussion of SRP is presented in Appendix D. 
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U 3.10 OTHER DOE FACILITIES 

[J Table 3-2 provides a listing of DOE waste generating facilities with burial sites 
and Table 3-3 provides a listing of DOE and subcor.tractors facilities without 

i burial grounds. 
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TABLE 3-2 

DOE FACILITIES GENERATING SOLiD WASTES 

Site 

WITH BURIAL GROUNDS (1976) 

Location 

n Feed Materials Production Center Fernald, Ohio 

L Hanford Reserve Hanford, Washington 

[ Idaho National Engineering Laboratory Idaho Falls, Idaho 

[ 
Lawrence Livermore Laboratory 

(Site 300) 
Livermore, California 

[ 
Los Alamos Scientific Laboratory Los Alamos, New Mexico 

[ National Lead Company of Ohio Niagara Falls, New York 

[ Nevada Test Site Las Vegas, Nevada [ Oak Ridge Gaseous Diffusion Plant 
(K-25 plant) 

Oak Ridge, Tennessee 

Oak Ridge National Laboratory 
(X-10 plant) 

Oak Ridge, Tennessee 

. Oak Ridge Y-12 Plant Oak Ridge, Tennessee 

r Paducah Gaseous Diffusion Plant Paducah, Kentucky 

1 : Pantex Plant Amarillo, Texas 

!""; 
; 

Portsmouth Gaseous Diffusion Plant Piketon, Ohio 

r". 
Sandia Laboratory (Kirkland AFFMEast)) Albuquerque, New Mexico 

D Savannah River Plant Aiken, South Carolina 

B Weldon Springs St. Charles County, Missouri 

0 
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TABLE 3-3 

DOE FACILITIES GENERATING SOLID WASTES 
BUT WITHOUT BURIAL GROUNDS (1976)' 

Site 

Ames Laboratory 

Argonne/West 

Atomics International 

Bendix Plant 

Bettis Atomic Power Laboratory 

Brookhaven National Laboratory 

Burlington DOE Plant 

Fermi National Accelerator Laboratory 

Lawrence Berkeley Laboratory 

Lovelace Foundation Laboratory 

Mound Facility 

Naval Reactors Facility 

Pinellas Plant 

Rocky Flats Plant 

Shippingsport Atomic Power Station 

Location 

Ames, lo , 

Idaho Falls, Idaho 

Santa Susana, California 

Kansas City, Missouri 

West Mifflin, Pennsylvania 

Upton, L I . , New York 

Burlington, Iowa 

Weston, Illinois 

Berkeley, California 

Albuquerque, New Mexico 

Miamisburg, Ohio 

Idaho Falls, Idaho 

Clearwater, Florida 

Golden, Colorado 

Shippingsport, Pennsylvania 

U' 
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4 0 COMMERCIAL DISPOSAL SITES 

Since TRU-contaminated solid waste generated at various points in the 

commercial nuclear fuel cycle has historically been disposed of at commercial 

burial grounds, a description of these grounds is appropriate as part of the 

background concerning the handling of TRU waste. The purpose of this section is 

to provide a brief overview of the commercial disposal sites, while Appendix F 

presents more detailed information. 

4.1 INTRODUCTION 

Three private companies currently operate, or have operated, the six licensed 

commercial burial grounds. The disposal site location and year when licensed are 

presented in Table 4-1. 

All commercial disposal sites were licensed to handle by-product, source and 

special nuclear materials. All sites are on federally- or State-owned land. At 

five sites the State owns the land and leases it to the burial ground operators. At 

the Richland site the Federal government leases the land to Washington, which 

then leases it to the burial ground operator. All of the sites except Sheffield are 

licensed for burial by the State in which they are located under a Federal 

agreement giving states this licensing authority. An "Agreement State" is a 

State that has entered into an agreement with the NRC, which allows the State 

to control the receipt, possession, use, and transfer of by-product material and 

quantities of source and special nuclear material not sufficient to form a critical 

mass. The scope of the agreement allows the State to license the disposal sites 

for burial of radioactive wastes, except those wastes resulting from irradiated 

fuel separation. Since Illinois is not an Agreement State, the Sheffield site is 

licensed by the NRC, but it also has a State permit to bury waste. The Beatty 

site, in addition, has an NRC license to bury special nuclear material in 

quantities exceeding State licensable quantities. At Beatty and Richland, the 

NRC regulates the handling of special nuclear material since large quantities are 

authorized to be handled by these facilities. The Barnwell site is pursuing a 

similar license with the NRC The State regulates the handling of by-product 
3 8 and source materials at these sites/' 
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TABLE 4-1 

BURIAL AND STORAGE SITE IDENTIFICATION 

Nome Operated By Location Year Licensed 

Beatty Nuclear Engineering Co., Inc. About 17 km south of 
Beatty,NV 

West Valley' 0' Nuclear Fuel Services, Inc. About 50 km southwest 
of Buffalo, NY 

Morehead Nuclear Engineering Co., Inc. About 20 km northwest 
of Morehead, KY 

1962 

1963 

196*3 

Richland Nuclear Engineering Co., Inc. About IS km northwest 1965 
Richlond,WA 

(c) Sheffield Nuclear Engineering Co., Inc. About 8 km southwest 1967 
of Sheffield, IL 

Bamwell Chem-Nuclear Systems About 8 km northwest 
of Barnwell, SC 

1971 

(a) 

(b) 

(c) 

West Valley closed March 1975. 

Morehead (Maxey Flats) closed December 1977. 

Sheffield's burial trenches are filled. 
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A proposed amendment to the NRC regulations will ban commercial burial of 
71 waste contaminated with transuranic (TRU) nuclides. Since the initial 

licensing of the Barnwell disposal site in 1971, South Carolina has prohibited the 
burial of transuranic contaminated waste except Am-241. Since October 1973 
t ie New York site has not been allowed to receive for burial more than trace 
quantities of plutonium. In 1974 Kentucky announced that it was limiting the 
concentration of transuranics to be buried to ten (10) nanocuries per gram and 
the licensee placed the ten (10) nanocurie limit on waste at the Sheffield site. In 

o 
September 1975 Nevada placed the same limitation on transuronic materials. 

The total volume of solid radioactive wastes buried at commercial sites (Table 4-
2) from 1962 through 1977 was about 506,000 cubic meters. This waste was 
estimated to contain about 4.2 million curies of radioactivity uncorrected for 
decay. About 1,800 kilograms of special nuclear material containing about 123.4 
kilograms of plutonium are buried at commercial sites. Of the total waste 
volume buried at commercial sites, Morehead and Barnwell have received the 
greatest amount; about 27 percent and 28 percent, respectively (through 1977). 
Before 1962 commercially generated solid waste was usually disposed of at sea or 
at the AEC burial sites. 3 

4.2 COMMERCIAL BURIAL PRACTICES 

The commercial burial sites at Beatty, Nevada; Richland, Washington; Sheffield, 
Illinois (presently all trenches have been filled); and Morehead, Kentucky (no 
longer in operation), are operated by the Nuclear Engineering Company. The 
West Valley, New York (no longer in operation), site was operated by Nuclear 
Fuel Services, Inc., and the Barnwell, South Carolina (limited monthly burial 
rate), site is operated by Chem-Nuclear Systems. 

In physical form a great den! of the bulk of waste buried consists of material 
which is not radioactive itself, but which has small amounts of radioactive 
material on its outer or inner surfaces. Examples of this are paper trash, packing 
material, plastic sheeting and tubing, broken glassware, defective or obsolete 
equipment, protective clothing, rags, mops and other cleaning equipment and 

. . • * • , 
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TABLE 4-2 

COMMERCIAL SOLID RADIOACTIVE WASTE GENERATED ANNU 
IN THE UNITED STATES 1 9 

CALENDAR YEAR VOLUME (xl0 3 m 3 ) 

1962 1.86 
1963 6.24 

1964 13.10 

1965 13.30 
1966 16.19 
1967 19.38 
1968 19.65 
1969 21.41 
1970 24.98 
1971 29.35 
1972 37.33 
1973 47.08 
1974 53.25 
1975 57.01 

1976 74.22 
1977 (7l.36) a 

1978 (80?) 

Preliminary information. 
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building rubble. Another type of contaminated waste in which radioactive 

contaminants are much less likely to become physically separated from the non

radioactive bulk of the material include ion exchange resins or filters which have 

been used to treat radioactive or potentially radioactive water and air effluents, 

solidified salts resulting from evaporation processes, etc. Other physical forms 

of solid radioactive waste in which the radioactivity is an inherent or inseparable 

part of ths structure or the material in which it is contained consists of 

discarded shielding, instrumentation, control rods, ond other nuclear reactor 

equipment in which activation of materials has resulted in the radioactivity. ' 

In general, the intermediate-level wastes result from liquid-waste treatment or 

from the removal of equipment or materials from reactors. Wastes are not 

accepted for burial if they present a significant nonradioactive hazard such as 

explosion or fire. 

Waste packaging is provided to meet Department of Transportation (DOT) 

requirements and in some cases to permit above ground storage of the waste 

package for short time periods. However, no credit is taken for the containment 

capability of the package after burial, as the soil material is considered to 

provide the primary containment barrier. 

All sites use open trenches or pits as the primary disposal facility. The trenches 

are about six meters deep but vary considerably in length and width. An average 

burial trench at a commercial burial site is about 100 m long, 10 m wide ond 6 m 

deep, with a volume of approximately 5,100 cubic meters. This volume is not 

completely filled with waste packages because of space between packoges of 

different shapes and because of the filling technique and requirements for earth 

fill. Waste is placed in the trench in a sequential fashion, usually starting at one 

end, and covered with earth at intervals dependent on the waste type and 

climate. Trenches containing dry wells or specialized casks are used for the 

disposal of some higher activity wastes. Trenches at the humid eastern sites arc 

commonly sloped to one end and may contain water-collection facilities at the 

low end for use during or after trench filling. When the entrenched waste 

accumulates to within a yard or so of the surface, a backfill of uncontaminated 
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earth is placed over the waste and mounded a few feet above the original land 

surface to encourage precipitation runoff. 

The radioactive materials contained in buried waste range from those with very 

short half-lives, such as radiopharmaceuticals and some fission products, to long-

lived materials, such as uranium and plutonium. As shown in Table 4-3, present 

policies restrict the burial of plutonium at concentrations above 10 nCi/g of 

waste at all but the Richland site, but some such materials remain in place from 

previous years. 

Radionuclides presently buried at commercial sites are divided into the three 

categories. These are special nuclear materials (SNM), which are fissionable 

materials such as U-235 or Pu-239; source materials, such as natural uranium, 

which con be converted to special nuclear materials in a reoctor; ond by-product 
38 materials, which include all other radionuclides. 

The NRC has jurisdiction over the licensing of commercial burial sites, except as 

it has relinquished that authority to its Agreement States. At present, only the 

Sheffield site is licensed directly by the NRC, but some activities, such as the 

handling of specified quantities of special nuclear materials, are regulated by the 

NRC at all sites. Federal regulations require that the title to the land used for 

burial reside with a State or Federal agency. Thus commercial burial operators 

have generally purchased the- land and deeded the portions required for burial to 

the State, which then leases the land to the site operator. Long-term care of the 

site after termination of operation rests with the landowner, be it a State or the 

Federal Govtrnment. To provide funds for such care, the States collect fees 

from the burial ground operators. 
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TABLE it-3 

BURIAL REQUIREMENTS AT THE SIX COMMERCIAL BURIAL SITES 8 , 6 

Requirement 
BeatTy, 
Nevada 

West Val lev. 
New York * 0 7 

Morehead, 
Kentucky 

R'chland, 
Washington 

Sheffield, 
Illinois 

Barnwell, 
South Carolina 

Acceptance of waste typess 

Dewatered resins 
Dewatered Powdex 
Diatomaceous earth 
Dewatered sludges 
Free liquids 

Yes 
Yes 

7 
Yes 
No 

No 
No 
7 

No 
No 

Yes 
Yes 
Yes 

? 
No 

Yes 
Yes 
Yes 
Yes 
Yes 

No 
7 
? 

No 
No 

Yes 
Yes 
Yes 
Yes 
No 

Solidification agents: 

Al 1 types of cement 
Urea-formaldehyde systems 
Other organic polymers 
Asphalt/bitumen 

Yes 
Yes 
(b) 
(b) 

Yes 
•? 

(b) 
(b) 

Yes 
7 
? 
7 

Yes 
Yes 

? 
7 

Yes 
Yes 

? 
7 

Yes 
Yes 

7 
7 

Selected requirements: 

Retrievabiiity 
Plutonium limitations 

No 
Yes 

No 
Yes 

No 
Yes 

No 
No 

No 
Yes 

No 
Yes 

(a) 
(b) Prior to its closing in March 1975. 

Uncertain about acceptance. 



11 

u 

4.3 CRITERIA FOR DISPOSAL OR STORAGE 

The -equipments for burial of solid radioactive wastes at each of the six 
commercial sites are discussed in Appendix F. It also shows possession limits and 
permissible concentrations that might affect packaging and shipment of wastes 
to that particular burial site. 

The latest burial requirements at each of the six sites are also given in Appendix 
F. The criteria for West Valley are those used when the site was accepting waste 
for burial. More stringent requirements will be enforced when, and if, the burial 
site is reopened. Although the requirements f c the site ore similar, there are 
certain differences of interest, as follows: 

jfj • The West Valley site requires that the contents of any 
~ package of waste with loose radioactive material and a 

contact radiation level >200 mR/hr on the package be 
i | solidified in cement in a metallic container, or in other 
• packaging approved by the site. 

i • Liquids must be solidified before burial at all sites except 
West Valley, where they may be absorbed if package 
contact radiation levels are<200 mR/hr. 

, t West Valley does not have a curie limit on the amount of 
non-transuranic by-product material that may be pos
sessed unburied; the other sites have an unburied posses-

I sion limit. 

• W«st Valley has a self-imposed limit of one grem per 28.3 
IT m for materials containing transuranic radionuclides in 
[] general and Pu-23? in particular. 

t | t The Sheffield, Richland, Beotty, and Barnwel I sites accept 
1 bulk shipments of liquids end have the authority and 

capability for solidification prior to burial. 

j | • A state-imposed restriction at the West Valley site, not 
!i given in Appendix F, was an average trench concentration 

after burial of 7.1 Ci/m . 

• Sheffield has a state-imposed concentration limit of 35.3 
Ci/m package. This limit may be exceeded with special 
permission. 

4-8 
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Currently, one commercial burial site (Richland) accepts TRU wastes, with the 
exception of plutonium, in quantities up to its possession limit for any other by
product material. This will soon change, however, as the regulatory agency in 
Washington is also considering adoption of a TRU limit of 10 nCi/g. 
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5J0 COMMERCIAL NUCLEAR NDUSTRY 

The commercial nuclear industry typically is understood to include all nuclear 

fuel cycle activities. For the purpose of this report other non-fuel cycle waste 

sources or potential sources will also be briefly reviewed. Figure 2-1 shows the 

nuclear fuel cycle. It is reasonably well accepted that transuranic contaminated 

wastes are primarily generated by the back end of the fuel cycle. The sources of 

these transuranic wastes include the fuel fabrication industry and spent fuel 

reprocessing industry. 

5.1 FLEL FABRICATION INDUSTRY 

The commercial nuclear power industry is presently supported in the U.S. by 

seven major uranium fuel fabricators processing low enriched uranium hexa-

fluoride (UF,) into finished fuel assemblies of uranium oxide pellets clad in 
35 

zircaloy tubing, In addition, there are three pilot facilities capable of pro
ducing uranium-plutonium mixed oxide (MOX) fuel rods for use in fuel assem
blies. One additional MOX fuel rod plant of commercial production capacity is in 
the planning stage. 

The extracted plutonium from the chemical reprocessing step of spent fuel is 

combined with natural uranium at the mixed oxide fuel fabrication plant to form 

mixed uranium dioxide-plutonium dioxide fuel pins for recycle to the LWR. This 

material will contain trace amounts of radioactive impurities after decomtom-
76 ination at fuel reprocessing. In the conventional process, plutonium dioxide 

powder is blended with ceramic grade uranium dioxide powder, followed by the 

pelletizing, sintering and mechanical steps employed in the uranium fuel 

fabrication steps. Residual plutonium is recycled into the main process through a 

scrap recovery cycle. The fuel assemblies themselves may be fabricated from 

the loaded fuel rods at the uranium fuel fabrication plant. The finished pellets 

are loaded into zircaloy tubes and the completed fuel rods are assembled in fixed 

arrays. Residual uranium and plutonium are recycled into the main process 

through a scrap recovery cycle. 

* 5-1 
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However, UF, product from chemical reprocessing will contain small quantities 

of fission products and transuranium isotopes. Specifications have been published 

which indicate the maximum acceptable limits for radioactivity resulting from 
7(5 these impurities. These ore: gross alpha due to transuranium isotopes- 1,500 

dis/min/(g of U); gross beta due to fission products and transuranium isotopes -10 

percent of the beta activity of oged normal uranium; and gross gamma due to 

fission products and transuranium isotopes - 20 percent of the gamma activity of 
37 aged normal uranium. Such processed uranium may then be sent to the 

enriching plant. 

5.1.1 WASTE GENERATION AND HANDLING PRACTICES 

Most of the wastes from processing or fabrication operations ond the associated 

analytical work are generated inside glove boxes. However, a significant amount 

of waste is generated outside the boxes from contamination control measures. 

Usually, liquid wastes are segregated from solid wastes and the solid wastes are 

bagged in plastic. In addition, plutonium-contaminated wastes are often sorted 

by enrichment level. In plants that can be termed production rather than 

development facilities, wastes are separated from the wastes that are candidates 

for disposal by burial. 

In general, the solid wastes are the conglomerates arising from the processing 

and contamination control efforts and consist primarily of paper (wipes and 

cartons) and plastic (bags). The radioactive constituent is often initially a fine 

powder. The degree of segregation of paper and plastic depends primarily on the 

type and extent of scrap recovery. It is estimated that the solid waste stream is 

about half plastic and half paper, but numerous other constituents are discarded 

into this stream including cloth, rubber (gloves), glassware, unusable equipment 

and tools, metal cans, graphite, spent ion-exchange resin, asbestos paper fiber 

filters, and even small amounts of treated or solidified liquid (usually organics or 

oil). This solid waste stream is bagged in plastic and then placed in the plastic 
59 lined 208-liter drums. Larger items are crated for burial. 

Each fuel fabricator has at least four types of wastes: solids from the main 

process line which are small enough to fit into 208-liter drums, larger sized solid 
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waste such as failed equipment, slightly contaminated solids generated in cleanup 

of small spills outside the main process line and laboratory liquid wastes. Most 

fabricators also generate liquid wastes from plutonium processing, scrap 

recovery or other sources. 

5.1.1.1 SOLIDS FROM MAIN PROCESS L I N E 5 9 

Most fuel fabrication operations are performed in dry glove boxes. Solid waste 

includes wipes, neoprene gloves, small failed equipment and small air filters. 

Most of the waste from glove boxes results from cleanup operations. Major spills 

are usually recovered by using a paint brush and dust pan. Some processors use 

vacuum cleaners for more complete removal of dry powders which accumulate in 

the glove box. Occasional cleanup of the residual powders is necessary to 

provide proper contamination and exposure control. Cleanup is usually by wipes 

or cheesecloth. Thus, most of the solid waste from glove boxes is initially 

cellulose materials. The waste is removed from the box by bagging in PVC and a 

second PVC bag is often added for additional safety as soon as the first bag is cut 

from the box. This introduces an appreciable amount of plastic into the waste. 

Neoprene gloves have to be changed regularly and contribute additional plastic 

similar to the PVC. If sphincter containers are used, they also contribute either 

carcboard or aluminum to the wastes. Some plastic bottles or cardboard 

containers are often used within glove boxes. Glassware is less common, but 

might be used by some fabricators. 

Under special conditions cleanup might be accompanied with liquids for more 

exhaustive cleaning. Usually these are chemically relatively mild, innocuous 

liquids. Many processors use cheesecloth and nitric acid for cleaning stubborn 

residues of plutonium. Cloth or papers soaked with nitric acid are rinsed with 

water before being discarded, and often they ore neutralized with caustic 

substances. Since nitric acid solutions are used only in the final stages of 

cleaning, these materials usually contain only small amounts of plutonium. 

Other small items from the glove box are included in this type of waste. 

Examples are marking pens, tools, prefilters and small failed equipment. If the 
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item is small enough to fit into o 208-liter drum, or con be reduced to this size 

easily, it is usually treated the same as other small waste items. 

Waste is usually not sorted into various types (e.g., cloth, paper, plastic, tools 

and equipment) unless one or more types may contain enough plutonium to moke 

recovery economically attractive. If recovery is contemplated, material is 

usually sorted into three classes: cellulose, plastic and other. Cellulosic 

material is incinerated or oxidized and the residue is leached to recover 

plutonium. Plastics may be treated similarly to cellulosic materials, or may be 

leached for plutonium recovery. Leaching of plastics is reported to be much 

more efficient if shredding is done before leaching. Plutonium may be recovered 

from other wastes by leaching. Most of the waste reprocessing is only in the 

planning states or limited to batches of waste which have -jrwsually large 

amounts of plutonium. 

5.1.1.2 LARGE FAILED EQUIPMENT59 

Some equipment items are not easily reducible in size. Such equipment is 

cleaned as much as practicable, enclosed in plastic for contamination control and 

placed in a shipping container. Since large equipment does not fail often, each is 

treated as a special case at present. Disposal containers are built to fit the 

particular needs for each shipment. Special pretreatment can also be used to 

minimize the potential for spread of contamination. 

Large air filters are considered and handled as large equipment, even though they 

are replaced routinely. If they contain appreciable amounts of plutonium, some 

recovery may be performed. Filters are typically about the size of a 0.6 m on a 

side cube consisting of fire resistant filter media in a wooden frame. Prefilters 

are often used on each individual glove box to reduce the amount of plutonium 

which con reach the large filters. 

5.1.1.3 SLIGHTLY CONTAMINATED SOLIDS59 

Small occurrences of contamination outside the glove boxes must be cleaned 

thoroughly. This generates a large volume of waste with very little plutonium 
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content. Most of the waste is cellulose and rubber gloves. Cloths or papers 

soaked with liquids are treated the same as those used in glove boxes. This type 

of waste could most easily be compacted since the plutonium content is very low 

and it is the least suitable for scrap recovery. Waste is usually collected in 

plastic bags (mostly polyethylene) and deposited in 208-liter drums. All plu

tonium fabricators use extreme caution to maintain a very clean work area 

outside of the glove boxes so that normal materials used outside the boxes do not 

become contaminated. 

5.1.1.4 CHEMICAL PROCESSING LIQUIDS 5 9 

Chemical processing liquids for waste disposal originate primarily as aqueous, 

often acidic, streams that include effluents such as process filtrates, pickling 

liquids and decontamination liquids. Conventional water treatment steps convert 

the major radioactive components into a sludge which is then often solidified by 

incorporation into a second medium, e.g., cement. 

5.1.1.5 MISCELLANEOUS LIQUIDS 

In addition to processing liquids, small and poorly defined quantities of 

plutonium-containing organic solutions and vacuum pump oils are generated. The 

organic solutions include solvents as well as complex chemicals associated with 

laboratory studies. Some solvents specifically identified are kerosene (used as a 

lubricant in metallography), trichloroethylene and carbon tetrachloride. In 

general, current methods of treating or fixing these liquids are the same as those 

described above for the processing liquids. The treated miscellaneous liquids are 

often disposed of along with solids from the main process line, since the incor

poration or adsorption step is usually conducted in small vessels inside glove 

boxes. 

5.1.1.6 OTHER SOLIDS 5 9 

A few types of solid waste do not fit appropriately in any of the above categories 

since they are not routinely generated, and they may contain significant amounts 
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*r of plutonium. One such woste is spent ion exchange resins. Usually these are 
r sulfonic acid types which are used in scrap recovery operations. Before disposal 
Li they are washed with water or diluted caustic substances to remove nitric acid. 

r They may be blended with concrete or air dried and treated as dry solid waste. 

Casting compounds are used in metallographic or ceramographic examination of 
I fuels and components. Polishing results in finely divided organic materials mixed 

with alpha-emitters. The scale of operations determines the advisability of 
P recovering the plutonium. Also, the mounted specimen after examination may be 

discarded if the plutonium content does not warrant recovery. Some of the 
r mounting material becomes waste by spillage or deterioration before use. 
I - Although the volume is small, this type of waste introduces components not 

r otherwise present in the waste. 

Quality control processes often use special chemicals which are introduce'' in 
[ excess of the amount required. Virtually any chemical may be used for special 

analyses or for testing new analytical procedures. Usually these are introduced 
] as solutions and eventual ly become laboratory liquid waste. 

5.1.1.7 MOX FUEL FABRICATION WASTE QUANTITIES 

From the above discussion, it is understood that the wastes of concern in this 
study are the liquid and solids generated during MOX fuel fabrication. The 
liquids include: salt solutions, organic liquids and surfactant/detergent solutions. 

The solid wastes are comprised of wet particulate solids, dry particulate solids 
i and combustible and noncombustible solids. Table 5-1 presents the sources of 

the non-high-level fabrication wastes which are anticipated to be TRU or 
P potentially TRU-contaminated. 

n 5.2 WASTE FROM THE SPENT FUEL REPROCESSING INDUSTRY 

B 
Following a cycle of exposure in the LWR, the spent fuel can be chemically 

[ | processed to recover the unburned uranium and plutonium and separate the 
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TABLE S-l 

SOURCES AND QUANTITIES OF NON-HIGH LEVEL 
MOX FUEL FABRICATION TRU-WASTES 

Waste Category 

Estimated 
Waste Volume 
m 3 / M T H M ( a ) Waste Description 

I . Salt Solutions 0.08 

2. Surfactants/Detergent ^0.01 
Solutions 

Concentrated scrap recovery, 
decontamination, and off-gas 
scrub liquids. 

Laundry wastes, personnel de
contamination solutions. 

(a) MTHM - Metric Tons Heavy Metal. Volumes are based on annual throughput 
at a large H 0 0 MTHM/yr) mixed oxide fuel fabrication plant. Amounts are 
representative of typical facilities, but not all facilities will have the full 
spectrum of wastes. 

3. Organic Liquids 0.0015 Pneumatic fluids, oils, labora
tory solvents. 

4. Wet Particulates 0.0003 Bead ion exchange resins used 
for liquid effluent treatment. 

5. Dry Particulates — Floor sweepings, etc. Volume 
not identified. 

6. Combustible Solids 0.5 General trash (cellulosics, plas
tics, rubber - uncompacted). 

0.06 Ventilation (HEPA) filters (up 
to 60 wt% combustible). 

7. Noncombustible 
Solids 

0.2 General trash, PuO, cons, etc. 
(uncompacted) 

0.2 Failed equipment, furnace brick. | 

TOTAL 1.05 
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fission products for storage or ultimate disposal. The generic spent fuel 

reprocessing plant is located on a relatively large site and utilizes the Purex 

process to separate fissile material from the fission products. In this process, 

the fuel elements are chopped into 3hort pieces, and the metal oxides are leached 

by hot nitric a i d , leaving behind the chopped tubing. The nitric acid solution, 

containing uranium, transuranics and fission products, is adjusted chemically and 

processed through solvent extraction and ion exchange systems. These process 

steps separate the fission products, uranium and plutonium from each other. The 

purified uranium product is converted to uranium hexafluoride and is shipped to 

the gaseous diffusion plant for re-enrichment. The purified plutonium product is 

converted to PuCL for recycle to the mixed oxide fabrication plant. The high-

level liquid wastes ore stored temporarily on-site in a water-cooled storage basin 

and ultimately converted to solid form for shipment to the Federal waste 
•A 50,36 repository. ' 

5.2.1 TYPES OF W A S T E S 5 9 ' 5 8 , 6 0 

Solid wastes from reprocessing plants can be classified functionally into the 

following general categories: cladding hulls, intermediate- and low-level waste, 

general trash, equipment and dry chemicals. 

• Cladding Hulls - This category is simply the residual fuel 
element cladding and hardware from the dismantling, 
shearing, and dissolving operations. Although in many 
instances other equipment hardware is added with the 
hulls, the equipment hardware is included in the equip
ment category for the purposes of this survey. 

• Intermediate- and Low-Level Wastes (ILW/LLW) - A liquid 
effluent is generated which is first highly concentrated 
and then placed in tanks for storage. The liquid is 
principally from washing of solvent, decontamination of 
equipment and chemical digestion (e.g., ion exchange 
disposal). Another solid which is added to ILW/LLW is 
metal fines from shearing and sawing. 

• General Trash • All solid material which leaves the plant 
for disposal is termed general trash if it is not specifically 
included in another category. For example, off-gas 
ventilation filters are included as general trash. Also, if 
plutonium scrap recovery operations are conducted, the 
waste is included as general trash. 
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" • Equipment - Obsolete equipment, or failed equipment 

which is removed from service is included in the equip-
j [ ment category. 
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• Dry Chemicals - Since some of the plant operations 
include uranium conversion to UF, , the solids originating 
from this operation are identified as dry chemicals. 

5.2.2 SOURCES OF WASTE IN THE SPENT FUEL 
REPROCESSING INDUSTRY 

For the fuel reprocessing plant, the waste identification is best clarified by 

discussing each source of waste which potentially contains plutonium, 

5.2.2.1 FUEL RECEIVING 5 9 

The water basin for receipt and storage of fuels contains a cleanup system which 

from time to time requires replacement of the ion exchange resin. The plu-
o 

tonium content is generally unknown but is considered TRU-contaminated. Up 
3 

to 7 m of resin are expected to be disposed of each year from larger basins. 

Disposal concepts and practices vary. For purposes of this review, the waste 

from fuel receiving is included as general trash and wet particulates. 

5.2.2.2 HEAD END TREATMENT 5 9 

The treatment for removal of iodine varies from aqueous scrubbing to silver 

reactors and silver zeolites. Replacement of the zeolites is anticipated to pro

duce an overall average of 0.002 cubic meter per metric ton of fuel processed. 

For disposal, the zeolites are placed in 208-liter drums. However, the plutonium 

content in this general trash is expected to be negligible. HEPA filters on the 

dissolver off-gas are replaced periodically except in those plants which use 

permanently installed filters (e.g., sand). The volume of filter replacement 

varies; the volume of used filters is soniewhat independent of throughput. No 

measurements or estimates of the amount of plutonium on the filters are 

available. The quantity of filters is included as general trash. 
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Cladding hulls and pieces of fuel hardware are produced from a chop teach head 

end in all plants and are included as a separate category. Although there has 

been some stainless steel cladding and stainless steel parts as well as zirconium, 

it is anticipated that about 95 percent by weight of all future cladding hulls and 

hardware will be zirconium until fast reactor fuels are reprocessed. As shown in 

Figure 2-2, the amount of plutonium in the hulls is nominally 0.1 percent of the 

total plutonium in the fuel processed. This is expected to be somewhat lower 

with longer fuels (because fewer pieces exist with only one end open). Thus, in 

general the plutonium content is estimated to be about 0.02 percent to 0.1 

percent of throughput. The volume of the hulls anH hardware ranges from 0.3 to 

0.55 cubic meter per metric ton. 

5.2.2.3 GENERAL TRASH 5 9 

Most of the material accumulated throughout a reprocessing plant is handled in 

the form it is collected. Some classification of the waste occurs because it is 

accumulated at a specific location in the plant or because of its high beta-

gamma activity. Typically, this general trash is composed of electrical cords, 

lights, wire cables, small equipment, glass, rags, paper and cotton wipes, 

clothing, floor sweepings, tape, rubbers, lead, filters, manipulator boots and 

sleeves and all forms of plastic. Estimates of the amount of combustible 

material vary from 50 to 70 weight percent if the plastics are considered 

noncombustible. In some cases the noncombustible was estimated at 10 percent 

with up to another 10 percent being moisture. The volume of general trash 

(including TRU-contaminated material) ranges from I to 9 cubic meters per 

metric ton of fuel processed. Where filters are routinely replaced in the plant, 

the volume of filters will average from 0.02 to 0.2 cubic meter of filters per 

metric ton. 

| Li 5.2.2.4 EQUIPMENT DISPOSAL 5 9 ' 7 3 

Periodic failure of equipment requires the disposal of all sizes and shapes of 

equipment. Smaller pieces can be handled in the same manner as the cladding 

hulls. For example, pipe jumpers, valves, pumps, etc., can be sawed into small 
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pieces and stored with the cladding hulls. Larger pieces of equipment require 

special' handling in plywood or concrete boxes. Each situation is considered 

special. 

The amount of equipment disposal varies and, of course, peaks during a main

tenance period and/or a process change. No equipment may be sent to burial for 

one to two years, but a considerable amount another year. The size may range 

from 2 to 4 square meters and up to 12 m long. In terms of equipment volume 
3 

per metric ton, about 0.03 to 0.3 m per metric ton is expected. 

The amount of plutonium contained on or in a piece of equipment is not measured 

directly. Analysis of decontaminating solutions indicates a low level of 

contamination. From typical surface dose readings, not more than about a gram 

of plutonium is expected to be on a rather large piece of equipment if plutonium 

is not held up in sludges or cakes. 

5.2.2.S DRY CHEMICALS 5 5 

If the conversion of the uranium to U F , occurs at the reprocessing facility dry 

chemicals require disposal. In one instance this waste is about 85 percent A I F , , 

10 percent A ^ O j , and five (5) percent NaF and MgF,. The total volume is 

expected to be about 0.3 m / M L In another approach the volume is expected to 

be about 0.1 m /MT and be principally CalOH^, CaF, and ALO™ The plutonium 

content is quite small since the partitioning during solvent extraction is expected 

to be good. Less than 0.1 percent of the plutonium throughput is lost to the 

uranium and eventually to dry chemical waste. 

5.2.3 QUANTITY OF WASTE PRODUCED 5 9 

The quantity of waste produced in the spent fuel reprocessing industry can best 

be reported by using the classifications of waste type discussed previously. Tne 

amount of plutonium in each type of waste Is shown as a function of plutonium 

throughput in Table 5-2. The values given for the probable average are for the 

situation where the reprocessing plants are operating at near capacity levels. 
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TABLE 5-2 

PLUTONIUM IN SOLID WASTE; 59 

Pu in Solid Waste 
Percent in Pu Throughput 

Waste Type Range Probable Average 

Cladding Hulls 0.02 to 0.1 0.07 
ILW/LLW 0.01 to 0.2 0.1 
General Trash 0.001 to 0.3 0.05 
Equipment 0.0002 ( a ) 

Dry Chemicals 0.01 to 0.1 0.01 

Total 0.04 to 0.7 0.23 

Surfaces assumed to be decontaminated thoroughly, with no residual sludge. 
About one gram of Pu expected for each large piece of equipment. 

5-12 % 
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u Table 5-3 lists the solid waste volume for each type of waste. The numbers in 

11 the table represent actual waste volume as a function of fuel reprocessing rate. 

! l Additional space will be required for storage due to the irregular shapes of 

packages and for shielding. The volume of general trash is somewhat indepen-

I dent of throughput and is estimated to be 1,200 m per year per plant. Likewise, 
3 

the volume of waste occupied by failed equipment is estimated to be 150 m per 
I year per plant. 

if 5.2.4 ACTINIDE CONTENT 5 9 

IE 
Reliable information on the amount of plutonium in the solid waste is lacking 

because, in general, measurements are not made to verify the quantities. Little 

is known about the composition of other isotopes in the waste. Only assumptions 

can be mode, based on the fission spectra and the source of waste in the process. 

For example, neptunium is expected to average about 1/20 of the plutonium 

content. Table 5-4 presents some assumed characteristics at the presently 

closed NFS facility at West Valley, New York. These values compare favorably 

with the information provided above. 

The relative proportion of each type of waste is shown in Table 5-5 for plutonium 

content. The distribution of plutonium is expected to remain fairly constant 

through the years, with about 75 percent of the plutonium being associated with 

the cladding hulls and the ILL/LLW categories. 

I 

n 
n 

Prediction of waste production becomes tenuous due to the numerous uncertain

ties involved in future nuclear capacity as well as waste and residual manage

ment practices. For example, the size of a plant, the extent of residual 

recovery, changes in regulations, the cost of waste disposal, and the value of 

plutonium are important and interrelated factors in determining the fraction of 

plutonium throughput which will be lost as waste. A recent analysis of the TRU-

contaminated waste sources and quantities, presented in Table 5-5, generally 

supports earlier evaluations discussed above. 

The fraction of plutonium lost during processing is expected to decrease as the 

throughput increases. This trend assumes that the fractional loss will decrease 
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TABLE 5-3 

ESTIMATED VOLUMES OF SOLID TRU-WASTE5 9 

Cubic Meter per Metric Ton' a ' 

Waste Type Ranqe Probable Averaqe 

Cladding Hulls 0.3 to 0.55 0.4 

ILW/LLW 0.06 to 0.4 0.2 

General Trash 0.03 to 10 (b) 

Equipment 0.03 to 0.3 (c) 

Dry Chemicals 0.1 to 0.3 0.15 

(a) Volume of actual waste. Packaging, shielding and the irregular shape of 
packages may increase the space required for storage by a factor of up to 
3. 

(b) Volume .of general trash is independent of processing rate. Assumed to be 
1,200 m per year per plant. 

(c) Volume of equipment waste category is independent of processing rate. 
Assumed to be 150 m per year per plant. 
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TABLE 5-4 

RADIOACTIVE WASTES GENERATED ANNUALLY AT NFS DESIGN RATE (7S0 TONNES/YEAR)73 

Intermediate Level Waste 

High Level Leached 
Waste Hulls Salts Slurry Resin Equipment 

Original , 
quantity (m ) 

Percent 
of total 

Physical 
form 

Chemical form 

Radio' 
activity 

40 

1.3 

Solid 

Calcine 
oxide of 
MPF and 
added 
inerts 

260 

8.3 

Solid 

Zr alloy 
or stain
less steel 

(m /finel 
olume) 

Process 

95.95% of 0.05% of 
activity activity 
in fuel. , in fuel. 

J- 3.s x lo; a 17,5m q 
of MFP/m J Co-SO/nT 

Calcine 

135 

4.3 

Slurry 

Sodium 
nitrate 
40% solu
tion • 
mercuric 
iadate 

20-40 Ci 
of MFP. 
0.01 Ci 
1-129 
<3.5, 9 

Pu/mJ 

Drv 

Shipping 0.5n x 5m Steel Steel 
container canhters canisters canistt. 

Final 
volumes (m ) 80 3. 

Percent of 
total 3.9 

260 

12.8 

122 

6.0 

46 

Slurry 

Filter 
aid 

3Sr350 Ci/ 
m J MFP. 
<IOnCi 

Pu/g. 

