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FOREWORD 
BY 

NUCLEAR REGULATORY COMMISSION STAFF 

The NRC staff is in the process of reappra1s1ng its regulatory position 
relative to the decommissioning of nuclear facilities. (l) As a part of this 

activity NRC has initiated two series of studies through technical assistance 

contracts. These contracts are being undertaken to develop information to 
support the preparation of new standards covering decommissioning. 

The basic series of studies will cover the technology, safety and costs 
of decommissioning reference nuclear facilities. Light water reactors, fuel 
cycle facilities and non-fuel cycle nuclear facilities are included. Facili

ties of current design on typical sites are selected for the studies. Separate 
reports will be prepared as the studies of the various facilities are completed. 

The first report in this series was published in FY 1977 and covered a 
fuel reprocessing plant. (Z) The second report was published in FY 1978 and 
covered a pressurized water reactor.(J) The third report was published in 

FY 1979 and covered a small mixed oxide fuel fabrication plant.( 4l The 
following report is the fourth of the series and covers a low-level waste 
burial ground. Additional topics will be reported on the tentative schedule 
as follows: 

FY 1980 • Boiling Water Reactor 
• Uranium Fabrication Plant 

FY 1981 • Non-Fuel Cycle Nuclear Facilities 

• Multiple Reactor Facilities 

A second series of studies covers supporting information on decommissioning 
of nuclear facilities. Three reports are included in this series. The first, 
published in FY 1978, consists of an annotated bibliography on the decommission
ing of nuclear facilities.(S) The second, published in FY 1979, is a review 

and analysis of current regulations. (G) The third report in the series covers 

the facilitation of decommissioning of light water reactors. (7) 
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Subsequent to the initiation of the program described above, the NRC staff 

initiated a rulemaking program concerning the issuances of licenses for the dis
posal of low-level waste. An Advance Notice of Rulemaking (8) was issued in the 

Federal Register on October 25, 1978. The present schedule for development of 
the regulation is based on issuing the proposed regulation early in 1981 and the 
final regulation in 1982. The low-level waste disposal rule as currently planned 

will contain provisions regarding decommissioning of these facilities. The NRC 
staff is in the process of preparing, with the aid of an outside technical 
contractor, an Environmental Impact Statement to support NRC decisionmaking in 
the rulemaking. The contractor and the Environmental Impact Statement will 
address, in this independent effort, the technology, safety and costs of de

commissioning low-level waste disposal facilities. 

The infonnation provided in this report, including any comments, will be 
included in the report for consideration by the Commission in establishing criteria 

and new standards for decommissioning of low-level waste disposal facilities. 

Persons wishing to comment on this report should mail their comments to: 

Chief 
Fuel Process Systems Standards 
Division of Engineering Standards 
Office of Standards Development 
Washington DC 20555 

(1) Plan for Reevaluation of NRC Policy on Decommissioning of Nuclear Facilities. 
NUREG-0436, Revision 1, Office of Standards Development, U.S. Nuclear 

atory Commission, December 1978. 
(2) and 

( 3) 

( 4) 

( 5) 

( 6) 

(7) 

( 8) 

~;t.;;;:i;~~;fr~;-7;;-,;,., i s s ion , June 
Technology, Safety and Costs of Deconvnissioning a Reference Small Mixed Oxide 
Fuel Fabrication Plant. NUREG/CR-0129, Pacific Northwest laboratory for 
U.S. Nuclear Regulatory Commission, February 1979. 
Decommissioning of Nuclear Facilities - An Annotated Bibliography. 
NUREG/CR-0131, Pacific Northwest laboratory for U.S. Nuclear Regulatory 
Commission, September 1978. 
Decommissioning Convnercial Nuclear Facilities: A Review and Analysis of 
Current Regulations. NUREG/CR-0671, Pacific Northwest Laboratory for 
U.S. Nuclear Regulatory Commission, August 1979. 
Facilitation of Decommissioning of Light Water Reactors, NUREG/CR-0569, Pacific 
Northwest Laboratory for U.S. Nuclear Regulatory Commission, December 1979. 
Disposal of Low-Level Radioactive Waste, Advance Notice of Proposed Rulemaking, 
Federal Register, 43:43911, October 25, 1978. 
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ABSTRACT 

Safety and cost information are developed for the conceptual decommission
ing of commercial low-level waste (LLW) burial grounds. Two generic burial 
grounds, one located on an arid western site and the other located on a humid 
eastern site, are used as reference facilities for the study. The two burial 
grounds are assumed to have the same site capacity for waste, the same radio
active waste inventory, and similar trench characteristics and operating pro
cedures. The climate, geology. and hydrology of the two sites are chosen to 
be typical of real western and eastern sites. 

Each reference burial ground occupies about 70 hectares and includes 180 
trenches filled with a total of 1.5 x lOG m3 of radioactive waste. The waste 

consists of 60% (by volume) nuclear fuel-cycle waste with an average activity 
of about 15 Ci/m3 and 40% non-fuel-cycle waste with an average activity of 
about 0.1 Ci/m3. In addition, there are 10 slit trenches containing about 

1.5 x 103 m3 of high beta-gamma activity waste. 

A methodology is developed for the analysis of release conditions for a 
decommissioned LLW burial ground. The methodology is based on the concept of 

an allowable annual dose to a maximum-exposed individual. For a burial ground 
where a subsurface radioactive inventory remains, release of the site on a 
conditional use basis may be necessary. Conditional use requirements include 
site and/or waste stabilization procedures, property use restrictions, and 
administrative control of the site by a government agency for an extended period 
of time. 

The basic decommissioning options considered in the study are site/waste 
stabilization followed by long-term care of the site, and waste relocation. 

Site/waste stabilization involves the use of engineered procedures to 
reduce the rate and extent of radionuclide release from buried wastes left in 
place after site closure. Three stabilization plans are evaluated for each 
reference site. The plans correspond to varying levels of effort that may 
be required to properly stabilize a site. The minimal plan assumes that 

stabilization has been an integral part of normal site procedures during burial 
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ground operation and, therefore, only minor effort is required to prepare the 

site for long-term care. The modest and complex plans correspond to increas

ingly greater needs for site/waste stabilization before the site is turned over 
to a government agency for long-term care. 

For the plans evaluated in this study, site stabilization is estimated 

to require from 10 to 36 weeks to complete, with calculated expenditures of 

from 7.7 to 39.8 man-years of effort and total decommissioning costs of from 

$0.5 million to $7.7 million in 1978 dollars. Manpower and cost estimates 

include support staff and decommissioning worker labor requirements and costs 

for both the planning and preparation and the actual site stabilization phases 

of decommissioning. 

The total accumulated occupational radiation dose for normal site stabili

zation activities is estimated to be between 0.1 and 2 man-rem, depending on 

the location of the burial ground and on the stabilization plan chosen. Because 

site stabilization does not involve direct contact with buried waste, the public 

safety impact of normal stabilization activities is estimated to be negligible. 

If the buried waste is left in place in a decommissioned burial ground, 

long-term care is required to maintain and verify the continued capability of 

the site to confine the radioactivity to the immediate vicinity of the burial 

trenches. Long-term care activities include inspection and maintenance, environ

mental monitoring, and site administration. For the reference burial grounds 

of this study, estimated long-term care costs vary from about $70,000/year to 

$360,000/year, depending on site characteristics, on the kind of stabilization 

activities that precede long-term care, and on the elapsed time since site 

closure. The annual occupational radiation dose for normal long-term care 

activities is estimated to be less than 0.3 man-rem. 

Waste relocation involves the exhumation of buried waste, repackaging of 

the waste if necessary, and reburial of the waste at another burial site, at a 

federal repository, or in another trench on the same site. Because waste relo

cation is very costly both in terms of dollars and of radiation exposure to 

decommissioning workers, it would likely only be considered in situations where 

other decommissioning procedures are not adequate to assure that future risk 

from the facility is within acceptable bounds. 
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Three waste relocation cases are considered in the study. These are: 

• relocation of the waste from a slit trench 

• relocation of transuranic-contaminated (TRU) waste from a section of 

burial trench 

• relocation of all the waste from a single burial trench. 

Relocation of the waste from a slit trench is estimated to require from 
19 to 56 weeks and to cost from $1.4 million to $3.2 million, depending on 
site location and on the exhumation and waste disposal options chosen. The 

cost of waste management {repackaging, shipment, and disposal of exhumed waste) 
is the major cost item for relocation of the waste from a slit trench. The 
accumulated occupational radiation dose is estimated to be about 35 man-rem. 

Relocation of a package of TRU waste buried in an ordinary trench is 
estimated to require from 13 to 22 weeks and to cost from $440,000 to $910,000, 
depending on site location and on the work enclosure and exhumation option 

chosen. The major cost item for this activity is the cost of the work enclosure. 
The accumulated occupational radiation dose is estimated to be about 120 man-rem. 

Relocation of all the waste in a single burial trench is estimated to 

require from 25 to 34 weeks and to cost from $0.7 million to $44 million, 
depending on the site location and on the exhumation and waste disposal options 

chosen. The cost of waste management is the major cost item for this activity. 
The total accumulated occupational exposure is estimated to be about 260 man-rem. 

An estimate is made of the cost of relocating the waste from an entire 
burial ground. For the generic burial grounds of the study, waste relocation 
is estimated to require approximately 21 years at the western site and 25 years 
at the eastern site and to cost about $1.4 billion. 

The safety impact of normal waste relocation operations on the general 
public is found to be small compared to the impact on decommissioning workers. 
The principal impact on the public is the radiation dose resulting from trans
portation of the exhumed waste to a new disposal site. 

An analysis is made of the radiological consequences of postulated decom
missioning accidents during site stabilization and waste relocation operations. 
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A wide spectrum of accidents is considered, with appropriate assumptions leading 

to calculated airborne releases of radioactivity and resulting radiation doses 
to the maximum-exposed individual. Calculations indicate that the 50-year com
mitted dose equivalent to the maximum-exposed individual resulting from postu
lated decommissioning accidents is very small compared to the 50-year dose due 
to natural background radiation. 

Three options to providing funds for decommissioning and long-term care of 

LLW burial grounds are identified and evaluated. The options include payment 
of costs before site operations begin, payment during the operating lifetime 
of the burial ground by contributions to a sinking fund, and payment when 

decommissioning costs are incurred. The sinking fund approach is currently 
used by all of the states that license and regulate burial sites, to provide 
funds for long-term care. 
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1.0 INTRODUCTION 

This report presents the results of a study sponsored by the U.S. Nuclear 

Regulatory Commission to conceptually decommission commercial low-level waste 

(LLW) burial grounds. The primary purpose of this study is to provide infor

mation on the available technology, the safety considerations, and the probable 

costs of decommissioning LLW burial grounds after burial operations are 
terminated. This information is intended for use as background data in the 

development of regulations pertaining to decommissioning activities. It is 

also intended for use by regulatory agencies and site operators in developing 

improved waste burial and site maintenance procedures during the operating 

lifetime of an LLW burial ground. 

Decommissioning is defined as the measures taken at the end of a facility's 

operating life to ensure that future risk to public safety from the facility 

is within acceptable bounds. For an LLW burial ground, the basic decommission

ing modes considered are site/waste stabilization and waste relocation. Long

term care activities that follow site closure are also considered. 