>y 

208-1 
drums 

2.0 

21 

0.6 

Solid 

Organic 
and min
eral resins 

300 

9.3 

Solid 

Metal 

35*350 Ci/ 1,000 
mJMFP. mr/hr. 
<IOnCi <IOnCi 

Pu/g. Pu/g. 

Concrete Decon-
concrete as 
necessary 

203-1 Special 
drums container 

as required 

HEPA 
Filters 

42 

2.0 

440 

21.6 

57 

1.8 

Solid 

General 
dust on 
glass filter 

1-500 mr/hr. , 
<I7.S Ci Sim*, 

75% lOnCi, 
25%J-5mCi 
Pu/g. 

Compaction 

Specie; con
tainer or 
drum 

14 

0.7 

MFP - mixed fission products 

I 
I 
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TABLE 5-4 
(CONT.) 

Low Specific Activity Woste 

Solvent 
Alpha Waste 
Combustible Combustible Slurry Salts 

Total 
Volume 

Original , 
quantity (m ) 6 480 1,000 ttO 160 3,150 

Percent 
of total 0.2 15.3 31.5 21.0 4.9 

Physical form Liquid Solid Solid Slurry Slurry 

Chemical form Diluent 
TBP 

Paper, 
cloth, rub* 
ber, plastic, 
miscellaneous 

Same Water terat-
ment, sludge, 
CoFj 

Sodium 
nitrate 
40% solution 

Radio
activity 
(nVVfinal 
volume) 

> f S35 Ci 
n T M F P . 
<IOnCi 

Pu/g. 

J500 mr/hr-
•flOfig Pu/m 

<20O mr/hr. 
<IOnCi 

Pu/g. 

<200 mr/hr. 
< 10 nCi Pu/g. 

<200 mr/liter 
< 10 nCi Pu/g. 

Process Burn or 
. distill 

Compaction Compaction 
or incinera
tion 

— Dry or obsorb 

Shipping 
container 

Mix with 
ILW waste 

208-1 
drums 

208-1 
drums 

208-1 
drums 

208-1 
drums 

Final , 
volumes (m ) 0.3 100 200 585 140 2,030 

Percent of 
total 0.01 S.2 9.8 28.9 7.0 

MFP - mixed fission products 
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0 
0 PERCENT/ 

D 
fl 

Cladding Hulls 

fl ILL/LLW 

0 General Trash 0 
Failed Equipment 

D Dry Chemicals 

8 Total 

0 

n 
y 

TABLE 5-5 

PERCENTAGE DISTRIBUTION OF PLUTONIUM IN SOLID WASTE 5 9 

Percent of Total Po 
In All Wastes 

32 

42 

21 

I 

100 

D 
I 
I 
0 
0 
fl.::;:. 

J l . ' • ' • • - . ' ; 5 - 1 ' 1 
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TABLE 5-6 

SOURCES AND QUANTITIES OF NON-HIGH LEUEL FUEL 
REPROCESSING PLANT TRU-WASTES* 

Waste Category 

I . Salt Solutions 

3. Surfactant/Detergent 
Solutions 

Estimated 
Waste Volume 
m7MTHM' 

0.3 

;(a) 

0.03 

2. Precipitates and 0.8 
Slurries 

0.07 

Waste Description 

Composited, concentrated decon
taminations and miscellaneous 
liquids. 
Iodine scrub solutions. 

Water treatment slurry (iron 
hydroxides, clays, miscellaneous 
precipitates). 
Slurry from UF^ off-gas treatment. 

Miscellaneous surfactant-containing 
decontamination solutions. (Volume 
included in I, above.) Laundry 
wastes may also be included in this 
category. 

4. Organic Liquids 0.008 
0.005 

Degraded TBP solvent. 
Miscellaneous lubricants, oils, 
hydraulic fluids, lab solvents, etc. 

5. Wet Particulates 0.01 

0.005-0.01 

Bead ion exchange resins used to 
purify solvent and process condensates. 
Adsorbents/ion exchange minerals 
used for condensate and UNH 
purification. 

6. Dry Particulates 0.0002-0.006 
0.002 
0.034 
0.038 

Iodine removal adsorbents, zeolites 
Ruthenium adsorbent beds. 
UF, adsorbent beds. 
UFg fluorinator beds and fines. 

7. Combustible Solids 0.2 

0.9 

0.16 

Miscellaneous combustible trash 
(uncompacted). 
Miscellaneous combustible trash 
(uncompacted) 
Ventilation filters (up to 60 wt% 
combustible). 

8. Noncombustible Solids 

TOTAL 

0.03 
0.02-0.4 

2.6-3.0 

General trash. 
Failed equipment, packaged 
deep bed filters. 

(a) MTHM - Metric Tons Heavy Metal. Volumes ore based on annual throughput 
of MTHM at a large (—1500 MTHM/yr) reprocessing plant. Amounts are 
representative of typical facilities, but not all facilities will have the full 
spectrum of wastes. 

5-18 % 
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linearly from the value of 0.007 (early I JOTs) to 0.0025 in 1990% after which it 

remains constant. The steady-state value of 0.0025 was estimated for large-
CO 

scale production. 

The volume of solid alpha-containing waste which will be generated in the future 

is likewise uncertain and depends on such factors as changes in regulations and 

incentive for volume reduction. 

5.3 ENRICHMENT PLANT OPERATIONS 3 7 

While laser enrichment and gas centrifugation offer alternatives for future 

enrichment, the present discussion is limited to the gaseous diffusion plants. 

Gaseous diffusion operating experience has been very limited in terms of large 

throughputs of power reactor returns. Although there has been considerable 

production reactor material returned to the cascade, irradiation exposure of that 

material has been ten- to twenty-fold less than that for power reactors. 

Experience to date has indicated the following: 

• A significant quantity of all non-uranium radioactivity 
(neptunium, plutonium, and fission products) is retained in 
the feed cylinder (UF, tank) and will be removed when 
and where the retumea cylinder is washed. 

• PuF, and NpF, are easily reduced and therefore removed 
by trapping with CoFj, MgFj, NaF, cryolite, etc. 

• Technetium, compared to other fission or alpha emission 
products, is less likely to be removed by any process. 
Experience at Oak Ridge Gaseous Diffusion Plant indi
cates that technetium release to the environment would 
be 10 percent of feed to the liquid effluent and one 
percent of feed to the gaseous effluent. 1 

* • Experience also indicates that other fission products and 
alpha radioactivity release fractions should be no more 

( than one-tenth of that for technetium. Measurements of 
gaseous and liquid effluents have failed to identify any 
other fission products. However release fractions of one 

{ percent to the liquid effluent and 0.1 percent to the 
gaseous effluent for other fission products will be used 
below to estimate environmental releases. 

I 
I 5-1? % 
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• Cobattous fluoride traps exhibit decontamination factors 
of 400 for neptunium and 10 for plutonium prior to 
feeding to the cascade or conversion facility. 

• A large portion of the radioactivity entering a settling 
pond will be entrained in the sludge of the pond. 

The bulk of the radioactivity will be released as solids, either entrained on 
adsorbate or equipment removed from service for disposal, Liquid waste will be 
generated by rinsing (decontamination) of recycled equipment. The first rinse 
solution, which contains the bulk of the radioactivity, is saved to be used as the 
dilute acid wash solution. Subsequent rinses are sent to the primary holding 
pond. 

Gaseous wastes can result from purge system venting, venting of evaporator 
overheads at the uranium recovery facility, and venting of decontamination 
hoods in the recycle facility. However, the exact breakdown for retention and 
release factors for each step is not known. One can only make assumptions based 
on experience with gaseous diffusion. The limited experience available was used 
to arrive at the estimates in Table 5-7 about gaseous, liquid, and solid discharges 
for non-uranium radioactivity. 

5.4 OTHER POTENTIAL SOURCES 

5.4.1 MEDICAL APPLICATIONS 7 5 

During the past 25 years, clinical applications of radioactive materials have 
become a major branch of medicine. In particular, gamma-ray-emitting isotopes 
are now commonly used for the purpose of imaging specific areas or organs in the 
body. The normal technique used in a scanning procedure is to give the patient 
an injection of the isotope in the appropriate chemical form to localize it in the 
desired organ or system, and collect the emitted gamma radiation on an imaging 
device. In 1972, some 6,355,000 procedures were performed in 3,300 hospitals in 
1,500 cities in the United States using radiopharmaceuticals. Radioisotopes of 
iodine were among the first such materials used. Their use in the study of 
thyroid physiology and in the diagnosis and treatment of thyroid disorders 

^CORPORATION 
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TABLE 5-7 

ASSUMED DISTRIBUTION OF FISSION PRODUCTS 
AND TRANSURANIUM ISOTOPES TO ATMOSPHERE, 
PRIMARY HOLDING POND, AND BURIAL GROUND 

Fraction 

Isotope 

Fraction 
Released 

to Atmosphere 

Released 
to Primary 

Holding Pond 
Fraction Input 

to Burial Ground 

NP-237 : x l 0 " 7 4x I0" 6 -\S} 

Other Transuranium 8x I 0 " 1 0 1.6 x I0" 8 M.0 

Tc-99 0.01 0.10 0.89 

Fission Products 0.001 0.01 0.989 

D 
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(300,000 to 540,000 admir strations/year) still make them an important part of 
the current practice of nuclear medicine. 

An example of the rapid growth of the use of organ-imaging techniques is the 
increased application of Tc-99m, an unstable daughter of Mo-99. Tc-99m is not, 
in itself, a natural component of any biological system, but its desirable 
properties (a six-hour half-life and 140-kev gamma ray which is well-matched to 
existing monitoring instruments) moke it ideal for imaging. Because of these 
properties, relatively large amounts of Tc-99m can be administered with little 
radiation dose. It is estimated that nearly 5.5 million examinations were per
formed in 1972 using technetium. At present, one of the most useful forms is a 
pertechnetate used for brain scanning (1,000,000 administrations/year in 1972). 
Many other isotopes ore now used in scanning procedures: Au-198 or I—131 for 
the liver (380,000 administrations/year in 1972), 1-131 for the lungs (246,000 
administrations/year in 1972), Hg-203 for the kidneys (67,000 in 1972), etc.* 8 

Isotopes with more energetic emissions, such as Co-60 and Cs-137, are used in 
therapeutic situations where the radiation is used to destroy localized malig
nancies. No TRU radioisotopes are presently utilized in these applications. 
However, the current generation of heart pacemakers does utilize plutonium as 
an energy source and as such does make this part of the medical industry a 
source of TRU-contaminated waste. 

5.4.2 THE WELL-LOGGING INDUSTRY 

Well-logging firms use radioisotopes in down-hole measurements to provide 
information on the underground strata and to assess a well's capability for se
condary and tertiary recovery. In a typical logging operation, a neutron source 
and a gamma source are placed in on instrumentation package and lowered by 
means of a cable to the bottom of the bore hole. The package is then withdrawn 
slowly while the instrumentation detects the neutrons and gamma rays 
backscattered from the surrounding strata, and the detected signals are displayed 
on a chart recorder. The results yield information about the properties of rock 
formations as a function of depth. 

TERACQRPORAIION 
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Typically, an americium-beryllium neutron source of five to 20 curies and a Cs-
48 137 gamma-ray source of several curies are used. Each source is enclosed 

inside two small, stainless-steel cylinders, one inside the other, with welded end 
caps. Sources are fabricated in a hot cell by a service company, which purchases 
the radioisotopes from a company having access to a production reactor. Some 
logging firms and some oil companies also use radioactive tracers, usually 1-131, 
Kr-85, or trltiated water, that are injected into a well to monitor its flow 
properties. Thus the americium-beryllium source is a TRU waste sa Tee. 

5.4.3 THE RADIOGRAPHY INDUSTRY 

Radiography sources are made primarily from one of two isotopes, lr-192 or Co-
£0, both of which emit relatively high energy gamma rays. The radiation is used 
to examine the structui al integrity of welded joints, principally in large pipes, 
frames, and pressure vessels, or to determine the thickness of a material. No 
TRU material is utilized. 

5.4.4 LARGE CURIE SOURCES 

Teletherapy sources containing large quantities of Co-60 (up to 10,000 curies) are 
fabricated and shipped to cancer treatment centers both in the United States and 
abroad. Irradiator sources, usually Co-60 or Cs-137, are used for research or in 
large-scale food sterilization operations and contain hundreds of thousands of 
curies. 

5.4.5 RADIOACTIVE GAUGING SOURCES 

A number of different gauging techniques use radioactive materials fabricated in 
sealed-source form. Material thickness is measured by detecting the variation in 
beta or gamma radiation that is transmitted through the material. Examples are 

_ thickness measurements of paper, rubber, plastic sheet, metal foil, and pipe wall. 
| The material level of solids or liquids is measured by detecting a change in 

transmitted radiation through tanks, bins, boxes, bottles, cans, or other 
I containers. Fluid densities and bulk densities of solids are measured by detecting 

M 3 % 
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transmitted radiation. Coating thicknesses of adhesives, paints, or anticorrosives 
ore measured by detecting transmitted or backscattered radiation. Moisture 
content is measured by detecting the degree of neutron thermalization. 

A number of different isotopes, usually in sealed source form and including Ra-
226, Cs-137, Co-60, Kr-85, Sr-90, Am-241, Pm-147, and Th-204, are used in the 
individual sources, which contain from a few millicuries up to several curies of 
activity. The radioactive materials used by the source manufacturers ore 

48 obtained from suppliers of by-product material. 

5.4.6 RADIOISOTOPE THERMOELECTRIC GENERATORS 

Cm-244 is a potentially economic fuel material in heat sources for radioisotope 
thermoelectric generators, when recovered from LWR spent fuel. Requirements 
for the curium include 97 percent minimum product purity. 

5.4.7 OTHER NUCLEAR POWER APPLICATIONS 

The Naval Nuclear Propulsion Program uses highly enriched uranium (>90 percent 
U-23S) in a PWR system. Like other reactor types, uranium is enriched as U F , 
by gaseous diffusion for fabrication into fuel elements. Because very little U-
238 is present in the fuel, only very small quantities of plutonium are produced 
by neutron irradiation in the reactor. The recovered U-235 is re-enriched for 
reapplication to the fuel cycle. 
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6.0 TRUCONTAMWATED WASTE INVENTORY 

This section discusses the present TRU-contaminated waste inventory from both 

DOE facilities and commercial operations. The information is presented from 

best available data. Some discrepancies are noticed but these reflect differences 

in reporting periods, accuracy of measurements and differences between 

generation rates and buried quantities (due to volume reduction and packaging). 

6.1 DOE FACILITIES 

The TRU waste inventory from the DOE facilities, discussed in Section 3.0, 

includes a diverse number of waste materials and a wide range of radioactivity 

levels and isotopic composition. It is important to note that the TRU-

contaminated waste, i.e., above IOnCi/g TRU, only makes up about 20 percent of 

the present annual DOE facilities' waste generation rate. Individual 

characterization of the DOE generated waste is provided in Appendices B 

through E. 

! j 

The TRU waste is currently separated into waste containing greater than 10 nCi 

of TRU radioisotopes per gram and those containing less. These TRU wastes 

i ! are also designated as retrievably or non-retrievably stored. The estimated total 

volumes of TRU waste buried or stored each fiscal year from 1373 to 1976 at 
3 3 

DOE sites, show a factor of nearly 2 decrease from 1,695 m to 2,240 m in non-

retrievable storage while the average annual volume in retrievable form 
3 3 

remained roughly constant at 9,600 m , with a volume range of 7,630 m to 
3 63 

11,000 m , over the same period. 

At present, among the DOE installations, the Savannah River Plant (SRP), as 

shown in Table 6-1, produces the largest annual volume of non-retrievable waste 

(2,560 m or 54.6 percent of the non-retrievable TRU waste stored/buried in FY 
3 

1973) with an expected decrease to 2,000-2,300 m accounting for 94-99 percent 

of the total non-retrievable TRU waste anticipated in FY I976. 6 3 Rocky Flats 

produced the largest total volumes of TRU waste over this time frame (3,775 to 

6,170 m annually), 17 to 23 percent of which is < 10 nCi/g and is normally stored 

fl 
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TABLE 6-1 

CUMULATIVE VOLUME OF DOE-GENERATED RADIOACTIVE SOLID WASTE BURIED A N D / O R STORED 

A T DOE SITES OR COMMERCIAL BURIAL G R O U N D S 6 3 , 1 7 

(REPORTED OR PROJECTED VOLUMES) 

Cumulative Volume 
(m3> TRU 

Sit-for Through FV 1972 
TRU (m 3 ) 
FY 1973 

449.2 0 

TRU (m 3 ) 
FY 1974 

NMI-

658.7 0 

TRU <mJ) 
FY 1975 

£47.8 0 

TRUCm3) 
FY 1976 

H*1rl, * U B*l f l i •••• 

515.4 0 

B U T . i a l < S ! < H ' P 3 e flnnrrWI " t l ^ ^ l . 

TRU (m 3 ) 
FY 1973 

449.2 0 

TRU (m 3 ) 
FY 1974 

NMI-

658.7 0 

TRU <mJ) 
FY 1975 

£47.8 0 

TRUCm3) 
FY 1976 

H*1rl, * U B*l f l i •••• 

515.4 0 Hanford 2,025 151,515 

TRU (m 3 ) 
FY 1973 

449.2 0 

TRU (m 3 ) 
FY 1974 

NMI-

658.7 0 

TRU <mJ) 
FY 1975 

£47.8 0 

TRUCm3) 
FY 1976 

H*1rl, * U B*l f l i •••• 

515.4 0 

•MEL 11,727.6 50,399.3 6,420.3 824.3 4,024.4 803.3 4,704 2,463.9 4,248 1,048 

LASL I23.2 b 4.384 c 629.3 b 4,597 c 564.3 b 2,405.4C 708 b 2,407 c 736 b 2,379 

E n d i n g Co. ° l * ' 2 0 3 - 8 

Nuclear Fuel Services a a 

0 1,569.1 
0 a 

0 1,097.4 

a a 

56.6 

0 

29.58 

0 

28.3 

0 

23.8 

0 

ORNL 183.9 5,664.1 119.3 0 195.4 0 240.8 0 226.6 0 

Sordla 64.7 0.57 56.6 0.28 78.4 0 I0B.S 0 114.5 0 

SRP 785.9 23,492 110.5 2,577.2 174.2 2,648 

be buried non-retrievably 

849.6 1,982.4 1,132.8 2,407 

a Unknown 
• b >IOnCi/g 
1 e All LASL Waste < 10 rtCi/g assumed to 
1 TB Terminated Burial/Storage 

110.5 2,577.2 174.2 2,648 

be buried non-retrievably 

849.6 1,982.4 1,132.8 2,407 



non-retrievably. Only in FY 1975, when a special "sludge clearing" operation was 
scheduled, did the estimate of this type of non-retrievable waste approach 40 
percent. All Rocky Flats TRU waste is shipped to the Idaho National Engineering 
Laboratory (INEL) for disposal. 

An irsrease in waste Pu stored or buried from a cumulative total of 820 kg in FY 
1972 to J-1,030 kg in FY 1975 and to about I,I3S kg in FY 1977 is shown In 
Figure 6-1. The Mound Facility, which usually discards 0.5 to I kg of Pu per 
year, began in FY 1975 to ship such waste to INEL for disposal rather than to 
commercial burial grounds. The Pu contained in DOE-generated TRU waste 
shipped to commercial burial grounds was expected to total 12 kg by the end of 
FY 1976. The total Pu buried in commercial burial grounds, however, was 
estimated at 80 kg at the end of FY 1974, at 113 kg at the end of FY 1975, and 

63 124.3 kg at end of FY 1976. The difference between these values and the ones 
reported here from DOE sites are due to commercially generated Pu wastes (e.g., 
from fuel reprocessing aid fuel fabrication) that are shipped to commercial 
burial grounds for disposal. The TRU waste volumes buried or stored at DOE 
sites and their TRU contents are given in Tables 6-2 and 6-3. 

The total volume of waste generated annually is always larger than the annual 
volume buried and stored because several sites use compaction as a means of 
volume reduction. Volume reduction factors in the order of 4:1 or 5:1 are 
commonly obtained by hydraulic compaction of most ordinary radioactive wastes, 
and incineration of combustible wastes can provide volume reduction factors of 

20 or greater. Shredding or chopping of waste materials is not as effective in 
63 reducing volume as compaction but a 2:1 decrease can be readily achieved. 

6.2 COMMERCIALLY GENERATED TRU WASTE 

As indicated in Sections 4.0 and 5.0, the commercially-generated TRU waste 
includes the waste generated in the nuclear fuel cycle-fuel fabrication and spent 
fuel reprocessing-as well as numerous miscellaneous R&D activities and small 
commercial use of TRU radioisotopes such '5 Am-241 and Cm-244. At present 
there is no commercial reprocessing of spent fuel and what high-level waste 
exists is limited to the Nuclear Fuel Services' West Valley facility. 
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0 DOE Sites plus commercial burial grounds 

% Main DOE sites only 

o - Does not include commercially generated 
Tru waste that went to commercial burial grounds 
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FIGURE 6-1 

CUMULATIVE AMOUNT OF DOE PLUTONIUM 
BURIED AND/OR STORED AS WASTE 

AS A FUNCTION OF T I M E 6 3 ' 1 7 
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TABLE 6-2 

î WSWU L U - — . J J \,amI„.IMJ 

SOLID RADIOACTIVE WASTE GENERATED AT DOE FACILITIES WITHOUT BURIAL GROUNDS' 

£ 

Site 

Cumulative Quantities through 197% 

Total 
(ktlocuries) 

FY 1974 Ouantltl— 

Total 
(m 3 ) 

TRU Volume 
(m 3 ) 

TRU 
(kilogram) 

Am** Laboratory 
(Ames, Iowa) 100 

Arganne/Wast 
(Mono Foils, Idaho) 23,000 

Atomics kttomotlonol 
(Santa Susona, CoNfomla) 900 

Bendlx Plant 
(Kansas City, Missouri) 800 

Bettit Atomic Pome Lab
oratory (Wast Mifflin, 
Pennsylvania) 7,500 

Brookhaven National Lab
oratory (Upton, L . I . , 
Now York) 

Burlington DOE Plant 
(Burlington, Iowa) 

300 

S 
Fermi National Accelerator 

Laboratory (Weston, 
Illinois) 100 

Lawrence Barlntey Laboratory 
. (Berkeley, California) 200 
Lovelace Foundation Lab

oratory (Albuquerque, 
New Mexico) WO 

Mound Focllity 24,000 
Naval Reactors Facility 

(Idaho Fall*, Idaho) 17,000 
Pinellas Plant 

(Clearwater, Florida) 700 
Rocky Flats Plant 
(Golden, Colorado) 88,000 
SMppingsport' Atomic 

Power Station (Ship-
ptngsport, Pennsylvanta) 700 

TOTAL 163,705 

<l 

7 

I 

2 

45 

85 

3,200 

110 

310 

3,760 

70 

5 

40 

I 
17,000 

I 

70,000 

Total 
(m 3 ) 

Total 
(Mfacurle*) 

TRU Volume 
(m 3 ) 

TRU 
(kllogran*) 

10 , 
900 1 — — 
300 

5 

— 

1,600 1 

200 45 — 

440 

450 

50 

• 0 1 

110 — 
1,500 12 

900 10 

60 12 

7,000 16 

300 

12,995 

1,000 

6,000 

7,000 

/ 

22 



TABLE 6-3 

SOLID RADIOACTIVE WASTE STORED AND BURIED AT DOE SITES 

Cumulative Q u a n t i t i e s 1 7 , 6 3 

Total Volume K i toc i r te t 
Annual 

R a t e 

Retr ievable Storage ( I 9 7 7 ) 1 7 

Volume T R U 
Site Hectares m 3 - (year) Buried ( m 3 ) ( m 3 ) (kg) 

Feed Materials Production 
Center 7 . 6 324,311 (1977 ) 0 . 1 0 175 

Hartford Reservation 9 8 . 4 187,596 (1977) 2 ,039 6 , 1 7 0 7 ,732 6 7 . 4 
Idaho National Engineering 

Laboratory 2 1 . 0 156,150 (1977 ) 3 ,571 6 , 8 0 0 32 ,250 266 
Lawrence Llvermore Laboratory 2 . 3 700 (1974 ) N A 
Los Alamos Scientif ic 

Laboratory 23 .1 246,350 (1977 ) 2 ,665 4 , 0 0 0 1,704 2 7 . 7 
National Lead C o . of Ohio 0 . 4 6 , 9 3 9 (1977 ) < 0 . I 0 0 
Nevada Test Site £ 4 . 8 7 ,723 (1977 ) 5 .01 125 90 1.3 
Oak Ridge Gaseous Diffusion 

Plant 0 . 4 1,076 (1977) << | —._ — 
Ook Ridge National Laboratory 2 3 . 8 18,540 (1977) 62.65 3 , 1 7 0 1,319 17 .8 
Ooh Ridge Y - 1 2 Plant 2 .1 32 ,800 (1977) N A 1,460 
Paducah Gaseous Diffusion Plant 0 . 7 6 ,515 (1977) 1.05 90 — 
Pantex Plant 0 . 4 137 .7 (1977) << 1 1.4 0 . 1 3 2 . 4 
Portsmouth Gaseous Diffusion 
Plant 0 . 4 279 (1977) << 1 4 —.. . 

. Sandia Laboratory 0 . 5 7 1,322 (1977) 2 . 4 68 0 0 
Savannah River Plant 37 .6 273,348 (1977) 4 , 2 7 0 10,735 1,563 52 
Weldon Springs 3 . 0 43,047 (1977) « l 0 

T O T A L 279 1 ,306,834 32 ,799 48 ,658 4 3 4 . 6 
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TABLE 6-3 

(CONT.) 

F Y 197* Quant i t ies* 3 Retrievable S torage* 3 Annual R a t e ' 7 Quantity Disposed 
of Prior to Stardae 

Total Quantities Volume T R U Volume T R U Volume T R U 
Site ( m 3 ) K'-'acuries (m 3 > (kg) t m 3 ) (kg) fan3) (kg) 

Feed Materials Production Center 
(Fernald, Ohio) WO 

l-knford Works 6 ,500 375 700 10 1,105 14.0 354 .6 
Idaho National Engineering 

Laboratory 7 ,100 57 3 ,800 36 4 , 7 0 0 3 1 . 0 332 .0 
Lawrence Livermore Laboratory — 
Las Alamos Scientific 

Loborotory 3 ,900 35 370 7 510 6 - 3 4 . 2 
Notlonol Lead C o . of Ohio 

(Niagara Foi ls , New York ) ... . . . —_ — — „ . . . 
Nevada Test Site 580 28 0 . 4 0 . 2 3 
Oofc Ridge Caseous Diffusion 

Plant 
Oak Ridge National Laboratory 
Oak Ridge Y - 1 2 Plant 
Paducah Gaseous Diffusion 

Plant 
Pantex Plant 
Portsmouth Gaseous Diffusion 

Plant 
Sandla Laboratory 
Savannah River Plant 
Weldon Springs 

T O T A L 

-rsr 

•u 
3 ,600 1 200 2 113 2 . t 

90 N A 

90 N A 
2 0 0 

7 
80 1 

... ::: 0 o 
14,100 175 80 2 170 4 . 0 

36 ,459 5 ,150 57 6,626 5 7 . 8 

0 . 2 

<a) 

O.OOOI 
1.4 

692.42 
not available - classified 
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The present inventory of TRU ond TRU-contaminated waste is limited primarily 
to DOE-generated waste (shipments now terminated) and !~&D fuel fabrication 
activities involving plutonium. These include some R&D activities in several 
LWRs as well as the Fast Flux Test Facility project. 

3 
Currently about 80,000 m of low-level solid wastes are buried each year at the 
five operating commercial burial sites. The total volume of solid radioactive 

3 
waste buried at the six commercial burial sites through 1976 is 422,607 m 
(500,000 m -1977 est.). This waste has obout 3.8 million curies (1976) of 
radioactivity, uncorrected for decay. About 1,676 kg of special nuclear material 
(SNM) is buried at the sites (1976). 

The best available information indicates that the cumulative DOE-generated 
TRU waste (through 1976) shipped to commercial burial grounds contained about 
7.6 kg of TRU isotopes. The total plutonium buried in commercial burial grounds 
was estimated at 80 kg at the end of FY 1974. At the end of FY 1975 an 
estimated 113 kg of Pu was buried at the sites or an increase of 33 kg. The 
cumulative TRU material through 1976 was 123.4 kg. Table 6-4 presents the 
breakdown of buried waste at the commercial sites. 

B 
i 
0 
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TABLE 6-4 

CUMULATIVE WASTE INVENTORY AT COMMERCIAL BURIAL SITES (I977) 3 ' 9'[k 

Total 
Volume Buried SNM 

1974 
TRU TRU 

Site ( I 0 3 m 3 ) JkgL (kg) (kg) 

Beatty 58.054 688.247 14.3 14.3 

West Volley ( o ) 66.726 56.003 3.6 3.6 

Moreheod 135.016 31.260 69.1 69.1 

Richland 16.238 83.235 12.7 23 

Sheffield 86.634 53.962 13.4 13.4 

Barnwell 142.873 456.863* •« --

( a ) West Valley was closed March 1975 

* Cumulative through 1976 
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7.0 TRULCONTAMNATED WASTE PROJECTIONS 

Besides an inventory of presently buried/stored TRU-contaminated waste it is 
important to project future waste generation rates and radioactivity levels to 
allow policy makers an assessment vehicle to determine the impact of a proposed 
rulemaking change. The purpose of this section is to briefly review past 
projections and provide an assessment of future TRU generation rates, 
radioactivity levels and cumulative totals. This section discusses both O0E and 
commercial waste projections. 

7.1 DOE WASTE PROJECTIONS 

While DOE solid radwaste includes fission products and induced activity, ura
nium, and transuranium (TRU) waste categories, only the TRU will be discussed. 
The TRU waste is separated into wastes containing greater than 10 nCi/g and 
those containing less. These TRU wastes are also designated as retrievable and 
non-retrievably stored. 

As discussed in Section 6.0, the DOE-generated TRU waste has shown a minor 
decrease since 1973 with a factor of nearly two decrease in non-retrievable 
storage while the average volume in retrievable form remained roughly constant. 
Table 7-1 presents an estimate of future TRU waste burial volumes. These 
values are somewhat different from the generation rates and reflect the use of 
volume reduction technology. Several techniques for volume reduction are now 
under consideration. Included are efforts to recover uranium and tronsurium 
elements by waste-partitioning methods, that is, by separation of waste streams 
according to their probable isotopic content. Besides this sorting activity, 
various technologies to compress, shred, incinerate, etc., the generated waste 
are being utilized. It is apparent that the most burdensome aspect of future DOE 
waste management is the control of the quantity and the wide and diverse range 
of waste nr erials. Present DOE waste management programs are designed to 
control the quantity of waste generated and, as such, while future waste 
generation rates may increase, the total waste buried should decrease. 
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TABLE 7-1 

ESTIMATES OF FUTURE ANNUAL TRANSURANIUM SOLID WASTE 
BURIED VOLUME FROM DOE FACILITIES 1 7 ' , 8 » 6 3 

Site 
Transuranium Waste 

( m 3 ) 

Hertford Reservation 1,105 

LASL 510 

INEL* 4,700 

ORNL 113 

Savannoh River Plant 170 

Other DOE Facilities 28 

TOTAL 6,626 

* Includes Rocky Flats generated wastes. 

7-2 1 
TERACORPORAHON 



While the annual TRU waste generation rate is about 12,000 m (about 6,600 m 

buried) it is expected that this ma/ decrease in the future due to improved waste 

management practices and the increased use of volume reduction technology-

compaction, shredding, incineration, etc. The corresponding TRU inventory 

should be less than 30 kg per year.'' * 3 ' ' 7 

7.2 COMMERCIAL TRU-CONTAMINATED WASTE PROJECTIONS 

The projection of commercial TRU-contaminated waste from fuel cycle activi

ties is typically performed by utilizing fuel cycle computer models such as 

NLFUEL, ENFORM, ORSAC, KWIK PLAN, FLYER, and ALPS. These models 

have been designed to evaluate the nuclear fuel cycle with emphasis typically on 

such items as: material and process flow; isotopic composition; mass; volume 

end composition of process waste streams; economics, etc. For the purpose of 

this report a number of projections have been reviewed and the projecting basis 

is presented which most closely reflects the present nuclear and energy policy of 

the U.S. It is understood that the NRC is presently developing a modularized, 

integrated computer model for projecting the quantities, physical characteristics 

and associated storage/disposal costs of commercial nuclear wastes generated on 

a regional basis through the year 2000. 

7.2. I WASTE GENERATION RATE 

The following discussion presents the generation of various TRU-contaminated 

waste streams. These rates are presented per unit throughput or electrical 

generation level thus allowing easy computation of cumulative volumes 

depending upon the nuclear energy generating capacity scenarios utilized. 

7.2.1.1 CLADDING WASTE 

Cladding waste consists of solid fragments of zircaloy and stainless steel clad

ding and other structural components of the fuel assemblies that remain after 

the fuel cores have been dissolved. In addition to neutron induced radioactivity, 

the cladding waste contains 0.05 percent of actinides and 0.05 percent of the 
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non-volatile fission products of the spent fuel. It is estimated that after 

compaction to 70 percent of theoretical density, the final volumes will be 0.07, 

0.08 and 0.25 cubic meter per metric ton of PWR, BWR and LMFBR fuel, re

spectively. The compacted cladding is packaged in canisters containing 0.1 cubic 
49 S) meter of waste. ' 

Tables 7-2 and 7-3 present typical TRU-isotopic composition for clodding waste. 

7.2.1.2 LOW-LEVEL TRANSURANIC WASTE 

Low-level TRU wastes are defined for this report as those solid materials that 

contain plutonium and other transuranic long-lived alpha emitters in concentra

tions greater than 10 nCi per gram yet have sufficiently low external radiation 

levels that they can be handled safely without shielding. Low-level TRU wastes 

arise principally at fuel preparation and fabrication plants and enrichment 

facilities and to lesser extents at fuel reprocessing plants. They consist of a 

wide variety of solid materials, including those items made of paper, cloth, wood, 

plastic, rubber, glass, ceramic and metals, as well as immobilized salt and 

sludges that arise in the treatment of liquid waste streams and filters from 

cleanup of off-gas. The transuranic element content of these wastes ranges from 

trace amounts to several grams per cubic meter and averages about nine (9) 

grams per cubic meter. The densities of the uncompacted waste vary from 35 kg 

per cubic meter to as much as 3,500 kg per cubic meter; about 1/2 to 2/3 of 

these wastes by volume are combustible and can be reduced via incineration by 

factors of 20 and 10 in volume and weight respectively; about 1/2 to 3/4 of the 
49 waste by volume con be reduced by factors of two to 10 through compaction. 

A survey of operations at DOE laboratories and production facilities indicates 

that future large plants will generate about 283, 566, and 113 cubic meters of 

uncompocted low-level TRU waste per ton of plutonium processed for fuel 

preparation, fabrication, and reprocessing respectively. An average plutonium 

concentration in the waste is nine (9) grams per cubic meter representing fuel 

losses of 0.25 percent in preparation, 0.5 percent in fabrication, and 0.1 percent 

in reprocessing. The isotopic composition of the plutonium is; one ( I ) percent 

n « % 
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TABLE 7-2 

CURIES OF TRU RADIOISOTOPES IN THE CLADDING WASTE 
FROM ONE METRIC TON OF URANIUM-ENRICHED FUEL 4 9 

PWR (a) 

DISCHARGE 10 Years 100 Years 

Np-239 8.67E-03 8.66E-03 8.59E-03 
Pu-238 2.5OE-0I 2.63E-0I I.32E-0I 
Pu-239 I.62E-0I I.62E-0I I.62E-0I 
Pu-240 2.4IE-0I 2.42E-0I 2.4IE-0I 
Po-241 o.lSE-OI 3.85E-0I 5.36E-0I 
Am-241 I.I9E-0I 8.99E-0I I.92E-0I 
Am-242M 3.62E-03 3.46E-03 2.30E-03 
Am-242 3.62E-03 3.46E-03 2.30E-03 
Am-243 8.67E-03 8.66E-03 8.S9E-03 
Cm-242 6.84E-00 2.84E-03 I.88E-03 
Cm-243 I.46E-03 I.I8E-03 I.68E-04 
Cm-244 9.&E-0I 6.73E-0! 2.I4E-02 

Total 7.05E0I 4.07E0I 3.04E0O 

BWR 

DISCHARGE 10 Years 100 Year 

Np-239 6.8IE-03 6.8IE-03 6.75E-03 
Po-238 I.00E-00 9.49E-0I 4.73E-0I 
Po-239 I.52E-0I I.52E-0I I.52E-0I 
Po-240 2.33E-0I 2.34E-0I 2.33E-0I 
Pu-241 5.38E-0I 3.34E-0I 4.67E-0I 
Am-241 I.30E-OI 8.0BE-0I I.69E-00 
Am-242M 5.95E-03 5.68E-03 3.77E-03 
Am-242 5.9SE-03 S.68E-03 3.77E-03 
Am-243 6.8IE-03 6.8IE-03 6.75E-03 
Cm-242 5.08E-00 4.66E-03 3.09E-03 
Cm-244 7.54E-0I 5.I4E-0I I.64E-02 

Total b.MEOI 3.6IE0I 3.06EOO 

< a ) 8.67E-03Ci is equivalent to 8.67xl0"3Ci 
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TABLE 7-3 

CURIES OF TRU RADIOISOTOPES IN THE CLADDING WASTE 
FROM ONE METRIC TON OF PLUTONIUM-ENRICHED FUEL 4 9 

p w R ( a ) 

CHARGE DISCHARGE 10 Years 100 Years 

Np-239 0.0 I.36E-0I I.36E-OI I.35E-OI 
Pu-238 I.7IE04 8.9IE00 8.64E-00 4.35E00 
Pu-239 I.37E03 3.37E-0I 3.37E-0I 3.36E-0I 
Pu-240 2.5SE03 I.OOEOO I.O3E0O I.06E00 
Pu-241 6.76E05 2.98E02 I.86E-02 2.60E00 
Pu-242 I.48E0I 9.29E-03 9.30E-03 9.30E-03 
Am-241 0.0 I.OOEOO 4.76E-00 9.64E00 
Am-242M 0.0 I.84E-0I I.76E-0I I.I7E-0I 
Am-242 0.0 I.84E-0I I.76E-0I I.I7E-0I 
Am-243 0.0 I.36E-0I I.36E-OI I.35E-0I 
Cm-242 0.0 8.48E-0I I.44E-0I 9.58E-02 
Cm-243 0.0 I.35E-02 I.09E-02 I.55E-03 
Cm-244 0.0 2.72E0I I.85E-0I 5.90E-0I 
Cm-245 0.0 7.82E-03 7.8IE-03 7.73E-03 
Cm-246 0.0 I.50E-03 I.S0E-O3 I.48E-03 

Total 6.97E05 4.22E02 2.20E02 I.92E0I 

BWR 

CHARGE DISCHARGE 10 Year 100 Year 

Np-239 0.0 I.09E-0I I.08E-0I I.08E-0I 
Pu-238 I.75E04 9.47E00 9.04E-00 4.52E-00 
Pu-239 I.I7E03 2.92E-0I 2.92E-0I 2.92E-0I 
Pu-240 2.37E03 9.44E-0I r.60E-0l 2.92E-0I 
Pu-241 5.30E0S 2.49E02 I.5SE-02 2.I7E-00 
Pu-242 I.23E0I 7.49E-03 7.49E-03 7.49E-03 
Am-241 0.0 I.I2E00 4.2SE-00 8.28E-00 
Am-242M 0.0 I.I6E-0I I.I0E-0I 7.32E-02 
Am-242 0.0 I.I6E-0I I.I0E-0I 7.32E-02 
Am-243 0.0 I.O9E-0I I.08E-0I I.08E-0I 
Cm-242 0.0 5.79E0I 9.06E-02 6.0IE-02 
Cm-243 0.0 8.72E-03 7.02E-03 I.00E-O3 
Cm-244 0.0 I.96E0I I.34E-0I U6E-0I 
Cm-245 0.0 9.05E-03 9.04E-03 8.98E-03 
Cm-246 0.0 I.66E-03 I.66E-03 I.63E-03 

Total 5.5IE05 3.39E02 I.83E-02 I.7IE-0I 

I.36E-0I Ci is equivalent to 1.36x10 Ci 
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TABLE 7-3 

(CONT.) 