Site and/or waste stabilization involves the use of engineered procedures 

to reduce the rate and extent of radionuclide release from buried wastes left 

in place in a decommissioned LLW burial ground. A number of different approaches, 

or plans, can be employed to stabilize a burial ground. To select an appro

priate plan, radionuclide transport mechanisms capable of initiating a release 

of radioactivity from a particular site (i.e., "release mechanisms") are identi

fied, and suitable stabilization techniques for dealing with these release 

mechanisms are cataloged and evaluated. Plans are then formulated based on 
the techniques selected. 

Potential site/waste stabilization activities include: 

• engineered routing/flow control of ground and surface water 

• modification of trench caps to minimize water infiltration into the 
trenches 

• stabilization of the land surface and erosion control 
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• grouting and/or use of chemical additives to reduce the mobility of the 

waste 

• control of plants and animals that might disrupt surface stabilization 
measures or transport radioactivity from the trenches 

• erection of physical barriers to control human activities at the site. 

Shallow-land burial of radioactive waste is intended to provide for 
permanent disposal under conditions that ensure that future risk from the 

waste is kept within acceptable limits. Waste relocation involves exhumation 
of the buried waste, repackaging it if necessary, and reburial at another 
waste disposal site or in another trench on the same site. These operations 
are expensive and time-consuming, with a potential for significant radiation 

exposure to decommissioning workers. Therefore, waste relocation would likely 
be considered only in situations where site/waste stabilization and long-term 
care procedures are not sufficient to ensure the continued capability of the 
site to provide adequate containment of the buried waste. 

In this study, partial waste relocation from an LLW burial ground is inves

tigated for the following cases: 

• relocation of high beta-gamma activity waste from a slit trench 

• relocation of transuranic-contaminated (TRU) waste from a section of a 
burial trench 

• relocation of all the waste from a single burial trench. 

In addition, an estimate of the cost of relocating the waste from an entire 
burial ground is made by extrapolation of the estimates of manpower, time, 
and waste disposal requirements made for the three cases listed above. 

Long-term care is required to maintain and verify the continued waste 
containment capability of a site after burial operations cease. Long-term 
care may be initiated immediately upon site closure, or it may be preceded by 

the site/waste stabilization activities described above. Long-term care 

activities include: 

• site surveillance and inspection 
• maintenance and repair of trench caps and engineered surface features 

l-2 



• environmental monitoring, data evaluation, and records maintenance 
• administrative procedures for control of the site. 

Long-term care continues until it is determined that the radioactivity at the 
site has decayed to the point where the wastes no longer pose a significant 
radiological hazard, or until additional actions are taken to reach this 
point. 

Two generic burial grounds, one located on an arid western site and the 
other located on a humid eastern site, are used as reference facilities for 
this study. The characteristics of these postulated facilities are based on 

actual characteristics of the six commercial burial grounds that have operated 
in the United States. The reference burial grounds are assumed to have the 

same site capacity for waste, the same radioactive waste inventory, and 
similar trench characteristics and operating procedures. The climate, geology, 
and hydrology of the two sites are chosen to be typical of actual western and 

eastern sites. Each site description provides a basis for evaluating decom
missioning methods and costs, and for estimating possible environmental impacts. 

A methodology is developed for the analysis of release conditions for 
a decommissioned LLW burial ground. For a burial site where a subsurface 

radioactive inventory remains, release conditions may include site and/or waste 
stabilization requirements, land use restrictions, and requirements for 
institutional control. The analysis methodology is based on a comparison of 
calculated maximum annual doses to a maximum-exposed individual to an assumed 

annual dose limit. If, for a particular site use scenario, the calculated 
maximum annual dose does not exceed the assumed annual dose limit, the scenario 
may be used to define conditions for conditional or unrestricted release of the 
site. 

Work plans are developed for both site/waste stabilization and waste 
relocation. For both of these decommissioning modes, alternative sets of 

activities are described and evaluated. The principles guiding the choice 
of work plans include: 
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• assurance of the safety of the public and of decommissioning workers in 
a cost-effective manner 

• utilization of demonstrated methods for activities associated with decom
missioning the sites. 

From these work plans, estimates are made of manpower requirements, work 
schedules, material and equipment needs, waste management requirements (for 
waste relocation activities), costs, and radiation exposure to decommissioning 
workers and to the public. Estimates are also made of manpower. material 

requirements, and costs for long-term care, and of environmental surveillance 
requirements during decommissioning operations and long-term care activities. 

The choices of plans and techniques made in this study are believed to 
be realistic and representative of the operations that would be required to 

decommission an LLW burial ground and provide an appropriate level of safety 
at a reasonable cost. The decommissioning procedures, safety impacts, and costs 
developed in this study are sensitive to the radionuclide inventory in the 
buried waste and to the physical characteristics and postulated operating 

histories of the reference burial grounds. Significant improvements in burial 
ground operating procedures have occurred since commercial operations started 
in the early 1960s. Operating procedures will likely continue to improve, 
and criteria for the acceptability of wastes for burial will change. The 
assumptions made with regard to the reference facilities of this study should 
be examined carefully before attempting to apply the study results to a burial 
ground with different characteristics. 

The study results are presented in two volumes. Volume 1 (Main Report) 
contains background information and study results in summary form. A glossary 
is presented at the end of Volume 1. Volume 2 (Appendices) contains the 
detailed analyses and data needed to support the results given in Volume 1. 

The supporting data are presented in a manner that facilitates their use for 
examining decommissioning actions other than those included in this study. 
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2.0 SUMMARY 

The results of this study to conceptually decommission commercial low

level waste (LLW) burial grounds are summarized in this section. The purpose 

of this study is to provide information on the available technology, the safety 

considerations, and the probable costs of decommissioning LLW burial grounds 

after waste emplacement operations are terminated. This information is intended 

for use as background data in the development of regulations pertaining to 

decommissioning activities. It is also intended for use by regulatory agencies 

and site operators in developing improved waste burial and site maintenance pro

cedures at operating burial grounds. 

2.1 OECOMMISSIONING ALTERNATIVES 

Decommissioning is defined as the measures taken at the end of a facil

ity•s operating life to ensure that future risk to public safety from the 

facility is within acceptable bounds. For an LLW burial ground, the basic 

decommissioning modes considered are site/waste stabilization and waste 

relocation. Long-term care activities that follow site closure are also con

sidered. 

Site and/or waste stabilization involves the use of engineered procedures 

to reduce the rate and extent of radionuclide migration from buried wastes left 

in place in a decommissioned LLW burial ground. A number of different 

approaches, or plans, can be employed to stabilize a burial ground. To select 

an appropriate plan, radionuclide transport mechanisms capable of initiating 

a release of radioactivity from a particular site (i.e., "release mechanisms") 

are identified, and suitable stabilization techniques for dealing with these 

release mechanisms are cataloged and evaluated. Plans are then formulated 
based on the techniques selected. The dominant radionuclide release mechanisms 

postulated for the reference burial grounds and the site/waste stabilization 

plans chosen for evaluation in the study are summarized in Section 2.8.1. 

Long-term care includes activities required to maintain and verify the 

continued capability of a site to adequately contain the radioactivity in 
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the buried waste. The activities are, in general, a continuation of mainte

nance and surveillance activities and procedures established during the site 

operating and stabilization periods. long-term care may be initiated immedi
ately upon site closure, or may be preceded by preventive or remedial site/ 

waste stabilization activities or by partial waste relocation. long-term care 

activities continue until measurements and calculations indicate that the 

radioactivity in the burial trenches has decayed to levels permitting unre

stricted release of the site or until additional actions are taken to reduce 

the potential consequences of unrestricted site usage. 

Waste relocation involves the exhumation of buried waste, repackaging of 

the waste if necessary, and reburial of the waste at another disposal site or 

in another trench on the same site. Exhumation of waste originally buried 

without any intent of later retrieval is an expensive and time-consuming opera

tion that has a potential for significant radiation exposure to decommissioning 

workers. Therefore, waste relocation would likely be considered only in situa

tions where other decommissioning procedures are inadequate to ensure that 

future risk from the facility is within acceptable bounds. 

Some of the key bases for this study are: 

1. The study is to evaluate, to the extent possible, real and contemporary 

facilities. For comparative purposes, two sites are evaluated: an arid 

western site and a humid eastern site. While specific burial facilities 
are not evaluated, the parameters chosen for the two reference sites are 

representative of parameters at existing western and eastern sites. 

2. Decommissioning modes analyzed include several techniques for site/waste 

stabilization and for waste relocation. 

3. The methods 

technology. 

used to accomplish decommissioning utilize presently available 

Where developmental techniques are applied, they are in an 

advanced state of development and are believed to be ready for application. 

4. Decommissioning methods and procedures are selected on the basis of pro

viding adequate public and occupational safety in a cost-effective manner. 
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5. Decommissioning options are evaluated assuming efficient performance of 

the work. A 25% contingency is added to cost totals to account for such 

things as work delays and unanticipated equipment costs. 

6. Site decommissioning is the responsibility of the burial ground operator. 

Following site decommissioning, institutional control of the site is main

tained for a period of time until the site is released for unrestricted 

use. The period of time for which it is possible to maintain institu

tional control cannot be specified with certainty because of the many 

factors involved. For purposes of calculating allowable limits of radio

activity and of estimating long-term care costs, it is assumed that insti

tutional control is maintained for about 200 years after final closure of 

a site. 

2.2 REVIEW OF BURIAL GROUND EXPERIENCE 

Six commercial LLW burial grounds and five major Department of Energy 

burial grounds have operated in the United States. No LLW burial ground 

has been decommissioned to date. However, site/waste stabilization activities 

have been implemented at several sites to reduce contact of the buried waste 

by water and to minimize the migration of radioactivity away from the site. 

In addition, experimental programs have been conducted at the Idaho National 

Engineering Laboratory and at the Savannah River Laboratory to establish pro

cedures and to identify costs of exhumation of buried wastes. These activities 

and programs contain elements that are directly applicable to the requirements 

for decommissioning LLW burial grounds. 

2.3 STATUS OF REGULATORY GUIDANCE FOR DECOMMISSIONING 

Federal regulations require commercial LLW disposal sites to be on land 

owned by either the federal or a state government. At five of the six com

mercial sites, the states own the land and lease it to the burial ground 
operators. At the Richland site, the federal government leases the land to 

the state of Washington and the state then leases it to the burial ground 

operator. 
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Five of the six commercial sites are located in agreement states and are 
licensed by the respective states. The exception is the Nuclear Engineering 
Company site near Sheffield, Illinois, which is licensed by the NRC because 
Illinois is not an agreement state. At Barnwell, South Carolina, and Richland, 
Washington, the NRC regulates the handling of special nuclear material, since 

large quantities are authorized to be har.dled at these facilities. The states 
regulate the handling of byproduct and source material at these sites. 

When burial operations at a commercial site are completed and the license 
is terminated, the state government assumes responsibility for long-term care 
of the site. All of the states require the site operator to contribute to a 

fund to cover the cost of long-term care. The fund is based on a charge per 

unit volume of waste buried, and varies from site to site. In general, it is 
believed that long-term care funds provide sufficient money for routine main
tenance and surveillance of a retired site, but are not adequate for extensive 

corrective actions should the need arise. 

Many parallels exist between the technical and institutional considera
tions for decommissioning and long-term care of LLW burial grounds and uranium 
mill tailings piles. At both types of facilities, major areas of concern 

include minimizing the migration of radionuclides from the waste, stabilizing 
the ground surface, environmental monitoring, and the control of human 
activities at a decommissioned site. Legislation and information pertaining 
to post-operational activities at tailings piles are contained in the Uranium 
Mill Tailings Control Act of 1978(l) and the Generic Environmental Impact 
Statement (GElS) on Uranium Milling,( 2) respectively. These documents may also 

be considered for guidance in establishing regulations for the decommissioning 
and long-term care of LLW burial grounds. 

Performance objectives for burial ground site closure and stabilization 
have been developed in a recent Branch Position( 3) by the NRC. The Branch 

Position is intended to provide guidance for a site operator in developing site 
closure and stabilization plans to prepare a site for transfer to a custodial 

government agency. Major provisions of the Branch Position deal with 1) meas

ures to stabilize the site to place it in a condition such that the need for 

active ongoing maintenance is eliminated and only passive surveillance and 
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monitoring are required during the long-term care period that follows license 
termination, and 2) assurance of the availability of funds to complete the site 
closure and stabilization plan. 

The NRC is presently considering developing a more explicit policy for 

nuclear facility decommissioning, as well as amending its regulations in 
10 CFR Parts 30, 40, 50, and 70 to include more-specific guidance on decommis
sioning criteria for production and utilization facility licensees and bypro
duct, source, and SNM licensees.( 4) One type of nuclear facility for which 

specific decommissioning criteria are being considered is an LLW burial ground. 
An Advance Notice of Proposed Rulemaking, setting forth the NRC's plans for 
development of regulations for low-level waste burial grounds, including decom

missioning requirements, and providing notice of a preliminary draft regulation, 
10 CFR Part 61, has been published in the Federal Register. (5) 

2.4 APPROACHES TO FINANCING DECOMMISSIONING 

In each state where a commercial LLW burial ground has operated, a long
term care fund (i.e., a sinking fund) has been established. The money is paid 

to the state by the site operator and is based on per-unit-volume burial 
charges. Payments at some sites have been increased periodically to account 
for cost escalations. The purpose of these existing funds is to ensure the 
availability of monies for administrative control of a site, and for routine 
maintenance and surveillance when the operating license is terminated and care 
of the site becomes the responsibility of a government agency. 

The importance of financial assurance for decommissioning was recognized 
by the Congress of the United States in the Uranium Mill Tailings Control Act 
of 1978. (l) A new section, 16lx, was added to the Atomic Energy Act of 1954, 
providing explicit authority for the NRC to require that an adequate bond, 

surety or other financial arrangement be made by mill licensees to ensure 
cleanup and reclamation prior to termination of the license. If determined 
necessary, financial arrangements for long-term maintenance and monitoring may 

also be made a requirement of license termination. The act stipulates that the 

need for long-term maintenance and monitoring of tailings sites should be mini

mized and, to the maximum extent practical, eliminated. Since the requirements 
for decommissioning LLW burial grounds and mill tailings piles are similar in 

2-5 



many respects, this act may provide some guidance in resolving the problem of 
providing adequate funds to decommission LLW burial grounds. 

In this study, three general approaches to financing decommissioning and 
long-term care are identified: 

1. creation of a decommissioning and long-term care fund during the operating 
lifetime of a burial ground by periodic payments into a reserve fund (i.e., 
creation of a sinking fund) 

2. payment of anticipated decommissioning and long-term care costs into an 
account prior to the start of burial ground operations 

3. payment of decommissioning and long-term care costs when incurred (i.e., 
after site closure). 

Various combinations of these alternatives are also possible. 

The prepayment option provides the greatest assurance that the site 
operator will be financially responsible for decommissioning and long-term 
care. However, this option may be disadvantageous to the site operator because 

it deprives him of funds that might be used for capital investment. The pay
when-incurred option provides the least degree of assurance of operator fiscal 
responsibility. However, a performance bond might be used to ensure operator 
responsibility if this option were chosen. 

If the sinking fund option is chosen, several alternatives are available 
to reduce the risk of unavailability of funds in the event of premature burial 
ground closure. These include one or more of the following: 

l. an initial cash payment to the sinking fund prior to the start of burial 
ground operations 

2. higher per-unit sinking fund charges (in real, i.e., constant dollars) 
during early years of operation 

3. a performance bond posted by the facility operator 

4. a decommissioning assurance insurance pool. 

The first two options can be considered as combinations of the sinking 

fund and prepayment options. Performance bonds may be difficult to obtain and 
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are only as good as the surety company. However, the performance bond approach 
is used by several states to ensure the reclamation of strip-mined land, and 
by the states of Wyoming and Utah to ensure the reclamation of uranium mining 
and milling sites when operations are terminated. The fourth option, while 

feasible, requires additional study and might have to be implemented by the 
federal government. 

2.5 CHARACTERIZATION OF REFERENCE LLW BURIAL FACILITIES 

Generic LLW burial facilities are used as the reference facilities for 
the study. The characteristics of these postulated facilities are based on 

real characteristics of the six commercial burial grounds that have operated 
in the United States. The approach taken is to treat the burial ground and 
the surrounding environment as two separate systems. The burial ground, with 

its inventory of buried radioactive waste, is described generically. This 

generic burial ground is then assumed to be located on two real reference sites, 
an arid western site and a humid eastern site, for which representative para
meters are chosen. 

2.5.1 Burial Ground Description 

The generic burial ground is assumed to be located on an upland area of 
generally flat or gently rolling terrain. The total site area is 70 hectares 
(7 x 10 5 m2 ), of which about 50 hectares contain burial trenches. The remain
ing land area is used for buildings, access roads, and a 50-m-wide exclusion 
area around the site perimeter between the trench area and the site fence. 

The total site capacity for waste is about 1.5 x 106 m3 , contained in 
180 burial trenches. The trenches are 150 m long, 15 m wide at the top, slop
ing to 10m wide at the bottom, and 7.5 m deep. Each trench is filled with 
waste to within 1 m of the ground surface. The top 1 m of trench is reserved 
for fill soil. When a trench is completely filled, it is covered with a trench 
cap of soil mounded to 1 m above grade. The effective waste volume per trench 
is about 8,300 m3. It is assumed that six trenches are filled during each of 

30 years of operation of the burial ground. 
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At some commercial sites, high activity beta-gamma waste is buried sepa
rately from other radioactive waste in specially designed dry wells, pits, or 

slit trenches. To evaluate requirements for exhumation of this waste, should 
exhumation be required as part of decommissioning operations, the reference 
burial ground is assumed to include 10 slit trenches for burial of highly acti
vated non-fuel-bearing wastes from LWR core internals. These wastes are pack
aged in canisters and transported in massive lead-and-steel casks. Special 
handling and burial procedures are required. A typical slit trench is 150m 

long, 1.2 m wide, and 6 m deep, and contains 150m3 of waste packaged in 

90 canisters. 

2.5.2 Reference Waste Inventory 

The reference waste inventory in the burial trenches is assumed to be com
prised of 40% (by volume) non-fuel-cycle waste and 60% reactor fuel-cycle waste. 
Volumes and specific activities for the different categories of waste assumed 

to be present in a reference burial trench are given in Table 2.5-1. 

TABLE 2.5-1. Characterization of Waste in Reference Trench 

Contaminated Material 

Fuel-Cycle Waste 
Solidified Liquids(a) 
Demineralizer Resin{a) 
Filter/Demineralizer Sludge{a} 

Cartridge Filters 
Trash 

Subtotal 

Non-Fuel-Cycle Waste 

Trash 
Total 

Waste 
(m') 

3 320 

370 

580 

40 

670 

4 980 

3 320 

8 300 

Volume 
(%) 

40.0 

4.5 

7.0 

0.5 

8.0 

60.0 

40.0 

100.0 

Specific Activity 
(Ci/m3 ) 

2.0 

160.0 

10.0 

20.0 

0.1 

0.1 

{a)Solidified in concrete, urea formaldehyde, or some other solidifi
cation agent. 
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The non-fuel-cycle waste includes paper trash, packing material, protec
tive clothing, broken glassware, plastic sheeting and tubing, expended scinti
llation cocktail {usually in the form of solidified or absorbed liquids), 
animal carcasses, obsolete equipment, and building rubble. The waste comes 
mainly from hospitals, medical schools, and universities and colleges, and is 
estimated to have an average specific activity of less than 0.1 Cijm3. The 
principal isotopes in the waste are 3H and 14C. 

Fuel-cycle waste includes many of the waste categories listed in the pre
vious paragraph, as well as higher activity waste such as spent ion-exchange 
resins, filters, filter sludges, solidified evaporator bottoms, shielding, 
piping, instrumentation, control rods, and neutron-activated materials. Most 

of this waste (approximately 98%) comes from nuclear reactor operations. The 
principal isotopes in the waste include 55fe, 60Co, 63Ni (from LWR decommis
sioning), 13 4 Cs, and 137Cs. Approximately 80% of the annual solid radioactive 

waste volume from nuclear reactor operation results from the processing of 
liquid streams to reduce the radioactivity level in effluents. 

Published reports of isotopic mixtures in low-level waste at existing bur
ial grounds, or in reactor radioactive waste, do not provide the consistent and 
comprehensive set of data needed to project radioactivities for the reference 
burial ground inventory. The radionuclide inventory for this study is 
therefore based on an unpublished generic burial ground inventory prepared by 

NRC staff members. The inventory is normalized by assuming a byproduct spe
cific activity of 9.0 Ci/m3 at the time of waste burial. To obtain the total 
burial ground inventory at the time of site closure, the inventory in indivi
dual trenches is decayed, using the assumption that six trenches are filled 
during each of the 30 years of burial ground operation. Allowance is made for 
the ingrowth of radioactive daughters not present in the original inventory. 

Waste in the slit trenches consists mainly of non-fuel-bearing components 
from LWR core internals packaged in 0.76-m-diameter by 3.6-m-long steel cani
sters. Typical activities at the time of waste burial are in the range of 
l ,000 to 5,000 Cijm3, consisting mainly of 55fe and 6 0Co. 
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2.5.3 Reference Site Characteristics 

The generic burial ground is postulated to be located on two reference 
sites, an arid western site and a humid eastern site. The climate, geology, 

and hydrology of the western and eastern sites are chosen to be representative 
of the Richland, Washington, and Sheff~eld, Illinois, sites, respectively. 

Some averaging of site parameters is made to simplify the analysis. 

The western site is semi-arid. Summers are marked by very low precipita
tion and high temperatures, resulting in soil moisture deficiencies. Occa
sional periods of high winds are accompanied by blowing sand. Additional 
characteristics include: 

• low annual precipitation, with evaporation greatly exceeding 
precipitation 

• great depth to ground water 

• soil with moderate-to-high permeability 

• relatively great distance from the burial ground to the point of ground
water discharge into surface streams. 

The eastern site has a continental climate with a wide range of tempera
ture through the year. Summers are characterized by intense heat and high 
humidity, and winters by extreme cold with occasional heavy snowfall and 

moderate-to-high winds. Additional characteristics include: 

• high annual precipitation 

• shallow depth to ground water 

• soil with low permeability 

• relatively short distance from the burial ground to the point of ground

water discharge into surface streams. 