LMFBR 

CHARGE DISCHARGE 10 Years 100 Years 

Np-239 0.0 2.7IE-02 2.70E-02 2.68E-02 
Pu-238 2.73E04 9.4OE0O 8.83E00 4.40E00 
Pu-23? 3.2IE03 I.93E0O I.93E00 I.92E00 
Pu-240 4.66E03 2.62E0O 2.62E00 2.62E00 
Pu-241 I.00E06 2.96E02 I.84E02 2.S7E00 
Pu-2<W I.32E0I 7.I7E-03 7.I7E-03 7.I7E-03 
Am-241 0.0 I.I3E00 4.85E00 9.67E00 
Am-242M 0.0 5.64E-02 5.39E-02 3.58E-02 
Am-242 0.0 5.64E-02 S.39E-02 3.58E-02 
Am-243 0.0 2.7IE-02 2.70E-02 2.68E-02 
Cm-242 0.0 2.77E0I 4.42E-02 2.93E-02 
Cm-243 0.0 2.26E-02 I.82E-02 2.60E-03 
Cm-244 0.0 7.39E-0I 5.04E-0i I.60E-02 

Total I.03E06 3.40E02 2.03E02 2.I3E0I 
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Pu-238, 59 percent Pu-239, 24 percent Pu-240, 12 percent Pu-241 and four (4) 

percent Pu-242. It is assumed that the wastes are compacted or otherwise 
49 

reduced in volume by factors of three to 10 before burial. 

7.2.1.3 INTERMEDIATE-LEVEL TRANSURANIC WASTE 

Intermediate-level transuranic waste is defined for the purposes of this report as 

those solids or solidified materials other than high-level and cladding waste that 

contain long-lived transuranic alpha particle emitters in concentrations greater 

than 10 nanocuries per gram and have after packaging typical surface dose rates 

between 10 and 1,000 mrem/hour due to fission product contamination. About 

283 cubic meters of this type of waste containing an average of one gram per 

cubic meter of plutonium and other octinides are generated at reprocessing 

plants per ton of plutonium processed. This corresponds to a plutonium loss of 

about 0.025 percent. Like low-level transuranic waste, this waste is assumed to 
49 be reduced in volume before buried by a factor of three to 10. 

7.2.1.4 NON-TRANSURANIC WASTE 

Non-transuranic waste is composed of those diverse materials that are conta

minated with low levels of beta- and gamma-emitting isotopes, but contain less 

than 10 nCi of long-lived alpha activity per gram. This waste, which is common 

to all nuclear facilities, generally has a radioactivity level in the range of 0.035 

to 35 curies per cubic meter. About 566, 1,132 and 227 cubic meters of non-

transuranic waste per ton of plutonium will be generated at plutonium conver-
49 sion, fuel fabrication and fuel reprocessing plants respectively. This waste is 

reduced in volume as will be the low- and intermediate-level TRU waste. The 

average composition before volume reduction is 35 microcuries per cubic meter 

of LWR fission products. 

7.2.2 OTHER CONTAMINATED WASTES 

As discussed in Section 5.0, there are other potential TRU-contaminated waste 

sources. Future projections will be based upon past experience as such data is 

made available. 
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Actiniae Series: The series of elements beginning with actinium, element No. 
89, and continuing through lawrencium, element No. 103, which together 
occupy one position in the periodic table. The series includes uranium, 
element No. 92, and all the manmade transuranium elements. The group is 
also referred to as the "actinides." 

Activation: The process of making a material radioactive by bombardment with 
neutrons, protons, or other nuclear particles. Also called radio-activation. 
The resultant radioactive materials are commonly called activation 
products. 

Activity: A measure of the rate at which a material is emitting nuclear 
radiations; usually given in terms of the number of nuclear disintegrations 
occurring in a given quantity of material over a unit of time; the standard 
unit of activity is the curie (Ci). 

Alpha Waste: Waste material that is contaminated by radionuclides that emit 
alpha particles, particularly (in this text) the transuranium elements. 

Cladding Waste (hulls): Fuel rods in most nuclear reactors today are made up of 
fissionable materials clad in a protective alloy sheathing that is relatively 
resistant to radiation and the physical and chemical conditions that prevail 
in a reactor core. The spent fuel rods, after removal from the reactor and 
storage to permit radioactive decay of the short-lived fission products, are 
removed and in certain fuel cycle processing systems are chopped up, and 
the residues of the fissionable materials are leached out chemically. The 
remaining residues, principally the new radioactivated cladding material 
(zirconium alloys, stainless steel, etc.) and insoluble residues of nuclear 
fuel, fission products, activation products and transuranium nuclides, are 
left behind as cladding waste, which is a special category of transuranium 
radioactive waste. 

Crib: A back-filled burial trench into which intermediate-level liquid waste is 
distributed through a perforated pipe. 

Critical: The condition in which a material is undergoing nuclear fission at a 
self-sustaining rate; the critical mass of a material is the amount that will 
self-sustain nuclear fission when placed in an optimum arrangement in its 
present form. 

Curie (Ci): A unit of radioactivity defined as *he amount of a radioactive 
material that has an activity of 3.7 x 10 disintegrations per second (d/s); 
millicurie fenCi) = 10" curie; microcurja ( Ci) = 10 curie; nanocurie 
(nCi) = I?" curie; picocurie (pCi) = 10' curie; femtocurie (fCi) = 10 
curie. 

Decommiflioningt The process of removing a facility or area from operation and 
decontaminating and/or disposing of it or placing it in a condition of 
standby with appropriate administrative and physical controls and safe
guards. 
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" Decontamination: The selective removal of radioactive material from a surface 

or from within another material. 

Disposal: The planned release or placement of waste in a manner that precludes 
recovery. 

Engineered Storage: The storage of radioactive wastes, usually in suitable sealed 
containers, into any of a variety of structures especially designed to 
protect them from water and weather and to help keep them from leaking 
to the biosphere by Occident or sabotage. 

Fertile Material: A material, not itself fissionable by thermal neutrons, that can 
be converted into a fissile material by irradiation in a reactor. There are 
two basic fertile materials, uranium-238 and thorium-232. When these 
fertile materials capture neutrons, they are partially converted into fissile 
plutonium-23? and uranium-233, respectively. y Fissile Materials: While sometimes used as a synonym for fissionable material, 
this term has also acquired a more restricted meaning, namely, any 
material fissionable by neutrons of all energies, including (and especially) 
thermal (slow) neutrons as well as fast neutrons; for example, urani'jm-235 
and plutonium-239. 

Fission: The splitting of a heavy nucleus into two approximately equal parts 
(which are nuclei of lighter elements), accompanied by the release of a 
relatively large amount of energy and generally one or more neutrons, 
fission can occur spontaneously, but usually is caused by nuclear absorption 
of gamma rays, neutrons, or other particles. 

Fissionable Material: Commonly used as a synonym for fissile material. The 
meaning of this term also has been extended to include material that can 
be fissioned by fast neutrons only, such <K uranium-238. Used in reactor 
operations to mean fuel. 

Fission Products (FJ'J: The nuclei (fission fragments) formed by the fission of 
heavy elements, plus the nuclides formed by the fission fragments' 
radioactive decay. 

Fuel (nuclear, reactor): Fissionable material used as the source of power when 
placed in a critical arrangement in a nuclear reactor. 

Fuel Cycle: The complete series of steps involved in supplying fuel for nuclear 
H power reactors. It includes mining, refining, the original fabrication of fuel 
| i elements, their use in a reactor, chemical processing to recover the 

fissionable material remaining in the spent fuel, reenrichment of the fuel 

E material, refabrication into new fuel elements, and management of 

radioactive waste. 
Fuel Separation (fuel reprocessing): Processing of irradiated (spent) nuclear 

f j reactor fuel to recover useful materials as separate products, usually 
f j separation into plutonium, uranium, and fission products. 
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Half-life (Tfch The time in which half the atoms of a particular radioactive 
substance disintegrate to another nuclear form. Measured half-lives vary 
from millionths of a second to billions of years. 

Health Physics: The science concerned with recognition, evaluation, and control 
of health hazards from ionizing and nuclear radiations. 

High-level Liquid Waste (HLLW): The aqueous waste resulting from the opera
tion of the first-cycle extraction system (Purex Process), equivalent 
concentrated wastes from subsequent extraction cycles, or equivalent 
wastes from a process not using solvent extraction, in a facility for 
processinc irradiated reactor fuels. 

Ian Exchange: A chemical process involving the reversible interchange of various 
ions between a solution and a solid material, usually a resin. It is used to 
separate and purify chemicals, such as fission products, rare earths, in 
solution. 

Ionizing Radiation: Any radiation displacing electrons from atoms or molecules, 
thereby producing ions. Examples: alpha, beta, and gamma radiation. 

Isotope: One of two or more atoms with the same atomic number (the same 
chemical element) but with different atomic weights. An equivalent 
statement is that the nuclei of isotopes have the same number of protons 
but different numbers of neutrons. Isotopes usually have very nearly the 
same chemical properties, but somewhat different physical properties. 

Licensed Material: Source material, special nuclear material, or by-product 
material received, possessed, used, or transferred under a general or 
special license issued by the U.S. Nuclear Regulatory Commission or an 
Agreement State. 

Lang-lived Isotope: A radioactive nuclide that decays at such a slow rate that a 
quantity of it wil) exist for an extended period. 

Man-rem: A unit in health physics to compare the effects of different amounts 
of radiation on groups of people. It is obtained by multiplying the average 
dose equivalent to a given organ or tissue (measured in rems, which see) by 
the number of persons in that population. 

Nuclide: A species of atom having a specific mass, atomic number, and nuclear 
energy state. These factors determine the other properties of the element, 
including its radioactivity. 

Plutonium (Puk A heavy, radioactive, manmade, metallic element with atomic 
number %. Its most important isotope is fissionable plutonium-239, pro
duced by neutron irradiation of uranium-238. It is used for reactor fuel and 
in weapons. 

Rod (acronym for radiation absorbed dose): The basic unit of absorbed dose of 
ionizing radiation. 
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0 Radiation: The emission and propagation of energy through matter or space by 
means of electromagnetic disturbances, which display both wave-like and 

IJ particle-like behavior, in this context the "particles" are known as photons. 
" Also, the energy so propagated. The term has been extended to include 

streams of fast-moving particles (alpha and beta particles, neutrons, 
cosmic radiation, etc.). Nuclear radiation is that emitted from atomic 
nuclei in various nuclear reactions, including alpha, beta, and gamma 
radiation and neutrons. 

Radioactive Contamination: Deposition of radioactive material in any place 
where it may harm persons, spoil experiments, or make products or 
equipment unsuitable or unsafe for some specific use. The presence of 
unwanted radioactive matter. Also radioactive material found on the walls 
of vessels in used-fuel processing plants, or radioactive material that has 
leaked into a reactor coolant. Often referred to only as contamination. 

H Radioactivity (often shortened to 'VictivhYO: The spontaneous decay or disinte
gration of an unstable atomic nucleus, usually accompanied by the emission 

J r of ionizing radiation. The word radioactivity is often used to refer to 
j[ radioactive materials or radioactive nuclides, but this usage is not, strictly 
" speaking, correct. Radioactivity is a process, not a substance. 

j j Radioisotope: A radioactive isotope. An unstable isotope of an element that 
'•' decays or disintegrates spontaneously, emitting radiation. More than 1,300 

natural and artifical radioisotopes have been identified. 

Radwaste: Waste materials that are contaminated with radioactive materials. 

Rem: A unit of measure for the dose of ionizing radiation that gives the same 
I biological effect as I roentgen of x rays; ! rem equals approximately I rad 

for X, gamma, or beta radiation. 

| | Roentgen (abbreviation rk A unit of exposure n ionizing radiation. It is that 
21 amount of gamma or X rays required to produce ions carrying one (I) 

electrostatic unit of electrical charge (either positive or negative) in one 
j|[ (I) cubic centimeter of dry air under standard conditions. Named after 
£ Wilhelm Roentgen, German scientist who discovered X rays in 1895. 

«r Short-lived Isotope: A radioactive nuclide that decays so rapidly that a given 
| l quantity is transformed into its daughter products within a short period 

(usually those with a half-life of days or less). 

ft Solid wastes (radioactive): Either solid radioactive material or solid objects that 
1. contain radioactive material or bear radioactive surface contamination. 

n Special Nuclear Material (SNM): Plutonium, uranium-233, uranium-235, or 
uranium enriched to a higher percentage than normal of the 233 or 235 
isotopes. 

Tank: A large metal container located above ground or underground for storage 
of liquid wastes. 
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Tank Farm: An installation of interconnected underground containers (tanks) for 
storage of high-level waste. 

Tramuranium: Nuclides having an atomic number greater than thai *tf uranium 
( i .c , greater than 92). The principal tronsuranic radionucl ., of concern 
in radioactive waste management are tabulated below with their half-lives: 

Nuclide 
Half-Life 
(Years) Principal Decay Modes 

neptunium-237 2,140,000 alpha 

plutcnium-238 86 alpha, spontaneous fission 

plutonium-239 24,390 alpha, spontaneous fission 

plutonium-240 6,580 alpha, spontaneous fission 

plutonium-242 379,000 alpha 

americium-241 458 alpha 

americium-243 7,950 alpha 

curium-245 9,300 alpha 

curium-246 5,500 alpha, spontaneous fission 

The transuranium nuclide produced in largest amounts is plutonium-239; 
americium-241 is also produced in significant amounts. One system of 
classification used at Oak Ridge includes U-235 (162,000 year half-life, 
alpha decay) among the transuranium isotopes, although strictly speaking 
this is not accurate. 

Uraniums A radioactive element with the atomic number 92 and, as found in 
natural ores, an average atomic weight of approximately 238. The two 
principal natural isotopes are U-235 (0.7 percent of natural uranium), which 
is fissionable, and U-238 (99.3 percent of natural uranium), which is fertile. 
Natural uranium also includes a minute amount of U-234. 
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METRIC TO ENGLISH CONVERSION FACTORS 

To Obtain Multiply & 

Acres Hectares 2.471 

Cubic Feet Cubic Meters 35.314 

Feet Meters 3.281 

Gallons Liters 0.2642 

Inches Centimeters 0.3937 

Miles Kilometers 0.6214 

Pounds Kilograms 2.2046 

Square Feet Square Meters 10.764 

Tons (Short) Tons (Metric) 1.1023 

Temperature (°F) (°C + 17.78) 1.8 
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u I J) BACKGROUND ON rWJFORD HIGH-LEVEL WASTE MANAGEMENT 

U The semiarid Hanford Reservation site occupies about 1,480 square kilometers of 

the southeastern part of the State of Washington. The reactor facilities are 

j J located along the Columbia River in what is known as the 100 Area. The reactor 

fuel processing and waste management facilities are in the 200 Area which is on 

11 a plateau about 11 kilometers from the river. The 300 Area, just north of 

Richland, contains the reactor fuel manufacturing facili 'es and the research and 

development laboratories. 
i 
11 In early 1943, the United States Arm/ Corps of Engineers selected the Hanford 

I..' site as the location for reactor and chemical separation facilities for the produc

tion and purification of plutonium for possible use in nuclear weapons (Manhattan 

|f Project). A total of eight graphite-moderated reactors using rhe Columbia River 

water for once-through cooling, and a new type of dual pjrpose reactor (N-

| j Reactor) using a recirculating water coolant and producing b t h plutonium and 

steam for electricity, were eventually built along the Columbia River. Today, 

only the N-Reactor remains in operation. 

Defense high-level radioactive waste resulting from the chemical processing of 

spent nuclear fuel for recovery of plutonium, uranium and neptunium has been 

accumulated at the Hanford Reservation since 1944. The waste containing most 

of the fission products and comparatively small quantities of uranium, plutonium if 

I 
I 

n 

and other actinides was originally stored as liquid in 149 underground single-shell 

storage tanks. This liquid contains significant quantities of solids in the form 

of precipitated sludge. Beginning in 1958, problems were experienced with liquid 

leaking from some of these tanks. As a result, waste management activities 

since the 1960's have been primarily in the area of reduction of the volume of 

liquid waste by evaporation of the water to form an immobile solid (salt) and 

residual liquor. Residual liquor is the liquid formed from the currently used 

evaporated-crystallizer systems which upon additional concentration would form 

a hygroscopic solid unsuitable for storage in single-shell tanks. The majority of 

the high-heat emitting radioisotopes, Sr-90 and Cs-137, is removed from the 

waste by means of a fractionization process which converts these isotopes to 
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solid strontium fluoride and cesium chloride compounds which are then placed in 

double-walled capsules for storage in water basins. In addition to this activity, 

on additional waste-management program has been initiated to construct double-

shell tanks. All pumpable liquids will be stored in these high-integrity tanks by 

the early 1980's. No reactor-fuel reprocessing waste has been accumulated since 

1972 when the Purex Chemical Processing facility was last in operation. 

However this facility was scheduled to start up again in 1978 to process 

occumulated and future N-Reactor fuel. This has recently been indefinitely 

delayed. 

Upon completion of the current fractionization and solidification program in the 

early 1980's, defense high-level waste inventory will consist of approximately: 

95 million liters (bulk) of damp salt cake 

41.6 million liters (bulk) of damp sludge 

11.4 million liters of liquid waste awaiting solidification 

41.6 million liters of residual liquor 

2900 capsules of Sr-90 and Cs-137 

B-2 

INCORPORATION 
% 



D 

li 

LI 

[i 

S 

n 
o 
0 
I 

storage and disposal of solid radiooctive woste. Various facilities are discussed 

2.0 DESCRIPTION OF FACILITIES AM) RADIOACTIVE WASTE NVENTORIES 

The DOE facilities at the Hanford Reservation include nuclear reactors for 

plutonium production (100 Area); fuels and plutonium processing and high- and 

low-activity radioactive waste management (200 Area); fuel fabrication (300 

Area); laboratory complex (300 Area); the Post Flux Test Focility (400 Area); 

central service facility (1100 Area); on-site construction services (3000 Area); 

and administrative services (700 Area). 

Solid wastes contaminated with mixed fission and activation products have been 

disposed of by shallow land burial at the Hanford site since the beginning of 

operations in 1944. A total of 26 sites in the 100 Area (26 ha), 28 sites in the 200 

Area (68 ha), and 11 sites in the 300 and £00 Area (26 ha) have been used for the 

storage 

below. 

2.1 100 AREA-REACTOR FACILITIES16 

The 100 Area contains: 

• One operating reactor (N-Reactor) 

• Eight retired or standby reactors 

• Cribs f.nd burial grounds 

All current wastes are shipped to the 200 Area for disposal, however, 1.6 x 10 

m of solid waste was buried in the past as well as current N-Reactor primary 

coolant release to the 100-N crib. 

Detailed records were not kept in the past; however, total estimated input inven

tories at the reactor facilities through 1972 are: 
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Radionuclide CI 

Sr-90,Cs-l37andPu-239 160 
Eu-l52andPu-239 650 
Co-60 76,100 
Fe-59 150,000 

Total estimated input inventories for crib and burial grounds through 1972 

(except for 100-N Crib) are: 

Radionuclide Ci 
Co-60 25,900 
Sr-90 34 
Pu-239 0.38 
Zn-65 1,000 
Mn-tt and Zr-95 3,500 

Total estimated input inventories for the 100-N Crib through 1972 are: 

Radionuclide C[ 

Co-60 2,000 
Sr-90 50 
Mn-54 and Zr-95 950 
Cs-137 350 
All others 350 

Total 3,700 

A detailed discussion of the 100 Area is found in Reference 16. 

2.2 200-AREA REACTOR FUEL PROCESSING AND WASTE MANAGEMENT 
FACILITIES 1^ 

In addition to the fuel processing facilities the following waste disposal facilities 

receive waste from all other Hanford areas, as well as outside agencies. 

2.2.1 TANKS (FOR HIGH-LEVEL WASTES) 

• 153 tanks (capacities from 1.89 x 10 liters •«• .>.?? * i J 6 

liters each) 
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• 3 tanks (under construction) for concentrated high temp
erature wastes 

Table B-l lists the total tank waste inventory. Table B-2 gives the average 

chemical composition of the high-level waste. Table B-3 gives the major fission 

products inventory and Table B-4 gives the major actinides inventory. 

Figures B-! and B-2 show the radionuclide content after 1990 of in-tank and 

encapsulated waste, respectively. 

2.2.2 CRIBS (FOR INTERMEDIATE LEVEL WASTES) l 5 

• 144 deactivated 

• 8 not used 

• 10 standby 

• J 5 currently in use 

177 Total 

Table B-5 gives the estimated inventories discharged to 200 Area cribs and ponds 

while Table B-6 gives the estimated inventory of plutonium at these sites. 

2.2.3 PONDS (FOR AUXILIARY PROCESS WATER) 1 6 

• 30 ponds with total surface area of 145 hectares, 

t 73 hectares in current use. 

2.2.4 SOLID RADIOACTIVE WASTE BURIAL GROUNDS 1 6 

5 3 More than 1.42 x 10 m of contaminated solids have been buried on the 200 

Area plateau since the start of chemical processing operations. These wastes 

consist of so-called "dry waste" (soiled clothing, laboratory supplies, tools, etc., 

packed in cardboard, wood or metal containers) and industrial waste (primarily 

items of failed process equipment packaged in heavy metal or concrete boxes). 
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TABLE B-l 

ESTIMATED HANFORD TANK WASTE INVENTORY1 5 

(In Millions of Liters) 

New Tanks Old Tanks 

181.7 49.2 
56.8 3.8 

177.9 3.8 
79.5 2.6 

49.2 3.8 
140 0 

9.5 3.8 
177.9 0 

Total 

230.9 
60.6 

181.7 
82.1 

53 
140 

13.3 
177.9 
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TABLE B-2 

AVERAGE CHEMICAL COMPOSITION OF 
HANFORD HIGH-LEVEL WASTE15 

Chemical 

Salt 
Cake 
Wt.% 

Sludge 
Wt.% 

Residual 
Liquor 
Wt.% 

Total 
Wt.% 

NaNOj B4.5 17.2 12.1 50.9 

H20 10.3 35.8 47.1 25.1 

N ° 3 P 0 4 0.1 22.6 - 5.9 

NaOH 1.5 3.2 14.3 4.8 

NaN0 2 1.7 3.7 12.3 4.6 

NaAI0 2 1.4 3.1 11.7 4.1 

No 2 C0 3 0.5 2.2 0.8 1.0 

Na 2Si0 3 — 2.9 - 0.7 

A l 2 0 3 -• 2.3 - 0.6 

Fe(OH) 3 -- 1.8 — 0.5 

Na2SO f t — I.I 0.5 0.4 

Other " 4.1 1.2 1.4 

TOTALS 100.0 100.0 100.0 100.0 
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TABLE B-3 

INVENTORY OF MAJOR FISSION PRODUCTS IN 
HANFORD HIGH-LEVEL WASTE DECAYED TO L990 

(FROM REACTOR PRODUCTION - 1944-1971)° 
(Curies) 

/„\ S a l t / k \ fM ResiduaU 

Radionuclide*0' Cake10' Sludaew Liauorw Capsules Total 

H-3 * » I.I x 10* -- I . ! x 10* 

C-14 * * * 1.6 x 10* 

Se-79 * 8.2 x I0 2 * -- 8.2 x I 0 2 

Sr-90 2.0 x I0 6 4.5 x I0 7 6.0 x I0 S 5.8 x I0 7 I.I x I 0 8 

Zr-93 * 6.9 x I0 3 * -- 6.S x I 0 3 

Tc-99 * * 3.1 x 10* - 3.1 x 10* 

Ru-106 * 3.7 x I0 1 3.7 x I0 1 -- 7.4 x iO1 

Pd-107 * 5.7 x I0 1 * -- 5.7 x I0 1 

Cd-ll3m * 5.0 x l O 3 * -- 5,0 x l O 3 

Sn-I2lm * I.I x I0 2 * -- I.I x I 0 2 

Sn-126 * 6.8 x I0 1 * -- 6.8 x I0 1 

Sb-125 * 2.0 x 10* * -- 2.0 x !0* 

1-129 * * 4.7 x I01 -- 4.7 x I01 

Cs-134 1.2 x I0 2 1.2 x I0 2 4.3 x I0 2 2.5 x I0 3 3.2 x I 0 3 

Cs-135 4.4 x lO 1 4.4 x lO 1 1.6 x I0 2 9.0 x I0 2 I.I x I0 3 

Cs-137 5.0 x I0 6 5.0 x I0 6 1.8 x I0 7 1.0 x I0 8 1.3 x I 0 8 

Ce-144 * 9.9 x 10° * -- 9.9 x 10° 

Pm-147 * 1.0 x l O 6 * -- 1.0 x l O 6 

Sm-I5l * 1.4 x l O 6 * -- 1.4 x l O 6 

Eu-152 * 1.5 x l O 3 * - 1.5 x l O 3 

Eu-154 * 7.3 x 10* * - 7.3 x 10* 

Eu-155 * 7.4 x 10* * -- 7.4 x 10* 

(a) Daughter nuclides in decay chains are not listed. 
Curie values are for parent nuclide only. 

(b) Radionuclides present in trace quantities are indicated by an asterisk. 
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TABLE B-4 

INVENTORY OF MAJOR ACTIN1DES IN 
HANFORD HIGH-LEVEL WASTE DECAYED TO 1290 

(FROM REACTOR PRODUCTION -1944-1971)' 5 

(Curies) 

Radionuclide^ Sludge 

U-233 4.0 x I 0 2 

U-235 1.3 x I0 1 

U-238 3.0 x I 0 2 

Np-237 1.0 x I 0 2 

Pu-238 4.0 x I 0 2 

Pu-239 2.1 x I 0 4 

Pu-240 5.2 x I 0 3 

Pu-241 6.0 x I 0 4 

Am-241 5.0 x I 0 4 

a. Salt cake and residual liquor contain 
trace quantities, of these isotopes (see Table B-3). 
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TABLE B-5 

ESTIMATED INVENTORIES*0* RADIOACTIVE LIQUID WASTE 
TO GROUND 200 AREAS l i r 

Units 
To Ponds 

and Ditches 
To 

Cribs 
To Specific 

Retention Sites To1al(b) 

Decay Through 1972 (From Startup) 200 East 

Volume (1) 3.0 x lO11 2.0 x I0 1 0 1.0 x I0 8 3.0 x lO11 

Pu (g) <7.0x I0 2 1.0 x 10* 4.0 x I0 2 1.0 x 10* 
Beta (Ci) 6.0 x I0 3 6.0 x 10* 4.0 x 10* 1.0 x I0 5 

Sr-90 (Ci) 1.0 x I0 3 1.0 x 10* 8.0 x I0 3 2.0 x 10* 
Ru-106 (Ci) <3.0x I0 1 2.0 x I0 3 3.0 x I0 2 3.0 x I0 3 

Cs-137 (Ci) 4.0 x I0 2 8.0 x I0 3 1.0 x 10* 2.0 x 10* 
Co-60 (Ci) <3.0 x I01 1.0 x I0 2 2.0 x I01 <2.0 x I0 2 

0 (kg) < l . 0x 10* 3.0 x 10* 5.0 x 10* 8.0 x 10* 
U-233 <g> <5.0x I0 2 5.0 x I0 2 <I.Ox 10* 

Decayed Through 1972 (From Startup) 200 West 

Volume (1) 2.0 x lO11 1.0 x I0 1 0 8.0 x I0 7 2.0 x I0" 
Pu (g) 8.0 x I0 3 8.0 x 10* 9.0 x 10* 2.0 x I0 5 

Beta (Ci) 4.0 x I0 2 3.0 x 10* 2.0 x 10* 5.0 x 10* 
Sr-90 (Ci) <l .0x I0 2 6.0 x I0 3 2.0 x I0 2 7.0 x I0 3 

Ru-106 (Ci) <2.0 x 10° 9.0 x I01 2.0 x 10° 9.0 x I01 

Cs-137 (Ci) <9.0 x lO1 5.0 x lO3 1.0 x 10* 2.0 x 10* 
Co-60 (Ci) <9.0 x 10° 3.0 x I01 3.0 x 10° <4.0 x I01 

U (kg) <6.0 x I0 3 4.0 x 10* 1.0 x I0 3 4.0 x 10* 

(a) The estimated inventories (or concentrations) of radionuclides are reported 
to one significant figure to reflect the uncertainty in the data. Where the 
estimated inventories are noted as less than ( < ), the recorded inventory is 
based on the analytical limit of detection. 

(b) Totals do not necessarily equal the sum of individual contributions because 
of rounding of the data. 
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TABLE B-5 

(CONT.) 

Units 
To Ponds 

and Ditches 
To 

Cribs 
To Specific 

Retention Sites W b ) 

Decoyed Through 1972 (From Startup) Total 200-E + 200-W 

Volume (1) S.0 x lO 1 1 3.0 x I 0 M 2.0 x I0 8 5.0 x I0 1 

Pu (9) 9.0 x I0 4 9.0 x I0 4 9.0 x I0 4 2.0 x I0 5 

Beta (Ci) 7.0 x I0 3 9.0 x I0 4 6.0 x I0 4 2.0 x I0 5 

Sr-90 (Ci) 2.0 x I0 3 2.0 x I0 4 8.0 x I0 3 3.0 x I0 4 

Ru-106 (Ci) c3.0 x I0 1 2.0 x I0 3 3.0 x I 0 2 3.0 x I0 3 

Cs-137 (Ci) 5.0 x I0 2 1.0 x I0 4 2.0 x I0 4 4.0 x I0 4 

Co-60 (Ci) <W) x I0 1 <2 .0x I0 2 2.0 x I0" <2.0 x I0 2 

U (kg) < 7.0 x I0 3 6.0 x I0 4 5.0 x I0 4 1.0 x I0 5 

U-233 (g) <5 .0x I0 2 5.0 x I0 2 < l . 0 x I0 3 

(a) The estimated inventories (or concentrations) of radionuclides are reported 
to one significant figure to reflect the uncertainty in the data. Where the 
estimated inventories are noted as less than ( < ) , the recorded inventory is 
based on the analytical limit of detection. 

(b) Totals do not necessarily equal the sum of individual contributions because 
of rounding of the data. 
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TABLE B-6 

ESTIMATED INVENTORIES OF PLUTONIUM IN DISPOSAL SITES16 

Plutonium Plutonium 
Disposal Site M Disposal Site (kg) 

2I6-U-I0 2I6-Z-3 5.7 
U Pond and Ditches 8.3 

2I6-Z-4 0.002 
2I6-B-7 

224-B, 221-B, 5-6 Cell and 2I6-Z-5 0.34 
Construction Waste 4.3 

2I6-Z-6 0.005 
2I6-S-! and -2 

Redox Process Condensate 1.2 2I6-Z-7 2.0 

2I6-T-32 2I6-Z-8 0.05 
224-T Waste 3.2 

2 l6 -Z -9 f r ) 3 8 . ( b ) 

216-Z-IAA 30. 
2I6-ZI0 0.05 

216-Z-IAB 17. 
2I6-Z-I2 25. 

216-Z-IAC I I . 
2I6-Z-I6 0.07 

2I6-Z-I and 2 7.0 
2I6-Z-17 0.05 

2lb-Z-l8 22. 

(a) "Z-9" Crib. 
(b) Other estimates indicate that the system to contain between 25 and 70 

kilograms of plutonium. 

B-12 % 
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Tronsuranic bearing waste has been packaged in sealed metal containers and 

segregated in the burial trenches since May 1970. Contaminated solid waste is 

buried in 19 sites on the 200 Area plateau using 63 hectares. Some failed equip

ment from the Purex Facility is stored in tunnels on flat cars. 

Prior to 1968, essentially all of the waste buried was generated by the 200 Area 

operating facilities. Since 1968, waste generated by 300 Area operations also !<i$ 

been buried in the 200 Area sites. Beginning in December 1973, waste irom 

reactor operations in the 100 Area was being sent to the 200 Area for burial. 

Small volumes of solid waste, generated by offsite DOE operations, have been 

and will continue to be buried here. During 1973, approximately 60 m 

containing less than 4 Ci of mixed radioactive materials were received from 

offsite. 

Tables B-7 and 8-8 give the estimated inventories of the burial grounds and 

Purex storage tunnels, respectively. 

The dry wastes listed in Table B-7 have been characterized end are presented in 

Table B-9. 

2.3 300 AREA - REACTOR FUEL MANUFACTURING FACILITIES AND 
RESEARCH AND DEVELOPMENT LABORATORIES 

There is a 2.84 x 10 liter capacity temporary storage facility in the 300 Area; 

however, all liquid wastes are currently transferred to the 200 Area for ultimate 

disposal. 

Currently generated solid waste is sent to the 200 Area burial ground; however 
4 1 

between 1944 and 1967 approximately 2.1 x 10 m were buried in the 300 Area. 

It is estimated that this buried waste contained 10 Ci of uranium contamination 

and 0.5 Ci of thorium contamination. 

Three contractors are conducting research and development studies in the area: 

Westinghouse-Honford, Bottelle-Northwest, and United Nuclear Industries." 
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ESTIMATED DECAYED STATUS OF SOLID WASTE1*" BURIAL GROUNDS IN THE 200 AREAS THROUGH 1972 

W 

Dry Waste No. 001 
Dry Waste Mo. I2A 
Dry Wale No. 128 
Minor Construction No. 4 
Construe tfon (Mo Number I 
222 Vaults 
Industrial Wosle No. 002 
Industrial Waste No. 005 
Industrial Waste No. 0SZ 
Industrial Waste No. 010 

TOTAL 200-E < b > 

Volume 

I.S x ID' 
£.2 x ID* 

Uranium 
<G> 

Prutonlum 
IG> 

Total 
<Ci) 

- 200 East Area 

Sr-90 
(CI) 

Burial Ground -

Total 
<Ci) 

- 200 East Area 
* x I 0 5 9 x • 0 * S X .0° 1 x 10° 
1 X ID* 9 x I 0 J 7 X io' 1 x I 0 1 

7 x I 0 3 1 X i a i 2 X I D 3 2 x t o 2 

1 X I 0 3 1 X io' 5 X io- ' 1 x 10"' 
2 x fO 3 Z x to' 6 X 10"' 1 x 10"' 
1 x I 0 3 1 X 10° 3 X to 1 7 x 10° 
3 x 10 s 8 x to-* 1 X to 3 3 x l o 2 

1 x 10 s 

1 x 10s 

« X 
1 X 

to ' 
10* 

4 
1 

X 

X 

I 0 2 

IO 3 

1 x 10* 
2 x I 0 Z 

8 x ID 5 5 x I 0 J 5 X 10* 4 x I 0 3 

3 x I 0 6 2 x 10* 6 X 10* S x I 0 3 

Burial Ground • . 200 West Area 
7 x 10 s 9 x ro» 9 X IO° 2 x IO° 
1 x 10 s 1 x lO* 3 X I 0 1 6 x 10° 
7 x I 0 7 7 x 10* 5 X IO ' 1 x in ' 

2 x I 0 3 

<S x I 0 3 

4 x I 0 3 

* x 10* 
2 x 10* 
5 x I 0 2 

5 x 10" 
5 x I 0 2 

7 x I 0 2 

I x I 0 3 

6 x 10" 
« x I 0 8 

9x 10° 
5 x lo' 
« x I 0 2 

3 x I 0 3 

3 x I 0 2 

S x ID* 
3 x I 0 2 

I x I 0 1 

* x 10"' 
3 x I 0 2 

I x I 0 3 

7 x ID 2 

7 x I 0 3 

I x 10* 

Cs-137 
<C1) 

Ru-106 
(CI) 

9 x I 0 " 7 

Other 
Rodtoacllve 

(CI) 

1 > 10° 

Ru-106 
(CI) 

9 x I 0 " 7 

2 x to' 3 x 10"' 
2 x I 0 2 6 x to' 
1 x 10"' 2 x 10"* 

2 x IO° 
7 x 10° 
I x 10* 
I X lo' 
« x 10* 
6 x I 0 2 

* x I 0 3 

Dry Waste No. 001 7.1 x I0J 

Dry Waste No. 002 8.S x IC 3 

Dry Waste No. 003 I . I x 10* 
222-T Vaults «.B x 10* 3 x I 0 Z 3 x 10"' 4 x I 0 1 

222-S Vaults 1.8 x I 0 2 7 x I 0 2 7 x 10"' 2 x lo 2 

Industrial Waste No. 001 1.4 x 10* 9 x lof 2 x I 0 3 2 x I 0 3 

Industrial Wosle No. 002 1.9 x 10* 
Dry Waste No. 03A S.t x ID 3 

Dry Waste No. 04A 1.8 x 10* 
Dry Waste No. 04B 8.S x I 0 3 

Caisson - No. I £.2 x 10° 
Caisson - No. 2 2.3 x 10° 
Caltson - No. 3 4.8 x 10° 
Caisson - No. 4 I.S x 10* 
Caisson - Alpha I S.7 x 10° 

TOTAL 200~W < W 9.1 x 10 s 

TOTAL 200 AREAS* W I.S x 10* 

(a) The estimated Inventories or concentration of radionuclides are reported to one significant f inure to reflect the uncertainty In the data. 
00 Totals do not necessarily equal the sum af individual contributions necuase of rounrHng. af the data. 