2.6 ANALYSIS OF RELEASE CONDITIONS FOR DECOMMISSIONED BURIAL GROUNDS 

A methodology is described for predicting conditions for the conditional 

or unrestricted release of an LLW burial ground after burial operations cease. 
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For a but ial ground where subsurface radioactive inventories remain, release 

conditions may include waste relocation requirements, site and/or waste stabili
zation procedures, institutional controls, and property-use restrictions for 
the general public. The methodology described in this study is based on the 

concept that no member of the public will be allowed to receive a maximum 
annual dose in excess of a limit yet to be established by U.S. regulatory 

agencies. 

Uses that may be considered for a decommissioned LLW burial ground fall 

under the general categories of restricted use, conditional use, and unre
stricted use. The restricted-use category permits reuse of facilities and land 
for nuclear activities only. The conditional-use category is an interim cate

gory that permits limited public use of the burial ground without disturbing 
the waste, assuming that controls to ensure public safety can be adequately 
enforced. The interim period for enforcement of the restrictions lasts until 
the important radionuclides in the waste decay to insignificant levels or until 

additional decommissioning procedures reduce the radiation dose to levels that 
permit unrestricted use. Unrestricted use means that the potential exposure 
to members of the public from any radioactive wastes remaining buried on the 
site will not exceed the annual dose limit that may be established by U.S. 
regulatory agencies. One objective of decommissioning is to achieve the even
tual unrestricted release of land areas that the public had been denied use of 

during the normal operational life of the burial ground. 

The methodology for analysis of release conditions for a decommissioned 

burial site consists of comparing the calculated maximum annual dose to the 
maximum-exposed individual with an established annual dose limit. The maximum
exposed individual is postulated to remain on the site 24 hours per day. This 
individual is assumed to: 1) live in a house built on the site, 2) consume all 
of his food from crops and animal products grown on the site, 3) drink water 
from a well on the site, and 4) work at onsite construction (excavation) for 
2000 hours per year. The dose to the maximum-exposed individual is calculated 
for all important potential exposure pathways. In the absence of specific 

guidance on the acceptable annual dose to individuals living on or near a decom

missioned site, for demonstration purposes in this study, the annual dose limit 
to the maximum-exposed individual is assumed to be 50 mrem. 
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Results and conclusions derived from this pathway methodology approach 

depend on the site characteristics, on the assumed burial ground radionuclide 

inventory, and on the mathematical models used to evaluate potential exposure 

pathways and to estimate doses to the maximum-exposed individual. Many uncer

tainties exist in the radionuclide transport models and in parameters (e.g., 

hydraulic conductivity, distribution coefficients, leach times, etc.) used 

with the models. Because of these uncertainties, a generally conservative 

approach is attempted in this study that may result in conservative (high) esti

mates of doses to the maximum-exposed individual. Conversely, some non

conservatism may.have resulted from the neglect of effects of chelating agents 

and of the corrosion of waste because of an inadequate data base. It must be 

emphasized that the results reported here apply specifically to the reference 

sites and to the assumed radionuclide inventory. The methodology presented in 

this study must be reapplied and the doses recalculated for each burial ground 

that has a different inventory and different site characteristics. This must 

be done using site-specific parameters to draw any conclusions about possible 

acceptable public uses of those decommissioned sites. 

Two property-release scenarios are evaluated to determine release condi

tions for the reference burial grounds of this study. The first scenario 

assumes conditional release of the reference site 200 years after closure and 

stabilization of the site. Long-term care of the burial ground is assumed dur

ing the interim period that precedes site release, and the trench overburden 

is maintained during this period. 

Potential doses to a maximum-exposed individual who lives and works on 

either the western or eastern site are shown in Table 2.6-1. For the western 

site, the water pathway is determined to be negligible. Therefore, the expo

sure pathways considered are inhalation, direct external exposure, and inges

tion of foods grown on the released decommissioned burial ground. Additional 

exposure pathways of importance for the eastern site are ingestion of aquatic 

foods from a nearby river and ingestion of water from a well drilled into a 

contaminated aquifer beneath the site. 

The first two columns of data in Table 2.6-1 show estimated maximum annual 

doses at the western and eastern sites during the first 50 years after site 

release assuming that individuals living on a site do not engage in excavation 

activities or drink water from onsite wells {eastern site). With the exception 
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TABLE 2.G-l. Maximum Annual Doses for Conditional Release of the Reference 
Burial Grounds with Different Use Restrictionsta) 

Maximum Annual Dose During Maximum Annual Dose t-taximum Annual 
First 50 Years After Site at Western Site Dose at Western 

Release--No Excavation and During First 50 Years Site Assuming 
t1o Drinking of Water from After Site Release-- Tota 1 Erosion 

Organ of Contaminated Wells {mrem) Excavation Permitted of Trench Over-
Reference Western Site Eastern Site (mrem) burden(b) (mrem) 

Tota 1 Body 3. 8 23 380 1 300 

Bone 81 174 460 33 000 

Lurtgs 0.008 0. 008 380 50 

Thyroid 0,053 1.8 380 380 

GI-LL! 0. 012 0.012 380 5 

(a)Conditional release assumed to occur 200 years after site closure. 
(b)Calculated at 450 years after site release (650 years after site closure). 

~1ax i mum Annual Dose 
at £astern Site 
Assuming Use of 
Water from Well 

llrilled into Contami-
nated Aquifer Beneath 

___ S_~ (mrem) 

120 000 

520 000 

220 

80 

ll 

of the maximum bone dose, all potential organ doses are within the assumed 

50 mrem/year dose limit. For comparison purposes, the third column of data 

shows estimated maximum annual doses at the western site assuming that excava

tion is permitted. The fourth column of data shows estimated maximum annual 

doses at the western site assuming total erosion of trench overburden. (This 

is assumed to occur approximately 450 years after site release, based on the 

estimated erosion rate at the western site.) The last column of data shows 

estimated maximum annual doses at the eastern site assuming that the site resi

dent obtains all of his drinking water from a well drilled into the contami

nated aquifer beneath the site. Most of the organ doses in data columns 3 

through 5 are clearly in excess of the assumed dose limit, and demonstrate the 

importance of imposing use limitations for conditional release of the decom
missioned reference sites. 

A conditional use of the decommissioned western site would be possible 

provided the following actions are enforced: 

• stabilize the ground surface to minimize surface erosion 

• control the type of farming or other land use to prevent the growth of 
deep-rooted plants 

• restrict activities that result in excavation of the site. 
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A conditional use of the decommissioned eastern site would include enforce
ment of those restrictions described for the western site, plus the following 
additional restrictions: 

• prohibit the use of water from shallow wells drilled on or near the site 

• maintain site drainage features to control surface water runoff and pre

vent inundation of burial trenches with water 

• stabilize the waste to minimize leaching to the aquifer, or control the 

use of aquatic organisms and water from nearby streams. 

The second property-release scenario for the reference burial grounds 
assumes unrestricted release of a site after 200 years. Since most of the 
radionuclides that contribute to the large doses shown in columns 3 through 5 
of Table 2.6-1 have long radioactive half lives, the potential maximum annual 
dose to the maximum-exposed individual from unrestricted release of the site 
will remain above 50 mrem/year for thousands of years. To permit unrestricted 
release of the sites described in this study, the inventory of buried radio
active waste would need to be modified by limiting it to short-lived radio
nuclides and by restricting the quantities of 9 DSr and l 37 Cs buried at the 

sites. A modified radionuclide inventory that would permit unrestricted 
release of the reference sites 200 years after burial ground closure is shown 
in Table 8.4-2 of Section 8. 

2.7 ENVIRONMENTAL SURVEILLANCE ANO RECORDS MAINTENANCE 

The primary intent of environmental surveillance during decommissioning 
is to ensure that the decommissioning activities do not cause significant 
transport of radioactivity from the site, resulting in an unacceptable health 
hazard to the public. During long-term care, environmental surveillance serves 
to verify the radionuclide-confinement capability of the burial ground and to 
identify problem situations requiring remedial action. 

Post-operational environmental monitoring programs should normally be 

extensions of the program carried out during burial ground operations, with 

appropriate additions to or deletions from the base program to account for 

differences between operational and post-operational (decommissioning and 
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long-term care} activities at the site. This assumes that the monitoring pro

gram during burial ground operations has been properly designed to monitor the 
critical pathways for movement of radioactivity from the site and to sample 
for those radionuclides identified as significant contributors to dose. 

Stabilization of a burial ground site involves movement of surface soils, 
but no intentional uncovering or exhumation of buried wastes. Therefore, the 
environmental monitoring program during stabilization is postulated to be the 
same as that during burial operations, except as follows: 

• The frequency of onsite soil sampling is inCreased to detect any changes 
in soil radioactivity resulting from soil disruption during stabilization 

activities. Samples are taken weekly at locations of greatest soil 
disruption. 

• If stabilization activities involve soil movement that results in an 
increased dust loading in the air, additional air samples may be required. 

• Sampling of onsite vegetation is continued during stabilization at the 
same frequency as for normal burial operations. However, because site 
vegetation is disrupted during stabilization, the samples are obtained 

at special locations designated during the planning and preparation phase. 

The environmental monitoring program during waste relocation is also 

postulated to be similar to that during normal burial operations. Special 
samples or analyses may be required by the regulatory agency responsible for 
the site or by the health and safety supervisor. Changes to the normal moni

toring program during waste relocation include: 

• The number of onsite soil samples is increased. The additional samples 
are taken in areas of greatest soil disruption, according to specifica
tions prepared during planning and preparation. Samples are taken weekly. 

• Additional air samples are required. Two additional samplers are 
located offsite, in the prevailing downwind direction. A continuously 

recording exposure-rate instrument is installed near the work area to 
detect sudden changes in airborne radioactivity. 
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• Sampling of vegetation is continued at the same frequency as for normal 
burial operations. However, because disruption of onsite vegetation is 
inevitable during waste relocation, special sample points may be required. 

If site stabilization activities are effective, it should be possible to 
reduce the level of environmental monitoring activity required during long
term care from that required during site operation. However, it may be neces
sary to maintain environmental sampling and analysis efforts at the same level 
for a few years to evaluate the effectiveness of site stabilization and other 
decommissioning procedures. In this study, it is assumed that environmental 
monitoring requirements during the first 25 years of long-term care are similar 

to requirements during burial operations. After 25 years, the environmental 
monitoring program for long-term care is reduced to about one-fourth of the 
original level, by reducing the number of sample locations and/or the sampling 
frequency. 

During the decommissioning and subsequent long-term care of an LLW burial 
ground, all activities should be documented and accurate records of the project 
maintained. In addition, environmental monitoring data should be maintained in 
the records repository. Records would need to be preserved for the period of 
long-term care, until a site is released for unrestricted use. Because admin
istrative control of a burial site may be required for many years, it is impor
tant that burial ground records by accessible for this time period and that 
they be preserved in a usable form. For long-term preservation of records, 
microfilms could be made; this would also reduce the need for filing space. 
To facilitate data evaluation, data requiring repeated, rapid retrieval could 
be stored in a computer bank as well as in the files. 

2.8 DECDMI~ISSIONING METHODS 

The basic decommissioning options considered in this study are site/waste 
stabilization followed by long-term care of the site, and waste relocation. 

2.8.1 Site/Waste Stabilization 

Site/waste stabilizatinn consists of combinations of stabilization techni
ques devised to deal with release mechanisms of concern for a particular burial 
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site. To select a stabilization plan for a site, the dominant radionuclide 
release mechanisms, together with suitable stabilization techniques for dealing 
with these release mechanisms, are identified. Combinations of techniques are 
then formulated and evaluated for their effectiveness in reducing the mobility 
of the buried radionuclides and in preventing contact of the waste by potential 

transport mechanisms. 

Release mechanisms of importance for a particular site are identified, 

using the methodology for identifying critical radionuclide release pathways 
summarized in Section 2.6. In order of decreasing importance, the dominant 
release mechanisms for the reference western site are: 

• human activities {excavation and agriculture} 

• wind erosion. 

For the reference eastern site, the dominant release mechanisms {in order of 
decreasing importance) are: 

• human activities {excavation and agriculture} 
• hydrological releases {percolation and overflow) 

• water erosion. 

Factors used to evaluate stabilization plans and techniques include: 

• effectiveness against the dominant release mechanism 

• initial cost 
• annual maintenance cost 
• anticipated useful life 

• ease of application. 

The most important evaluation factor is effectiveness in controlling the domi
nant release mechanisms. Cost considerations and anticipated useful life are 
of secondary importance. Ease of application is the least important. 

For this study, three site/waste stabilization plans are described and 
evaluated for each reference site. The stabilization plans, listed in 

Table 2.8-1, include a minimal plan, a relatively modest one, and a more com

plex one. These plans correspond to varying levels of effort that may be 
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TABLE 2.8-l. Site/Waste Stabilization Plans for the Reference Sites 

Plan Designation 

Arid Western Site 
Minimal Plan 

Modest Plan 

Complex Plan 

Humid Eastern Site 
~1inimal Plan 

Modest Plan 

Complex Plan 

Description 

Site inspection, 
Stabilization of final trenches and 

of damaged areas, 
Vegetation management. 

Increased capping thickness, 
Revegetation, 
Vegetation management 

Subsurface rock layer with hard top, 
Increased capping thickness, 
Revegetation, 
Vegetation management. 

Site inspection, 
Stabilization of final trenches and 

of damaged areas, 
Vegetation management 

Increased capping thickness, 
Capping soil properties modification, 
Improved capping drainage, 
Revegetation, 
Vegetation management. 

Peripheral drainage and diversion, 
Sump pumping with treatment, 
Subsurface hard layer, 
Increased capping thickness, 
Revegetation, 
Vegetation management. 

(a)Does not include planning and preparation time. 

2-18 

Time Requir~d 
(weeks)\a) 

10 

29 

35 

11 

34 

36 



required to properly stabilize a site. The minimal plan assumes that stabili
zation has been an integral part of normal site procedures during burial ground 
operation and, therefore, only a minor effort is required to prepare the site 

for long-term care. The modest and complex plans assume that burial trenches 
were not stabilized as they were filled. Therefore, stabilization of the 
entire site is necessary before the site is turned over to a government agency 
for long-term care. Ordinarily, the choice of a plan for a given site is not 
influenced by the choice for another site. However, in this study the minimal 
and the modest plans for the two sites are essentially the same, differing 

only because of site-specific differences. This allows a comparison of similar 
plans applied to different sites. The complex plans for the two sites are 
intentionally different, to allow for detailed analysis of a wider range of 

stabilization alternatives. 

The stabilization plans evaluated in this study are intentionally chosen 
to demonstrate the methodology and costs of a range of decommissioning alter
natives and to enable comparisons to be made between alternatives. The actual 
level of effort required to properly stabilize a specific site must be deter

mined at the time of site closure; this requires a detailed analysis of site
specific data. 

2.8.2 Long-Term Care 

Long-term care of an LLW burial site includes all procedures required to 
maintain and verify site capability to confine the radionuclides to the immedi
ate vicinity of the burial trenches. These procedures are, in general, a con
tinuation of maintenance and surveillance procedures established during site 
operation and stabilization. Long-term care of a site continues until it is 
determined that the buried waste materials no longer pose a potential radio
logical hazard. 

Long-term care includes administrative control, environmental surveillance, 
and site maintenance. 

2-19 



Administrative control includes: 

• control of site access 
• coordination of surveillance and maintenance activities 
• control of land-use and property-development activities 

• performance of necessary records maintenance. 

Environmental surveillance includes: 

• collection of environmental samples 

• analysis of environmental samples 
• records maintenance. 

Site maintenance includes: 

• maintenance and repair of fences, gates, monitoring systems, etc. 

• erosion control 
• trench cap repair 
• water infiltration control 
• vegetation management. 

2.8.3 Waste Relocation 

Waste relocation involves exhumation of the buried waste, repackaging the 
waste if necessary, and reburial of the waste at a deep geologic disposal site, 
a federal or other commercial shallow-land burial ground, or in another trench 
on the same site. Because of the potential for significant radiation exposure 
to decommissioning workers and the high dollar costs, waste relocation would 
likely be considered only in situations where site/waste stabilization and 

long-term care are not sufficient to ensure the continued capability of the 
site to provide adequate containment of the buried waste. Waste relocation is 
investigated in detail for the following cases: 

• relocation of high beta-gamma radioactivity waste from a slit trench 
• relocation of TRU waste from a conventional burial trench 

• relocation of all the waste from a conventional burial trench. 

In addition, an estimate is made of the manpower, time, and cost of relocating 

the waste from the entire reference burial ground. 
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Relocation of high beta-gamma radioactivity waste from a slit trench 
includes several distinct operations. These are: 

• core drilling and sampling 
• overburden removal 
• sheet piling installation 

• trench excavation and waste exhumation 
• packaging and shipping of retrieved waste canisters 

• sheet piling removal 
• trench backfilling and site restoration. 

Slit trench excavation and waste retrieval requires personnel protection 
from radioactive contamination and high radiation dose rates. Most operations 
are performed remotely, and entrance to the pit is generally prohibited because 
of the high dose rate. Several equipment options are evaluated for remote 
excavation after overburden removal and sheet piling installation. These 
options are summarized in Table 2.8-2. All of the excavation options assume 
the use of sheet piling along two sides of the trench, as a safety measure and 
to limit the width of excavation. To assess the impact of sheet piling on 
decommissioning costs and schedules, a non-piled exhumation is examined for 
the polar crane excavation option. 

TABLE 2.8-2. Options for Remote Excavation of a Slit Trench 

Option 

Hydraulic Excavation 

Pneumatic Excavation 

Polar Crane with 
Sheet Piling 

Polar Crane Without 
Sheet Piling 

Mobile Gantry Crane 

Structure Enclosed 
Mobi 1 e Gantry 
Crane 

Excavation 
Description Rate (m 1/hr} 

Uses high-velocity stream of water to 
sluice out soil from burial trench 5 

Combines mechanical digging of trench 
soil with pneumatic transport of 
soil out of trenches. 10 

Uses remotely operated clamshell-type 
digger suspended from polar crane 20 

Polar crane option but without sheet 
piling. Requires removal of greater 
volume of soil. 30 

Uses remotely operated clamshell-type 
digger suspended from gantry crane. 16 

Gantry crane option, but enclosed in 
lightweight sheet-metal building for 
weather protection 8.5 
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Relocation of TRU waste from a conventional burial trench includes the 
following operations: 

• core drilling and sampling 

• overburden removal 
• sheet piling installation 

• installation of work enclosure 
• TRU package exhumation 
• repackaging a~d shipment of the waste 
• removal of sheet piling and work enclosure 
• backfilling and site restoration. 

To reduce the possibility of airborne release of TRU contamination, all 

excavation and waste retrieval operations take place within an enclosure equip
ped for control and filtration of the air leaving the building. Four enclosure/ 
excavation options are considered in this study and are summarized in 
Table 2.8-3. Two of the options involve men working in the pit area. All per
sonnel operating within the confines of the metal building erected over the 
excavation wear plastic bubble suits for protection against airborne 

contamination. 

TABLE 2.8-3. Options for Exhumation of TRU Waste from a Conventional Burial 
Trench 

Option 

Single enclosure 
with manual 
excavation 

Single enclosure 
with remote 
excavation 

Double enclosure 
with manu a 1 
excavation 

Double enclosure 
with remote 
excavation 

Enclosure 

Lightweight metal 
building 

Lightweight metal 
building 

Lightweight metal 
building inside 
air support 
weather shield 

Lightweight metal 
building inside 
air support 
weather shield 

Excavation 
Non-TRU Waste TRU Package Disinterment 

Backhoe 

Gantry' crane 
with clamshell 

Backhoe 

Gantry crane 
with c 1 amshe 11 
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Backhoe and men with 
shovels 

Gantry crane and mobile 
remotely controlled 
manipulator 

Backhoe and men with 
shovels 

Gantry crane and mobile 
remotely controlled 
manipulator 



Relocation of all the waste from a conventional trench can be accomplished 
by relatively simple earthmoving techniques, after selective exhumation of the 
more hazardous wastes. It is assumed that high beta-gamma activity waste and 

TRU waste is selectively removed using the techniques summarized previously. 
Relocation of the waste remaining in a trench involves the following steps: 

• core drilling and sampling 
• overburden removal 
• waste exhumation 
• repackaging and shipment of the waste 
• trench backfilling and site restoration. 

Wastes are exhumed by bulk excavation of the trench, using conventional, 
commercially available equipment. Because of the difficulty and added cost of 
sorting soil, it is assumed that all of the soil in the bottom 6.5 m of a 
trench is exhumed and repackaged with the waste. Two exhumation cases are con
sidered. One utilizes a backhoe operating from above the trench, permitting 
most of the operating crew to be relatively remote from the exposed waste. The 

second case involves the use of a front-end loader operating from the floor of 
the trench, with laborers assisting in the grappling and excavation of the 

randomly mixed drums and boxes and the loose waste. 

2.9 DECOMMISSIONING COSTS 

Costs are calculated for the decommissioning options described in Sec
tion 2.8. All costs are given in 1978 dollars, and a 25% contingency is 
included in the values presented. 

2.9.1 Costs of Site/Waste Stabilization 

Estimated costs of site/waste stabilization are summarized in Table 2.9-1. 
Total site stabilization costs for the western site are $0.5 million for the 
minimal plan, $2.6 million for the modest plan, and $7.7 million for the com
plex plan, while total costs for the eastern site are $0.5 million, $3.9 mil
lion, and $5.5 million for the minimal, modest, and complex plans, respectively. 

The cost analysis is based on the assumption that for both the modest and com
plex plans, site stabilization is performed by a contractor hired by the site 
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TABLE 2.9-1. Estimated Costs of Site Stabilization 

Arid 
Cost ($ millions)(a,b) 

Western Site Humid Eastern Site 
Minimal Modest Complex Minimal Modest Complex 

Cost Category Plan Plan Plan Plan Plan Plan 

Manpower 
Support Staff 0.298 0.704 0. 770 0.309 0.758 0.781 

Decommissioning Workers 0.066 0.360 0.859 0.070 0.636 0.761 

Contractor's Equipment 0.035 0.374 0.870 0.041 0. 568 0.703 

Material and Expendable 
Equipment 0.071 0.905 4.558 0.076 1.563 2.758 

Contractor's Fee ( c l 0.188 0.565 0.283 0.400 

Miscellaneo)s Owner 
Expense(d 0.008 0.018 0.020 0.008 0.019 0.020 

Environmental Monitoring 0.008 0.023 0.028 0.012 0.035 0.038 

Records Maintenance 0.001 0.006 0.006 0.001 0.026 0.006 

Total (rounded) 0.5 2.6 7.7 0.5 3.9 5.5 

(a)Number of figures shown is for computational accuracy only and does not 
imply precision to the nearest thousand dollars. 