3 X 10* 
S x ID 1 

3 X I 0 2 

2 x ID 1 

4 x 10" 
4 x I 0 2 

I x I 0 3 

7 x I 0 2 

7 x I 0 3 

I x , 0 * 

1 x tO 1 

2 x I 0 S 



TABLE B-8 

PUREX EQUIPMENT STORAGE TUNNELS ( a ) INVENTORY*6' 
SEPTEMBERS, I973 1 6 

Tunnel No. 1 Tunnel No. 2 I o t a l ( c ' d ) 

3 
Volume, m 556 566 1,133 

Total MFP, Ci<d> 5,000 20,000 30.000 

Sr-90, a 1,000 40 1,000 

Ru-106, Ci 1 7 8 

Cs-137, Ci 1,000 40 1,000 

Co-60, Ci - 20,000 20,000 

Pu-239, g ~ 500 500 

(a) Currently the distribution of waste plutonium stored on the Hanford site is 
40 percent in tanks, 39 percent in solid disposal sites and 21 percent in 
liquid disposal sites. The total amount of plutonium in these sites is 
estimated to be 940 kg + 30 percent. 

(b) The estimated inventories (or concentrations) of radionuclides are 
reported to one significant figure to reflect the uncertainty in the data. 

(c) Totals do not necessarily equal the sum of individual contributions because 
of rounding of the data. 

(d) Curies shown are decayed to September 30,1973. 
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TABLE B-9 

CHARACTERISTICS OF DRY WASTE BURIED 1 6 

ON AN AVERAGE DAY (MAXIMUM)* 5 

Source No. Container 
Volume 

(ft 3) Activity, Ci 

222-S BIdg. 
(Hot cell) 

4(5) 30-gal 30(38) 20.(70U.P. ( a ) 

9(22) Cardboard boxes 40(100) 0.6(3) F.P. 

221-T 14(22) Cardboard boxes 60(100) 

Laundry 9(22) Cardboard boxes 40(100) 0.K2JF.P. 

Misc. 5(22) Cardboard boxes 20(100) 

BNW 

HEDL 

70(150) 

45(75) 

Cardboard boxes 

Cardboard boxes 

300(700) 

200(300) 
<5(< I0)F.P 

(a) Fission Prodi 
* ( ) designa 

cts 
te maximunr daily volume. 

0 
0 
i B-16 
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The TRU waste shipments during the first half of CY-1976 are presented in Table 

B-IO. The volumes and their TRU content ore reported for combustible and 

noncombustible wastes. For the first half of CY-1976, 16.1 m of combustible 

waste and 7.4 m of noncombustible waste were shipped for disposal. This 

compares with the first half CY-1975 shipments of 40,7 m containing 1,344 

grams of plutonium. 

2.4 400 AREA - FAST FLUX TEST FACILITY (FFTF) 

This is a construction area and no radioactive wastes are presently being 

generated. 

2.5 600 A R E A 1 6 

The 600 Area is all other Hanford Reservation areas not included in the 100,200, 

300 or 400 Areas. In the past miscellaneous low-level solid radioactive wastes 

may have been buried in this areaj however, accurate records were not kept and 

volumes and composition are not known. 
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|_ TABLE B-IO 

r TRU WASTE SHIPMENTS 
I FROM 300 AREA TO 200 AREA (1/76-6/76) 

[ 
[ 
i: 
i 
[ 
i: 

Total 23.5 373 

Function No.ofDrums (a 

Average 
Weight 

Total 
Volume 

m3 
Pu Content 

0 

Combustible Waste 

No.ofDrums (a 

Average 
Weight 

Quality Control 25 59 5.30 203 
Fuel Fabrication 22 54 4.66 167 
Post Irradiation 

Testing 
27 54 5.73 N.A. ( c ) 

Maintenance 
and Miscellaneous 

2 80 0.42 2.6 

Subtotal 76 57 16.11 373 

Noncambustible 2 Steel N.A. ( c ) 7.36 N.A. ( c ) 

Waste ( b ) boxes 

I (a) 0.2 m 3 drums 
I- (b) Packages waste - obsolete equipment, concreted drum waste, etc. 

(c) Not assayed due to hiah B-y activity. 
\Vf • W r t W J W U W W J I V - U V 4 V I V I V t**f V1|SI I 1^4 I * I ' 

(c) Not assayed due to high B-y activity. 

B-18 

TBvACOfiTORATION 
* 



3.0 LIQUID WASTES 

Approximately 1.44 x 10 liters of liquid woste and 9A6 x 10 liters of solidified 

waste (as of March 1975) are currently stored in underground tanks at Hanford. 

This waste was generated during the period 1944 to 1974 ond represents more 

than 95 percent of the total high-level waste expected to be generated during the 

operation period of the Hanford plutonium production facilities through 1978. 

Based on current production plans, the operation of N-Reactor and the Purex 

Processing Plant results in the generation of approximately 3.8 million lifers of 

high-level waste each year. Operation of these facilities through 1983 or 1990 

will generate about 1.9 x 10 or 4.5 x 10 liters of additional high-level liquid 

».aste, respectively. This liquid would be converted to 3.8 x 10 to I.I x 10 

liters of solidified waste. 

The thrust of the current waste management program for high-level waste is to 

convert stored and currently generated high-level waste from a liquid to a salt 

cake form. The existing evaporators, along with one evaporator currently under 

construction (1972), will solidify most of the stored and currently generated 

liquid waste to salt cake. A residuum of highly caustic liquid will remain which 

cannot be further evaporated with these evaporators. The residuum will be 

treated to produce a solid either by chemical addition or a special type 

evaporator, alternatives which are now under development. If a satisfactory 

solidified waste (immobile but removable) cannot be developed for interim 

storage at a reasonable cost, then the residuum could continue to be stored in 

double-wall tanks until an ultimate disposal method is in place. Replacement 

tanks could be built from time to time as needed to continue storoge of this 

liquid. Since any leakage from the primary tank can be collected, detected and 

removed by pumping from the secondary tank, leakage of liquid waste to the soil 

would be effectively eliminated. 

The solidification of the liquid waste, along with the construction of additional 

double-wall tanks to contain the liquids in interim periods, is considered to be the 

current program for management of the high-level waste. 

TERA CORPORATION 



4J0 SOLID WASTES 

4.1 OVERVIEW 

5 3 More than 1.42 x 10 m of contaminated solids have been buried on the 200 

Area plateau since the start of chemical processing operations. These wastes 

consist of so-called "dry waste" (soiled clothing, laboratory supplies, tools, etc., 

packed in cardboard, wood or metal containers) and industrial waste (primarily 

items of failed process equipment packaged in sealed metal containers) and 

segregated in the burial trenches since May 1970. Contaminated solid waste is 

buried in 19 sites on the 200 Area plateau using 63 hectares. Some failed equip

ment from the Purex Facility is stored in tunnels on flat cars. A summary of all 

solid waste volume is given in Table B-l I. 

A review of the distribution of waste by categories defined based on plutonium 

concentration and general radiation levels, indicates that the waste in the 200 

Area is generally low radiation level boxed dry waste. Tables B-l2 and B-l3 

present this information based upon Reference 18. It would appear that similar 

ratios would be appropriate for the present inventory of the 200 Area. 

Solid radioactive waste buried in the ground is considered to be in long-term 

storage. An exception is that waste buried after April 30, 1970, which is 

suspected of containing transuranium nuclides; this is considered to be in interim 

storage (20 years). Large items of solid waste, such as foiled equipment from 

locations where the presence of transuranium nuclides can be safely ruled out, 

are packaged in concrete boxes and buried in industrial waste burial trenches. 

Small items of failed equipment and trash-type contaminated waste, from 

locations where the presence of transuranium nuclides can be safely ruled out, 

are packaged in cardboard cartons, wood boxes, or steel or fiber drums and 

buried in the so-cailed "dry waste" trenches. 

The various waste containers used provide contoinment of nontransuranic radio

active contamination and minimize radiation exposure to personnel during tem

porary storage, handling, shipment, and burial operations. Once buried, no relia

bility is placed on the containers for confinement or retrievab'lity of these 

B-20 5 ^ 
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0 TABLE 3-11 

J] SUMMARY SOLID RADIOACTIVE WASTE RELEASES TO THE GROUND 1 6 

I f Waste 
Li Generation 

Quantity 
I f Waste 
Li Generation 

Currently 
Stored 

Future 
Storage 

Current 
Disposition 

Location 

L 100 Area 

Composition (m 3) (m 3 / y r ) ( a ) Location Location 

L 100 Area Miscellaneous solid 
waste 

U x l O 4 1,130 200 Areas 

J 200 Area Miscellaneous solid 
waste 

1.6 x I 0 5 2,600 200 Areas 

| 300 Area 

I 
1 

Miscellaneous solid 
waste from fuel 
element manufacturing 
containing uranium 
and thorium and 
from research and 
development 

2.1 x I 0 4 1,590 200 Areas 

600 Area 
! 

Miscellaneous solid 
waste 

(b) 0 200 Areas 

(a) All future solid waste sent to the 200 Area. 

(b) Volume not known. 
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TABLE B-12 

ESTIMATED VOLUMES OF BURIED TRANSURANIUM SOLID WASTE 
AT HANFORD 200 AREA BURIAL GROUNDS THROUGH 1969™ 

Surface Pu a Beta Activity Volume 
Type Dose Rote Content As Charged As Charged 

(mrem/hr) (kq) 

298 

(Ci) (m 3 ) 

1. Low radiation level, <I0 
boxed dry waste 

(kq) 

298 2,000 48,100 

2. High radiation level, > 10 
boxed dry waste 

34 8,000 19,800 

3. Failed metal equip- > 10 
ment (boxed or bagged) 

J2 620,000 70,750 

Total 355 630,000 138,650 

Boxed large equipment in > 1,000 
Purex rail tunnels 

>l > 10,000 1,550 

Cribs and surrounding soil <I0 
with Pu<20 liCi/kg 

260 3,100,000 

a Plutonium in use at Hanford typically is 94% Pu-239 and 6% Pu-240 and has specific 
alpha activity of 0.07 Ci/g of the element. 
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TABLE B-13 

ESTIMATED SOUD WASTE BURIALS IN HANFORD 200 AREAS DURING CY 196? 18 

1. Pu contaminated, 
low rodlation level! 
boxed dry waste 

2. Pu contaminated, 
Intermediate radiation level, 
boxed dry waste 

3. Pu contaminated, 
high radiation level, 
boxed dry waste 

4 . Failed metal equipment, 
high radiation level 
(boxed or bagged) 

5* Low transuranic, 
low radiation level, 
boxed dry waste 

6 . Low transuronlc, 
high radiation level, 
boxed dry waste 

Total 

Percent 
Burnable 

75 

75 

50 

10 

50 

10 

Surface 
Dose Rate 
(mrem/hr) 

< 2 

10-100 

> I00 

> 10 

< 10 

> 10 

Total 
Pu 

JaL 

It,000 

500 

400 

200 

5,000 

Non-Pu Beta-
Gamma Activity 

(CO 

130 

28,00" 

65,000 

34,000 

40,000 

168,000 

Total 
Volume 

<m 3 ) 

790 c 

630 

1,130 

5*0 

680 a 

1.700 

s,*7<r 

Waste in cardboard boxes, wood boxes, and metal drums consists of cloth, paper, plastic, tools, gloss filters, dirt, and 
miscellaneous small hordware. 
Consists primarily of failed metal equipment in wood or concrete boxes. 

c Includes 70 m from Rocky Flats. 
Includes 42 m 3 f r o m Lawrence Radiation Laboratory. 

e Total volumes were 4,300 m 3 in 1967 >irtd 4,950 m 3 in 1968. 
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materials. Although burial of the waste containers by backfilling the trench is 

normally done at the close of the day's receipt of solid waste, waste trenches are 

immediately backfilled whenever the dose rate at the edge of the trench reaches 

100 mR/hr. Solid waste is normally covered with three to six meters of earth to 

prevent uptake of radionuclides by plant life or disturbance by burrowing 

animals. An exception, waste contained in concrete boxes or small drums, may 

have a minimum dirt cover of four feet provided that radiation levels at grade 

are less than I mR/hr. Periodic routine surveillance of filled burial trenches is 

provided to assure that the burial grounds are maintained to meet existing 

standards. 

Solid waste, containing or suspected of containing transuranium nuclides above 

lOnCi/g buried after April 30, 1970, is packaged and buried in compliance with 

DOEM-0511. This directive states that "such wastes shall be segregated front 

other solid wastes and shall be packaged and buried so that they can be readily 

retrievable, as contamination-free packages, within an interim period of 20 

years." 

Formerly, the waste was packaged in steel drums and steel or concrete boxes and 

buried in special trenches. Subsequent evaluation of steel drums directly buried 

in Hanford soils indicated that failures could occur in less than 20 years and 

retrieval, as contamination-free packages, might not be possible. Two 

alternatives to direct burial were implemented on a test basis, either of which 

will protect the containers from direct contact with the soil and will permit ease 

of retrieval. One method consists of stacking steel drums on a pad and covering 

with plywood and nylon sheeting prior to covering with four feet of earth. The 

other method is placing the drums in a concrete "vee" trench, placing a metal 

cover over the top and covering with earth. 

Small items of transuranic-bearing solid waste, containing fission products 

capable of generating high dose rate gamma emissions, are packaged and shipped 

in shielded casks. This waste is discharged from the casks to caissons, which can 

be retrieved. 
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Some of the Purex ̂ recessing equipment is so large and becomes so contaminated 
in service, that its transport to a burial ground would require abnormally high 
exposure of operating personnel. Such equipment is placed on flatcars and 
pushed into the solid waste storage tunnels appended to the Purex Plant. 

4.2 TRU BURIAL FACILITIES1 6'1 8 

Asphalt pads are currently being used for the retrievable storage of low-activity 
TRU wastes. The wastes are packaged in 208-1 drums or in steel boxes and 
stacked on the pad in 7.3-m wide x 7.3 m-high modules. Rame-retardant 

I ; plywood is placed between the layers, and plywood is placed on top of the 
modules. The completed module is covered with PVC laminated nylon sheet and 

\l 13 m of soil overburden. TRU waste generated between June 1972 and March 
-- 1973 was placed in 208-1 drums and stored in a concrete "vee" trench. Waste 

drums were placed at a 45 angle inside the trench. A steel cover was then 
I: placed over the trench and covered with 1.2 m of soil as an overburden. 

Underground caissons are used for storage of small packages of high-activity 
TRU waste. The waste is packaged in 3.8-1 or 18.9-1 paint cans with clips or 

i resin to hold the lids in place. The caissons ore reinforced concrete cylinders 
buried 4.0 m below the surface. The caissons have 0.9-m-diameter chutes, offset 

j [ or convoluted to reduce surface radiation exposure. 

f- Extremely large, heavy, or highly contaminated waste equipment is stored on 

! railroad flat cars in two railroad tunnels. The contamination may be TRU or 
non-TRU and is usually associated with activation products. One tunnel is filled 

[j with eight flat cars and is now inactive. The second tunnel is 515 m long and can 
store about 42 flat cars. At present (1977), nine cars of waste are stored in this 

[j tunnel.18 

I I TRU waste unsuitable for pad or caisson storage due to size, secui ity require-
ments, or surface radiation is stored in alpha trenches, This waste is packaged in 
fiberglass-reinforced polyester-covered plywood boxes, reinforced concrete 
boxes, metal boxes, or 208-1 drums. Once placed in the trench, the waste is 
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covered with I meter of soil. These trenches are also used for storage of TRU 
and non-TRU classified waste in 208-1 drums. The drums are stacked vertically 
and covered with a plywood cover. Completely filled trenches are covered with 
a PVC laminated nylon sheet and 1.2 m of soil. Classified wastes are covered on 
the day they are placed in the trenches. 

Currently used packaging for radioactive wastes ranges from cardboard boxes 
sealed with tape to flanged steel containers with reinforced concrete shielding. 

The fissile content of each container accepted for burial is measured before or 
subsequent to packaging, and the amount of fissile material is recorded on the 
shipping papers. All of the wastes are monitored for surface contamination at 
their point of origin. Dose rates at the surface of a package are determined and 
recorded. All packages must be free from external contamination. Generally, 
radiation rates at the surface of a package are less than 10 mR/hr. High-
activity wastes are transported in shielded metal containers. 

The accumulated volume of radioactive waste at Hanford is approximately 
3 

188,000 m , which contains 2.039 KCi of radioactivity. 
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IJO BACKGROUND22' 

The Idaho National Engineering Laboratory (INEL), formerly named the National 

Reactor Testing Station, was established in 1949 as an area where nuclear 

reactors, support plants, and equipment could be constructed, tested, and 
2 

operated. The INEL covers an area of about 2,300 km on the central edge of 

the semiarid Snake River Plain. Since 1949, 51 nuclear facilities, mostly 

reactors, have been built, or are under construction or design at the INEL. These 

facilities include the Idaho Chemical Processing Plant (ICPP), which reprocesses 

irradiated spent nuclear fuel. 

The ICPP is in a fenced security area of about 0.4 km located within the INEL. 

The ICPP facilities are designed to recover unused fissionable uranism from 

irradiated nuclear fuels. Usually the fuels come from the research and test 

reactors and from military reactors. 

In the recovery process the unused uranium is separated from the other fuel 

components and purified for future reuse. The other fuel components (jacketing 

materials and fission products) are separated and retained as acidic high-level 

liquid waste (HLLW) in underground stainless steel tanks. At the ICPP Waste 

Cclcining Facility (WCF) this HLLW is converted to granular solid (calciie), 

which is placed in stainless steel bins in underground reinforced-concrete vaults 

at the ICPP. 

Solid contaminated waste, except for the calcined solids, is transported to the 

INEL Radioactive Waste Management Complex (RWMC)j uncontaminoted solid 

waste is deposited in a sanitary land f i l l . 
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2J) DESCRIPTION OF FACLITIES21 

INEL is comprised of the following: 

1. Argonne National Laboratory - West (ANL-W) 

2. Naval Reactors Facility (NRF) 

3. Idaho Chemical Processing Plant {ICPP) 

k. Test Area North Support Facility (TAN) 

5. Loss of Fluid Test Facility (LOFT) 

6. Power Burst Facility (PBF) 

7. Test Reactor Area (TRA) 

8. Central Fxilities Area (CFA) 

9. INEL Solid Rodioactive Waste Management Areas 

10. Auxiliary Reactor Area 

11. Low Power Test and Experimental Beryllium Oxide 
Reactor Facilities 

12. Idle Facilities 

2.1 LIQUID WASTE STORAGE FACILITIES 

Of the facilities listed above only ICPP has interim storage of high-level liquid 

waste (prior to calcining). At all facilities low-level liquid wastes are processed 

prior to discharge to the environment. 

2.2 SOLID RADIOACTIVE WASTE FACILITIES 

The solid radioactive waste facilities at the INEL are the Radioactive Waste 

Management Complex (RWMC), SL-I Burial Ground, ANL Solid Waste Storage 

Area, and the ICPP Calcined Waste Storage Area. 
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At the RWMC and SL-I Burial Grounds, fission and activation product wastes are 

buried directly in the soil below ground level. Uranic and transuranic wastes are 

currently stored above the land surface in fire-resistant and watertight 

containers at the Transuranic Storage Area (TSA). These containers are placed 

on an asphalt pavement and covered with plywood-plastic and soil. At the ANL 

Solid Waste Storage Area and the ICPP Calcined Waste Storage Area, radioactive 

wastes are stored in watertight steel containers and concrete vaults placed below 

the ground. Table C-l lists the total amounts of wastes located in each of these 

areas as of the end of December 1974. 

The estimated curie amounts apply at the time of deposition, or, in the case of 

the ICPP, at the time of calcination. Radioactive decay has further reduced the 

amount of activity. 

The following individual areas are enclosed within fences: 

(1) RWMC Subsurface 

Disposal Area (SDA) 35.6 hectares 

(2) TSA 23.5 hectares 

(3) SL-I Burial Ground 1.6 hectares 

ft) ANL-W Solid Waste Storage Area 2.0 hectares 

(5) ICPP Calcined Waste Storage Area 1.2 hectares 

Total 63.9 hectares 
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TABLE C-l 

TOTAL AMOUNTS OF SOLID RADIOACTIVE WASTES BY AREA I952-I974 2 1 

Areo Volume (m 3) Curies 

RWMC Subsurface Disposal 139,000 5,978,000 

Transuranic Storage Area 2M78 93,525 

SL-I Burial Ground 2,320 600 

ANL Solid Waste Storage Area ( a ) 62 9,W0,I7I 

ICPP Calcined Waste Storage ( a ' b ) 1,222 52.862,000 

Total 157,082 58,423,696 

(a) Storage 

(b) Represents 1.06 x 10 liters of liquid waste 
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3.0 HGH-UEVaUQUD RADIOACTIVE WASTE 

The HLLW at the ICPP is stored on on interim basis at the tank farm. All HLLW 

eventually is solidified in the WCF and placed in retrievable storage. 

The tank farm contains eleven (I I) 1.14-million liter and four (4) 114,000-liter 
22 

stainless steel tanks for interim storage of HLLW . The 1.14-million liter tanks 

are located in concrete vaults. 
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M SOLID RADIOACTIVE WASTE 

There are several areas at the INEL dedicated to the storage or disposal by burial 

of solid radioactive waste material. These areas are: (a) INEL Radioactive 

Waste Management Complex and associated Transuranic Storage Area (TSA), (b) 

SL-I Burial Ground, (c) High-Level Waste Storage Facility at ANL-W, and (d) 

Calcined Solids Storage Facilities at ICPP for storage ot solid calciner product. 
21 

,21, 17 4.1 INEL RADIOACTIVE WASTE MANAGEMENT COMPLEX (RWMC)' 

The RWMC was established in 1952 to accommodate the radioactive wastes 

generated by Laboratory operations. In addition to wastes generated at the 

INEL, the RWMC has also received wastes from the DOE's Rocky Fiats Plant 

since 1954. Most of these wastes are contaminated with uranic and transuranic 

nuclides. Lesser quantities of waste have also been received over the years from 

other DOE-associated facilities. 

The RWMC is located in the southwestern part of INEL and is enclosed by fences 

and surrounded by dikes and drainage channels. 

In terms of area, RWMC constitutes 70 percent of all INEL waste facilities, 

including seepage ponds and storage areas for high-level waste. Four major on-

_ site contractors ship their waste to RWMC. Also, other DOE facilities 

i t throughout the country send TRU waste to RWMC for storage. 

Waste received for storage or disposal must comply with DOT shipping 

requirements, DOE-ID Manual 0529, and RWMC documents such as waste 

packaging guidelines, standard practices, and operating procedures. 

RWMC is divided in two fenced sections: Vhe subsurface disposal area (SDA), 

which is 35.5 ha, and the transuranic storage area (TSA), which is 22.3 ha. 

Approximately 8.1 ha remains for future disposal at SDA and 17.8 ha remains for 

future disposal at TSA. These are described below. 
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4.1.1 SUBSURFACE DISPOSAL AREA (SDAr' 

L Underground and above-ground disposal activities are carried out in the 35.6 ha 

r SDA. Facilities include trenches, pits and soil vaults or shafts. 

A. I.I.I TRENCHES 

These disposal trenches are between 150 and 300 m in length x 6 m in width x 4.5 

I m in diameter. They are used for the disposal of compactible solid radioactive 

waste such as paper, rags, etc., and also for most high-radiation-level (beto-

r gamma) waste. 

r The majority of on-site solid low-level radioactive waste, until January 1974, was 

| received at the RWMC in cardboard boxes sealed with tape. The waste was 

compacted to about half its volume, and a three-foot soil cover was applied. 

I Since 1971 compactible waste generated at Naval Reactor Facilities has been 

compacted and sent to the RWMC in bales. Since January 1974, all other 
1 compcctible waste received at the RWMC is being compacted. Use of a bale-

type unit that utilizes a hydraulic press to achieve a 10-to-l reduction in waste 

volume has been implemented. The 270 kg tales are placed in specially designed 

fiberboard boxes with plastic liners that provide a protective container and aid 

stacking in the pits or trenches. Presently, most of the on-site wastes are 

i transported to the RWMC in plastic bags to accommodate the new compaction 

operation. Larger noncompactible wastes arrive in wooden boxes and are stacked 

in the trenches along with the compacted bales. 

Wastes with high gamma radiation levels are handled remotely, utilizing special 

shielded containers and boom cranes. When the trenches are full, they are 

F; covered with a minimum of three feet of soil. 

P Facilities for the TRU waste retrieval projects (Initial Drum Retrieval and Early 

%_ Waste Retrieval (EWR) projects) are also located witWn the SDA. These 

retrieval activities are contained within two structures known as the air support 

B weather shields. The EWR is double contained, with the operating area enclosed 

I 
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in a second structure within the weather shield. The waste retrieved by these 

projects is repackaged and placed in a 20-year retrieval storage on the TSA-R 

pad. 

4.1.1.2 PITS 

The disposal pits range in size from 30 to 45 m in width, 150 to 300 m in length, 

and 2 to 7.3 m in depth. Bulky, irregular sized wastes such as tanks, drums, 

piping, e tc , are transported to c pit in trunks, deposited therein, and covered 

with soil when enough area has been filled to allow earthmoving equipment to 

travel across the face of the pit. Low-activity beta-gamma wastes are disposed 

of in these pits. 

4.1.1.3 VAULTS 

Soil vaults or shafts (0,4 m in diameter x 3 m deep) are also used for disposal of 

high-activity beta-gamma wastes. These structures are expected to replace the 

trench concept in the disposal of bulky items such as reactor heads. 

4.1.2 TRANSURANIC DISPOSAL AREA (TDA) 

Waste containing less than 10 n Ci/g of TRU elements is disposed of above 

ground on the Transuranic Disposal Area The TDA consists of asphalt pads 
2 

having level surfaces of about 1,900 m , enclosed on three sides by an earth 

berm. The 7.6 cm asphalt surface rests upon a 10 cm gravel base and is sloped 

toward the center and the open end for drainage of moisture. One such pad is 

presently in use (which is designated as Transuranic Disposal Area-TDA) at the 

RWMC. Drums and crates of uranic and transuranic waste containing less than 

10 nCi of transuranic activity per gram of waste, ore stacked on the pad in a 

horizontal geometric configuration to a height of about 5.5 m. Once a section of 

the pad is filled with containers, earth is moved over the top and sides of the 

stack to provide a moisture barrier over the waste. This storage concept allows 

for greater container integrity, an all-weather working surface, and maximum 

utilization of surface area within the RWMC. 
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4.1.3 TRANSURANIC STORAGE AREA (TSA) 

The construction of the TSA is similar to that of the TDA and affords the same 

advantages. Transuranic wastes containing more than 10 nG/g of TRU elements 

are stored on on interim basis on this pad, which measures 45.7 m x 228.6 m. The 

pads are constructed of 7.6 cm of asphalt over a base of 10.2 cm of compacted 

gravel. The waste is packaged in containers designed for 20-year integrity. The 

bulk of the wastes stored on the TSA pad arrives at the INEL by rail from the 

Rocky Flats Plant. Some U-233 wastes from Bettis Atomic Power Laboratory 

(BAPL), which is associated with the DOE's Pittsburgh Naval Reactor Office, and 

other potential sources, such as the DOE's Mound Facility at Miamisburg, Ohio, 

are also received -along with any INEL-generated transuranic wastes. The 

containers must meet 20-year integrity requirements fcr storage on the TSA pad, 

along with other safety and administrative imposed reqiirements. 

The TSA is filled in 25 x 46-m sections called "cells." The drums are stacked five 

drums high in a close-pitched triangular array with a layer of fire-retardant 

plywood and plastic sheeting separating each level. The sides of the cells are 

lined with \2 x \2 x 2.1-m fiberglass-coated wooden boxes that contain waste 

too bulky for the drums. The boxes define the cells and provide end support for 

the drum array. Each cell in the 228.6 m length of the pad is separated by a 0.9 

m-thick soil firewall as the cell is completed. The sntire array is covered with 

fire-retardant plywood and nylon-reinforced polyvinyl before the final 0.6 to 0.9 

m-thick soil cover is placed. 

Waste containing more than 10 nCi/g of TRU elements, plus activation and/or 

fission products in concentrations requiring special handling, is stored in the 

Intermediate-Level Tronsuranic Storage Facility (ILTSF). This facility consists of 

26 concrete-filled carbon steel storage vaults constructed from 7.9 m vertical 

pipes, 61 and 40.1-cm in diameter. The pipes are enclosed in a 1.5-m-high earth 

embankment. A removable concrete plug in each vault provides shielding. 

Sixteen additional vaults were scheduled for construction near the end of FY 

-1977. 
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4.1.4 SOLID RADIOACTIVE WASTE DATA 2 1 

Solid radioactive waste enters the SDA and TSA in the following containers: 

(1) Special shielded cask inserts (SDA) 

(2) 208- and 114-liter steel drums mostly from off-site 
shippers (TSA) 

(3) 1,2 x 1.2 x. 2.1 m wooden boxes (TSA) 

(4) Compacted 0.4 m 3 bales (SDA) 

(5) Fiber barrels (SDA) 

(6) Other special containers, such as the 0.02 mm yellow 
plastic bags used for compactible waste (SDA) 

Special administrative forms contain information or. waste volume and nuclide 

content and activity which is used as input to the DOE quarterly computerized 

radioactive waste reporting system (called SWIMS). Waste currently placed in 

the SDA is considered disposed of, whereas that stacked in the TSA is considered 

stored. From 1954 through November 1970, waste containing approximately 2 x 

10 Ci of plutonium-contaminated waste was disposed of at the INEL Subsurface 

Disposal Area. Pu-241 comprised about 87 percent of this activity with lesser 

amounts of Pu-238, -239, -240, and -242. The transuranic wastes that were 

buried at the Radioactive Waste Management Complex prior to November 1970 

are presently being retrieved. An air-support building, is being used to avoid 

potential contamination of the environment during the retrieval program. The 

air-support building is positioned over the work site, the soil overburden is 

removed, the disposed 208-liter drums are recovered and then repackaged in 314-

liter steel drums or wood and fiberglass boxes. After the drums have been 

removed from the area under the air-support building, the excavated area is 

backfilled with soil, smoothed, and graded to comply with drainage requirements. 

The air-support building is then moved to another location and the work sequence 

repeated. The repackaged drums from this retrieval program are being stored on 

the TSA. Ultimate disposal will be at a Federal repository. 
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A summary of solid radioactive wastes stored or disposed of at the TSA and SDA 

during 1974 is given in Table C-2. 

Table C-3 is a list of the radioactive nuclides disposed of at the INEL in 1974. 

The radioactive nuclides stored at the TSA during 1974 are listed in Table C-4. 

Table C-5 shows a 21-year summary of wastes disposed of at the SDA or stored 

at the TSA. 

Figures C-l and C-2 show graphically the total volume and activity of solid 

wastes handled from 1952 through 1974 while Figures C-3 and C-4 present the 

cumulative waste generations. 

4.2 SL-I BURIAL GROUND21 

SL-I experienced an accidental nuclear excursion on January 3, 1961, which 

destroyed the reactor and contaminated the reactor building. The reactor and 

reactor building were dismantled. Most of the dismantled building, contaminated 

equipment, and the decontamination waste were interred directly in a burial 

ground established a short distance from the facility. 

Only about five percent of the fission products from the excursion (about 130 

MW-sec) escaped from the pressure vessel during the accident. The uranium was 

all reclaimed except for a little less than one kg. Measurements of waste going 

into the SL-I Burial Ground indicate that about 600 Ci were interred owing to 

the accident. Since the SL-I disposal area was only for waste from the one 

incident, this amount constitutes the total material buried in the area. No 

wastes have been buried there since 1962. 

The total area within the exclusion fence around the disposal area is about 1.7 

hectares. 
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TABLE C-2 

SOLID RADIOACTIVE WASTE STORED OR DISPOSED 
OF AT INEL SDA OR TSA DURING I974 2 1 

DISPOSED-OF WASTES 

Volume 
Oriqinotina Facility <m 3) Curies 

ANL 269 708 
ARA 23 1 
CFA 218 16 
CPP 963 5,739 

NRF 275 5,822 

SPERT 28 1 
TAN 201 6,736 

TRA 215 736 

Rocky Flats 1,526 10 

Total 3,718 

STORED WASTE 

19,770 

TSA 4,135 23,530 
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TABLE C-3 

SOLID RADIONUCLIDES DISPOSED OF AT INEL SDA DURING I974 2 1 

Nuclide Curies 

Antimony-125 107 
Cerium-141 2 
Cerium-144 805 
Cesium* 134 66 
Cesium-137 1,424 
Chromium-51 82 
Cobalt-58 2 
Cobalt-60 7,662 
Europium-154 42 
Europium-155 24 
lron-59 1,440 
Manganese-54 72 
Mixed activation products 92 
Mixed fission products 761 
Nickel-59 3,200 
Plutonium-238 1 
Plutonium-239 1 
Plutonium-240 1 
Plutonium-241 5 
Plutonium-242 1 
Praseodymium-144 324 
Radium-226 1 
Rhodium-106 48 
Rubidium-86 63 
Ruthenium-106 338 
Strontii" 90 1,579 
Thor'- n "32 1 
Uraniuni-j ri 1 
Uranium-2 5 1 
Uranium-2?S 5 
Unidentified ulpha 1 
Unidentified beta and gamma 29 
Yttrium-90 1,081 
Zinc-65 361 
Zirconium/niobium-95 154 

Total 19,770 
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TABLE C-4 

TSA NUCLIDE SUMMARY IN CURIES FOR I974 2 1 

Nuclide Curies 

Americium-241 4,453 
[ Mixed fission products 22 

Plutonium-238 58 
Plutonium-239 | ,92| 
Plutonium-240 472 
Plutonium-241 16,390 
Plutonium-242 I 
Uranium-232 3 
Uranium-233 204 
Uronium-238 I 

Total 23,530 

y 
i 
D 

I 
1 
I 
I 
0 
0 % 

C-14 ^CORPORATION 



TABLE C-5 

SOLID RADIOACTIVE WASTE DISPOSED OF 

OR STORED AT RWMC I952-I9742 1 

Disposed Stored 

Volume Volume 

YeaKs) (m 3 ) Curies (m 3) Curies 

1952-1964 61,738 771,300 

1965 7,533 702,900 

1966 9,487 924,300 

1967 9,657 877,800 

1968 13,735 301,500 

1969 11,498 971,000 

1970 12,517 504,400 1,416 4,225 

1971 4,022 350,900 7,108 12,670 

1972 3,540 214,700 5,919 28,500 

1973 3,880 339,800 5,891 24,600 

1974 3,718 19,700 4,135 23,530 

Total 141,325 5,973,000 24,469 93,525 
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4.3 ICPP CALCINED SOLID STORAGE FACILITIES4' • 

The ICPP calciner storage bins area is considered a solid waste management 

location. These underground engineered receiving bins store the solid calciner 

product. These storage bins were first put into service in 1963 and through 1974 

approximately 53 million Ci of radioactivity representing 12,255 m of total 

volume have been stored within them. Almost 100 percent of this radioactivity 

is composed of Sr-90 and Cs-137. Table C-6 gives the quantity of calcined solid 
3 

waste. Calcined solid waste is expected to continue at a rate of 140 m per year 

until approximately 1980 when a new calciner will be available. Solid calcine 
3 

waste generation will then be 450 m per year. Table C-7 presents typical 
22 

properties of the calcined solids which are generated at ICPP. 

Other solid radioactive wastes generated and handled at the ICPP include filter 

cartridges, WCF off-gas filters, ion-exchange resins, sediment from settling 

basins, and hot waste boxes containing low-level contaminated wastes. Approxi-
3 

mately 600 to 700 m of solid waste typically are sent to the RWMC annually. 
The waste is packaged in cardboard boxes, wooden boxes, and metal drums. All 

solid wastes from the ICPP are monitored for volume, radioactivity, and major 

nuclides prior to disposal. 

4.4 ANL RADIOACTIVE SCRAP AND WASTE FACILITY2' 

The ANL Radioactive Scrap and Waste Facility is a controlled access, fenced 1.6 

hectare area. The facility is 120 m wide by 137 m long. The storage site utilizes 

storage holes with steel liners which are fabricated of Schedule 10 pipe (3.7 m 

long and 0.4 m outside diameter with a 0.64 cm-thick wall). They are welded 

closed at the bottom end and provided with a top closure plate. The top plate is 

welded on after the material has been deposited in the liner and has been 

shielded with a concrete plug. Gravel shielding was used in some cases prior to 

1974. 

The facility was designed for 27 rows on 3.7 m centers with approximately 40 

holes per row on 1.8 m centers allowing space for approximately 1,080 holes. 
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TABLE C-6 

RADIOACTIVE LIQUID WASTE SOLIDIFIED 
BY FLUIDIZED BED CALCINATION 22 

Liquid 
Volume Calcined ( a ) 

Solid 
Waste Produced*b) (c) Radioactivity 

Compaiqn (liters) (m 3) (Ci) 

H-l 1,934,000 215 10.0 x I0 6 

H-2 3,744,000 413 19.7 x I0 6 

H-3 1,245,000 159 3.2 x I 0 S 

H-4 851,000 130 1.2 x I 0 6 

H-5 1,136,000 150 6.6 x 10* 

H-6 1,175,000 185 5.1 x I 0 S 

H-7<d> 1,514,000 228 6.0 x I 0 6 

TOTALS 11,600,000 1,480 51.8 x 10* 

(a) Nonradioactive liquid wastes used for startup checkout are not included, 
and WCF decontamination wastes are not subtracted. 

(b) Solids include radioactive and nonradioactive calcine and tne starting-bed 
material> 

(c) Activities are computed at time of calcination. 