{b)Costs include 25% contingency. 
(c)Based on 8% of the sum of manpower, equipment, and material costs. 
(d)Includes utilities, insurance, and taxes. 

operator. Therefore, a contractor's fee is included in the total cost. This 

fee is subtracted from the total cost if the work is done by the site operator. 

Support staff manpower costs include planning and preparation costs. The com

plex plan for the western site has the greatest material requirements and costs 

and the greatest costs to move these materials into place. Material require

ments and associated costs for the complex plan for the eastern site are 

reduced somewhat, because a large portion of the backfill required to increase 

the capping thickness is provided by digging the peripheral drainage/diversion 

ditches. This also results in somewhat reduced equipment requirements and 

costs. 
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2.9.2 Costs of Long-Term Care 

Total estimated costs of long-term care following site stabilization are 

summarized in Table 2.9-2. A long-term care period of 200 years is assumed. 
The annual costs of long-term care are anticipated to be greatest during the 
first two or three decades immediately following site stabilization. During 
this early period, trench subsidence is expected to be greatest, and the costs 
of trench maintenance and repair will therefore be at their highest. In 
addition, environmental monitoring costs are assumed to be highest during the 
first years of long-term care. After this initial site "maturation 11 period, 

the annual costs are estimated to be significantly reduced. 

TABLE 2.9-2. Summary of Estimated Long-Term Care Costs 

Costs (in millions of 1978 
dollars} for Time Period(a,b) 

0-5 Years 6-25 Years 25-200 Years 
After After After Total Costs for 

Stabilization Stabilization Stabilization 200 Years (in 
Stabilization Plan that Period Penod Period mi 11 ions of ( ) 
Precedes Long-Term Care Annua 1 Total Annual Tota 1 Annual Total 1978 dollars) a 

~~ ~~ ~~ -- --
Minimal and ~todest Plans 

for the Western Site 0.162 0.308 o. 106 2. 122 0.078 13.530 16.5 

Complex Plan for the 
Western Site 0. 230 1 . 150 0.100 2.000 0.072 12.512 15.7 

Minimal and Modest Plans 
for the Eastern Site 0.235 1.175 0.177 3.542 0. 131 22.855 27.6 

Complex Plan for the 
Eastern Site 0. 363 1 .815 0.182 3.642 0.136 23.730 29.2 

(a)Costs include contingency of 25%. 
(b)Number of figures shown is for computational accuracy only. 

Long-term care costs are significantly higher at the eastern site than 

they are at the western site. In part, this is due to higher environmental 
monitoring costs at the eastern site. However, the cost differential is mainly 
due to the additional costs of maintenance of stabilization features {e.g., 

subsurface layers and drainage ditches) needed to reduce infiltration of water 
into the trenches at the eastern site. 
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2.9.3 Costs of Waste Relocation 

Waste relocation activities are postulated to require a 20% longer time 

period at the eastern site than at the western site because of the greater 

potential for adverse weather at the eastern site. Therefore, the costs of 

waste relocation are higher at the eastern site than at the western site. 

Estimated casts of relocation of high beta-gamma activity waste from a 

slit trench are summarized in Table 2.9-3. Costs are shown for the six exhuma

tion alternatives considered in this study and for the waste management options 

TABLE 2.9-3. Estimated Costs of Relocation of High Beta-Gamma Activity Waste 
from a Slit Trench 

Cost ($ mil1ions)(a,b) 
Polar Crane Polar Crane Gantry 

Hydraulic Pneumatic w/Sheet w/o Sheet Gantry Crane 
Excavation Excavation Piling Pilins Crane Enclosed 

~~estern Site 

Deep Geologic Disposal 

Exhumation 0.639 0.500 0.361 0.178 0.406 0.640 

Waste ~1a na gemen t 2. 421 2.421 2.421 2.421 2.421 2. 421 

Tot a 1 (rounded) 3.1 2.9 2.8 2.6 2.8 3.1 

Shallow-Land Burial 

txhur1ation 0.639 0. 500 0.361 0.178 0.406 0. 640 

Waste ~lanagement 1 . 206 l. 206 1. 206 1 .206 1 .206 1 .206 

Total (rounded) 1.8 1.7 1.6 1.4 1.6 1.8 

Eastern Site 

Deep Geologic Disposal 

Exhumation 0. 745 0.572 0.414 0.209 0.462 0. 720 

Waste Management 2. 421 2.421 2. 421 2.421 2.421 2.421 

Tot a 1 (rounded) 3. 1 3.0 1.8 1. 6 1. 9 3.1 

Shallow-Land Burial 

Exhumation 0. 745 0. 572 0.414 0.209 0.462 0.720 

Waste Management 1 . 206 1. 206 1 .206 1 . 206 1. 206 1.206 
Total (rounded) 1. 0 1.8 1.6 1.4 1. 7 1.9 

-~~~~-

(a)Number of figures shown is for computational accuracy only 
to the nearest thousand dollars. 

and does not imply precision 

(b)Costs include 25% contingency. 
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of shipment to deep geologic disposal or to another shallow-land burial site. 

Exhumation costs vary by about a factor of 4, depending on the option chosen. 

While the use of sheet piling adds significantly to the cost of exhumation 
(about $125,000 for exhumation from a slit trench), it is recommended for 
safety reasons. Waste management costs (including the costs of packaging, 
shipping, and disposal of the exhumed waste) are estimated to be about $2.4 mil

lion for deep geologic disposal and about $1.2 million for shallow-land burial. 
Thus, waste management is the cost-controlling factor for relocation of slit 

trench waste. 

Estimated costs of relocation of TRU waste from a conventional burial 
trench are summarized in Table 2.9-4. Costs are shown for the four exhumation 

alternatives considered. The exhumed waste is assumed to be shipped to deep 
geologic disposal. The cost-controlling item for this operation is the choice 
of enclosure. The cost of the single enclosure is estimated to be $200,000, 
while the cost of the double enclosure is estimated to be $525,000. 

TABLE 2.9-4. Estimated Costs of Relocation of TRU Waste from a 
Conventional Burial Trench 

Western Site 

Exhumation 
Waste Management 

Total (rounded) 

Eastern Site 
Exhumation 
Waste Management 

Total (rounded) 

Single 
Enclosure 
w/Manual 

Excavation 

0.434 
0.024 
0.46 

0.441 
0.024 
0.46 

Cost ($ millions)(a,b) 
Single Double 

Enclosure Enclosure 
w/Remote w/Manual 

Excavation Excavation 

0.414 
0.024 
0.44 

0.421 
0.024 
0.44 

0. 871 
0.024 
0.90 

0.888 
0.024 --
0.91 

Double 
Enclosure 
w/Remote 

Excavation 

0.854 
0.024 
0.88 

0.866 
0.024 
0.89 

(a)Number of figures shown is for computational accuracy only and 
does not imply precision to the nearest thousand dollars. 

(b)Costs include 25% contingency. 
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Estimated costs of relocation of all the waste from a conventional burial 
trench {i.e., the waste remaining in the trench after packages of high beta

gamma activity or TRU waste are selectively removed) are summarized in 
Table 2.9-5. Costs are shown for the two exhumation options considered in this 
study and for the waste management options of deep geologic disposal. disposal 
at another shallow-land burial site, or reburial in another onsite trench. 

Waste management controls the cost of waste relocation from a conventional 
trench, as it does the cost of waste relocation from a slit trench. The cost 
of excavation from within a trench is estimated to be only about 80% of the 
cost of excavation from above a trench. However, excavation from within a 

trench has a greater potential for radiation dose to workers than does excava
tion from above a trench. 

TABLE 2.9-5. Estimated Costs of Relocation of all the Waste from a 
Conventional Burial Trench 

Deep Geologic Disposal 

Exhumation 
Waste Management 

Total (rounded) 

Shallow-Land Burial 
Exhumation 
Waste Management 

Total (rounded) 

Reburial Onsite 

Exhumation 
Waste Management 

Total (rounded) 

Cost ($ millions)(a,b) 
Western Site Eastern Site 

Excavation Excavation Excavation Excavation 
from Above from Within from Above from Within 
the Trench the Trench the Trench the Trench 

0.582 

43.280 
43.9 

0.582 
7.220 

7.8 

0.582 

0.165 

0.75 

0.465 

43.280 

43.7 

0.465 
7.220 

7.7 

0.465 

0.165 

0.63 

o. 710 

43.280 

44.0 

0. 710 
7.220 

7.9 

0. 710 
0.165 

0.88 

0.555 

43.280 

43.8 

0.555 

7.220 

7.8 

0.555 

0.165 

0.72 

(a)Number of figures shown is for computational accuracy only and does 
not imply precision to the nearest thousand dollars. 

(b)Costs include 25% contingency. 
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2.9.4 Cost Comparisons 

The total costs of stabilization and long-term care (for 200 years) of a 
burial ground are compared, in Table 2.9-6, with the cost of waste relocation 
for the entire burial ground. For waste relocation, it is assumed that 10 slit 
trenches and 10 TRU waste packages must be exhumed, in addition to relocating 
the waste from the 180 burial trenches. The TRU waste is assumed to be shipped 

to deep geologic disposal. The remainder of the waste is shipped to a federal 
or other commercial shallow-land burial site. Approximately 93% of the total 

waste relocation cost is associated with waste management activities. All 

costs are in constant 1978 dollars and include a 25% contingency. 

TABLE 2.9-6. Total Estimated Costs for Possible Decommissioning Choices 

Decommissioning Costs ($ millions)(a,b) 
Stabili- Long-Term Waste 
zation Care(cJ Relocation Total 

Western Site 
Minimal Stabilization Plus 

Long-Term Care 

Modest Stabilization Plus 
Long-Term Care 

Complex Stabilization Plus 
Long-Term Care 

Waste Relocation 

Eastern Site 
Minimal Stabilization Plus 

Long-Term Care 
Modest Stabilization Plus 

Long-Term Care 
Complex Stabilization Plus 

Long-Term Care 
Waste Relocation 

0.5 

2.6 

7.7 

0.5 

3.9 

5.5 

(a)Values include a 25% contingency. 
(b)Values are in constant 1978 dollars. 

16. 5 

16. 5 

15.7 

1 410 

27.6 

27.6 

29.2 
1 429 

17.0 

19. 1 

23.4 

1 410 

28.1 

31.5 

34.7 
429 

(c)Long-term care continues for 200 years after stabilization of the 
site. 
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2.10 OCCUPATIONAL AND PUBLIC SAFETY 

Radiological and nonradiological safety impacts from normal decommission
ing operations and potential accidents are identified and evaluated for site/ 
waste stabilization and waste relocation. The safety evaluation includes con

sideration of radiation dose to the public from normal decommissioning 

operations and postulated accidents, radiation dose to workers from normal 
decommissioning operations, and estimated deaths and injuries to decommission

ing workers from industrial-type accidents. 

The results of the safety evaluation of normal decommissioning operations 

are summarized in Table 2.10-1. The table shows the 50-year committed dose 
equivalent to the populace within 80 km of the site from airborne releases, and 

the total dose to decommissioning workers from direct exposure. It also shows 
the number of fatalities and serious injuries expected as a result of nonradio
logical accidents to decommissioning workers. The same population distribution 

is assumed for both the western and the eastern sites, even though the actual 
population distributions around the two sites are different. This allows a 
direct comparison of safety effects that are related to the physical character

istics of the two sites. 

No airborne releases result from routine site/waste stabilization opera
tions, because no operations involving direct waste contact are postulated; 
therefore, no public doses are calculated. The occupational dose for site/ 
waste stabilization depends on the specific stabilization plan considered. 
Occupational doses from external exposure for site/waste stabilization are cal

culated to range from 0.1 to 2.0 man-rem. 

For waste relocation, the reference technologies evaluated include slit 
trench exhumation using a remotely operated clamshell-type digger suspended 
from a gantry crane, exhumation of a package of TRU waste from a conventional 

trench using manual excavation techniques within a single enclosure, and relo

cation of all the waste from a single burial trench by excavation from within 
the trench. Since operations at the western site are found to give larger air

borne releases because of higher wind conditions, the calculated doses for the 

western site are larger than those for the eastern site. For waste exhumation 
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TABLE 2.10-l. Summary of Safety Analysis for Decommissioning the Reference LLW Burial Grounds 

Type of Safety Conc~c:_n_ 

Public Safety(•) 

Source of Safety Contern -----l!!'1-"--
Site/Waste 

~b_ilization 

~Gd1ation Exposure Oe<:ortmiSSJoning Operations man-rem 

Transportat1on nliln-rem 

Long-Term Care man-rern 

D~cupational Safety 

Serious Lost-Tlrne InJuries DecCNJ'miS>ionlng Operations number 3.8 

TransportatiOn number(d) 

long-Term Care number/yeor 

Fatalities Oecormnssion1ng Operat1ons nulllber 

TransportatiOn number(d) 

long-Term Car<> number/ye<~r 2.1 

Rad1at1on f>posure llecormn«ion1ng Operat1ons man-rem 2.0 

Transportat1on man-rem(d) 

Long-Term Care ""n-rem/yeor 
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operations, the 50-year committed dose equivalents to the bone of the maximum
exposed individual at the western site are: 1.0 x 10-4 mrem for 1-year-old 

slit trench waste exhumation, 0.01 mrem for TRU waste exhumation, and 80 mrem 

for complete trench exhumation. The total calculated occupational doses from 
external exposure for waste relocation operations are: 35 man-rem for slit 
trench waste exhumation, 120 man-rem for partial trench {TRU) waste exhumation, 

and 260 man-rem for complete trench waste exhumation. These dose numbers indi

cate that waste relocation operations are very costly in terms of worker 
exposure. 

An analysis is made of postulated decommissioning accidents during waste 
relocation and site/waste stabilization. A wide spectrum of accidents (24 dif
ferent accidents) is considered, with appropriate assumptions leading to cal

culated airborne releases of radioactivity and calculated radiation doses to 

the maximum-exposed individual. Estimates of accident frequency are made in 
terms of high {greater than 10-2 events per year), medium {lo-2 to la-s events 

per year), or low {less than la-s events per year). Table 2.10-2 summarizes 
the results of this analysis for the ten accidents that result in the highest 

doses to an organ of the maximum-exposed individual. 

TABLE 2.10-2. Summary of Radiation Doses to th~ Maximum-Exposed Individual 
from Decommissioning Accidents{a) 

Operation/ Incident_ 

Waste Relocation 

Severe Transportation Accident (TRU) 

Exhumation of Undetected TRU Waste 

Waste Package Handling (TRU) 

Onsite Transportation Accident 

Severe Transportat1on Accident 
(non-TRU) 

Minor Transportation Acc1dent (TRU) 

Failure of HEPA Filters 

Spontaneous Combustion of Wa<;tes 

Trench Void-Space Collapse 

Site Stabili<ation 

Trench Void-Space Collapse 

{a)lnhalatlon doses only. 

Airborne 
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4. 7 X 10' 

Estirrldted 
Frequency o) First-Year 

Occurrence{b Total ~ody 

"" 6.1 • I or 
H1~h 4.8 X 10-' 

Lo• 2.4 ' 10-· 

Medium 0 g ' 10-·' 

~ledium 1.3 ' 1 o-' 

'"" 6.1 ' w-J 

'"" 3. I ' 1 o-' 

r~edium 3. I ' 1 o- · 
r1edium 3 6 ' 1 o-" 

Medlum 8.6 ' w-1 

fifty-Year Corrmitted 
Dooe (mrem) Dose Eguivalent (mrem) 

Bone Total Body_ Bone 

.4 ' IG 2.0 X 102 4.6 X l O' 

" l oc· 1.6 ' 10; 3.6 X IO' 
5.5 X 1 o- 1 7.8 ' lo-1 1.7 ' 10' 

6 3 ' 1 o-l 3.5 ' J0-1 5.3 • 10: 

9 I ' w-: 5 I ' wo 7. 7 ' w-1 
1.4 ' ]0-1 2.0 ' 1o-: 4 6 • 10" 

7 1 ' 10" l. 0 X ]0-1 2 3 ' 10° 

2 2 ' 10-' I. Z x JO-i 1.9 ' JO-
6 .I ' 

1 o- _, 3.4 ' 10-' 5.1 ' 
10_, 

6.1 ' w- ~ 3 4 • w-' 5.2 ' w-l 

{b)Frequency of occurrence· High >I x 10-·; r1edium l ~ 10-~ to 1 x 10-'; Low <I x 10-' events per year. 
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2.11 FACILITATION OF DECOMMISSIONING 

Factors that would facilitate the decommissioning of LLW burial grounds can 

be grouped into three categories: 1) design considerations, 2) operating prac

tices, and 3) research needs. 

Design considerations to facilitate decommissioning include criteria for 

site selection and for the design and construction of burial trenches. Site 

selection refers to measures to ensure that a burial site meets prescribed 

geologic, hydrologic, and demographic criteria. Careful site selection allows 

reliable estimates to be made of decommissioning needs and makes it easier to 

evaluate the effectiveness of decommissioning activities. Care in the design 

and construction of burial trenches may improve their waste containment capa

bi.lity, thereby substantially reducing the need for costly trench repairs and 

stabilization procedures when a site is closed. 

Operating practices to facilitate decommissioning include waste form and 

packaging considerations, waste burial practices, and records maintenance proce

dures. Improvements in the form and packaging of wastes could have several 

desirable consequences such as a reduction in trench subsidence, the simplifi

cation of waste migration analysis, and a possible reduction in radionuclide 

migration rates. Segregation of long-lived or hazardous wastes may reduce the 

ma~nitude and cost of decommissioning by making it possible to limit certain 

decommissioning procedures to those areas of the burial ground where such wastes 

are buried. Engineered storage of long-lived or hazardous wastes would facili

tate the future relocation of these wastes should this be necessary. Improve

ments in the accuracy and completeness of burial ground records and development 
of data proces~iRg methods to analyze the records would aid in the planning 

and performance of decommissioning. 

Research is needed in several technical areas to ensure that LLW burial 
sites are properly decommissioned. 
are still in the development stage. 

Many site/waste stabilization techniques 

Research is needed to assess the effective-

ness of candidate techniques, to determine their useful lifetimes, and to evalu

ate the costs of implementation and maintenance. Many uncertainties exist in 

the radionuclide transport models used to predict radionuclide migration from 
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LLW burial grounds. Research is needed to develop more realistic transport 

models and to verify these models by comparison of predicted migration rates 
with experimental results for real sites. Research is also needed to obtain 
more accurate values of the parameters used with the models. 

Existing commercial burial grounds, some of which may require decommission
ing in the near future, provide an excellent arena for research to improve the 
technical information base regarding decommissioning. The development of con

fidence in engineering techniques for burial ground stabilization and the vali
dation of pathway analysis models could lead to the possible future release of 
these sites on a conditional or unrestricted use basis. 

2.12 STUDY CONCLUSIONS 

Major conclusions of this study are: 

• Decommissioning of an LLW burial ground can be accomplished using cur
rently available technology. However, research is needed in several 
technical areas to ensure that sites are properly decommissioned. 

• Decommissioning costs are significantly higher for waste relocation than 

they are for site stabilization plus long-term care. Waste management 
costs (costs of packaging, shipping and disposal of the exhumed waste) 
are the major cost items for waste relocation. 

• Site stabilization and long-term care of an LLW burial ground can be 
accomplished with no significant impact on the safety of the general 
public. The impact of waste relocation operations on the safety of the 
general public is estimated to be small. Site stabilization and long
term care operations result in modest radiation exposure of decommission
ing workers. However, waste relocation operations result in significant 
radiation exposure of decommissioning workers. 

• Several improvements could be made in the design and operation of LLW 
burial grounds to facilitate decommissioning these facilities. 

• Because of high dollar costs and large occupational doses associated with 
waste relocation, the preferred mode for decommissioning an LLW burial 
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ground is site stabilization. At existing burial grounds where subsurface 
radioactive inventories remain, site stabilization would be followed by a 

period of long-term care during which administrative control of the site 
would be maintained, site surveillance and maintenance activities would 
continue, and public use of the site on a conditional basis might be per
mitted. To allow unrestricted release following the decommissioning of 

future burial grounds~ it may be necessary to limit the type, quantity, 
and chemical and physical form of the radionuclides buried at these sites. 
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3.0 REVIEW OF BURIAL GROUND EXPERIENCE 

Disposal of low-level radioactive wastes generated by the private com
mercial sector and by government-sponsored programs is currently accomplished 
by shallow-land burial. This section briefly describes commercial and Depart

ment of Energy (DOE) low-level waste (LLW) burial grounds (Section 3.1) and 
summarizes the operating experience at the various sites (Section 3.2). 

No LLW burial ground has been decommissioned to date. However, remedial 
activities have been implemented at several sites to reduce contact of the 
buried waste by water and to minimize the migration of radioactivity away from 

the site. In addition, experimental programs have been conducted at the 
Idaho National Engineering Laboratory (INEL) and the Savannah River Laboratory 
(SRL) to establish procedures and identify costs of exhumation of buried 

wastes. These activities and programs contain elements that are directly 

applicable to the requirements for decommissioning shallow-land burial grounds. 

3.1 BURIAL GROUND DESCRIPTIONS 

Physical and operational descriptions of the six commercial burial sites 
and five major DOE sites are given in this section. This information provides 

the bases for characteristics of the reference burial grounds described in 
Section 7. 

3.1.1 Commercial Burial Grounds 

Radioactive waste generated by private industry was initially disposed 
of at burial grounds operated by the Atomic Energy Commission (AEC). During 
the 1950s the volume of radioactive waste generated in the private sector 
dramatically increased. AEC-operated burial grounds at Oak Ridge National 
Laboratory (ORNL) in Tennessee and at the Idaho National Engineering Labora
tory (INEL) in Idaho received a portion of this waste. However. much of the 
radioactive waste generated by private industry was managed by sea disposal 

services offered by several private companies. 
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As public pressures against sea disposal increased, the AEC took steps 

to phase out this disposal method and to establish regulations permitting 

commercial operation of LLW burial grounds on federal- or state-owned land. 

In 1962, the first commercial burial facility was opened near Beatty, 
Nevada. This facility provided an alternative to both sea disposal and the 
AEC burial ground sites. A second commercial site was opened shortly there
after near Morehead, Kentucky, and in ~iay 1963 the AEC discontinued the 
practice of accepting radioactive waste materials from private industry. 
Additional commercial waste burial sites were opened in subsequent years, 

and by 1971 six commercial burial grounds were licensed for the handling and 

disposal of radioactive waste from private industry sources. 