(d) Projection for the part of H-7 in FY 1976 transition quarter (to October I, 
1976). 
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TABLE C-7 

TYPICAL PROPERTIES OF CALCINED SOLIDS22 

Fluoride Waste Nonfluoride Waste 

Bulk Density, kg/m3 (lb/ft 3) 1600(100) 1120(70) 

Heat Generation Rate, W/kg 0.065-0.13 0.26 

Chemical Properties 

Metallic Oxides (wt %) 43.3 89.2 

Nitrogen as N-Or (wt %) <l.0 4.0 

Water as HjO (wt %) <I.O <2.0 

Calcium as CaF. (wt %) 

Fission Product and Other 
Oxides or Fluorides (wt %) 0.5 4.8 

Radiochemical Properties 

Cs-137, Ci/kg (Ci/lb) 2.86 (1.30) 17.6 (8.00) 

Sr-90, Ci/kg (Ci/lb) 3.52 (1.60) 13.2 (6.00) 

Pu, Ci/kg (Ci/lb) 0.01 (0.0045) 0.02 (0.009) 
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The facility was first used in 1965 and through 1974 has received 56.6 m of 

waste totaling >rlO million Ci of radioactivity, all of which originated at ANL. 

Trie material consists primarily of waste metal from fuel handling and 

refabrication operations. The waste is remotely loaded into o steel waste can 

which is then sealed and placed in a top-loading, bottom-unloading waste 

handling cask. The cask provides adequate shielding for personnel protection and 

when loaded is removed from the loading cell and transported on a special truck 

to the storage site. The special truck allows the cask to be positioned directly 

over an empty hole for easy placement of the steel waste can. Table C-8 shows 

the nuclide summary for 1974, and Table C-9 gives the summary of waste stored 

in the facility from 1965 through 1974. 

If in the future it should become desirable to do so, the storage liners (complete 

with contained waste) could be retrieved. A detailed surface and structural 

examination of an empty underground storage tube was conducted after 5-1/2 

years of use. The examination included a visual observation of the surface, 

microstructural, and micrometer measurements. The storage containers re

ceived only slight corrosion on the outer surfaces. The small deviations observed 

from the "as-specified" wall thickness of the container indicate that the integrity 

of the container is well preserved and prolonged life can be expected under 

identical exposure conditions. 

4.5 ACCUMULATED WASTE 

The total volume of waste that has been disposed of at INEL (through 1976) is 

156,150 m of primarily mixed fission and activation products. Also, 266 kg of 

TRU elements have been stored, and 332 kg were buried prior to the 
17 retrievability requirement. 
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TABLE C-8 

ANLW STORAGE AREA NUCLIDE SUMMARY FOR I974 2 1 

Nuclide Curies 

Chromium-51 19,090 

Cobalt-58 8,354 
Cobalt-60 47,920 
Manganese-54 9,802 
Mixed uctivation products 5,744 
Mixed fission products 603 
Plutonium-239 23 
Uranium-235 I 
Uranium-238 \_ 

Total 91,536 

C20 
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TABLE C-9 

SOLID RADIOACTIVE WASTE STORED AT ANLW I965-I974 2 1 

Year Volume (m3) Curies 

1965 7 760,797 
1966 16 2,454,465 
1967 13 1,492,504 
1968 9 1,878,902 
1969 5 950,961 
1970 2 671,900 
1971 3 476,733 
1972 4 274,073 
1973 2 438,300 
1974 1 91,536 

Total 62 9,490,171 
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SAVANNAH RIVER PLANT (SRP) 
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14 BACKGROUND2 3'2* 

Since 1953, the Savannah River Plant (SRP), near Aiken, South Carolina, has been 

producing special nuclear materials, primarily plutonium and tritium, for defense 

purposes. The SRP facilities were constructed and initially operated for the 

Atomic Energy Commission. Operation since 1975 has continued under the 

direction of the Energy Research and Development Administration (ERDA) and 

presently the Department of Energy (DOE). 

The SRP operations produce high-level radioactive waste in the chemical pro

cessing of fuel and target elements after irradiation in the SRP nuclear reactors. 

This waste is stored as an alkaline liquid with a precipitated sludge until the 

decay heating has abated appreciably. Then the supernatant liquid is converted 

to salt cake to reduce volume and mobility. The storage facilities are large 

underground tanks that are engineered to provide reliable isolation of waste from 

the environment. 

At SRP, solid wastes contaminated with transuranium nuclides are generated 

primarily in the final purification areas (B lines) of the two separations plants. 

Wastes from the B line of the F plant contain principally Pu-239 while those from 
I ; 

I • the B line of the H plant contain principally Pu-238. All wastes are buried in a 

n local on-site burial ground. Through calendar year 1965, most waste was in 

II cardboard cartons with relatively little provision for confinement and retriev-

, , ability. Since that time, coincident with large scale processing of Pu-238, most 

1 wastes containing > 0. curie of Pu-239 or Pu-238 per package have been 

encapsulated in concrete before burial to immobilize the waste and to facilitate 

| | possible future retrieval. 

I 
I 
I 
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2.0 UQUD WASTE STORAGE FACLIT1ES 

2.1 HIGH-LEVEL LIQUID WASTES 

Liquid radioactive wastes are produced at SRP primarily from nuclear fuel 

reprocessing operations in the F and H Areas. These wastes are stored in large 

underground tanks in these areas by methods that do not preclude any of the 

possible options for long-range management of the wastes. 

Recovery processes in the hot (heavily shielded) and warm (moderately shielded) 

canyons generate aqueous waste streams that contain most of the fission 

products. These waste streams that come from the warm canyon are referred to 

as low-heat waste (LHW) and those from the hot canyon are high-heat waste 

(HHW). This terminology is used to identify the source of the waste and to 

indicate that LHW will not require auxiliary heat removal, as does HHW. The 

term "high-level liquid waste" includes both HHW and LHW. The wastes are 

made alkaline and flow by gravity from the processing buildings to the waste 

storage tank farm. 

Fresh waste is age^ *or one to two years to permit settling and the decay of 

short-lived fission cts. During this period insoluble materials settle to form 

a layer of sludge at the bottom of the tank. The sludge is a mixture of oxides 

and hydroxides of manganese, iron, and some aluminum; small amounts of 

uranium, plutonium, and mercury; and essentially all of the fission products 

originally in the irradiated fuel except cesium. After aging, the supernate, 

containing dissolved salts and radioactive cesium, is transferred to a continuous 

evaporator. The concentrate from the evaporator is transferred to a cooled 

waste tank where the suspended salts settle. After cooling, additional salt 

crystallizes. The supemate is returned to the evaporator for further concentra

tion. This process continues until the liquid has been converted to a crystallized 

salt cake. The low-heat waste is handled similarly to high-heat waste. Low-heat 

salts OK now being accumulated in uncooled waste tanks. 
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Ranges of chemical compositions, principal long-lived radioactive constituents 

and other properties of high-level liquid wastes (LHW and HHW) are presented in 

Table D- l . 

At present, SRP has 30 large subsurface tanks for the storage of aqueous radio

active wastes, as sludge, supernatant liquid of various salt concentrations, and 

salt coke. Sixteen of these tanks are adjacent to one separations plant (H Area) 

and 14 are adjacent to the other (F Area). Three additional tanks are nearing 

completion in H Area, and four tanks are under construction in F Area. All of 

the waste tanks are below ground, and are built of carbon steel and reinforced 

concrete, but they are of four somewhat different designs. Three designs have 

double steel walls and bottoms and forced water cooling systems and are used 

primarily for high-heat waste and waste concentrate; the fourth design has a 

single steel wall directly supported by the encasing reinforced concrete, has no 
23 forced cooling, and is used primarily for low-heat waste and concentrate. 

Table D-2 summarizes the volumes of total waste, sludge, and salt in the tanks as 

of December 1975. 

Net accumulation of stored waste from current fresh waste receipts and tank 

farm evaporator operation is expected to continue at no more than an average 

rate of 3.8 million liters per year. The volume of liquid supernate stored in the 

waste tanks will vary with time as waste management operations are carried out 

to relocate existing and new wastes. Transfer of existing salt cake and sludge to 

new or improved tanks will temporarily increase the total volume of waste 

because of the water added to accomplish the transfers. Addition of new 

evaporators and improved in-tank coolers will reduce the liquid volume. 

Spare volume is maintained in sound double-wall tanks in each of the two waste 

tank areas (F and H). This volume is equivalent to the largest volume of waste 

stored in any one tank. New waste tanks that are now under constuction or 

planned will enable the replacement of all single-wall tanks and those double-

wall tanks that have leaked waste liquid and salt into the annulus between the 

primary and secondary steel container. 
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TABLE D-l 

RANGE OF CHEMICAL COMPOSITIONS OF 
SRP HIGH-LEVEL LIQUID WASTES' 23 

Constituent Concentration 

Supernate 
NaM0 3, NaN0 2 3to6M 

Na 2 C0 3 
0.1 to0.3M 

Na 2 S0 4 
0.02to0.2M 

NaOH ItofiM 

NaAl (OH^ 0.4tol.0M 

Sludges(a) 

Mn0 2 
Principal constituents 

Fe(OH)3 
of sludge 

Radioisotopes 
Sr-50 0.3 to 180 Ci/I 

Cs-137 0.3 to 6 Ci/I 

Pu-238 0.0003 to 0.3 Ci/I 

Pu-239 0.03 to 6m Ci/I 

(a) Settled volume J* 10% of supernate volume. 
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TABLE D-2 

CONTENTS OF HIGH-LEVEL LIQUID WASTE TANKS 

0 

DECEMBER I975 2 3 

0 
Millions 
of liters 

0 Total volume of waste, F and H Areas 77.3 

11 Volume of sludge 9.0 11 
Volume of salt cake 25.5 

fl Volume of liquid supemate 42.8 

Total unoccupied storage space 33.7 ( 0 ) 

(a) Includes working volume and emergency spare volume. 
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All of the .lew tanks will be of the latest type, with the primary container fully 

stress-relieved and a full height secondary container. 

By the mid-1980's, all of the high-level liquid waste is estimated to be stored in 

tanks completed in 1970 or later. Evaporators will be constructed as needed so 

that waste evaporation capacity will not limit the tank replacement program. 

Current waste management practices, including the construction of new double-

wall waste tanks to replace the older single-wall and leaking double-wall tanks, 

do not preclude any of the possible options for long-term management of SRP 

wastes. These options include improvement in current practices based on con

tinued surveillance and maintenance and, at the other extreme, complete 

removal of the wastes from tank storage and conversion to an inert solid form 

for ultimate storage. It has been demonstrated at SRP that the waste salt can be 

redissolved and that the settled sludge can be removed by a combination of 

hydraulic and chemical cleaning. 

D-6 
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3.0 SOLID RADIOACTIVE WASTE STORAGE SITE (BURIAL GROUND) 

I I FACILITY DESCRIPTION 2 3 ' l 7 

One centrally located solid radioactive waste storage site is used to store all 

radioactive solid waste produced at the Sovannah River Plant as well as 

occasional special DOE shipments from off-site. This storage site occupies 78.9 

hectares approximately 10 km from the nearest plant boundary. The original 

area of 31 hectares, which began to receive waste in 1953, was filled in 1972, and 

operations were shifted to a ^-hectare site contiguous to the original area. A 

paved road to its entrance and many unpaved roads inside the fenced area 

provide access for trucks, the usual transportation mode for solid waste. Three 

r railroad spurs permit shipments of large pieces of contaminated process 

I equipment from the plant's operating areas. 

If The solid waste storage site is divided into sections for accommodating various 

levels and types of radioactivity in waste materials: transuranium (TRU) alpha 

| { waste, low beta-gamma waste, and high beta-gamma waste (high beta-gamma 

and low beta-gamma solid radioactive wastes are those containing primarily 

U beta-gamma emitters which are segregated according to radation measurement). 

Examples of the materials in storage include: 

11 
0 

u 
ei 

i 
I 
I 

I 
I 
1 
I 

• Contaminated equipment - obsolete or failed tanks, pipes, 
jumpers, and other process equipment from the fuel 
separations plants. 

• Reactor and reactor fuel hardware - fuel components and 
housings not containing irradiated fuel and spent deionizer 
resins. 

• Spent lithium-aluminum targets - the waste target alloy 
after tritium has been extracted. 

• Oil from gas displacement pumps in the tritium facilities -
before burial, oil is placed in drums containing an 

absorbent material. 

D-7 
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• Mercury from g*s pumps in iritium facilities - before 
initiation of recycling in 1968, deteriorated and contami
nated mercury was buried with primary containment by 
one-liter polyethylene bottles. 

• Incidental waste from laboratory and production opera
tions - small equipment, spent air filters, clothes, analyti
cal waste, decontamination residues, plastic sheeting, and 
gloves. 

• Occasional shipments from offsite - tritiated waste from 
the Mound Facility, Pu-238 process waste from Los 
Alamos Scientific Laboratory (LASL) and the Mound 
Facility, and debris from two U.S. military airplane 
accidents in foreign countries. 

Accurate records are kept of the contents, radiation level, and storage location 

of each load of waste. Shipments are described and recorded, and permanent 

computerized records are maintained on magnetic tape. The exact location of 

the burial trenches is defined by use of a 30.5-m grid system laid out in 1962. 

The 30.5-m grids are further divided into twenty-five 6.1-m squares. 

3.2 STORAGE MODES 2 3 ' 1 7 

There are two types of facility storage modes at SRP: pads and trenches. Waste 

emplacements are covered promptly with soil to reduce radiation exposures and 

the potential of fire and wind-blown contamination. When a trench is nearly 

filled with waste, it is backfilled with soil. The minimum soil cover is 1.2 m, but 

it must be sufficient to reduce surface radiation to 6 mR/hr or less. 

3.2.1 TRU WASTE23 

Transuronic waste was originally buried in plastic bags and cardboard boxes in 

earthen trenches designated specifically for this waste. At Savannah River 

beginning in 1965, TRU waste was segregated according to TRU content into two 

categories, retrievable and nonretrievable, and additional containment was added 

for retrievable waste. Waste containing greater than 0.1 Ci per package was 

placed in prefabricated concrete containers and then buried. These retrievable 
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containers were 1.8 meters in diameter by 2 meters high. Waste that did not fit 

u into the prefabricated concrete containers was encapsulated in concrete, 

IE Transuranium waste from the Savannah River Laboratory was buried in cubical 

,.. concrete containers. Waste containing less than 0.1 Ci per package was burled 

uloti 
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3 
unencapsulated in alpha trenches. A total of 242,900 m was buried under these 
practices. 

In 1974. the storage procedures were modified to reflect new DOE criteria 

governing retrievable storage of solid transuranic waste. Transuranium wastes 

contaminated to greater than lOnCi/g are now stored, protected from contact 

with water-saturated soil, in containers that can be retrieved intact and free of 

external contamination for at least twenty years from the time of storage. 

Combustible and noncombustible wastes are stored in separate containers. 

Polyethylene-lined galvanized drums are used as the primary container; waste 

packages containing more than 0.1 Ci are additionally protected by closure in 

concrete cylinders. Containers are stored on a steel-bar-reinforced concrete pad 

(18 m in width by 46 m in length by 0.3 m in thickness) and covered with 1.2 m of 

earth. The top layer is covered with asphalt and soil and then seeded. In 

accordance with DOE Manual 0511, canyon equipment and other bulky wastes 

contaminated with transuranium nuclides to greater than 10 nCi/g and also 

intensely contaminated with gamma emitters are stored directly in earthen 

trenches protected from contact with water-saturated soil. Waste is placed in 

the trench and covered with soil soon after its placement. The minimum soil 

cover is 1.2 m or as deep as is needed to reduce surface radiation to at least 6 

mR/hr. 

3.2.2 BETA-GAMMA WASTE 

Waste contaminated with beta-gamma emitters is separated into two categories 

for burial: low beta-gamma and high beta-gamma. Low beta-gamma waste is 

defined as waste measuring less than 50 mR/hr at 7.6 cm from on unshielded 

package and less than 50 mR/hr at 3 m from the truck load. This waste is 

disposed of in low beta-gamma waste trenches. Scrap unirradiated uranium is 

| D-9 % 
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also classified as low beta-gamma waste, but it is buried in separate trenches. 

Irradiated reactor fuel housing components, tritium waste (classified as high 

beta-gamma waste because of induced activity associated with the Li-AI melts 

from the process facility), and miscellaneous waste in cardboard boxes are 

segregated and buried in separate trenches. 

Trenches are 6 m wide x £ m deep and up to 215 m long. The total trench length 

that had been utilized from the beginning of SRP operations through 1976 was 25 

km in an area of 14.6 ha. 

3.2.3 SOLVENT 

Degraded solvent from the chemical separations areas is stored in underground 

tanks at the burial ground. The present inventory of 562,000 liters contains 

about 45 Ci of TRU nuclides (Pu-238, Pu-239, Cm-244) and about 50 Ci of fission 

product nuclides. The solvent storage facility consists of six bitumastic-coated, 

mild steel tanks of 94,000-liter capacity, which were installed in 1975. Each 

tank has a sump with liquid level monitored weekly for leaks. In addition, two 

older 94,000-liter mild steel tanks are used to store solvent with the lowest level 

of radioactivity. The liquid level in all eight tanks is measured weekly to detect 

leaks. The expected rate of waste solvent generation is about 19,000 liters per 

year. 

3.3 QUANTITY OF WASTE23' l 7 

The estimated volume and curie content of waste buried in 1975 is listed in Table 

D-3. The total estimated volume and curies of waste in storage are summarized 

in Table D-4. Table D-5 presents the maximum quantities of radionuclides stored 

at a single location. 

A total of 273,348 m of waste, which contains 4270 KG of radioactivity, has 

been disposed of at SRP. The TRU wastes which are stored occupy a volume of 
3 17 

1563 m and contain 52 kg of transuranic nuclides. 
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i TABLE D-3 

SOLID WASTE BURIED IN 1975 FROM SRP OPERATIONS (o)23 

D Radio
nuclide 

Earthen Trenches 
•"V" 

Volume, m Curies 

Retrievable 
v 

Volume, m 

Storaqe 

Curies 

Total 
-• j 
Volume, m Curies 

0 Cf-252 4 - 40 1.5 44 Lb 0 
Cm-244 400 - 10 50 410 50 

11 Pu-238 (c) 420 ( b ) (b) 40 4,190 483 4,330 

0 
Pu-239 (d) 770 80 160 850 160 

i 
Np-237 50 - 10 0.4 60 0. 

i U-238 540 1.2 1 - 541 i.; 

fi U-235 220 0.002 3 - 223 0.(02 fi H-3 1,000 59,500 - - 1,000 59,500 

Fission 
Products 6,470 65,500 2 90 6,470 65,600 

i 
Activa
tion 
Products 

320 71,500 10 400 330 71,900 

I Totals I0,200 ( b ) I97,000 (b ) 200 4,900 10,400 202,000 

p, 

I 

n 
o 
n 
n 

(a) Volumes and curies rounded to no more than 3 significant figures. 
3 

(b) These totals do not include a process vessel vent filter in a 23 m steel tank 
estimated to contain less than 140 Ci Pu-238 which is buried in an earthen trench. 
This filter also contains on estimated 6,000 Ci of fission products. Such equipment 
is excluded from surface storage by DOE Manual Chapter 0511. 

(c) The Pu-238 waste typically contains 81 percent Pu-238, 15 percent Pu-239, three 
percent Pu-240 and one percent Pu-241. 

(d) The 
240. 

Pu-239 waste typically contains about 94 percent Pu-239 and six percent Pu-

D-ll 
% 
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Radio
nuc l ide 

Cf-252 

Cm-244 

Pu-238 

Pu-239 

Np-237 

U-238 

U-235 

H-3 

Fission 
Products 
Activation 
Products 
Totals 

TABLE D-4 

SOLID RADIOACTIVE WASTE STORED IN BURIAL GROUND ( a > 2 3 

(THROUGH 1975) 

Earthen Trenches 

Volume, m' 

400 

6,000 

4,600 

12,600 

500 

25,600 

2,600 

10,300 

164,000 

22,900 

250,000 

Curies 

0 

1,670 

3,380 

510 

0.2 

25 

0.2 

3,540,000' 

678,000 

,(e) 

3,250,000' 

7,470,000 

,(9) 

Retrievable Storage 

3 
Volume, m Curies 

170 12 

800 40,600 

560 2 5 7 , 0 0 0 ( c ) 

600 l , 7 0 0 < d ) 

30 2.8 

1 0 

10 0 

10 146,000 

50 25,400 

10 450 

2,240 471,000 

Total 
Corrected for 

Volume, m Curies 

12 

Decay. C i < b ) 

570 

Curies 

12 7 

6,800 42,300 33,300 

5,160 260,000 251,000 

13,200 2,210 2,210 

530 3 3 

25,600 25 25 

2,600 0.2 0.2 

10,300 3,690,000 2,550,000 

164,000 703,000 5 8 , 0 0 0 ( f > 

22,900 3,250,000 970,000 

252,000 7,950,000 3,860,000 

(a) Volumes and curies rounded to no more than 3 significant figures. 
(b) Corrected for decay through 1975. 
(c) Includes 230,000 curies in DOE waste received from off-site. 
(d) Includes 150 curies in DOE waste received from off-site. 
<e) Includes 1,470,000 curies in DOE waste received from off-site. 
(f) Cs-137 and Sr-90 are estimated at 2% each of the total before decay and 40% each after decay. 
(g) Co~60 is estimated to be 98% of this total . 
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TABLE D-5 

MAXIMUM QUANTITIES OF BURIAL GROUND RADIONUCLIDES 
STORED AT SINGLE LOCATIONS' .23 

Isotope Condition 

Pu-238 High-level transuranium cabinet 
waste in lined, steel drums. 
Fourteen drums are placed in a 
concrete container. Container 
is open prior to sealing. 

Pu-239 Same as above 

Cm-244 High-level transuranium waste 
from SRL in lined steel drums. 
Fourteen drums are placed in a 
concrete container. Container 
is open prior to sealing. 

Maximum Quantity, Ci 

2000 per concrete con
crete container (550 per 
drum) 

23 per concrete container 
(12 per drum) 

1800 per concrete con
crete container (500 per 
drum) 

D-13 % 
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3.4 WASTE CHARACTERISTICS23 

The solid wastes at SRP can be divided into six categories. These will be 

individually discussed to provide insight into SRP solid waste characteristics. 

3.4. I CARDBOARD BOXES BURIED IN TRENCHES 

These wastes generally originate in gloved enclosures and their associated 

laboratories. They are characterized by relatively high combustible content and 

relatively low external radiation level. Through 1965 a total of about 2 kg of Pu-

239 was buried in this manner. Since that time these wastes have been limited to 

no more than 0.1 curie per package on the basis of a passive gamma analysis. 

The most common cardboard box is a 38 cm cube. Other sizes that are used 

include 61- and 76-cm cubes. Approximately 70 percent of all waste buried 

through 1970 consisted of cardboard boxes. It is estimated that if this waste 

were retrieved the volume of the restored waste would be triple the original 

volume. 

3.4.2 BOXED OR DRUMMED WASTE IN CONCRETE CULVERTS 

Since 1965 cardboard cartons or metal drums containing < 0.1 curie per 

package (principally combustible waste having low external radiation level) have 

been placed in large concrete containers before burial. These containers have 

inside dimensions of 1.8 m diameter x 1.8 m tall and outer dimensions of 2.1 m 

diameter 2.1 m tall. These containers are made by pouring a concrete bottom in 

a standard culvert section. After the container is filled the top is sealed in place 

using epoxy resin. These concrete containers weigh about 7,000 kg. This waste 

form makes up 2.6 percent of the total waste buried through 1970. 

3.4.3 LARGE EQUIPMENT IN MONOLITHIC POURS 

Large items of equipment significantly contaminated with transuranium nuclides 

-encased in wooden or metal boxes to promote safe transport to the burial 
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ground - are further encased in concrete using the earth as a form. After a 

concrete footing is poured in an earth excavation of suitable size, the boxed 

waste is placed on the- footing and concrete is poured all around and on top. A 

total of about 200 such burials have been made through 1970 (approximately 3.3 

percent rf total waste buried). Outer dimensions of the concrete pours hove 

varied from about 1.2 m cubes to about 6-m cubes. 

3.4.4 SRI TRANSPLUTONIUM WASTES 

Wastes from the Savannah River Laboratory (containing principally americium, 

curium, and californium) are placed in 0.6 m square by I to 1.2 m long concrete 

boxes before burial. These boxes weigh about 450 kg. The wastes originate 

primarily in glove boxes and process cells. Most of the waste is combustible and 

the radiation level at the surface of the concrete box is generally in the range of 

10-1000 mrem/hr. This waste makes up about seven percent of the waste 

material buried, 

3.4.5 LARGE EQUIPMENT DIRECTLY BURIED IN TRENCHES 

Prior to 1966 large items of process equipment having significant transuranium 

contamination were enclosed in wooden or metal boxes and buried directly in 

trenches without concrete encapsulation. At present this practice is permitted 

only for those items of process equipment that have been substantially 

decontaminated of transuranium materials before burial. In general, this 

equipment has a relatively high external radiation level from fission product 

contamination. This waste makes up about five to six percent of all the waste 

buried through 1970. 

3.4.6 RETRIEVABLE 208-LITER DRUMS 

Drummed wastes received from off-site are presently stored in the Savannah 

River burial ground. These waste containers (approximately 11.2 percent of the 

waste buried through 1970) are in relatively good physical condition and may be 

considered retrievable for a period of at least several years. 
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3.5 MISCELLANEOUS RADIOACTIVE WASTE' 

In addition to the waste sources discussed above, certain miscellaneous 

radioactive waste sources exist at SRP. Most of the locations of miscellaneous 

waste disposal are marked or are within controlled areas. These include 

locations containing radioactivity from spills, equipment failure, etc., but not 

locations containing activity from ongoing operations. Table D-6 presents those 

areas which are TRU-contaminated. 

3.6 FUTURE WASTE GENERATION23 

The estimated annual generation rate of transuranium solid waste under the 

present and proposed policies are suinmarized in Table D-7. The waste forms 

generally reflect use of the retrievable criteria for waste with TRU control 

greater than 10 nCi/g. 

D-16 

TffiACCWORAIlON 



RS^55 p^^Sl Pfflwl I'TJT5!»H 

TABLE D-6 

MISCELLANEOUS RADtOACTIVE WASTE I N S O I L 2 

Location & 
Brief Prescription 

Disposal 
Area ( f t 2 ) 

Treatment of Area 
A f t e r Release 

Remaining 

Volume Curie 
( f t 3 ) Content Type Waste 

Plutonium solution 
released thru the 
F - A r e a sanitary 
sewer system from 
Building 221 - F B 
Line 

Curlum-244 aerosol 
released f rom 
Building 7 7 3 - A 
cell #12 exhaust 
stack of the High 
Level Caves 

Curium-244 r e 
leased f rom 1he 
High Level Caves 
separator pit to 
the ground area 
underneath 
E-Wing Building 
7 7 3 - A . 

2 X I 0 3 Residue from treated 
sewage (Building 
6 0 7 - I F ) deposited 

outside F Area fence 
in trench and 
covered 

I 0 J < 0 . 0 2 Pu 

I X I 0 J 

J X I 0 J 

None 0 .02 a , primarily 
Cm-244 

<*t Y» primari ly 
Cm-24ft 



TABLE D-7 

ESTIMATED ANNUAL GENERATION RATE 
OF TRANSURANIUM SOLID WASTE AT SRP 2 3 

Waste 
Category 

Radioactivity (Ci] Volume Waste 
Category Pu-23? Pu-238 Cm-244 (m 3 ) 

1. Cardboard boxes for 
direct trench burial 

IO-* itf* ™ 500 

2. Burial of drummed 
waste in concrete 
culverts 

180 
(3000 g) 

1,400 
(85 g) 

— 650 

3. Large equipment in 
monolithic concrete 
pours 

40 180 — 65 

4. SRL 0.6 x 0.6 x 1 m 
concrete boxes 

20 - 12,000 300 

TOTAL 240 
(4000 g) 

1,600 
(lOOg) 

12,000 1,515 
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1.0 INTRODUCTION 

The purpose of this Appendix is to present the best available information on 
other Department of Energy (DOE) facilities which generate and/or bury/store 
TRU-contaminated or potentially TRU-contaminated waste. The information 
presented is somewhat sketchy and possibly outdated, but represents the best 
available data taken from literature available to the researchers and personal 
conversation by investigators. 
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2.0 LOS ALAMOS SCENT1FIC LABORATORY (LASL) 

2.1 INTRODUCTION 

I The Los Alamos Scientific Laboratory is located in north-central New Mexico on 

the Pajarito Plateau, west of the Rio Grande, on the eastern slopes of the Jemez 

Mountains. LASL has used shallow land burial for disposal of solid radioactive 

waste since the mid-1940$. The bulk of the material consists of room-generated 

I trash. A variety of special disposal operations has been performed, ranging from 

the shaft burial of a cylinder containing a few grams of tritium-contaminated 

solution to the demolition and burial of entire buildings. Currently, there are three active locations (areas A, G, and T) for disposal at LASL. All solids 

contaminated with radioactivity are buried on-site at LASL. Contaminated 

I aqueous liquids are treated to produce solids for on-site storage. Contaminated 

organic liquids are either burned (low-activity level) or jellied (high-activity 

I level) to form a "solid" for on-site storage. 

I Waste generated at LASL is packaged to provide safe handling and transport to 

the disposal site. With the exception of tritium wastes, the packaging is not 

_ intended to provide containment after burial. Most of the low-activity trash-

1 type waste is compacted and baled prior to burial. 

"Room-trash"-type wastes generated at the LASL DP-West plutonium facility are 

tested for radioactivity and properly segregated for burial or storage. This same 

practice is followed for similar types of waste generated at the LASL R&D 

facilities where tronsuranic material is worked with. Distinctively hazardous and 

radioactive wastes, such as contaminated laboratory chemicals and reactive 

metals, are properly packaged and disposed of in shafts and are immediately 
10 

covered. The solids are categorized below according to how they are buried. 

LASL utilizes both storage facilities and disposal facilities. There are four types 

of storage facilities - storage shed, storage trench, cask storage trench and a 

corrugated metal pipe storage trench - which are located in area G and area T. 

Disposal facilities include both disposal trenches and shafts. 

E-2 
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2.1.1 STORAGE FACILITIES 

The storage shed located in area G is a metal building (12.2 m in length x 4.6 m 

in width x 3.7 m in height) which serves as a temporary aboveground storage area 

for drums und fiberglass-coated crates containing retrievable TRU wastes. 

Maximum storage space available is for about 250 (208-liter) drums or 25 (1.2 m 

in length x 1.2 m in width x 2.1 m in height) fiberglass crates. Once a sufficient 

number of drums and crates have been xcumulated in this shed, the drums are 

coated with a corrosion inhibitor and the crates are sealed with fiberglass and 

then all are placed into the retrievable storage trench. 

Also located in area G, the retrievable storage trench is 9.1 m wide, 122 m long, 

and 7.6 m deep with a 1:4 slope entrance ramp and an asphalt-lined floor. Sumps 

at the low point in the trench collect all water entering the trench as a result of 

rain or snowmelt. Waste packages ore stacked in the trench to within 1-2 m 

from the surface, and the stack is then covered with 1.9 cm plywood and 

completely encased with a reinforced vinyl material. Finally, the waste stack is 

covered with 1.2 m of backfill. 

Wastes placed in the trench are limited to I g Pu-238 per 208-liter drum, 100 g 

of other TRU per 114-liter drum, 200 g of other TRU per 208-liter drum, or 175 g 
3 

per m to a maximum of 350 g per crate. 

Wastes contaminated with Pu-238 in excess of I g per drum or with U-233 with 

high gamma radiation are stored in concrete casks and placed into shallow 

trenches (40-80 m long by 2.8 m deep). The outside of each cask is coated by the 

manufacturer wth a bitumin epoxy material and is coated a second time with an 

asphalt roofing compound. The casks are placed vertically in a trench, and the 

trench is backfilled almost to the top of the cask. 

Two 114-liter drums of waste each containing up to a maximum of 40 g each of 

Pu-238 or 200 g U-233 are placed inside each cask. The cask lids are sealed with 

roofing tar. When a portion of a trench is filled, corrugated galvanized sheet 

metal is used to cover the trench over the tops of the casks, and the trench is 

backfilled to ground level and mounded 0.5 to 1.0 m above ground level. 
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i l Two trenches containing 120 casks have been filled to date (1977), and a third 

,_ trench has been started. Room is available for five additional trenches. 
ii 
II 

The corrugated metal pipe (CMP) storage trench located in area T is used for the 

j[ disposal of retrievable cement paste containing plutonium and americium. This 

paste is pumped into 0.75-m-diameter by 6.1-m-long corrugated metal pipe 

f| sections. Prior to filling, these pipes are placed in a trench approximately 6 m 

' deep by 70 m long by 7,3 m wide. An uncontaminated cement plug 0.3 m thick 

11 seals the bottom of each pipe. Once filled, the pipes are sealed with another 0.3-

" m-thick cement plug. After the filling and sealing, the pipes are covered with 

.. backfill. The trench is about 33 percent full. However, the generation of 

| | retrievable cement paste is e j e c t e d to end by mid-1978. 

1 2.1.2 SOLIDS IN WASTE TRENCHES 

1! 
3 

Most small solid articles contaminated with radioactivity are put into 0.03 m 

steel foot-operated rubbish bins with polyethylene bag liners. If a slightly larger 
3 i volume is needed 0.06 m , corrugated cardboard cartons lined with plastic bags 

are used. When these plastic liners are f u l , they are sealed and collected either 

, in 0.34 m plastic bags or in the cardboc d boxes which are also sealed. Other 

! ! containers, such as 3.8-liter, 19-liter, 114-liter, ond 208-liter steel cans or 

drums, are used for special situations. The large bags, boxes, and other 

f f containers are placed in steel transportable waste bins. The bins are picked up 

by special trucks and taken to the contaminated waste disposal area for 
Tp 

| | discharge. Large contaminated solir items are covered as necessary to prevent 

~ spread of contamination during nipment and transported separately to the 

H disposal area. This miscellaneous bagged and boxed waste makes up about two-
k i thirds, currently, of the waste buried at LASL. Over 90 percent is contaminated 

n with plutonium. Dewatered sludge from the low-level liquid waste treatment 

11 plant is put into 208-liter steel drums and hauled to the disposal area. 

[ J Disposal trenches are used for the disposal of low-activity nonretrievable radio

active wastes. These wastes include contaminated trash from laboratory areas, 

I failed equipment, and solid residues from liquid waste treatment. Wastes are 

packaged in plastic bags, cardboard boxes, or wooden crates. 

H 
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In the disposal area, trenches about 9 m deep, 30 m wide, and 150 m long with an 

excavated volume of about 3.4 x 10 m are dug. The ends are sloped for ease of 

access by vehicles. Wastes are carried by truck into the pit where they are 

dumped or set into place. Penetrating radiation readings on the package surfaces 

range from essentially zero to about 0.6 mrem/hr with an average of about 0.1 

mrem/hr. When the waste has accumulated to a depth of about one meter, it is 

covered with about 0.3 m of dirt and compacted. Layers are continued until the 

pit is filled to within one meter of the surface, then dirt is placed on top, 

compacted and leveled. 

2.1.3 SOLIDS IN WASTE SHAFTS 

Deep shafts, augered into the volcanic tuff, are used for the disposal of high 

beta-gamma waste, tritium waste, contaminated animal tissue, cement paste, 

and classified contaminated waste. 

Small items that are known to contain somewhat larger amounts of radioactivity, 

particularly beta-gamma radiation, are put into vertical shafts or holes in the 

ground and covered at 0.9 m intervals. These shafts are 0.9 m in diameter and 9 

m deep. In some cases the shaft is lined with 0.15 m of concrete and the waste is 

covered with concrete or asphalt. Since 1956, any waste containing a significant 

quantity (milligram) of plutonium has been buried separately in special shafts or 

holes. 

Since mid-1968, the dewatered sludge from one liquid waste dispcjal facility and 

an americium raffinate (approximately 6,050 liter/month containing about 

1.06 mg Am-241/liter and 2.12 mg Pu-239/liter) are fixed in cement in a con

tinuous process and pumped through an underground pipeline to deep holes 

located in an abandoned waste disposal area about 46 m away from the cement

ing facility. These holes or wells are 1,8 to 2.4 m in diameter and 7.6 to 20 m 

deep at both areas G and T. They are filled with waste up to I m from ground 

surface or up to where the allowable level is reached. No more than 500 g of 

fissile material may be disposed of in a shaft, and radiation doses at the shaft 

surface cannot exceed 100 mR/hr. Whenever doses are exceeded, backfill is 
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added to reduce the dose. When the shaft is filled with waste, excavated turf is 

added to fill void spaces, a final I m concrete plug is poured, and the concrete is 

mounded above the shaft surface to provide a final seal with proper drainage. 

Before mid-1968, the americium raffinate was fixed in cement by a batch 

process in 208-liter drums which were hauled by truck to the waste pits. Most of 

the americium discarded is in this cemented product. 

2.1.4 WASTE GENERATION 

Reductions of 20-25 percent in the volume of wastes have been accomplished 

through a combination of required generator-site waste management standard 

operating procedures, as well as through control of materials entering radio

active work areas. Similarly, a large reduction in the volume of wastes placed in 

retrievable storage has resulted from better assay and segregation techniques. 

Rough estimates of the solid wastes contaminated with transuranics expected to 

be generated annually at LASL are shown in Table E-l. The current and 

expected annual rate of waste disposal at LASL is about 4000 m /year, which 

contains 8 KG of mixed fission and activation products and 8000 kg of uranium. 

The rate of TRU storage is 510 m /year, which contains 6.3 kg of transuranic 

elements. This compares favorably to the 1974 data which indicated an annual 
3 I 

burial of 32,020 curies in 4071 m of solids including binding agent. Plutonium 

(primarily Pu-239) amounted to about 150 g and about 5 kg prior to provisions for 

retrievable storage. 

E-6 
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TABLE E-l 

ESTIMATES OF FUTURE ANNUAL GENERATION 
OFTRU-CONTAMINATED SOLID WASTE AT LASL 1 8 

Percent 
Combustible 
(Volume %) 

Annual Rate 
Type 

Percent 
Combustible 
(Volume %) 

Pu 
(g) 

Am 
(g) 

Volume 
(m 3 ) 

Bagged and boxed 
miscellaenous solid 
articles 60 20 trace 3,23? 

Dewatered sludge 
from water treatment 0 30 trace 255 

Cemented sludge and 
americium raffinate 0 ISO 75 340 

TOTAL 200 75 4,125 
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10 MOUWFACLITY 

3.1 WASTE GENERATION, CHARACTERISTICS, AND AMOUNTS 

Unclassified contaminated solid wastes generated by the Mound Facility are 

shipped to commercial burial sites at West Valley, New York (presently closed), 

or Morehead, Kentucky, for burial, while classified wastes were shipped to Oak 

Ridge, Tennessee (ORNL). All TRU waste has been shipped to INEL since FY 

1975, ^ The polonium (an alpha emitter) and plutonium contaminated solid 

wastes generated at Mound can be put into five categories: Pu-238 low-level 

waste (LSA), Pu-238 high-level waste (non-LSA), solidified-clariflocculator-

sludge (non-LSA), absorbed Pu-238 acid and caustic wostes (non-LSA), Po-210 

low-level waste (LSA), and Po-210 high-level waste (non-LSA). The discard 

limits for Pu-238 are shown in Table E-2. The quantity of plutonium discarded 

ranged from 45 g in FY 1966 to 1120 g in FY 1970 (Table E-3). 1 8 

3.1.1 PU-238 LOW-LEVEL WASTE18 

The Pu-238 low-level waste is composed of contaminated equipment, floor 

sweepings, used plastic shoecovers, discarded clothing, paper towels, swipes, 

cleaning rags, blotter paper, etc., from rooms in which glove box and hot cell 

operations are conducted. Less than 0.35 mCi Pu-238 per m is associated with 

this class of waste. About 60 vol % is collected and shipped in crates and about 

40 vol % in drums. Drums are the preferred containers for all waste types. 

Crates are used only for items that are too large for drums. 

3.1.2 PU-238 HIGH-LEVEL WASTE18 

The Pu-238 high-level waste consists of miscellaneous burnable and nonbumable 

solids (metal, plastic, glass, etc.) from glove boxes and hot cells used in pluton

ium production. As shown in Table E-2, bumables have less than 0.110 g of Pu-

238 per 3.78-liter carton, nonburnables less than 0.511 g per 3.78-liter carton, 

and glass filters less than 0.613 g per one 25.4 cm filter. Generally, this waste is 

collected in 3.78-liter cardboard cartons with a plastic coating on the inside 

E-8 
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TABLE E-2 

DISCARD LEVELS OF PU-238 AT MOUND FACILITY (1970) 18 

Residue Pu-238 Discard L e v e l w 

Bumobles 0.110 g per 3.78 liter can 

Nonburnables 0.511 g per 3.78 liter can 

Ion exchange raffinate 0.006 g/liter 

Evaporator condensate 0.006 g/liter 

Caustic bubbler and scrubber solution 0.012 g/liter 

Wash solution 0.006 g/liter 

Filtrate solution 0.013 g/liter 

Spent resin 0.358 g per 3.78-liter can 

Glass filters 0.613 g per one 25.4 cm filter 

In-line filters 0.461 g per one 25.4 cm filter 

Drummed residues 1.85 g per 208-liter drum 

a. A typical isotopic composition of the Pu-238 is: 

Pu-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 
Pu-236 

80.94% 
15.26% 
2.88% 
0.79% 
0.12% 
1.2 ppm 

E-9 * 
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TABLE E-3 

QUANTITIES OF TRU-CONTAMINATED 
SOLID WASTE GENERATED IN FY 1970 AND EXPECTED, l f l 

TO BE GENERATED THROUGH FY 1975 AT MOUND FACILITY 1 ' l 8 

Category 

FY 1970 
Generation 

(mJ 

Expected Generation 
Through FY 1975 

Volume Volume 
_3> (m 3 ) 

Annual 
Average 

( m 3 ) 

Pu-238 low-level waste* a ) 

Pu-238 high-level waste ( b ) 

Solidified-clariflocculrfor-sludge 

Absorbed Pu-238 acid and caustic* c' 

(c) 
299.7 

287.1 

381 

8,500 

1,700 

1,700 

700 

1,700 

340 

340 

140 

a. About 90 vol % combustibles. 

b. About 75 vol % combustibles. 

c. Noncombustibles. 
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surface. Three cartons are sealed in a PVC bag as they are removed from the 

production line. Four of these sealed units, i.e., 12 cartons, are placed in a 114-

liter steel drum. However, 208-liter drums and plywood crates are used for 

larger items such as contaminated equipment and glove boxes. Large items 

usually are filled with self-foaming plastic and placed in a crate which is lined 

with a polyethylene sheet. The open space in the crate is then filled with the 

self-foaming plastic. 

3.1.3 SOLIDIFIED-CLARIFLOCCULATOR-SLUDGE18 

The class of waste called solidified-clariflocculator-sludge is generated when 

sludge from the contaminated wastewater treatment facility is mixed with 

cement. The sludge contains the barium, calcium, and iron salts formed as well 

as the flocculating agent and activated charcoal added during the scavenging-

precipitation treatment of the contaminated wastewater from drains, sinks, 

showers, the laundry, etc. The sludge containing 30 to 35 wt % solids is mixed 

with II to 22 kg of Portland cement in a 114-liter steel drum. Less than 3.53 Ci 
3 

Pu-238 per m is associated with this waste. 

3.1.4 ABSORBED PU-238 ACID AND CAUSTIC WASTE18 

Absorbed Pu-238 acid and caustic waste are generated when acidic and caustic 

solutions from the Pu-238 production lines are reacted with and absorbed by a 

pulverized clay. In the treatment process, 45 liters of acidic or caustic solution 

are mixed with 110 liters of ground dried clay in a 110-liter polyethylene jug 

(DOT Specification 2S) which is held within a 125-liter steel drum (DOT 

Specification I7M). The jug is outgassed for 24 hours with acidic solutions and 

eight hours with the caustic solutions before sealing. The radioactivity 

associated with this waste is less than 700 mCi per m . 

3.1.5 PO-210 LOW-LEVEL WASTE18 

The Po-210 low-level waste category consists of contaminated equipment, floor 

sweepings, used plastic shoe covers, discarded clothing, paper towels, swipes, 
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cleaning rags, etc., from rooms in which glove box and hot cell operations for 

polonium production are carried out. The Po-210 content of this waste is less 
3 

than 0.35 mCi per m . The waste is collected and shipped in 114-liter steel 
drums (DOT I7H); 208-liter steel drums (DOT 17C)j and plywood crates (DOT 

l9Aorl9B). 

3.1.6 PO-210 HIGH-LEVEL WASTE 1 8 

The Po-210 high-level waste is generated in the glove boxes and hot cells. ied in 

polonium production. It consists of the contaminated metal, glass, plastic, cloth, 

paper, etc., removed from the boxes and cells. The polonium associated with 

these materials amounts to less than 1,765 Ci/m . The waste is collected in 114-

liter steel drums. This urum is shipped in a 208-liter steel drum used as an 

overpack. 

The volume of TRU-contaminated solid waste generated in 1970 and estimated 

through FY 1975 is given in Table E-3. 

1 E-l! i 
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4J> OAK RIDGE RESERVATION 

4.1 INTRODUCTION 

Located in the west central portion of eastern Tennessee, the Oak Ridge 

Reservation is bounded on the northeast, southeast, and southwest by the Clinch 

River and on the northwest by Block Oak Ridge. 

The 92-square-mile Oak Ridge Reservation was originally acquired by the 

Manhattan Project, U. S. Army Corps of Engineers, as a site for production 

facilities and nuclear research, and a security buffer and safety zone were 

established around each plant within the Reservation. The original 23,877 

hectares acquired in 1942 have since been reduced to approximately 14,959 

hectares through land transfers to the municipal government of Oak Ridge and to 
25 state and Federal agencies. 

The allocation of land among the DOE users is as follows: 

Administrative Unit Hectares 

Multiple Use 7,068 

ORNL (X-IO) 3,550 

Y-12 1,384 

K-25 1,910 

CARL (UT-DOE) 1,047 

Four separate production and research facilities are operated within the 

reservation. They are Oak Ridge National Laboratory (X-10), the Y-12 Plant, the 

Oak Ridge Gaseous Diffusion Plant (K-25), and the Comparative Animal 

Research Laboratory (CARL). Buffer zones are designated around each of the 

four facilities for health, safety, and future expansion. Access to the reservation 

is limited primarily to public roads and visitor centers for reasons of health, 
25 safety, and national security. 
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4.2 OAK RIDGE NATIONAL LABORATORY (ORNL) 

Normal operations at ORNL generate up to 7.6 million liters per year of inter

mediate-level waste (ILW) solution having an average activity concentration of a 

few hundredths of a curie per liter. This ILW solution is routinely neutralized 

with sodium hydroxide which precipitates those constituents of the waste 

solution that are insoluble in alkaline solution. These solids, which contain the 

bulk of the Sr-90 anci the actinides that have been discharged to the waste 

system, settle and accumulate in the waste storage tanks. The remaining liquid 

(supernate) is concentrated by evaporation and since 1966 has been periodically 

pi; disposed of by shale fracturing (a process for the fixation of the waste in an 

impermeable bedded shale formation at a depth of approximately 300 meters). 

Approximately 300,000 liters of concentrated waste solution are disposed of 

annually. The current generation rate for sludge is about 40,000 liters per year. 

About 1,500,000 liters of sludge have accumulated from the operations of 
25 previous years and are presently held in various waste storage tanks. 

The concentrated waste solution is alkaline, the major chemical constituent Is 

sodium nitrate and the predominant radionuclide is Cs-137 (about 0.3 C i / I ) . This 

solution is one of three components of the ILW to be processed in the proposed 

processing faci l i ty. The anticipated concentration of radionuclides in each of the 

three ILW streams is given in Table E-4. The second ILW component is the 

sludge which would be diluted Jo a 12-percent-by-weight slurry to make i t 

pumpable, The predominant radionuclide would be Sr-90. The third component 

of the ILW to be processed is an assumed waste from future operations at ORNL 

which is designated as "pilot plant waste." 

4.2.1 LIQUID WASTE S T R E A M S 2 5 

Radioactive liquid wastes are produced by a number of different research, 

development, and production programs at O R N L . These include such things as 

basic radiochemistry studies, development of reactor fuel reprocessing methods, 

production of radioisotopes for medical, industrial and research uses, production 

of transuranium isotopes for research, operation of research reactors, e tc . The 

E-14 
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TABLE E-G 

DES1CN BASIS WASTE STREAMS FOR O R N L PROCESSING F A C I L I T Y 2 5 

Waste Nuclide 

Specific 
Act iv i ty 

<Ci/liter> 

Estimated 
Annual Volume 

( l i ter /year) 

Estimated 
Annual Carles 

(Ci /year) 

Estimated 
Total Volume 

(l iters) 

Estimated 
Total Curias 

(C i ) 

Routine Wastes 
Concentrate Cs-137 

8 o - l 3 7 M 
Sr-SO 
Y - 9 0 

Ru-106 

Rh-106 
Po-239 

Cm-244 

0 . 2 6 
0 .24 
0 .026 
0 .026 
0 .009 

0 .009 
2 . 6 x 1 0 " 7 

2 . 6 x 10 ° 
2 .6 x 10"* 

300,000 8 x t o * 
7 .4 x 10* 

8 , 0 0 0 
8 , 0 0 0 
2 ,800 
2 ,800 

0 . 0 8 to 0 . 8 
8 0 

Pi lot -Plant Wastes C . - I 3 7 
B a - I 3 7 M 

Sr -90 
Y - 9 0 

Ce-144 
Pr-144 

Pm-147 
Po-239 
C m - 2 4 4 

1.3 
1.2 
1.3 
1.3 
0 . 7 
0 . 7 
1.8 

2 . 6 x 1 0 " * 
0 .066 

19,000 2 . S x 10* 
2 . 3 x 10* 
2 . 5 x 10* 
2 . 5 < 10* 
1.4 x 10* 
1.4 x 10* 
3 .5 x 10* 

0 . 5 
125 

Sludge Cs-137 
BO- I37M 

Sr-90 
Y - 9 0 

Po-239 
Cm-244 

0 .01 
0 .01 
0 . 1 
0 . 1 

4 . 2 x I 0 " S 

1.6 x I 0 " 3 

150,000* 1,600 
1,490 

16,000 
16,000 

6 . 4 
240 

Stored Wastes 
Stodge Cs-137 

Ba-137M 
Sr -90 
Y - 9 0 

Po-239 
Cm-244 

0 .014 
0 .013 
0 .14 
0 .14 

S.3 x 10"* 
2 .1 x I 0 " 3 

5 .7 x 1 0 s 8 x 10* 
7 .4 x 10* 

8 x 10* 
8 x 1 0 s 

300 
1.2 x 10* 

Volume after dilution far transfer. 



liquid rodiooctive wastes from these and similar activities are collected in 

underground stainless steel tanks ranging in size from a few hundred liters to 

several thousand liters and located near the individual facilities producing the 

waste. The wastes are made alkaline in the collection tanks by the addition of 

sodium hydroxide to reduce the corrosiveness. The collection tanks are period

ically emptied by pumping the contents to one of six 645,000-liter underground 

concrete central collection tanks. These tanks are frequently referred to as the 

"gunite" tanks because of the method that was used to construct them. The 

addition of sodium hydroxide to the raw waste causes some of the dissolved 

materials to precipitate from the solution and this precipitate settles to the 

bottom of the gunite tanks as a sludge. The sludge contains essentially all 

(^99%) of the uranium and transuranium nuclides that might have been in the 

liquid as well as some of the radioactive fission products such as Sr-90. The 

sludge is one component of the ILW that is to be processed by the proposed 

solidification facility. The liquid above the sludge is fed to an evaporator where 

it is concentrated by a factor of 20 to 30 and the concentrate is temporarily 

stored in one or mare of the remaining gunite tanks. About 300,000 liters per 

year of concentrated waste solution is generated at ORNL. Periodically, the 

accumulated concentrate is pumped to the shale fracturing facility in an 

adjacent valley, mixed with cement, and injected into a shale formation at on 

approximate depth of 300 meters. 

At the present time there is a construction program in progress at ORNL to 

modify the waste processing system described above. These modifications 

include the installation of a second ILW evaporator in parallel with the existing 

evaporator, installation of two 190,000-liter stainless steel tanks in a stainless 

steel lined underground vault to receive raw waste and feed it to the evaporator, 

installation of a 190,000-liter stainless steel tank to collect the ILW concentrate 

from the evaporators, installation of a new doubly contained central waste 

collection header, the installation of eight 190,000-liter stainless steel tanks for 

temporary storage of concentrate in an underground vault located adjacent to 

the proposed site for a new solidification facility and the installation of a doubly 

contained waste transfer line between the evaporator and the new waste storage 

tanks. 
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When the construction currently in progress is complete, operation of the ILW 

collection and concentration system will be essentially the same as it is now 

except that the six gunite tanks will no longer be used. However, before these 

tanks can be put into a condition requiring minimal future surveillance, the 

sludge which has been accumulating since ISM (y 1,500,000 liters) must be re

moved and immobilized in the proposed new processing facility. This represents 

a "one time only" task for the new facility since it is planned, once the proposed 

facility is built, to process sludge routinely rather than let it accumulate as it 

has in the past. 

The proposed processing facility will be designed to handle three types of inter

mediate level radioactive wastes. This ILW consists of: 

1. Currently generated waste solution concentrate, which 
totals about 300,000 liters per year. This waste will be <n 
alkaline salt solution (I M NaNCL and other minor constit
uents). Generally, the major radionuclide (about 0.3 
Ci/liter) is Cs-137, while only 0.3 Ci/liter or less is Sr-90. 
The major alpha activity is C m - M from the heavy 
element production program; its concentration is about 
0.3 m Ci/liter. The long lived (greater than 30 years) 
alpha content of the waste concentrate, including the 
decay products from short lived parent nuclides is less 
than 10 n Ci/gram. 

2. The sludges produced by the processing and handling 
operations of the last three decades that are currently 
stored in the gunite waste tanks. There are about 
1,500,000 liters of these sludges. Analyses indicate that 
these sludges contain between 500,000 and 800,000 Ci of 
Sr-90, between 60,000 and 90,000 Ci of Cs-137, 12,000 Ci 
of Cm-244 and 250 to 310 Ci of Pu-239. Current planning 
anticipates that within the next few years these sludges 
will be resuspended and pumped to a processing facility. 
This waste stream, after resuspension and dilution for 
pumping, will have a specific activity of about 13 Ci/liter 
of Sr-90. About 40,000 liter/year of currently generated 
sludge will also be processed. Its composition is expected 
to be similar to that of the sludge now in storage. 

3. Future pilot plant wastes • Several pilot plant programs 
that have been proposed for ORNL have the potential for 
generating waste solutions with a higher specific activity 
than the ORNL intermediate level waste has had in the 
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ii 
post. Some of these programs, such as the LMFBR spent 

;T fuel reprocessing plant, propose to include processes that 
1 will immobilize all waste streams that are generated. If 

the quantity and concentration of radionuclides ore high, 
however, the wastes would be stored in existing doubly 

| | contained waste storage tanks until the isotopes with 
i! short half-lives had decayed (at least five years) and the 

specific activity of the residual isotopes would be low 
it enough so that only moderately thick shielding would be 
J] needed in the processing facility. After this time these 

wastes or some part of them could be processed by the 
,> ORNL ILW system. 
i! 

I 
I 

4.2.2 OPERATIONAL HISTORY25 

The existing disposal facility was built in 1963 and a series of experimental waste 

injections was made in 1964 and 1965 to demonstrate the feasibility of the 

process. After the end of these experimental injections the facility was 

converted into an operational facility fcr the routine disposal of concentrated 

intermediate level waste solution. This solution is an alkaline solution that is 

approximately IJA in NaNO*. The predominant radionuclide is Cs-137; its 

specific ocitivity is about 0.3 Ci/liter. About 300,000 liters/year is produced, 

A number of modifications and improvements were mode at this time to improve 

various phases of the plant operation. Two additional waste storage tanks with a 

combined capacity of 180,000 liters were installed. This increased the total on-

site waste storage capacity to 340,000 liters. A dry solids weigh tank was 

installed to improve the dry solids blending system. 

From 1966 to 1970, this modified facility was used for a series of seven 

injections that disposed of 3,750,000 liters of waste grout containing 350,600 Ci 

of Cs-137 and 26,500 Ci of Sr-90. Some of the parameters of these injections are 

given in Table E-5. 

4.2.3 TRU WASTE OPERATIONS1 8'6 3 

Solid radioactive waste generated at this site is collected in suitable containers 

and transported to one of the burial grounds, where they are stored or disposed 

of. There are six burial grounds at ORNL. Three of these are inactive, and two 

E-18 
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TABLE E-5 

INJECTION PARAMETERS FOR ROUTINE ORNL DISPOSAL OF WASTE SOLUTION 2 5 

Injection 
No. Date 

Depth 
(m) 

Waste 
Volume 
(liter) 

Sr-90 
(Ci) 

Cs-137 
(Ci) 

Cm-244 
(Ci) 

Pu-239 
(Ci) 

Experimental Injections 

1-7 1964 
to 

1965 

285 
to 

264 
1,436 5,237 — ~ 

Operational Injections 

ILWiA 1966 264 136,300 3 l9,/50 NA* NA 
ILWIB 1966 264 98,400 

ILW2A 

ILW2B 

1967 

1967 

261 

261 

325,500 

234,700 
1,050 58,500 NA NA 

ILW3A 

ILW3B 

1967 

1967 

261 

261 

117,300 

196,800 
9,000 17,000 NA NA 

Water Test 1967 258 — 
ILW4A 

ILW4B 

1968 

1968 

258 

258 

90,900 

235,350 
4,300 51,900 NA 1.10 

ILW5 1968 254 306,600 5CJ 69,400 NA 1.15 

ILW6 1969 254 300,400 8,900 89,000 NA 0.24 

ILW7 1970 254 314,200 2,747 44,833 19.2 1.77 

ILW8 1972 251 275,200 45 28,000 0.20 0.13 

ILW9 1972 251 258,500 231 23,400 6.51 None 

ILWIO 1972 251 320,800 1,330 18,800 26.67 0.37 

ILWII 1972 251 286,750 1,100 23,500 155.74 None 

ILWI2 1975 248 97,300 1,324 12,752 1.02 None 

ILWI3 1975 248 306,600 3,368 35,750 17.83 0.03 

ILWI4 1975 248 314,000 2,874 30,592 3.58 None 

Total ILW 4,218,600 36,766 523,377 

NA = not analyzed 

4,218,600 36,766 523,377 
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(burial grounds 5 and 6) are currently in use. Burial ground 3 is now only used for 

above-ground storage of contaminated equipment that may be reusable. 

Estimated sources of transuranium-solid waste at ORNL are summarized in Table 
5 3 E-6. Approximately 1.76 x 10 m of radioactive solid waste were buried in 

ORNL burial grounds through 1972. About 60 percent of this waste was 

generated at ORNL while the remainder was shipped from off-site (including 

Argonne National Laboratory). Most of the ORNL waste was transported to the 

burial ground using only temporary containment such as plasric and sprayed 

coatings. Wastes from off-site were generally shipped in steel drums and wooden 

crates. In general, wastes were not segregated with respect to waste type. 

At present, ORNL burial grounds are used almost exclusively for ORNL wastes, 

which are generated at the rate of about 4,250 m /year. Wastes containing 

negligible quantities of transuranium nuclides continue to be buried in a rela

tively irretrievable fashion. Low radiation level, transuranium solid waste is 

packaged in either 208-liter steel (or stainless steel) drums or steel boxes and 

stored either in a building or a roofed, rock-filled trench to facilitate re-

trievcbility. High radiation level tronsplutonium wastes from the Transuranium 

Facility are collected and stored in the rock-filled trench as potentially retriev

able, sealed concrete containers. Other high radiation level transuranium wastes 

are packaged in stainless steel containers and stored in marked, steel-lined auger 

holes. 

ORNL classified locally generated radioactive waste intended for burial as 

follows: 

The fissile-alpha waste corresponding to transuranium 
waste is defined by DOE 0511-21 as the solid waste that 
exceeds the concentration of 10 microcuries of alpha 
particle activity per kilogram of waste r-sociated with 
fissionable isotopes. This category incluj-s, primarily, 
americium, curium, and plutonium, as well as some U-235. 
This material must be handled so as to permit retrieval 
within 20 years. These materials originated primarily in 
the transuranium-processing facilities and in fuel repro
cessing research and development operations. Beta-
gamma emitting nuclides are often included with these 

E-20 % 

TERA CORPORATION 



K.T.'S 

TABLE E-6 

ESTIMATED SOURCES OF TRANSURANIUM SOLID WASTE A T O R N L a » l 8 

Percent 

Quantity in Storaqe Annual Generation Rate 

Percent Volume 
Alpha 

Radioactivity Volume 
Alpha 

Radioactivity 
Type Burnable ( m 3 ) (Ci) <m 3 ) (Ci) 

Retrievable Steel D r u m s " ' 
Low radiation level 50 I69<d> 30 (Pu-239) 

Retrievable Steel Boxes* a* 
Low radiation level 

Steel Drums and Boxes 
20 0 0 42<d> 

2 8 < d ) 

6 (Pu-239) 

High radiation level 50 0 0 

42<d> 

2 8 < d ) 5 (Pu-239) 
Concrete Casks ' J50 280 200 ( C m - 2 W ) I 0 0 W ) 80 ( C m - 2 4 4 ) 

INS Solid Waste for Burial 
Low radiation level 

Solid Waste for Burial 

J-0 IIS.SOO 0?** 
( 2 8 3 , 3 0 0 ) i c ' 

I 8 , 3 0 0 ( b ) 

300 (Pu) 3,335 <l 

High radiation level J<0 

I IS.SOO 0?** 
( 2 8 3 , 3 0 0 ) i c ' 

I 8 , 3 0 0 ( b ) 100 (Pu) 
( 8 A , 5 0 0 ) , C c ) 

<0.03 

Tank Farm Sludges 0 
( 7 , 3 0 0 ) l c , 

300 (Pu-239) 

a. Waste from contamination zones or known to contain >353l uCi /m of transuranium nuclides. 
b. Quantity as charged. 
c. Estimated volume if the waste were prepared for off-site shipment. 
d. Since 1970, these packages are stored to facil i tate retreivability. 



nuclides and in very heavy elements spontaneous fission 
sr often occurs with production of neutrons. Certain 
| beryllium isotopes or deuterium will emit photoneutrons. 
"" These special situations all create unique problems and 
_ demand special methods for handling of the fissile alpha 
| wastes. 

• The fissile non-alpha waste is a solid waste that contain 
1 one gram or more of non-alpha particle emitting fission 
i | able materials regardless of concentration, or more than 

35.7 grams per cubic meter (one gram per cubic foot) of 
n the same material regardless of quantity. Sources of 
| | these wastes include various metallurgical operations and 
'" other analytical and research and development operations. 

The objective of handling this waste is to prevent the 
j{ criticality during or after burial. It is not a direct 
i i radiation hazard. 

it 

! 

fl 
n 

o 

3: ft The volume of waste buried at ORNL since the fire of 1961 is about 87,500 -^ in 

the area of 7.5 hectares. Transuranium- and uranium-contaminated w.stes 
f 1 3 
•: buried at ORNL before 1974 amount to about 685 m and fissionable material 

3 and contaminated waste about 200 m . Not all of the transuranium waste can be 

considered reasonably retrievable. 

( ; Fissile alpha-particle emitting wastes (TRU wastes) have an alpha particle 

' > radioactivity in excess of 10 microcuries per kilogram (10 nanocuries per gram) 

v originating from fissionable isotopes. This kind of waste, when accompanied by <i 

|? high level of beta, gamma, or neutron emmission, is packaged at the point of 

origin in reinforced concrete casks. Records are kept of the location and content 

of each of the trenches containing this material. 

4.2.3.1 STORAGE FACILITIES 1 7 

TRU wastes are stored in a variety of ORNL facilities ranging from trenches in 

which material is placed and covered with soil, to stainless-steel-lined shafts, to 

85 percent below-ground buildings for 208- or 114-liter metal drums. The 

selection of the facility depends on the intensity of the radiation involved. 

TRU waste containing high levels of beta-gamma or neutron emissions is placed 

in reinforced concrete casks and stored in unlined trenches. Casks are 
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segregated by trench according to their flammable and non-flammable waste 

content. Once filled, the trenches are backfilled with soil. TRU waste 

containing less than 200 mR/hr is stored in stainless steel drums and held in a 

staging area until a sufficient number of them is available for storage at the 

Retrievable Waste Storage Facility, Building 7826. Building 7826 is a one-story 

reinforced concrete and concrete-black structure approximately 11.5 m x 17.4 m 

x 4 m high. There are 24 pits or cells which can each accommodate 64, 208-liter 

drums. About 85 percent of the structure is below grade. 

TRU waste with high background readings is stored in stainless-steel-lined shafts 

of various diameters (ranging from 20.3 to S0.8 cm). The liners are provided with 

concrete collars and stainless steel caps. Spacing between shafts is not less than 

0.9 m, and the transuranic isotope content is limited to 200 g per shaft. The 

shafts are filled with stainless steel containers of waste and then are capped with 

a removable concrete plug. The contents of each shaft are recorded. 

Facilities 7827 and 7829 contain stainless steel wells which are used for the 

storage of TRU waste containing high beta-gamma activity. Facility 7829 

contains 30 wells; 15 of them are 4.5 m deep, and the other 15 are 3 m deep. The 

diameter of these wells ranges from 20.3 to 76.2 cm. 

4.2^.2 DISPOSAL FACILITIES 

Non-TRU waste and general radioactive waste are generally disposed of in 

unlined trenches and/or shafts. Trenches are approximately 15 m in length, 3 m 

wide, and 3-4.5 m deep. They are graded to slope toward one end. A corrugated 

metal casing, 15.2 cm in diameter, is inserted vertically into the trench and is 

used as a monitoring well. Once filled to within 0.9 m of grade, the trench is 

backfilled with soil. 

Shafts vary in diameter (0.6 to 1.0 m) and depth (less than 6 m). A minimum 

spacing of 0.9 m in between shafts is maintained, and the radioactive content is 

limited to 200 g per shaft. Once filled, the shafts are capped with concrete. 
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Three settling basins have been used in past operations at ORNL. These basins 

are waste pond no. I, waste pond no. 2, ond the homogeneous reactor test 

settling basin. Only waste pond no. I is still used and serves as an equalization 

basin for laboratory process waste prior to treatment in the ion-exchange 

facility. 

From 1957 to 1976, waste pond no. 2 served as a settling basin for the effluent 

from the lime-soda-clay treatment plant. Sediment samples taken after its 

decommissioning indicated that bottom sediments at this pond contain approxi

mately 5 Ci of Pu-239 and Pu-240 and various fission products. The 

concentration of radionuclides in the bottom sediments of waste pond no. I is 

expected to be higher than that in waste pond no. 2. However, the bottom 

sediments in this pond have not been sampled, and consequently no estimate of 

their radioactive content is available. 

The settling basin was used for disposal of low-activity liquid waste generated in 

the 7500 area. The basin is no longer in service and has been filled and covered 

with asphalt. No records of its contents are available. 

Pits and trenches were used for the disposal of intermediate-level liquid waste, 

A total of four pits and three trenches was used in this operation until 1965. 

Radionuclide seepage from one trench and one pit was detected in the earlier 

days of this operation, and both trench and pit were closed. Approximately 

181,680 m of liquid waste containing I million curies was disposed of in these 

pits and trenches. 

Burial grounds I and 2 cover an area of about 2 ha and were closed in 1946. 

These areos were used primarily for the disposal of contaminated trash, 

laboratory equipment, and other items that were discarded. Burial ground 3 was 

opened in 1946 and used until 1951 for underground disposal of waste. Burial 

ground 4 covers a total area of 9.3 ha and was used until 1959 for the disposal of 

alpha-and beta-gamma-contaminated waste. 

Burial ground 5 has been used for the disposal of all types of wastes including 

TRU waste; however, most of the material that has been disposed of in this 
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burial ground is considered as general radioactive waste such as mixed fission 

products, depleted uranium, filter media, and equipment that could not be 

economically decontaminated. The 27.5-ha burial ground 6 was opened in 1969 

and is used for disposal of waste in trenches and shafts. 

For TRU waste, an Authorization for Storage of Radioactive-Contaminated Solid 

Waste and a Record of Transactions of Source and Special Nuclear Materials are 

required before the material is transported to the storage site. The three types 

of containers used for the packaging of this woste are concrete casks, stainless 

steel drums, and stainless steel capsules. Concrete casks are placed in trenches, 

and shielded drums and capsules are placed in shafts. Casks containing 

flammable waste are separated from those containing nonflammable waste. 

Once filled, the trenches are backfilled with 0.9 m of soil. 

Low-activity waste is stored in drums and does not require shielding. The drums 

are shipped by truck and stacked in building 7823 until a sufficient number of 

them is accumulated. Then they are transferred to building 7826 for final 

storage. Non-TRU waste is disposed of in unlined shafts and covered with 0.9 m 

of soil. Unpackagec1 bulk material containing less than I g/ft of fissionable 

isotopes is disposed of in unlined trenches. General radioactive waste disposal is 

accomplished by depositing the waste in trenches or shafts. Once the trench is 

filled to within 0.9 m of the surface, it is backfilled with soil. 

High-activity general radioactive waste with a surface radiation in excess of 200 

mR/hr is packaged in stainless steel drums and transported in shielded casks for 
3 

disposal in shafts. A total of 18,540 m of this radioactive contaminated waste 

containing 62.6 KCi of radioactivity has been disposed of at ORNL. The current 
3 17 rate of disposal is approximately 3000 m /year. 

4.3 OAK RIDGE Y-12 PLANT 1 7 

The Oak Ridge Y-12 Plant (427-ha plant area) is located in Bear Creek Valley 

about 4.8 km from Oak Ridge, Tennessee. The low-activity radioactive waste 

disposal sites are also located in Bear Creek Valley about 2.9 km west of the 

main plant site. The classified disposal area is located within the main plant 

site. 
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Low-activity radioactive waste is disposed of in trenches (5.5 m deep x 7.9 m 

|| wide) at burial grounds I-A and 2-C. Filled trenches are covered with soil, 
** leveled, and grass-seeded. Burial ground I-A is used primarily for the disposal of 
j j depleted uranium-contaminated materials such as particulate filters, metal 
II drums, and mixed-metal machine turnings. About 9.0 x 10 kg of these materials 
:,. is disposed of in this burial ground annually. Waste disposal, compaction, and 
M sealing processes presently require the use of land at a rate of 0.04 ha per year. 

Ml Materials contaminated with enriched uranium and natural thorium are disposed 
- 5 

of in burial ground 2-C at a rate of 4.5 x 10 kg per year. The current land use 
| for this waste disposal operation is 0.04 ha per year. Burial ground 2-B is used 
" for the storage of pure, depleted uranium, About 13 x 10 kg of uranium is 
p buried in trenches (4.5 m deep by 4.0 m wide) at this site. 
1 
p Classified materials such as forms made from uranium and thorium are disposed 
| I of in trenches (5.8 m deep x 2.4 m wide) at the classified disposal area. For 

security reasons, the materials are covered with soil the same day they are 
placed in the trench. A tot< 
buried annually at this site. 

0 
0 
0 
0 

placed in the trench. A total of 2.3 x 10 kg of these contaminated materials is 

Records and descriptions are maintained on each disposal operation; they include 
the volume, radionuclide content, type of containers, location, and personnel 
safety measures taken. No further information is presently available concerning 
these waste materials. 

4.4 OAK RIDGE GASEOUS DIFFUSION PLANT (K-25) 

The Oak Ridge Gaseous Diffusion Plant is situated on a 259-ha area in eastern 
Tennessee. Its primary purpose is the enrichment of uranium hexafluoride in the 
uranium-235 isotope. No high-level radioactive waste is stored or disposed of at 
K-25. The majority of the low-activity waste buried or stored at this site is 
material contaminated with uranium and with traces of Np-237, Pu-239, and Tc-
99. 
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4.4.1 BURIAL FACILITIES 

There are five low-activity radioactive waste sites at K-25: the old classified 

burial ground, new classified burial ground, K-33 contaminated waste burial 

ground, K-722 scrap metal yard, and K-I407-C retention basin. Three of the five 

sites are land burial grounds, but only one is still active. The fourth site is an 

active above-ground storage area where noncontaminated and contaminated 

scrap metal is stored. The fi*th site is an active retention basin for radioactive 

and nonradioactive sludges. 

The old classified burial ground covers 1.5 ha and has an average depth i f about 

9.1 m. Due to the lack of accurate records, no good estimate of the 

radioactivity of the materials disposed of at this site can be made. However, it 

can be deduced that most of the material buried is uranium-contaminated with 

only trace quantities of transuranics and/or fission products. 

The new classified burial ground was built in 1975 to dispose of classified 

radioactive and nonradioactive material and covers on area of 8.9 ha. Waste is 

buried in trenches 4.5 m deep and 30.5 m long. Each trench is completely filled, 

covered with soil, and grass»seeded before excavating another trench. At the 

present time, only 0.1 Ci of uranium is buried at this site, along with trace 

quantities of TRU and/or fission products. 

The K-33 contaminated waste burial ground was utilized for the disposal of 

unclassified solid radioactive waste. The area occupied by the buried materials 

is only 0.08 ha of the I.I ha initially committed for this site. As of July 1975, 
3 

this area contains about 1007.5 m of uranium-contaminated materials and 
3 17 

68.8 m of thorium-contaminated materials. Small amounts of other uranium 

compounds, thorium compounds, contaminated uranium hexafluoride cylinders, 

beryllium chips, boron, etc., are also buried at this site. The use of this burial 

ground was discontinued, effective March 1976, The total predicted radioactiv

ity of all these materials is approximately 14.1 Ci. The K-33 burial ground 

contains a total of 62 graves, ranging from trenches (3.4 m wide x 0.9 m in 

diameter x 36.9 m in length) to shafts (3.7 m deep x 0.9 m in diameter). 
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The K-722 scrap metal yard covers 8.9 ha of land for the storage of scrap metal. 

The scrap metals consist of steel, stainless steel, aluminum, copper, nickel, and 

alloys. Two of the 8.9 ha are set aside for the storage of malal that has been 

exposed to uranium materials or shows alpha or beta-gamma activity on the 

surface. It is estimated that 2.7 x 10 to 4.5 x 10 kg of contaminated scrap 

metal are stored in this site. No estimated quantity of radionuclides associated 

with these materials is available. 

The K-I407-C retention basin (213.4 m x 15.2 m x 1.8 in diameter) is primarily 

used in the disposal of radioactive and nonradioactive sludges, such as dredgings 

from various holding ponds. Since its construction in 1973, this basin has 

accumulated a volume of about 1146.9 m of dewatered sludge. The total 

radioactivity of the material contained in this basin is estimated to be about 

18 Ci, primarily consisting of uranium compounds and TC-99. Currently the use 

of this basin is restricted to the periodic storage of lime sludges. Radioactive 

wastes are not routinely deposited in this basin, 

f i In addition to the retention basin, K-25 has three holding ponds: K-I407-B, K-

- 901-A, and K-I007-B. The K-I407-B holding pond (118.9 m x 45.7 m x 1.8 m in 

« ; diameter) is mainly used for the settling of uranium compounds discharged from 

0 the decontamination and recovery facility. As of April, 1977, 3 Ci of 

radioactivity was estimated to be in this pond, mainly consisting of low-activity 

H uranium and technetium compounds. The K-90I-A holding pond has a length of 

approximately 426.7 m, a width ranging from I m to nearly 137.2 m, and a depth 

J; ranging from a few centimeters to about 3 m. Its primary purpose is the settling 

of lime solids from the water treatment facility. In the past, this pond was used 

1 for the disposal of radioactive and nonradioactive waste from an intermittent 

^ cylinder-puncturing operation. No estimate of the radioactivity of this pond is 

rr available. Some uranium and trace quantities of TC-99 have been detected. 

The K-I007-B pond (548.6 m x 137.2 m x 1.5 m in diameter) is mainly used for pH 

control, through dilution, of small quantities of acidic and caustic wastes 

discharged from the laboratories and for the settling of solids from chemical 

operations and storm drains. Although the estimated radioactivity of the pond is 
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not available, bottom sediment samples have been analyzed to contain minor 

amounts of uranium and technetium compounds. 

4.4.2 OPERATING PRACTICES 

Since the old classified burial ground and the K-33 contaminated waste burial 

ground are no longer used for waste disposal, there are no operating practices 

associated with their use, except for routine landscaping maintenance. 

Material disposed of in the new classified burial ground is properly surveyed for 

radiation contents. Accurate records of the radiation contents and disposal 

locations for specific radioactive items are kept. Material disposed of at the K-

722 scrap yard is classified as clean or contaminated by health physics personnel 

and stored in a designated area of the yard according to its classification. The 

current use of the K-I407-C retention basin is restricted to radioactive and 

nonradioactive sludge disposal. 
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I I 5J0 ROCKY FLATS PLANT (RFP) 

I 5.1 INTRODUCTION 

I I The Rocky Flats Plant, which is operated for the Department of Energy by 
Atomics International, is a key producer of plutonium parts for nuclear weapons. 

| | It Is located approximately 10 miles south of Boulder, Colorado, and 16 miles 
" northwest of Denver. Construction of the present plant complex consisting of 
I I some 75 buildings and structures, was started in 1951, and the plant was put into 
! i operation during 1953. 

u 
i ! RFP handles many kilograms of plutonium each year. The work, which is per-
" 3 

farmed in glove boxes, currently generates, annually, more than 5,230 m of solid 
| | waste contaminated with plutom'um. 

f( 5.1.1 LIQUID WASTES64 

Liquids contaminated with plutonium are transferred to a process waste 
treatment plant. There the plutonium and other chemical contaminants are 

, removed by carrier precipitation as solids for transfer to DOE-approved storage 
! I at INEL 

I 
Most liquids are t reated at least three times by ne t ra ' izaf ion and the addit ion of 

ferr ic hydroxide to fo rm a carrier precipi tate. Ti lis precipi tate is col lected on 

drum f i l te rs , removed as a sludge, mixed wi th dry cement to absorb free l iquids, 

and placed in 208-l i ter drums. Liquids containing hydrochloric acid or 

f complexing cgent j are processed separately by mixing the liquids w i th port land 

cement to form a solid in 208-l i ter drums. Liquids containing acids are 

~ neutralized prior to mixing. Organic solutions and oils are also blended w i th an 

L> absorbent to fo rm a solid in the 208-l i ter drums. 

0 
0 
0 
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Effluent from treated liquid, which is luw in radioactivity but high in soluble 

chemical contaminants, is evaporated in solar ponds or by forced evaporation. 

Salts from the evaporation are packaged in 208-liter drums. The previously 

released processed aqueous waste is now being retained in a holding pond until 

construction of a new waste treatment facility is completed. 

5.1.2 RADIOACTIVE SOLID WASTE 1 8 

In its handling of plutonium and other radionuclides, the Rocky Flats Plant gen

erates radioactive scrap, or residue, and radioactive waste. Scrap is material 

that can be recycled for productive use; radioactive scrap contains plutonium or 

enriched uranium thct is economically desirable to recover. Waste, on the other 

hand, has no recoverable value. Radioactive waste is not economically worth 

treating to recover the plutonium or uranium in it. 

A total of about 5,230 cubic meters of plutonium contaminated waste is 

currently generated annually. Nearly 3,270 cubic meters of this total is 

packaged and shipped to an off-site retrievable storage location, This is 

considered TRU waste, which is waste with more than 10 nanocuries per gram 

(nCi/g). Approximately 1,960 cubic meters is packaged and shipped to an off-site 

non-retrievable location; this in non-TRU (NTRU) waste that has less than 10 

nanocuries of plutonium per gram. 

Currently , the Rocky Flats operation generates about 20 kg of waste plutonium 

annually. The accumulated (through 1975) plutonium in the INEL burial site 

amounts to about 500 kg of which about 120 kg is retrievable storage. 

5.1.2.1 WASTE COLLECTION 1 8 

Removing solid waste from glove boxes involves transferring the waste through a 

glove-box opening into a plastic bag or sleeve clamped to the opening. The bag is 

then twisted, taped closed, and cut away. If the bag is left out for even a short 

period, it is placed in a second bag for added protection. These procedures are 
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[J supplemented by forced, down-draft ventilation; individually fitted respiratory 
protection for all personnel; close radiation monitoring surveillance; and protec-

I tion from external radiation sources. Because of its origin, all waste of this type 
is considered by the Department of Transportation (DOT) to be of NOS (Not 

|jj Otherwise Specified) activity (formerly HSA or High Specific Activity). LSA 
" (Low Specific Activity) waste has less than 0.1 microcurio of plutonium per gram 
| of waste; NOS waste contains more than 0.1 uCi/g. 

, Other contaminated solid wastes result from materials such as clothing, paper 
[\ used by employees in process * controlled areas (but outside glove boxes), and 

surgeons' gloves; they are designated low specific octivity (LSA) if no significant 
| [ X- or gamma radiation is noted by radiation monitoring surveys and if no 

measurable plutonium is indicated by drum-counting techniques. These tech-
I s niques involve detectors that identify and quantify the radioactive elements in 

each drum containing contaminated waste. 

5.1-2.2 WASTE PACKAGING 1 8 

Most radioactive wastes are sorted and packaged in 208-liter steel drums manu
factured under a quality control program to ensure compliance with DOT specifi
cations. A thick-walled polyethylene drum liner is used to contain TRU wastes 
inside the drum for retrievable storage. The polyethylene liner provides added 

\[ resistance to corrosion from the contents, increases resistance to tear or 
puncture, and is a means of containment even if the steel drum corrodes. The 

T plutonium content of each drum is determined by counting neutrons and gamma 
^ radiation. 

0 
f! 

Some wastes such as glove boxes, large equipment, and construction materials 
are too large to fit into a 208-liter drum. These items are disassembled to 
reduce the volume, cleaned to remove pluto"vum, and packaged into 1.9 cm thick 
plywood boxes. For retrievable storoge, the boxes are coated with fire-retardant 
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and fiberglass-reinforced polyester. These boxes are manufactured under a 

quality control program to ensure compliance with DOT specifications, Each 

item placed into a plywood box is monitored with a calibrated, portable, sodium 

iodide detector to detect any significant residual plutonium. 

All primary containment packaging for contaminated waste is controlled by 

Quality Control Procedure Q-2000, "Radioactive Material Packaging Quality 

Assurance." 

5.1.2.3 WASTE SHIPPING18 

Rocky Flats uses rail cars and truck trailers to ship wastes at the present time to 

INEL (Idaho National Engineering Laboratory). Drums and uncoated boxes 

containing non-TRU waste, such as evaporator salts, sewage sludge, and material 

contaminated with depleted uranium and beryllium are trucked directly to INF.L. 

All other drums have TRU waste; they are placed in cargo containers that are 

loaded into ATMX rail cars, which are specially designed cars owned by DOE. 

All rail shipments go to the Transuranic Storage Area where the cargo containers 

are unloaded. All coated boxes are also shipped by ATMX rail car. 

5.1.3 GENERAL 

Rocky Flats' operating policy places the responsibility for all wastes on the 

department that generates the waste. The policy enforces a philosophy of elimi

nating and controlling wasis where the waste originates. Since 1970, the volume 

of solid, radioactive waste generated at Rocky Flats has been reduced from a 
3 

rate in excess of 8,400 m per year to 1ne present rate of slightly more than 
5,200 m 3 per year (6,000 m 3 in I975 1) . 1 8 

Rocky Flats is actively pursuing additional programs and facilities to further 

reduce the volume of solid, radioactive waste being generated and the amount of 

plutonium contained in wastes. Major reductions are expected when new 

scheduled chemical recovery and waste treatment facilities become operational. 
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These facilities will remove more plutonium from the waste streams, provide for 

incineration of all combustibles, recover nitric acid for reuse, remove more 

water from the waste treatment sludges, and increase the density of evaporator 

salts. 

5.2 WASTE TYPES, CHARACTERISTICS, AND AMOUNTS l 8 

Unclassified contaminated solid wastes generated by RFP are shipped to INEL 

for burial while classified wastes are shipped to Richlond, Washington. The 

volume of solid waste (contaminated with uranium or plutonium and americium) 

shipped doubled from about 3,700 m 3 in FY-1964 to about 7,650 m 3 in FY-1969 

(see Table E-7) and nearly doubled again to about 11,350 m , shipped in FY-1970 

because of the waste generated in cleaning up after the fire in a plutonium 

production line in May 1969. The annual volume shipped has decreased to about 

5,230 m (1976). The activity shipped to INEL in these wastes varies depending 

upon programs being carried out (Table E-8). The plutonium (and americium) 

contaminated solid waste generated at RFP can be put into eight categories: 

first stage sludge (non-LSA), second stage sludge (non-LSA), evaporator salts 

(LSA), cemented liquids (non-LSA), grease (non-LSA), line-generated waste (non-

LSA), nonline-generated waste (LSA), and crated waste (non-LSA). Sorting or 

segregation of contaminated waste at RFP is done mainly to facilitate measure

ment of radioactive content and to aid in the processing of the material. 

5.2.1 SOLIDS FROM THE WASTE TREATMENT PLANT 6 * ' l 8 

First stage sludge, second stage sludge, evaporator salts, cemented liquids, and 

grease are generated in the waste treatment plant for radioactive liquids. 

Aqueous liquids of low radioactivity but high chemical content are sent either to 

the waste evaporator in the treatment plant or to solar evaporation ponds and 

then to the evaporator. The evaporator bottoms are sent to a double-drum dryer 

where the remaining water is removed. Water vapor from the evaporator and 

drum dryer go up the evaporator stack. The dried salts are drummed for 

shipment. Aqueous liquids of high radioactivity and high chemical content are 
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TABLE E-7 

CONTAMINATED*0' SOUD WASTE , 0 

SHIPPED BY ROCKY FLATS FROM FY-64 TO F Y ^ 1 8 

Shipped to 
INEL 

Shipped to 
Richland 

Volume Volume 
FY (m 3) (m 3) 

64 3,571.4 10.5 

65 3,727.3 10.3 

66 3,843.4 •M.4 

67 5,350.1 22.2 

68 7,607.9 32.9 

69 7,522.7 22.2 

Total shipped to INEL 31,622.8 

Total shipped to Richland (classified material) 129.5 

Total shipped FY 64-69 31,752.3 

o. Plutonium and nonplutonium contaminated. 
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TABLE E-8 

ESTIMATE OF TRU ACTIVITY SHIPPED BY ROCKY FLATS PLANT 
TO INEL FOR STORAGE 1 8 

Year 
Pu-239 

(g) 
Am-241 

(g> 

67 50,031 2,129 

68 46,486 1,778 

69 38,046 4,876 

Year (Ci/ b > (Ci)< a ) 

67 4,622 6,813 

68 3,579 5,690 

69 2,930 15,603 

a, Based on: Am-241 at 3.2 Ci/g 

b. Plutonium Isotopic Composition and Alpha Radioactivity 

Isotope Wt.% Ci/qPu 

Pu-238 0.009 0.0015 
Pu-239 93.750 0.0575 
Pu-240 5.857 0.0133 
Pu-241 0.368 . . 
Pu-242 0.016 0.0000006 

100.000 0.0723 
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processed through two stages of decontamination in the treatment plant using a 

ferric hydroxide carrier precipitation process. The decontaminated aqueous 

waste is combined with the low radioactivity-high chemical content waste and is 

processed in the waste evaporator mentioned above. The precipitate is removed 

from the supernatant liquid by vacuum filtration. The filter cakes ore drummed 

for shipment as first and second stage sludges. Aqueous liquids of high 

radioactivity but low chemical content ore decontaminated in the second stage 

of the waste treatment plant. The precipitate is filtered and drummed for 

shipment as second stage sludge. Aqueous wastes containing complexing agents 

are not amenable to the above precipitation process, They are discharged into 

lined drums filled with magnesia and cement to set up before shipment. These 

solids form the category called cemented liquids. (Ion exchange resins are also 

cemented.) Organic liquids, primarily cutting oil plus carbon tetrachloride, are 

shipped to the waste treatment plant where they are mixed with calcium silicate 

to form a putty-like mass called grease. About 140 liters of organic waste is 

converted to grease per 208-liter drum used for shipment. 

5.2.2 LINE-GENERATED WASTES'8 

Line-generated waste contains the bulk of the plutonium discarded and shipped 

for burial. This waste category is segregated at the point of generation 

according to type of waste material (Table E-9). The residues are segregated by 

type to aid in assaying for nuclear materials accounting and to facilitate 

processing, including incineration when necessary, to recover plutonium. The 

type of matrix has to be known to obtain a valid determination of plutonium 

content by the drum counter. Residues which contain more than the discard 

concentration of plutonium are processed as scrap to recover the plutonium. 

Residues which contain less than the discard concentration are discarded as line-

generated wastes. 

5.2.3 NONLINE-GENERATED WASTES18 

Wastes removed from a radioactive material processing area (other than a pro

cessing line) are considered as contaminated and are collected in drums as 

% 
INCORPORATION 



B 
D 
f 1 

TABLE E-9 

H CATEGORIES AND DISCARD LIMITS AT THE , a 

ROCKY FLATS PLANT LINE-GENERATGD WASTE I e 

c 
Category 

Discard Limit 
(gPu/g) 

u 
Sweepings 

(J Sludge 

0.007 
u 

Sweepings 

(J Sludge 0.007 

U MgO Sand 

if 
ion Exchange Resin 

0.007 U MgO Sand 

if 
ion Exchange Resin 

0.007 

§ Incinerator Ash 0.007 

Sweepings Heels 

U Ash Heels 

0.007 Sweepings Heels 

U Ash Heels 0.007 

1 , Glass and Ceramics 0.0005 

1 ' Scarfed Molds 0.00035 

Graphite Flow Residue 0.002 

CWS Filter (0.6 x 0.6 x 0.3 m) 2* g/filter 

[| Dry Box Filters (3.1 x 3.1 x 1,6 cm) 3 g/filter 

r Washables 

* Combustibles 

0.0006 r Washables 

* Combustibles 0.0007 

I Miscellaneous Scrap Metal 

n 

0.0003 

il 
D 
0 
0 
0 E-38 

TERA CORPORATION 



nonline-generated solid waste. Drums indicating greater than 0.5 mr/hr at the 
surface are sent to the drum counter for assaying and possible plutonium 
recovery. Nonline-generated waste which shows . t e than 0,5 mr/hr at the 
surface of the drum is considered LSA waste and shipped as such. 

5.2.4 CRATED WASTES 

Items that are too large to be put into a dum are put into plastic lined plywood 
boxes or crates. These constitute the category called crated wastes. 

Nonline-generated plutonium wastes are segregated from nonline-generated 
uranium wastes since they are generated in separate buildings. However, until 
1970 they were not kept separate in shipment or burial. Drums of all categories 
of non-LSA plutonium wastes are mixed in shipment and burial, A comprehensive 
breakdown of RFP waste discards for first stage sludge, second stage sludge, 
evaporator salts, and cemented liquids are given in Table E-10; for grease in 
Table E-i I; for line-generated waste in Table E-12; for nonline-generated waste 
in Table E-13; and for crated Pu-contaminated waste in Table E-14 (based on 
1967 evaluation). 
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TABLE E-10 

FIRST STAGE SLUDGE, SECOND STAGE SLUDGE, CEMENTED UQUIDS, 
AND EVAPORATOR SALTS SHIPPED BY THE ROCKY FLATS PLANT 

IN CY I967 ( a >» l 8 

First Stage Sludge Second Stage First Stage Sludge 

Sludge 
M " i f 

Miscellaneous 

Date 
(Quarter 
CY67) 

Volume 

(m3) 

Volume 

(m3) 

Volume 

(m3) 

1st 70.6 46 22.9 

2nd 48.9 72.4 6.9 
3rd 46.8 71 7.5 
4th 49.8 62.2 3.7 

Total 216.1 251.6 41.0 

Cementing Facility Evaporator Salts 

Cemented Liquid Miscellaneous 

Date 
(Quarter 
CY67) 

Volume 

(m 3) 

Volume 

(m 3) 

Volume 

(m 3) 

1st 33.5 10 1.2 
2nd 22.3 6.9 3.3 
3rd 5.6 6.2 72.8 

4th 16.7 JJ 175.3 

Total 78.1 30.8 262.6 

a. Total plutonium charged off in these four waste categories was 8.125 kg. 

b. Contaminated empty bottles used as container! 'or transporting solutions 
to the waste treatment building. 

E-40 
% 

TKA CORPORATION 



TABLE E-11 

CREASE SHIPPED BY THE ROCKY FLATS PLANT IN 1967 18 

CCL^-Oil Generated Shipped(a) 

Volume 
(m 3) 

Contaminated Drums 

Date 
(Quarter 

1967) 
Volume 
(liter) 

Pu 
(g) 

Shipped(a) 

Volume 
(m 3) 

Drums V o ' 7 e 

(No.) (m J) 

1st 19,190 263 20.4 627 130.5 

2nd 21,725 19? 338.3 440 91.6 

3rd 10,600 75 320.1 547 113.8 

4th 12,225 292 286.4 334 _&£ 

Total 63,740 829 965.2 1,948 405.4 

a. The amount of grease shipped is much larger then the CCL^-oil waste gen
erated becuase of back-log material. 
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TABLE E-12 

LINE-GENERATED WASTE SHIPPED BY THE 
ROCKY FLATS PLANT IN I967 1 8 

Material Volume 
(m 3) 

Graphite 88.5 

Sand, Slag, and Crucible 47.7 

Insulation 65.8 

Fire Brick 0.6 

Resin 5.0 

Scrap Metal 56.8 

Glass 21.0 

Washables 66.2 

Combustibles 23.5 

Line-Generated 9.0 

Filters 6.0 

Tantalum 1.9 

Miscellaneous 17.1 

Am-241 Waste 8.6 

Am-244 Waste _L8 

Total 376.2 

Pu 
(g) 

21,211 

6,948 

13,012 

355 

1,207 

1,773 

1,235 

4,699 

648 

344 

592 

169 

2,164 

408 

M3 

54,878 

0 
D 
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TABLE E-13 

NONLINE-GENERATED WASTE (FROM Pu PRODUCTION AREAS) 
SHIPPED BY THE ROCKY FLATS PLANT IN I967 1 8 

Date 
(Quarter 1967) 

Volume 
(m 3) 

1st 309.1 

2nd 280.8 

3rd 282.5 

4th 325.8 

Total 1,198.2 
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TABLE E-14 

CRATED Pu-CONTAMINATED SOLID WASTE SHIPPED BY THE 
ROCKY FLATS PLANT IN 1967 l 8 

Incinerator 
Filters 

Miscellaneous 
Pu-Contaminated 

Wastes 

Total Crated 
Pu-Contaminated 

Wastes 
Date 

(Quarter 
1967) 

Volume 
(m 3) 

Pu 
(g) 

Volume 
(m 3) 

Pu 
(g) 

Volume p y 

(m 3) (g) 

1st 23.4 510 93.5 313 116.9 823 

2nd 66.3 482 77.4 264 143.7 746 

3rd 62.4 671 81.3 230 143.7 901 

4th 38.9 988 175.4 298 214.3 1.286 

Total 191.0 2,651 427.6 1,105 618.6 3,756 
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(JO PADUCAH GASEOUS DFFUSIOM PLANT 

The current burial of low-level radioactive waste at Paducah is within the 303-ha 

main plant site, which is located near Paducah, Kentucky. 

6.1 BURIAL FACILITIES17 

The primary radioactive waste burial area, C-404, is c converted holding pond. 

The holding pond was constructed with on on-grade tamped clay bottom en,J 

tamped clay lined dikes (1.8 m high) enclosing an area of 0.5 ha. The pond was 

used in the disposal of uranium-contaminated magnesium fluoride slag and 

rejected uranium tetrofluoride. 

This area is now covered with silty clay and is slightly mounded to facilitate 

runoff. Drummed uranium wastes are currently being placed on top of the 

backfilled pond. Once a sufficient number of drums are assembled, a clay cover 

will be placed over the drums. 

The uranium burial ground, C-749, comprises an area of 0.3 ha and was used for 

the disposal of uranium-bearing scrap metal deemed undesirable for burial in the 

old holding pond area (primarily pyrophoric uranium metal in the form of 

sawdust, shavings, and turnings). Approximately 74 percent of this area has been 

utilized since the first burial on December, 1975. Scrap metal is placed inside an 

excavated pit and covered wilh a 1.2-m soil cover. 

The classified scrap burial yard, C-746F, is a fenced 0.7-ha plot. Disposal in this 

area has utilized an area of 0.1 ha. Items disposed of consist of nonrecoverable 

weapon components. These are placed in a pit 2.4 m deep and then covered with 

a 1.2 m cove of soil. The only radioactivity associated with this facility is a 

very small amount of tritium (less than 10 Ci). 

Area A (20.7 m in width x 83.8 m in length x 3-3.7 in diameter) is used for the 

disposal of miscellaneous noncombustible trash (excluding uranium scrap and 
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contaminated materials or equipment). Aluminum and steel shavings from the 

machine shop and a limited amount of contaminated bulky equipment items have 

been buried here in the past. Approximately 85 percent of this area has been 

used. The used areas are covered with a 1.2-m layer of compacted clay and 

gravel. 

During the period of 1958 to 1962, areas B, C, and G were used to dispose of 

noncombustible trash and contaminated noncombustible material (except uranium 

scrap) and equipment. These areas comprise a total of 0.2 ha and were dug to a 

depth of 1.8 to 2.1 m. Each pit was filled to about 0.9-1.2 m with waste and 

covered with 0.9-1.2 m of soil. 

The concrete burial sites, areas D and E, comprise an area of 0.03 ha, and small 

burial pits were excavated to a depth of 1.8-2.1 m. Each pit contains about 9070 

kg of concrete pieces resulting from the removal of the concrete bases of the 

vibrating reactor trays during May and June of I960. The uranium-contaminated 

material buried in these pits was covered with about 0.9 m of soil. 

The 0.06 ha which comprises area F-C-340 has been utilized for disposal of 

miscellaneous contaminated material and equipment and contaminated scrap 

metal. Material buried was covered with about 0.9 m of soil. 

The contaminated aluminum burial site, area J, has on area of about 0.04 ha. A 

pit was excavated to a depth of about 1.8 m, and the contaminated scrap metal 

ixried in this pit consisted of about 100 to 150 drums of aluminum scrap metal in 

the form of nuts, bolts, etc. The contamination was primarily natural, depleted, 

and slightly enriched uranium corrosion products with trace quantities of 

neptunium and plutonium. The concentration of TRU nuclides is estimated to be 
17 orders of magnitude below the level that requires retrievable storage. The pit 

was covered with 0.9 m of soil. 

Area L (55.2 m ) contains a single contaminoisd iodine cold trap ( I F , condenser) 

buried in 1968 at a depth of 1.8 m. Area M consists of two pits comprising an 
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area of about 0.08 ha and excavated to a depth of about 4.6 m. The larger pit 

was used from the beginning of plant operation until 1958 to dispose of all types 

of trash and equipment, com\ ninated and noncontaminated. The smaller pit was 

excavated for disposal of all the scrap metal remaining in the yard (primarily 

contaminated) which was not salable at the time this yard was cleaned up and 

closed. Both pits were covered with 0.6-0.9 m of soil. The contamination 

involved primarily natural or slightly depleted uranium. 

The contaminated scrap yard, C-746E, contains contaminated scrap metal from 

plant operations and comprises on area of 0.3 ha. As of April 1977, the yard was 

90 percent full. 

6.2 OPERATING PRACTICES 

Scrap uranium is generated by precipitation with lime from equipment 

decontamination and cylinder wash solutions. The filter sludge is collected in 

plastic-lined drums. When a number of drums are accumulated, personnel load 

them on a truck and unload them at area C-40A. These drums are covered with 

clay soil up to within a few rows of the end of the current stack. Depleted 

uranium tetraf luoride is also drummed and transported to area C-404 for burial. 

Lime sludges are analyzed for Np-237, Pu-239, Th-230, and Tc-99. Batches 

containing Np-237 and Pu-239 in excess of 10 uCi/kg ore stored retrievably in 

plastic-lined steel drums in warehouse C-7465. 
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7Jd PORTSMOUTH GASEOUS DFFUSKJNRJW^ 

The Portsmouth Gaseous Diffusion Plant is located on a 1618.8-ha reservation in 

Pike County, Ohio. 

7.1 BURIAL FACILITIES 1 7 

There are three storage facilities at the Portsmouth site for low-activity 

radioactive wastes: the X-206-D storage area, the X-744C facility, and the 

classified waste area. 

The X-206-D storage area measures 76.2 m x 41.5 m, and all storage is on the 

ground. This area is used to store small scrap metal items which have small 

amUHtts of radioactive contamination and a high scrap resale value. The metals 

include copper, monel, stainless steel, nickel, brass, etc. All metal items are 

decontaminated prior to storage in this area. 

The X-7WG facility is a warehouse covering 0.8 ha. It is used primarily for 

storage of U F , contained in cylinders and for storage of nonfluorinated materials 

such as UjOg, UOj , UNH, uranium solutions, and radioactive plant waste. The 

low-activity radioactive wastes stored in this facility include the solid residues 

from the uranium recovery operation, contaminated alumina, magnesium 

\\ fluoride, sodium fluoride, and various classified contaminated wastes and 

materials. Contaminated wastes are stored temporarily until a sufficient amount 

has been accumulated for burial. The classified waste area is capable of 

retrievably storing several tons of classified wastes such as barrier tube sheets, 

steel parts, and certain floor sweepings. All these materials are decontaminated 

before storage. 

The X-7W burial ground is a 2-ha site used for aboveground storage and disposal 

of unclassified contaminated waste. The stored materials are, for the most part, 

large pieces of metal or equipment having fixed surface contamination which are 

stored in 208-liter drums. All materials are decontaminated prior to storage. 
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Buried items in the X-749 trenches fall under Iwo categories. Category I 

(chemical trap waste) includes uranium-bearing solids such as alumina, sodium 

fluoride, magnesium fluoride, incinerator ash, and filter cake, whose uranium 

content is not economically recoverable. Category 2 consists of scrap metal that 

is potentially or slightly contaminated and cannot be sold or placed in a sanitary 

landfill. Scrap metal is decontaminated before burial. 

7.2 OPERATING PRACTICES17 

Before 1976, no special packaging procedures were used in preparing contami

nated wastes for burial. Category I wastes in the X-749 trenches were buried in 

metal containers. During 1976, much of the wastes were found to contain 

TC-99, which is water soluble. To avoid further contamination, operating 

practices were changed; each package of chemical tap waste was sealed in 

plastic, and each trench was also covered with plastic. This precaution is now a 

standard procedure used in all burials. 

Contaminated materials considered nonrecoveroble are segregated and labeled 

for proper identification and disposal. Other contaminated wastes with no value, 

but with TRU concentration above allowable limits, are shipped to other 

facilities. 

The individual trenches used for waste burial are excavated in the clay soil and 
2 

have surface areas ranging from 9.3-167.2 m . Classified burial trenches are 

about 4 m deep, and waste is covered with soil to a depth of 3.0 m. In the 

unclassified burial grounds, trenches are only 2.4 m deep and are covered with 

1.2 m of soil. 

7.3 WASTE GENERATION 

The accumulated volume of waste at Portsmouth is 279 m , which contains 

approximately 2700 kg of uranium. 
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8Jtf FEED MATERIALS PRODUCTION CENTER (FMPC) 

8.1 INTRODUCTION 

The Feed Materials Production Center is located near Fernald, Ohio, on a 424-ha 

site about 16.1 km northwest of Cincinnati. The primary work at FMPC is the 

production of purified uranium metal and compounds for use at other DOE sites. 

A small amount of thorium work is also done. The recyling of uranium and 

thorium has introduced minimal amounts of transuranic and fission products into 

the waste storage areas. 

Most of the solid waste generated at FMPC results from the neutralization of 

acidic waste solutions. Filter cake and sludges collected from the neutralized 

wastes are deposited in chemical waste pits. 

8.2 STORAGE FACILITIES17 

There are three long-term storage facilities at FMPC: K-65 tanks, metal oxide 

tonks, and chemical waste pits. Five pits are identified by number, based on the 

chronological order of their construction. They are further identified as "dry" or 

"wet" pits, based on the physical state of the material placed in the pit. 

There ere two K-65 tanks and two metal oxide tanks which are each 24.4 m in 

diameter and 8.2 m high. The tank walls are ,nade out of concrete, 20.3 cm 

thick, and were post-stressed with high-tensile steel wire protected by a 1.9-cm 

grout coating. These were also protected by o soil embankment. The K-65 tanks 

were used for the storage of refinery residues that resulted from the processing 

of pitchblende ores, which was discontinued in 1959. These talks are the 

property of the African Metals Corporation and are stored at FMPC under a 

lease contract that expires in 1983. Only one of the two metal oxide tanks 

contains wastes, and both are owned by DOE. These wastes are residues 

resulting from the processing of ore concentrates and contain only a trace of 

radium. 
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Pits I, 2, and 4 are essentially inground facilities which were constructed by 

digging a large hole and then lining it with a 46-61 cm of impervious clay. 

Maximum depths of pits I and 2 are 5.2 and 4.0 m, respectively. Both pits have 

been backfilled, covered with clean soil, and graded to provide surface drainage 

away from the pits. Pit 4 is partially filled and is used for the disposal of dry 

solids. Maximum depth of the pit is 7.3 m. Pit 3 was constructed to receive 

neutralized waste slurries. The solids settled, and the supernatant flowed into an 

adjacent clearwell. The capacity of the pit was 174,110 m . The pit has been 

filled to its capacity to function as a settling basin and partially covered with 

clean soil. The remaining capacity is being used for the disposal of filter cake. 

Once the pit has been completely filled, it will be covered, graded, and seeded to 

control runoff and erosion. 

3 
Pit 5 is a rubber-lined settling basin with a capacity of 87,929 m and a surface 

area of 1.5 ha. The pit is 7.6 m deep and is used for the disposal of neutralized 

liquid wastes from uranium and thorium processing. 

8.3 OPERATING PRACTICES 

There are no facilities at FMPC for the treatmenl of solid radioactive wastes. 

Uranium and thorium-contaminated solid wastes are disposed of in pit 4 without 

treatment. 

Contaminated combustible residues, sewage sludge, graphite, and oils are 

incinerated in various facilities. The uranium values are recovered from the 

generated ash. 

In general, liquid wastes from uranium and thorium processing are first 

neutralized and then may follow one of two routes. In one route, the neutralized 

wastes are sent to pit 5, where the solids settle out and the supernatant 

overflows to a clearwell. In the other route, the neutralized wastes are filtered 

and the filter cake is deposited in pit 3. 
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8.4 WASTE GENERATION 

j j As of February, 1977, approximately 3,135,990 kg of normal and enriched 
uranium have been placed in pits I through 5. 

' I 
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9.0 MAGARA FALLS SITE 

9.1 INTRODUCTION 

The DOE-Niagara Falls site located in Niagara County, New York, is dormont 

and in caretaking status. Placement of additional radioactive wastes in storage 

or disposal at the site is not contemplated. 

Radioactive wastes at this site are either disposed of on the surface or stored in 

buildings. These wastes are primarily residues that were generated in the 

processing of pitchblende concentrates bought from the African Metals Corpora

tion in the Belgian Congo to obtain pure U,0g during the early years of the 

atomic energy program. 

The contract with the African Metals Corporation stipulated that, with certain 

specific exceptions, only the uranium content was sold to the United States, with 

all other minerals to remain as property of the vendor. As a result of this, about 

60 percent of the wastes at this site belong to the African Metals Corporation 

and are stored in buildings leased from DOE until 1983. 

9.2 OPEN-LAND DISPOSAL FACILITIES'7 

All of the radioactive wastes disposed of aboveground are the property of DOE. 

These wastes consist of R-10 residues, R-10 iron cake, and contaminated soil 

removed from surrounding areas in a decontamination operation that took place 

in 1972. 

The R-10 residues were generated from a 3 percent U,0g pitchblende, which was 

given a cyanide treatment for removal of precious metals. These residues 

amount to 7.5 x 10 kg, containing 0.1 percent UJOQ and having a radioactivity of 

3.75 mR/hr at the surface. To eliminate a potential dust hazard, R-10 residues 

were covered with topsoii and grass-seeded in 1964. The R-10 iron cake is a by

product residue from 3 percent U^Og pitchblende and contains no radium. The 

material is primarily lead vanadate. A total of 1.4 x 10 kg containing 0.4 
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percent U , 0 8 and having a radioactivity of 2.24 mR/hr at the surface was 

disposed of adjacent to the R-!0 residues. 

3 
The 11,469 m of soil and buried debris removed in a decontaminction operation 

in 1972 was piled up to a height of 4.5 m, occupying an area of 0.4 ha. A 

radiation survey indicated a maximum reading of 3.5 mR/hr at 0.9 m above the 

surface of the pile. Soil samples indicated contamination due to uranium and/or 

radium. 

93 OTHER FACILITIES 

Of the radioactive waste stored inside buildings, only the F-32 and Middlesex 

Sand wastes are owned by DOE. Both wastes are stored in the same buiiding. 

There are 1.3 x IO Skg of F-32 and 18151 

percent and 4 percent of IUOQ, respectively. 

There are 1.3 x 10 kg of F-32 and 1815 kg of sands in storage containing 

The radioactive wastes owned by the African Metals Corporation and stored at 

DOE-Niagara Falls consist of 1.6 x I 0 6 kg of K-65 residues, 7.5 x I 0 6 kg of L-30 

filter cake, and 1.7 x 10 kg of L-50 sludges. K-65 residues are stored in a 50.3-

m-high reinforced concrete tower. These residues contain 0.3 percent U,0g and 

have a radioactivity of 5 mR/hr at 1.8 m above the surface. The L-30 filter cake 

contains 0.2 percent U-0„ and has a radioactivity of 13 mR/hr at the surface. 

The L-50 sludge originated from a & percent U-,0g pitchblende processed in 1944. 

This sludge contains 0.1 percent LLOg and a radioactivity of 8 mR/hr. 
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10.0 WELDON SPRING SITE 

10.1 INTRODUCTION 

The Weldon Spring operation, located in St. Charles County, Missouri, has two 

separate disposal sites approximately 6A km apart: the raff inate pits area and 

the quarry. Since no radioactive wastes are generated at the present time at 

Weldon Spring, activities at these sites are limited to the caretaking and 

management of waste burial facilities. 

10.2 DISPOSAL FACILITIES17 

The two disposal sites mentioned above comprise a total area of 24.7 ha. 

The raff inate pits consists of four pits having a total capacity of approximately 

492,700 m . The radioactive wastes disposed of in these pits are primarily 

raffinates from the refinery operation and magnesium fluoride slurry from the 

uranium recovery processes performed by the Weldon Spring Production Center. 

Approximately 70 percent of the residues disposed of in pits I, 2, and 3 ore 

neutralized raffinates from refinery operations. The wastes were pumped as 

slurry into the pits, the solids settled out and remained, and the supernatant 

overflowed into the plant sewer. The remaining 30 percent of the residues are 

washed slag residues from the uranium metal production operation. In addition 

to some uranium residues similar to those in pits 1-3, pit 4 contains raffinate 

solids from the processing of thorium recycle materials in the refinery. 

3 
A total waste volume of 168,102 m has been disposed of in these pits. It is 

3 
estimated that 75,802 m of free water is retained atop the sludges in the 
residue pits. 

The quarry site consists of an open pit primarily used for disposal of chemical 

and radioactive contaminated waste. Prior to its acquisition by the Atomic 

Energy Commission, the Department of the Army used the quarry for the 
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disposal of TNT-contaminated scrap metal. No data are available about how 

much of this material was disposed of in the quarry. The Atomic Energy 

Commission first used the quarry in 1959 for the disposal of drummed residues 

containing approximately 3.8 percent thorium. 

In 1963-1964, approximately 38,211 m of uranium- and radium-contaminated 

scrap metal was disposed of In the quarry. This material consisted of 

contaminated process equipment, building scrap, and soil. Additional drummed 

thorium residues containing 3.8 percent thorium- and TNT-contaminated wastes 

were disposed of in the quarry during 1966. During 1967-1968, an estimated 

volume ranging from 3818 to 7636 m of contaminated equipment and scrap 

metal was disposed of in the quarry by the Army in its decontamination 

operations of the Weldon Spring Plant. 
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IIJO PANTEXPLANT 

I I.I INTRODUCTION 

The 1.4-ha burial site is centrally located on the Llano Estacado within * e 3683-

ha Pontex Plant, which is located 29 km northeast of Amarillo, Texas. All 

radioactive waste buried at this site is considered retrievable over a period of 20 

years. 

11.2 BURIAL FACILITIES17 

Radioactive waste is packaged for burial in the generating area in plastic bags 

and overpacked in 18.9-liter cans or in fiberglassed wood boxes. 

Waste is stored in vertical concrete cylinders (6.1 m deep x 1.8 m in diameter) or 

in trenches (30.5 m long x 4.3 m wide x 4.0 m deep). Once filled with waste, the 

cylinders are capped with a concrete plug and covered with 1.8 m of compacted 

soil. Waste stored in trenches is also covered with 1.8 m of compacted soil. 

11.3 WASTE GENERATION17 

No TRU wastes are routinely generated at Pantex, and the small amount of TRU 

waste from nonroutine sources is segregated from the other wastes and buried in 

a separate trench in fiberglassed boxes. The current annual rate of waste burial 

is 1.4 m/year, which contains 134 kg of uranium, which is the primary 

component of the wastes. 

1 
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l?J) SANDIA LABORATORIES (SL) 

12.1 INTRODUCTION 

Sondia Laboratories is located at the foothills of the Manzano Mountains near 

Albuquerque, New Mexico, The current 0.6-ha radioactive disposal site is 

located in an environmental test area, Tech Area III, of Sandia Laboratories. An 

old burial ground (closed in 1960), consisting of an area of 0.11 ha, is located in 

an explosive test area, Tech Area II. 

12.2 BURIAL FACILITIES17 

The active disposal site is divided into three areas: one for the disposal of 

classified nuclear weapon components, another for the disposal of bulky debris, 

and the last for future expansion. Open trenches and burial shafts are the two 

methods of disposal employed at SL. 

The form of the waste determines the packaging used for burial. All liquids are 

solidified and packaged. All decontamination waste is sealed inside plastic bags. 

For large equipment, removable contamination is either fixed or contained. 

Radioactive components are bagged. An instrument survey is performed at this 

time to determine if radiation levels or removable contamination precludes 

normal handling. 

Open trenches (55 m in length x 11 m in width x 4 m in diameter) are used for 

very low activity or suspect radioactive waste. This includes decontamination 

debris, HtPA filters, surplus contaminated equipment, experimental structures 

used in contaminated areas, solidified liquids, etc. 

Open trenches are periodically backfilled to prevent any possible escape of loose 

contamination and to reduce fire hazard. 

Burial shofts (3 m in length x 3 m in width x 8 m in diameter) are used to dispose 

of all radioactive devices with security classification, radioactive sources 
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than IOu.Ci, and uranium machining waste, as well as any other uranium waste 

that is a potential fire hazard. 

Each active shaft is covered by a steel platform containing a locked door. The 

shafts are used until the level of waste is within 2 m of the surface, at which 

time they are backfilled and the soil is allowed to settle. After approximately 

I year of settling, the shafts are capped with concrete. 

Before retrievable storage of TRU waste became a DOE requirement, plutonium-

contaminated debris from nuclear weapons tests was placed in one trench in the 

disposal area. This waste is not considered retrievable. Subsequent TRU waste 

generated at SL and requiring retrievable storagu has been transported to an off-

site DOE storage facility. Currently (1977), no TRU wastes are being generated 

atSL. 

12.3 WASTE GENERATION17 

3 
The current cumulative inventory indicates that a total volume of i322m of 

radioactive waste has been disposed of at this site since operations started. This 

total includes primarily fission product/induced-activation products, 152.8 m of 
3 

uranium-contaminated wastes, 15.7 m of TRU-contaminated wastes containing 
3 

less than 10 nCi/g, and 0.2 m of TRU-contaminated wastes containing more 

than 10 nCi/g (which were buried prior to the retrievable storage requirement). 

The cumulative decayed activity is 2.4 KCi. 
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13.0 NEVADA TEST SITE (NTS) 

13.1 INTRODUCTION 

Ti« Nevada Test Site is located in Nye County, Nevada, and comprises an area of 

371,158 ha, Of this area, 155,404 ha are used for nuclear testing programs and 

the remaining area provides a variety of possible radioactive waste management 

locations. At present, less than 81 ha are being used for waste management 

operations at NTS. Seven sites are used at NTS for the storage and disposal of 

radioactive waste: area 5 RWMS, R-MAD RWMS, U3ax crater, U3fi drillhole, 

Horn Silver mineshaft, U2bu crater, and U8d postshot drillhole. 

13.2 STORAGE FACILITIES1 7 

Area 5 RWMS is used for both storage and disposal of radioactive waste and 

comprises an area of 15.7 ha. Pads are used for the storage of tr i t ium-

contaminated waste, low-activity TRU waste, and potentially reusable activated 

or contaminated hardware end equipment. 

The R-MAD (reactor-maintenance, assembly, and disassembly) facility is used for 

the storage of recctor hardware remaining after the preparation of expended fuel 

elements and covers an area of 22.3 ha. This site was used in the past for both 

disposal and surface storage of radioactive hardware and waste from the nuclear 

rocket development program. 

Twenty-six additional radioactive waste sites are used for surface storage at 

NTS. These are considered retired or inactive because no wastes are being added 

to the sites. Most of the waste stored at these sites consists of contaminated 

parts from a large exhaust deflector, reactor cores, and nuclear test wastes. 

Current plans are to remove the waste stored at these sites and consolidate it in 

a disposal site. 
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13.3 DISPOSAL FACILITIES" 

Area 5 RWMS is used for the disposal of classified wastes. The wastes are 

disposed of in trenches having a width and depth of about 3.2 m and a length of 

90-180 m. Excavations are filled with radioactive waste to near surface level. 

Then a final soil cover at least 0.9-m thick is placed on top of the waste. TRU 

waste is restricted to area 5 RWMS, where it is stared on the surface in closely 

spaced, sealed drums. However, a storage pad is being constructed in FY—1978. 

The U3ax crater is a crater from a past underground nuclear test which originally 

was 129.5 m in diameter and 18 J m deep. The crater is now used for the 

disposal of large unpackaged waste items. There are 46,000 m of burial 

capxity still available (1977) for disposal at this site. Land burial at the U3ax 

crater consists of cut-and-fill operations. Layers of low-activity contaminated 

waste are covered with layers of sail from the crater sides. 

The U3fi drillhole, originally intended for emplacement of a nuclear test device, 

is about 1.8 m in diameter and was plugged with concrete at a depth of about 

240 m before abandonment. Now the hole is used for disposal of classified waste 

consisting of drilling core .samples containing radioactive debris from weapon 

tests. 

The Horn Silver mineshaft is an abandoned mineshaft used for the disposal of 

classified radioactive waste. Most of the waste already deposited there was 

generated during Project Pluto, a past nuclear ramjet engine test series. A 

concrete plug has been poured over the wastes at a depth of about 128 m, and a 

concrete collar pad with a steel cover and lid has been installed on the shaft. 
3 The remaining unused volume is about 700 m . 

The U2bu crater was used for disposal of low-activity contaminated drilling mud 

and liquid The crater was originally about 230 m in diameter and 31 m deep, but 

now is nearly full of drilling mud. The U8d postshot drillhole is used for the 

disposal of low-activity contaminated liquid waste. This is accomplished by 

attaching the drain hose of the tanker transporting the wastes to a valve 
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connector and hose permanently installed in a flange over the U8d casing. There 

are 10 seepage basins at NTS which were used for the collection of low-activity 

contaminated water and other liquids generated by mining and decontamination 

operations. 

I3A WASTE GENERATION 

The total accumulated amount of waste is 5.07 K G and the current disposal rate 
3 3 

is 125 m /year. The total volume of TRU waste stored is 90 m , which contains 
1.3 kg of transuranics. 
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I4J0 ARGONNE NATIONAL LABORATORY (AM.) 

The Argonne National Laboratory (ANL) is located in Argonne, Illinois, and is 

operated by the University of Chicago for DOE. 

14.1 BURIAL FACILITIES1 

There is no active burial ground at ANL; however, during the decnmmissioning of 

the originol laboratory (in Chicago proper) building rubble was buried in the Cook 

County Forest Preserve. Other ANL-generated waste and building rubble were 

also buried at this surveillance site. 

14.2 WASTE GENERATION1 

ANL, produces o wide variety of solid radioactive waste suitable for land burial, 
3 

About 40 m per year of solid waste results from liquid radwaste treatment. The 
3 solid waste produced annually is about 845 m . In the past -'I waste was shipped 

to Sheffield, Illinois, for burial. Present shipping activities are unknown. 

ANL also operates one facility at INEL where on-site burial is practiced. 
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15.0 OTHER DOE SITES 

IS.I WASTE QUANTITIES AND PRESENT DISPOSAL METHODS10 

The quantity of solid waste contaminated with transuronics expected to be 
generated annual ly at other DOE sites varies from about one cubic meter at 
Sandia Laboratory, to about 230 m for Argonne National Laboratory (Table E-
15). Sites in favorable geographic locations (remote, dry, etc.) bury solid waste 
on site while those in less favorable locations ship to commercial burial grounds. 
Based on the experience of the larger national laboratories and production sites, 
about 10 percent of the total solid waste generated annually by these sites is 
expected to be non-LSA waste. About 60 percent of this would be expected to be 
shipped to a TRU waste repository in steel drums and about 40 percent in steel 
boxes or bins. 
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TABLE E-15 

QUANTITIES OF SOLID WASTE CONTAMINATED WITH TRANSURANICS 
EXPECTED TO BE GENERATED AT OTHER DOE SITES 18 

Site 
V o ' u m e ( f o r B t ^ U t 
<m / y r ) and burial) Containers 

Combustible 
(Volume % ) 

Alpha Act ivi ty .(a) 

(as shown) (b) 

Sandia Laboratory 

Brookhaven National Laboratory 

0 1 Battel le Wnrnorial Institute 
en 

Lawrence Radiation Laboratory 
(Berkeley) 

Lawrence Livermore Laboratory 

1 . 1 

5. .7 

15. .9 

32. A 

132 .5 

on-stte 0 .06m plastic bags and 100 
0 .6 to 0 .9m cardboard boxes 

off-site 1.2m x 1.8m x 2 .4m steel 
bins 

90 

off -si te 208-l i ter steel drums 75 

off -s i te I I * - and 208-l i ter steel drums 90 

off -si te 208-l i ter steel drums 75 

range: 0.01 to 0 .1 Ci 
a v g . : 0 .01 Ci 

range: I y Ci to I m Ci 
avg.t 10 p Ci 

range: unknown 
ovg. : unknown 

range: I u. Ci to I Ci 
avg . : 100 y Ci 

range: I to 10 Ci 
avg . : 0.25 C i 

o. Alpha activity includes Pu-238, Pu-239, Am-241 and/or Cm-244. 

b. Activi ty content of packages; not of a unit volume or weight. 
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1.0 MTROOUCTION 

The term "burial," as used in this report, refers to the placement of waste at 

relatively shallow depths in earth materials, with no intent or provision for ready 

retrievability at a later date. Buried wastes are subject, in some degree, to the 

influence of water, infiltration and movement, erosion, plant uptake, animal 

penetration, and human activity. The consequent migration or dispersal of 

radioactive and other toxic materials must be kept to some minimum or 

acceptable level. The physical and chemical form of the waste, engineered 

containment mechanisms, and the surrounding earth materials can be used to 

attain the desired level of containment. 

Shallow earth burial has been used for the disposal of radioactive waste since the 

inception of nuclear weapons research in the l9Ws. Initially, only the Atomic 

Energy Commission's rational laboratories and contractor facilities handled and 

disposed of radioactive waste. Burial grounds were operated at each facility for 

the disposal of waste generated by weapons development and other nuclear 

research programs. Radioactive wastes generated by private industry were 

initially disposed of at the AEC-operated burial grounds. 

The volume of radioactive wastes generated by private industry increased 

dramatically during the I950's. Burial grounds operated by the AEC at Oak 

Ridge National Laboratory (ORNL) and at the National Reactor Testing Station 

(NRTS) in Idaho received some of this waste. However, the majority of the 

radioactive waste generated by private industry was managed by sea disposal 

services offered by private companies. 

Growing pressures against sea disposal led to the AEC in January I960 

designating regional land disposal sites which would accept waste for burial from 

private industry and from AEC contractors without burial facilities. Under this 

interim policy (May l?60), suitably packaged wastes were accepted for burial at 

ORNL and NRTS until such time as commercial burial sites became available. 

In February 1961, the AEC established regulations to permit commercial 

operation of low-level burial grounds on Federal or state owned land. 
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In September 1962, a commercial burial facility was opened in Beatty, Nevada. 

This burial ground, licensed by the regulatory branch of the AEC, provided an 

alternative to both sea disposal and the AEC facilities. A similar site was 

opened shortly thereafter in Morehead, Kentucky, and in 1963, the AEC 

discontinued its policy of accepting radioactive waste from private industry. In 

the following years additional commercial sites were opened in other states and 

by 1971 six commercial burial grounds were licensed for the handling and disposal 

of radioactive waste (see Figure F-l). The last disposal of radioactive waste at 

sea was conducted in June 1970. 

Wastes presently buried at both commercial and Department of Energy (DOE) 

facilities contain a large variety of radioactive materials, ranging from low 

activity radiopharn^ceuticals to high activity fission products and trace 

quantities of transuranic isotopes. The hazards these wastes pose to man and his 

environment are primarily dependent on their radioactive properties, rather than 

on their chemical toxicity. The time frame of the hazard is dependent on the 

half-life of the specific radionuclide. The bulk of the radioactive materials at 

existing sites exhibit half-lives on the order of tens of years or less, and at 

typical concentrations will thus decay to innocuous levels in periods of less than 

a few hundred years. In the human time frame, the hazard period of other 

materials, such as, Pu-239 with a 24,000-year half-life, differs little from that of 

toxic stable elements like chromium. 

In 1970, the AEC implemented policies limiting the burial of long-lived 

transuranic radionuclides at AEC operated sites. Such waste containing greater 

than 10 nanocuries per gram were sent to retrievable storage facilities. The 

AEC issued a proposed rule on September I?, 1974 which would have limited 

burial of transuranic wastes at commercial sites also. Following creation of the 

NRC and ERDA, ERDA withdrew the draft environmental statement needed to 

fulfill NEPA requirements for the rule. Although the rule has not been 

implemented, all the commercial burial sites except the Richland sits presently 

limit the burial of transuranium nuclides. 
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Disposal operations at commercial burial facilities are similar to conventional 

sanitary landfill operations, with the odditional handling precautions requisite to 

radioactive materials. Burial in open, unlined trenches is the common practice, 

with each trench containing a mixture of radionuclides and waste forms. Water 

is the principal medium by which the radioactive materials can migrate away 

from the burial trench, either by dissolution in subsurface water, or by erosive 

processes. Thus, site investigation and selection procedures involve extensive 

studies of the hydrogeology of prospective sites. Similarly, efforts are made to 

exclude water from the waste following burial. Less than half of the existing 

burial sites have detected the movement of radioactive materials away from the 

buried waste and none of these releases have posed any hazard to public health 

and safety. 
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2.0 BURIAL SITE DESIGN OBJECTIVES 

The containment capability of a burial ground is dependent on the physical and 

chemical form of the emplaced waste, the retaining ability of the natural system 

surrounding the waste, and any engineering modifications to the system. In 

general, migration of radionuclides from buried waste to man's environment 

involves two separate phenomena: dissolution of radionuclides in the waste by 

water in contact with i t , and movement of the liquid containing the radionuclides 

away from the burial emplacement at a sufficient velocity that they enter man's 

environment during their hazardous lifetime. Most physical and biological 

processes that mobilize and transport radionuclides can be described in these 

general terms. Thus, measures that impeded either of these phenomena will 

increase the containment ability of a burial site. 

Commercial burial grounds have been located on the basis of regional require

ments for waste disposal facilities. Site selection involved the survey of several 

prospective sites, with the final decision based on hydrogeologic and economic 

factors. 

The single most important factor affecting t h 3 containment capability of a burial 

ground is the degree to which ground and surface water can contact the waste 

and subsequently cause migration of the radionuclides. As a result, a hydrologic 

assessment is required as a portion of the licensing procedure for each site. In 

effect, these studies provide an estimate, prior to use of the burial ground, of the 

degree to which ground and surface water will contact the waste following 

burial, the pathway of the water away from the burial site, the ion-exchange or 

adsorptive capability of the materials along that path, and the extent to which 

the radionuclide content of off-site ground and surface waters v/ill be effected 

by the burial grounds. 

The important characteristics related to the containment capability of each of 

the six commercial sites are presented in Table F- l . Earth materials tend to be 

both non-homogeneous and anisotropic. Solid waste burials are universally 
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TABLE F - l 

COMMERCIAL BURIAL SITE CHARACTERIST ICS 2 

8 

Beattv Marehead West Valley Richland Sheffield Barnwel 1 

Mean annual pre
cipitation (mm) 

100 1200 1000 2 0 0 9 0 0 1100 

Surficial mater-
all type 

Alluvial sand 
and gravel 

Weathered shale; 
clay and sand 

Glacial d r i f t , 
silty cJay/in-
terbedded sand 
and gravel 

C lay , sand and 
gravel 

Glacial dr i f t ; 
sand, silt and 
gravel 

Sand and clay 
sand 

Thickness 
(meters) 

Over 200 3 - 5 20-30 Over ISO 20-30 0 -10 

Interstitial per
meability to wa
ter (cm/day) 

Variable 
( 0 . 0 2 - 0 . 1 ) 

Very low ( 0 . 0 2 ) Low ( 0 . 5 ) Variable Variable 
( 0 . 0 4 - 4 0 . ) 

0 -10 

Bedrock mater i -
ial type 

Metaanorphie and 
sedimentary 

Shale Shale Volcanic Shale, clays tone 
and coal 

C lay , sand and 
sandstone 

Structure Folded Flat- lying Flat- lying Flat- ly ing Flat- ly ing Flat - ly ing 
Ground water 
depth to shatlo-
est saturated zone 
(meters) 

80 -90 1 - 2 Variable, 1-20 100 4 -20 10-20 

Depth of continu
ous groundwater 
zone (meters) 
Depth to region
al aquifer 
(meters) 
St/rface water 
proximity 
Flow character
istics 

Absorptive or ion 
exchange capacity 
of material sur*-* 
rounding burial 
Principal flow 
paths away from 
burial 

80-90 1 0 0 

None present None present 

3 km 500 m On-site 10 km A t site boundar
ies 

Ephemeral , fo!- Smal l , perennial Smal l , perennial Lorge, perennial Lake to north; 
lowing storms (Columbia River) small , perennial 

to south 
Moderate High High Moderate 

Unsaturated flow Shale fractures Shale fractures Unsaturated flow Pore spaces in 
in pares and lens in In pores tilt 

drift 

10-20 

2 0 0 

At site bound
aries 
Small , peren
nial 

Pore spaces in 
sand 
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located at shallow depths, in the transition zone between soil materials and 

subsurface geology. The numerical values provided in Table F-l are either 

estimates of a range of values, or opproximate mid-range values. Some values 

vary from point to point and on a seasonal and annual basis at each burial site. 
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3.0 CURRENT PRACTICES AND EXPERIENCE 

The purpose of this section is to describe existing commercial (and DOE-

operated) radioactive waste burial facilities and technology. 

3.1 COMMERCIAL TECHNOLOGY 

Three companies operate the six commercial burial facilities (see Figure F-l): 

Chem-Nuclear Systems, Inc., (CNS) operates a site at Barnwell, South Carolina; 

Nuclear Fuel Services (NFS) operates a site at West Valley, New York; and 

Nuclear Engineering Company (NECO) operates the sites at Sheffield, Illinois; 

Beatty, Nevada; Richland, Washington; and Morehead, Kentucky (also referred to 

as the Maxey Flats facility). 

There is considerable similarity in the overall operations at the six commercial 

waste disposal sites. Small differences are found in wastes accepted, surface 

water control provisions, and other site-specific regulations. 

3.2 WASTES ACCEPTED FOR BURIAL 

Wastes buried at the commercial facilities originate not only from the nuclear 

fuel cycle, but also from sources such as educational institutions, hospitals, 

government installations, industrial research and production facilities, pharma

ceutical manufacturers, and waste disposal and decontamination companies. 

Table F-2 shows the historical use of the West Valley site. Waste commonly 

referred to as low-level is characterised as mostly paper trash with varying other 

items such as packing materials, protective clothing, broken glassware, plastic 

sheeting and tubing, radioactive carcasses of experimental animals, obsolete 

contaminated equipment, and building rubble. Higher activity wastes typically 

originate from the nuclear fuel cycle. Common wastes in this category include 

spent ion exchange resins, filters, filter sljdges, evaporator bottoms, shielding, 

piping, instrumentation, control rods, and equipment and materials with induced 

radioactivity. Radioactive wastes not accepted for burial generally include 

TERA CORPORATION 



TABLE F-2 

HISTORICAL USE OF THE WEST VALLEY COMMERCIAL BURIAL SITE4 

Type of Facility 
Total 
no. 

New York 
based 

Waste 
volume 

(%) 

Nuclear power plants 8 3 22.6 

Institutional, educational, 
and hospitals 30 21 1.8 

Federal government 7 4 12.0 

Industrial and pharmaceutical 
manufacti.'1'ing end research 
and development 70 38 21.5 

Waste disposal and 
decontamination companies 9 5 19.2 

Nuclear Fuel Services, Inc. 1 1 23.0 

125 72 100.0 
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materials whose inherent chemical toxic or hazardous properties are judged to be 

greater than their radioactive hazard. Materials that have pyrophoric or 

explosive characteristics, free liquids, and compressed gases above one atmo

sphere are excluded from burial at all sites. Some sites accept liquids, but effect 

solidification prior to burial. 

Limitations on package external radiation and radionuclide content also exist, 
o 

but specific values vary. Generally, limitations on the quantities of radioactive 

materials that can be stored above ground prior to burial are applied to three 

categories of waste. By-product material includes "any radioactive materials 

(except special nuclear materials) yielded in or made radioactive by exposure to 

the radiation incident to the process of producing or utilizing special nuclear 

materials Special Nuclear Materials (SNM) refer to fissile radionuclides such 

as U-235, U-233, or Pu-239. Source materials are those which can be converted 

in a reactor to SNM, and include materials such as natural uranium and thorium. 

State-regulated site-specific restrictions for the on-site possession (unburied) of 

these are given in Table F-3. Wastes with transuranic alpha-emitting 

contamination above 10 nCi/g are only accepted for burial at the Richland site, 

Specific restrictions on acceptable wastes appear to be the most restrictive at 

the West Valley, New York site (no longer in operation). In addition to those 

materials already listed, other excluded materials include infectious materials, 

poi&ons, insecticides, rodenticides, herbicides, fungicides, and other such ma

terials. 

3.3 WASTE PACKAGING 

No Federal or state standards have been developed for the burial of radioactive 

waste. In lieu of such standards, waste packagings are determined primarily by 

Department of Transportation (DOT) regulations for the shipment of radioactive 

materials. Most waste packaging methods presently in use are not intended to 

provide containment following burial since the soil is considered to be the 

primary container. 

F-9 
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TABLE F-3 

BURIAL SITE CRITERIA AND RESTRICTIONS 

West Voi le / 

SOLID 

Musi be packaged. 

Maxey Flats 

SOLID 

Barnwell 

SOLID 

Sheffield 

SOLID 

Must be packaged* except Must be packaged, except Must be packoged. 
that objects wi th Induced that objects w i t h induced 
radioocttvity and no r e - radioocfivity and no r e 
movable contamination ore movable contamination are 
exempt' f rom packaging. exempt from packaging. 

Dewatered resins In strong* Dewatered resins are 
t ight containers and de- acceptable, 
watered are acceptable. 

F i l t e r akfs ore accepta
ble without absorp
tion or solidifica
t i o n provided there Is no 
free liquid In the contain
er and the container con
tact radiation levels are 
< 200 mR/hr. I f the con
tact radiation tevels a r e 
> 200 mR/hr , the f i l ter 
aids must be solidified In 
cement In a metal l ic con
tainer, or conform t o 
other pockogEng standards 
approved in writ ing by 
the s i te . 

Spent f i l ter cartridges 
must be solid!fed In 
cement in metallic; 
containers if contact 
radiation levels are 
> 2 0 0 mR/hr or must 

conform to other 
packaging standards 
approved in wri t ing 
by the s i te . 

F i l t e r afcfs mutt be soJi-
di f ied. 

F i l te r aids must be soli
d i f ied . 

Resins solidified wi th 
chemicals or cement ore 
acceptable. 

F i l te r olds must be soli
d i f ied. 

Richland 

SOLID 

Must be packoged. 

Dewatered resins ore 
acceptable. 

F i l te r aids must be soli
d i f ied . 

Beotty 

soyo 
Must be pockoged except 
that solids wi th induced 
radioactivity and no 
removable contamina
t ion ore exempt f rom 
pockoging. 

Dewatered resins are 
acceptable. 

F i l te r aids must be sol i 
di f ied. 

Spent f i l ter cartridges 
In a disposable container 
are acceptable without 
solidif ication. 

Spent f i l ter cartridges 
in a disposable container 
are acceptable without 
solidif ication. 

Spent f i l ter cartridges 
in a dEsposable container 
ore acceptable without 
solidif ication. 

Spent f i l te r cartridges 
in c disposable container 
f*-e acceptable without 
sol idif icat ion. 

Spent f i l ter cartridges 
In a disposable container 
are acceptable without 
solidification* 

> greater than 
£ less than or equal to 
J> not greater than 
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TABLE F-3 

(CONT.) 

West Valley Moxey Flats Beatty 

If package contact 
radio Hon levels or* 
>200 mRAv and It 
contains loose radio
active material, the 
contents must b« 
solid if ted In cement 
In a sealed metallic 
container or conform 
to other packaging 
standards approved 
In writing. 

Resins must be 
solidified in cement 
or equivalent. 

POSSESSION LIMITS 
Non-TRU byproduct 
material. No limit. 

Special nuclear 
material! 
U-23S: 3S0 grams 
U-233: 200 groms 

For Pu-239, site irn-
impases a I gram/ 
shipment limit. 

POSSESSION LIMITS 
Nan-TRU byproduct 
material (except 
Ra-226}i 15,000 curies 
Ra-226): 500 millicuries 

Source material! 
1,5*5 kg 

Special nuclear 
materlali 
U-235t3SO grams 
U-233t 200 grams 

20 gratnj/pockage 

POSSESSION LIMITS 
Non-TRU byproduct 
material: 5,000 curies. 

Source material! 
27.273 kg 
Special nuclear 
material: 
U-23S: 3S0 groms 
U-233i 200 grams 

POSSESSION LIMITS 
Non-TRU byproduct 
material: 5,000 curies. 

Source material: 
18,182 kg 
Special nuclear 
material: 
U-235: 500 groms 
OlOOgfcockoge) 

U-233: 300 grams 
( >£0 g/packoge) 

Pvs 300 groms 
< XOg/uoekogc) 
"P 20 groins/pockoge 
J> 530 grams/m /package 
in combination. 

POSSESSION LIMITS 
Non-TRU byproduct 
materlaU £0,000 curies. 

Source mater I all 
1,818 kg 

Special nuclear 
material* 
U-235t 350 grams 
( > 100 g/packoge) 

U-233: 200 grams 
( >60g/paekage) 

Put 200 groms 
( >60 g/packoge) 

P 530groms/m /pocafcge 
in combination. 

POSSESSION LIMITS 
Non-TRU byproduct 
materloli 50,000 curies. 

Source material: 
11,36*1 kg 

Special nuclear 
materloli 
U-235: 500 grains 
( > 10 g/packoge) 

U-233: 300 grams 
I >£0 n/pockoge) 

Put 300 grams 
( >60 a/package} 

J> 530 grams/m3/paekooe 
in combination. 

> greater than 
£ less than or equal to 
J» hot greater than 



West Valley 

Transurank: mater lalsi 

Site imposes limit Ihot 
the concentration of 
plutonium In waste 
shall not exceed 0.1 
grom/pockoae or 1 
gram per 28.32 m of 
waste. 

Maxey Flats 

Transuranlc materials! 

4 10 nanocurles/gram 

TABLE F-3 

(CONT.) 

Barnwell 

Tronsuranic mater ialsi 

Except for A m - 2 4 1 . 
transvranfc materials 
ore accepted at this 
site wi th the l imit at 
P10 nonocurles/grom. 

Tronswonlc materials: 

J» 10 nonocurles/gm. 

Richland 

Tronsuranic materia 1st 

At present no 
specific l imit is added 
to the special nuclear 
mater ia l l imitat ions. 

Beatty 

Transuranic materials: 

J> 10 nanocurles/gram. 

Any or a l l of the above r e 
quirements not withstand
ing, the concentration per 
package mutt not exceed 
3 5 . 3 C l / m (may be exceeded 
wi th special permission. 

MISCELLANEOUS 

No explosive or pyrc-
phorlc materials. In 
packages. 

N o free water in 
packages. 

Shipments must be 
made In self-supporting, 
disposable containers. 

Toxic wastes o r * not 
accepted. 

MISCELLANEOUS 

Radioactive wastes wi th 
associated chemically 
toxic wastes may not be 
burled IT the chemical 
Toxicity exceeds the 
radiological hazard. 

MISCELLANEOUS 

Radioactive wastes wi th 
associated chemically 
toxic wastes may not be 
buried I f the chemfcal 
toxicity exceeds the 
radiological hazard. 

MISCELLANEOUS 

Radioactive wastes wi th 
associated chemically 
toxic wastes may not be 
burled i f the chemlcaf 
toxicity exceeds the 
radiological hazard. 

MISCELLANEOUS 

Toxic wastes are not 
accepted 

MISCELLANEOUS 

Current ly , combinations of 
radioactive and chemical 
wastes ore »*>t accepted far 
burial. 

> greater than 
£ less than or *qua] to 
y not greoter than 



The bulk of the waste materials are packaged in 208-liter DOT-approved mild-

steel drums. Very low-level wastes (generally microcurie quantities) may be 

shipped and buried in wood or fiberboard boxes. Current practice at all sites is 

to bury waste materials in the same containers in which they are received with 

the exception of moterial which requires transportation in an expensive reusable 

shielded cask. This waste is packaged in a container or liner which can be safely 

removed from the cask and placed in a trench. 

3.4 BURIAL PROCEDURES 

Open trenches are used at all sites as the primary burial facility. Trench design 

is similar at all facilities, ranging in physical dimensions, from 60 to 260 m long, 

eight to 20 m wide at ground surface, and five to eight m deep. For all the burial 

sites it has been specified that the bottom of the trench shall be above the 

maximum ground water elevation. 

Techniques to cover and seal waste in trenches vary with the local climate, soil, 

and ground water conditions. One to three meters of soil is mounded and graded 

over the top of the waste, the mound being one to two meters high over the 

centerline of the trench, at the more arid western sites no speciol attempts are 

made to further compact the fill or seal the trenches. Efforts at the other four 

sites involve more impermeable soils such as clay in constructing the cover, 

reseeding the mound, and construction of drainage fields around the mounded 

trenches. 

3.5 BURIAL SITE INVENTORY 

Existing buried waste inventories at the six sites, through 1977, are given in 

Tables F-l through F-l. All of this material is low-level solid waste in the sense 

that it has not originated from the first stage of a nuclear fuel reprocessing 

operation. 
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YEAR 

Beatty 

Morehead 

West Valley 

Richland 

Sheffield 

Barnwell 

1962 1963 1964 

TABLE F-4 
COMMERCIAL SITES LOW-LEVEL WASTE BURIAL HISTORY 3 ' 9 " 1 4 

WASTE VOLUME BURIED <IT> > 

1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1976 1977* TOTAL 

1,860 3 ,SI0 2,840 1,989 3,530 3,210 3,580 4 ,280 4 ,130 3,590 4,300 4 ,080 4 ,100 4 ,179 3 ,864 5 ,012 58,054 

2,210 3,870 5,750 5,560 

522 6,390 4,720 4,700 

669 2,403 

7,820 8,180 10,400 12,500 13,200 
4,950 4,510 4,280 5,098 6,370 
870 669 438 423 584 

2,530 2,710 2,010 2,830 4,430 
1,171 

15,600 10,100 8,520 17,093 13,783 
7,500 8 ,580 2,049 „(a) 

425 135,016 
0 < o ) 66,726 

16,238 
86,634 

3,757 15,839 18,244 18,072 40,227 43,563 142,873 

7,057 
654 1,033 1,410 1,500 2,867 2,718 

5,960 8,530 12,400 14,112 13,480 17,642 

TOTAL 1,860 6,240 13,100 13,130 16,190 19,380 19,650 21,410 24,980 29,350 37,330 47,080 53,250 57,010 74,220 71,360 505,541 

t a ) West Valley closed March 1975 
* Pretiminary values obtained from private communication with eoch burial s i te . 



es53 es=j mm mm ra ~ : :— ~ Z J e s s BBSSI essa e-g asa 

TABLE F-5 

COMMERCIAL SITES LOW-LEVEL WASTE BURIAL H I S T O R Y 3 ' 9 " | / ' 
B Y - P R O D U C T MATERIAL BURIED 

(CURIES) 

YEAR 1962 1963 1964 I96S 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977" TOTAL 

Beatty NA 5 ,690 6.477 6 ,377 11,974 10,894 6 ,808 9 ,761 12,304 4 ,316 5,228 5 ,704 23 ,904 18,389 4 ,493 23,000 155,119 

Morehead 22,716 148,322 63,828 52,729 42,280 45,578 31,028 46,968 720,146 217,350 118,274 143,656 289,571 211,356 267,000 2,420,802 

West V a l l e y ( a ) 1,372 11,355 21,515 41 ,056 51 ,230 51,675 23 ,264 36,291 42 ,458 61 ,208 170,552 55 ,505 I 0 , 2 7 3 ( a > 0 < b > 0 < b > 557,754 

Richland 144 1,006 5,378 10,330 55 ,964 52,820 23 ,916 31,809 57,037 12,173 113,341 104,306 7 ,000 475,224 

Sheffield 3 ,850 2,381 2 ,192 5,427 7 ,895 4 ,857 2 ,834 3 ,299 6.104 7 ,744 11,000 57 ,513 

Barnwell 4 ,118 997 42 ,500 329,043 17,420 90 ,205 N A 4 8 4 , 2 8 3 ( c ) 

TOTAL NA 29 ,778 116,154 91,874 106,765 113,772 116,772 122,209 153,849 802 ,849 321,449 396,901 567,510 455,098 418,104 — — 

W> Pu-238 subtracted from figures, West Valley reports Pu-238 as by-product material instead of SNM 
< b > West Valley was closed March 1975. 
< c ' Through 1976 
NA Not Available 
* Preliminary vatues obtained from private communication with each burial s i te . 



TABLE F-6 1 9 la 
COMMERICAL SITES SPECIAL NUCLEAR MATERIALS* BURIAL HISTORY"*' " "* 

SNM BURIEO (kg) 

YEAR 1962 1963 1964 1965 
Beatty 0.319 41,304 172.030 334.762 
West Val ley < a > 0.952 3.273 2.433 
Mareheod 0.059 11.889 4.261 
Sheffield 
Richland 0.003 
Barnwell 

1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 I977» TOTAL 

5.872 22.644 8.602 5.005 7.708 0.757 21.177 15.164 16.954 29.276 2.096 4.577 688.247 

4.999 3.446 2.045 7.301 8.273 4.816 7.321 7.710 2.984 0<c) n(b> 0 (b) 56.003 

7.462 14.842 17.771 31.506 47.S62 72.770 71.443 46.244 23.832 25.690 27.474 27.555 431.260 

< 0.001 < 0.001 3.843 5.649 9.934 5.898 6.126 6.198 S.28S 1.738 6.299 S3.962 

1.418 Trace Trace 0.032 0 .200 0.015 0.832 6.SS8 4.884 18.978 24.378 25.937 83.235 

13.220 46.718 99.800 100.444 64.425 122.256 NA 456.863* <d) 

TOTAL 0.319 43.215 187.192 341.459 19.751 42.170 30.172 47.687 69.392 101.512 153.389 181.107 166.296 143.654 177.942 

(a) 
(b) 
(c) 
(d) 

Fissile materials 
Pu-238 added to West Valley figure 
West Valley was closed March 1975 
No available data 
Through 1976 

Preliminary values obtained from private communication with each buriol site. 
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YEAR 

Beatty 

Morehead 

West Valley 

Richland 

Sheffield 

Barnwell 

TABLE F-7 

C O M M E R C I A L SITE SOURCE MATERIAL BURITAL HISTORY 
SOURCE M A T E R I A L * B U R I E D (kg) 

1965 1966 1967 1968 1969 IP70 1971 1972 

,3. 9-14 

1973 1974 1975 1976 1977* TOTAL 

236 
S68 

1962 1963 1964 

296 472 331 

5,210 5,590 

7 ,580 10,100 22 ,200 38 ,300 20 ,300 6 ,460 80 ,000 31,700 51,400 72 ,500 44 ,200 61 ,700 N A ( a * 0 < a ) 0 * D ' 446 ,440 

0 .9 253 0 .9 2.7 88 .4 31.3 606 3 ,112.5 2,250 20.3 215 5,011 2,753 14,345 

212 3,600 2,410 13,900 35,950 3,854 216,000 296,889 

91 346 1,040 290 322 NA 9,340 11,500 9,710 1,438 5,000 22,175 62 ,58 / 

690 5,680 6,250 2,550 7.220 5,730 8,260 9,340 13,100 82,416 75,944 655 229,203 

. ( a » „<a) fi(o) 

3,930 8,703 6,330 2,000 

12,546 1,606 45,305 26,961 46,005 24,367 N A 154,790 (b> 

TOTAL 296 13,300 16.000 23,r/i0 39,400 30,224 22,500 89,300 41,300 70,546 98,373 115, I9S 125,161 166,024 114,176 

* Non-fissile uronlum and thorium 
(a) West Valley was closed March 1975 
( b > Through 1976 

MA Not available 

* Preliminary values obtained from private communicotion with each burial si te. 



One difficulty encountered in analysis of existing commercial site inventories 

arises from the past use of terms like "by-product material" and "mixed fission 

product" rather than identifying specific radionuclide contents of buried wastes. 

A second difficulty involves the variation in values from independent inventories 

at each site. There are several causes, including the lack of specific radionuclide 

information as discussed above, and differing interpretations of those unspecific 

data. In addition, the values for radionuclide content of the buried wastes have 

been determined largely by estimates provided by the waste generator. 
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4.0 INSTITUTIONAL ASPECTS 

| | Handling and burial of solid radioactive waste by the private sector is regulated 

_ in several ways. At the national level, the Nuclear Regulatory Commission 

|f (MRC) has responsibility for licensing waste burial sites except where its 

authority has been relinquished to "Agreement States." The ownership and 

j | | licensing of commercial sites is summarized in Table F-8. Illinois, the only 

"" nonagreement state with a commercial radwaste burial site is presently in the 

lit process of negotiating such an agreement. The NRC also licenses the handling 

•^ and burial of special nuclear materials at the commercial sites in Nevada and 

r- Washington, as the quantities of these materials handled are greater than 

j i permitted under "Agreement State" provisions. 

ijf The license for operation of a burial site continuously undergoes modifica-
2 8 tion. ' This results from special petitions from the site operator to the 

regulating agency requesting authority to handle waste forms or quantities not 

previously encountered. As a result, the license is in effect an accumulation of 

j correspondence between the site operator and the various regulating agencies 

which may occupy more than a meter of shelf space. Licenses are issued for a 

fixed time period, at the end of which the operator must reapply. The license is 

automatically extended during the application review period. 

U The renewal procedure is greatly complicated by the complexity of the license 

and its amendments, and by continually changing state and Federal regulations. 

j j For example, several states have restricted the burial of plutonium (TRU) in 

concentrations greater than 10 nCi/g of waste. This restriction resulted 

ft primarily from a similar restriction imposed by DOE on its own burial site 

operators. A proposed 10 CFR 20 rule change would prohibit all shallow land 

burial of wastes containing more than a specific level of transuranic nuclides. 

Such waste would be transferred to Federal custody for ultimate disposal. The 

present non-uniformity of reglations, and pending changes in those regulations 

produces considerable difficulty in the license renewal. 
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TABLE F - 8 

LICENSING OF C O M M E R C I A L S ITES 2 

Beatty West Valley Morehead Richland Sheffield Barnwell 

Site Operator NECO Nuclear Fuel 
Service (NFS) 

Nuclear Engi
neering Co. 
(NECO) 

NECO NECO Chem-Nuclear 
(CNS) Systems 

Site Ownership State, leased 
to NECO 

State t leased 
to NFS 

Stote, leased 
to NECO 

Federal , leased 
to state, leased 

Sta le , leased 
to NECO 

State, leased 
to CNS 

Agreement 
State 

Yes Yes Yes Yes No, (pend
ing) 

YKS 

Activit ies l i 
censed direct
ly by N R C 

Handling and 
burial of 
SNM 

None None Handling and 
burial of SNM 

Al l burial Handling and 
burial of 
SNM 

Activit ies l i 
censed by State 

All other A l l Al l Al l other None All other 

Burial of T R U <Pu) 
> I O n C i / g 

Restricted 
since 1975 

Restr icted 
since 197* 

Restricted 
since 1974 

Pending re 
striction 

Permi t ted , 
but not 
practiced 

Never per
mi t ted 

Operational 
Status 

Open Closed 
since 
March 1975 

Closed Open 
since 
December I97S 

N o burial 
activit ies 

Open wi th 
l imited monthly 
burial ra te 
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DOE FACILITY SURVEY 
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The survey questionnaire and results will be included m a future update of this 
report based on LLL input. 
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POTENTIAL TRU WASTE SOURCES 
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This Appendix will list all NRC holders of SNM licenses who might generate TRU 
contaminated waste (TRU levels above 0 nCi/g). 
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