The six commercial waste burial grounds that have operated in the United 

States are listed in Table 3.1-1. Their approximate geographic locations are 

shown in Figure 3.1-1. Commercial LLW burial grounds receive a variety of 
low-level radioactive wastes originating from nuclear reactor operations, 

nuclear fuel-cycle activities, university and industrial research centers, 
pharmaceutical manufacturers, medical diagnostic and treatment facilities, 

and waste disposal and decontamination companies. Details of low-level 
wastes received for burial at commercial sites are given in Section 7.3 and 
Appendix B. Brief descriptions of the sites and summaries of their operating 

experience are given here. 

TABLE 3.1-1. Commercial Waste Burial Grounds 

Initial Date Current 
Site Location Operator of Operation Status 

Beatty, Nevada Nuclear Engineering Co. 1 g62 Open 

Morehead, Kentucky Nuclear Engineering Co. 1 g63 Temporarily Closed 
by State 

West Valley, New York Nuclear Fuel Services, Inc. 1963 Closed by Site Oper-
ator in 1975 

Richland, Washington Nuclear Engineering Co. 1965 Open 

Sheffield, Illinois Nuclear Engineering Co. 1967 Filled to Licensed 
Capacity 

Barnwell, South Carolina Chem-Nuclear Systems 1971 Open 
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I MOREHEAD, KY 
!MAXEY FLATS I 

2 RICHlAND, WA 

J BARNWEll, SC 

4 SHEFFIELD, ll 

5 BEATTY, NV 

6 WEST VALLEY, NY 

FIGURE 3.1-1. Commercial Waste Burial Sites 

3.1.1.1 Characteristics of Commercial Burial Grounds 

Commercial burial grounds have generally been located on the basis of 

regional requirements for radioactive waste disposal. Although site selec

tion involves a large number of considerations. final siting decisions have 
been based largely on hydrogeologic and economic factors. The existing 

commercial burial grounds are located in different physiographic areas and 
have varying hydrogeological characteristics. Important physical character

istics of the sites are presented in Table 3.1-2. As evidenced from the 

information in the table, soil characteristics and soil thickness vary greatly 

from site to site, as does the nature of the underlying bedrock. Annual 

precipitation at humid sites averages about 1000 mm (± 200 mm). At arid 

sites, rainfall averages about 100 to 200 mm per year. 
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TABLE 3.1-2. Commercial Burial S'ite Characteristics{a) 

Area L icen;ed 
<or Bur,.l(Oa) 

Burial :•pac1ty (m3) 

MeM Annuo I 
Prec1pitat100 !mm) 

Geomorphology 

Sorf1c·al ~aterldl. 
:·fPe 

~elrnck 

Clo><"''"t1on 

~'"""~woter ~eptO t~ 
S~;ll)we,~ Sat•Jrd\e~ 

looo !·'' 
;epto I·• ront '"'JOus 
~rom1•-!ler Cooo (m) 

~eo~ h t-c Reg 10na ' 
~q"' r er ~ ~: 

No >e. •,l S•JrfOC 0 .l't<>c. 

,0' ll '"" 

Jo•'r Flo• 1lt1S rom 
JJ'1'1 ,\re;s 

[nl·">' ·a I Pe,-,e.l
,11t_y to Oatec 
(c~/10i) 

SorotHe or ion 
f•chanqe :,pac>ty 
of ~-''"1 :;round )o1l 

)~>e"'ed R•O 1onuc It oe 
"'9"1100 

Barnwell, 
South Carol1no 

no 

,.. • " 
Hum1d 

1100 

Coastal Plain 

Cloy, SoM 
Sao~< lone 
Flat-lying 

11-?0 

11-:'Q 

Beatty, Morehead, 
Ne .. d. ~entucky 

" '" 
'·' .. ' ' .. 
Arid Humid 

'"" 1<'00 

Basin & RMqP Rl~g• ' Voll~v 
Oe~ert A~oal•chion 

Alluvial Sond We<t>lero~ Sha1~, 
& Gravel Cl"f ~ ~.n~ 

>?00 J-<; 

Mot•tMrphio Shale 
5e0 lmentary 
Fold•1 Fl•t-lyin~ 

""""' Three Rlln AIMClMO Qivor. ~00 ~ 
<reek. ~ ·,TI l km 

Richland, 
W•shlnqton .. 

' ' • .. 
S..~i-Arid 

''" 
Columb" Pl•teau 
Semi-0-sert 

Clov, Son~ 
G.-ov•l 

~a<'•·Jo/flat
lyino 

"" 

':nhtmhil Q,·,er. 
10 <m 

\~.•'1 Oer,•Mt.ll [p.,e.,.,-..-.1, 
Fo llo~i"1 
Stor••'< 

Small, Perenn1-1l Ll'~•·. Pereon11l 

~ore 'ip.c~< 

10 ''"~ 
'lnHI•JT•te<t >>lolo rcoct•,re< 
fl"" in Sand 
~ Gravel ?ores 

On and Off• it• 
Groun~ .nd s,r
hcP Water 

'Ins>! 1rated 
FlC>< in SMd 
~ Gr.vel Pore< 

Shefflelo, 
Ill ina is 

co .. 
Humid 

'" 
Gloc10' 

Glacial Or1ft; 
Sand, ';ilt & 
C,.-ov> I 
!Q- JQ 

Soo\)e, Son~<t~ne 
~ (o,ll 
f'at· I ·n "1 

1-?0 

West Valley, 

"" Yor~ 

'·' • .. 
Humid 

1000 

Glacial 

G1aciol Qnft; 
•:'ov, S1lt ~ 
San; 
10-30 

l.t ;,~, oo,o•lor•o;, ~nSJO• 

L•<" to ~orth 

<;.,,II 'pr,•nn i 1' 
to ;o,th 

'nee Sod<•< 10 
' 1 11 

0. 05 

H1qil 

Un>'le Grolln<t Water; 
Off> it" Surface 
W•ter 

['a)TiVOO;-Tnllart, from T•ble 14 4, [RDA 16-43, "~lternative; fo.- Man•glnq w.,te; from Reactors on<! Po;t-F>;si~n Doerot1on; in tne LWR 
Fuel Cyrle,"' May 1916. 

3-4 



An important factor that has been observed to affect the 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 

away from the burial location. As a result, a hydrologic assessment is 
prepared during the licensing proced~re for each site. This assessment 
provides 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 site, the ion-exchange or adsorptive 

capacity of the materials along that path, and the extent to which the radio
nuclide content of offsite ground and surface waters I'Jill be affected by 

burial ground operation. 

The numerical values of hydrogeological properties given in Table 3.1-2 
are either estimates of a range of values, or approximate mid-range values. 

Some values vary from point to point and on a seasonal and annual basis at 
each burial site. Permeabilities are based on a limited number of analyses, 

usually on disturbed material obtained from test drill holes. The depth 
to ground water is very difficult to precisely determine in nonhomogeneous 

materials of low permeability. Trenches or shafts used for waste burial 
are approximately 10 m or less in depth at most burial sites. In regions 

where saturated zones are routinely encountered at depths of 15 m or less, 
some of the buried waste materials will be saturated with water at least 
some of the time. In locations where saturated zones are at depths in excess 
of 50 m, saturated conditions will rarely, if ever, occur within the waste 

materials. Several factors affect adsorptive capacities of soil materials 
for migrating radionuclides. These factors include the radionuclides that 
are migrating, the characteristics of the waste form, the soil chemistry 
during migration, the vertical position of the radionuclides within the sub
surface material and the flow path through the material. Adsorptive capaci
ties shown in Table 3.1-2 are qualitative estimates, based on the soil type 
in the zone of interest. 

Burial operations at all of the sites except Sheffield are licensed by 

the state in which the burial ground is located, under a federal agreement 
giving the state licensing authority. An "agreement state" is a state that 
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has entered into an agreement with the U.S. Nuclear Regulatory Commission 

(NRC), allowing the state to control the receipt, possession, use, and transfer 
of by-product and source material and of quantities of special nuclear material 
not sufficient to form a critical mass. The scope of the agreement allows 
the state to license disposal sites for the burial of radioactive wastes, 
except those wastes resulting from irradiated fuel separation. Since Illinois 
is not an agreement state, the Sheffield burial ground "is licensed by the NRC, 
but it also possesses a state permit to bury waste. Two of the sites (Richland 

and Barnwell) have NRC licenses to bury special nuclear material in quantities 
exceeding state licensable quantities. When waste burial operations cease 
and the operating license is terminated, the responsibility for long-term care 

of a site reverts to the state in which the burial ground is located. During 
burial operations, the state collects a fee from the site operator, based on 

the volume of waste buried. This fee is intended to provide funds for the 

eventual long-term care of the site. 

3.1.1.2 Operating Experience at Commercial Burial Grounds 

Brief summaries of operating practices at the six commercial sites are 
given in Table 3.1-3. Radioactive waste disposal operations are similar to 
conventional sanitary landfill operations, with the additional precautions 
requisite to handling 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 mechanism that has been observed 
to cause radionuclide migration away from burial trenches at existing sites. 
These occurrences and the related health implications are discussed in 

Section 3.2.1. 

Comprehensive environmental monitoring programs are established at all 
sites, in compliance with licensing requirements. Environmental samples of 

water, soil, and vegetation are routinely taken both onsite and offsite at 
all of the sites. Air samples are taken at the eastern sites. Details of 

environmental monitoring activities at the various sites are given in 

Section 9.1. 
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TABLE 3.1-3. Operating Practices at Commercial Burial Grounds(a) 

Burial Trench Size (m) 

Provisions for '!later 
Collection and 
Containment 

·~aste :liSposal 
Procedure 

',,aste Covering 
Frequency 

:over: 
Type 

Depth 

l.ice~see 'lon't·Jrio1 
Programs: ~ 

- -~~ter 

- '>o1l 

'1-o~eU'lJn 

- ,; ir 

Barnwe 11 
Sout~ Carolina 

140 x IS 
5-7 deep 

Beatty, 
Nevada 

260 X l?.-15 
x s dE'ep 

Trenches Sloped None 
1", 0.6-l.O m 
of Sand in Bot-
tom of Trench. 
Surrp & Stand-
plpe 

Trench FillE'd 
to l m of 
Surfoce 

Da 1ly 

!.6 "'rf ~lay 
Plus ,",~~it. ion
a~ 'ltll!n~('-1 
Cover 

3 'll Cover at 
:entprlin~. 

t.5' (~ver at 
Trench ldqP 

Ons1te ~ells-
SP·~i an~.1a lly 

O"f;i:~ !later 
Suppli~s 
Annually 

Offs1tc-
Quarterly 

Off'iit.e-
,;nnJally 

Offs1te-
~'lnt inuous 

Trench Fillerl 
tol•nof 
Surface 

~s Trench ;s 
Filled 

l'ixcavatw"l 
<:arth Fill, 
No :o01partin1 

"inimum 2 ·n 
t•Jt ~ l; Moun1-
~i tn 0.~ m 
Ahove Gra~e 

~nsi~~ i-lell-
Mont'lly 

Qffsite Ground 
W'Jter - Se"'i-
annually 

OHsite-
~emi ,J~~ua llv 

Of•site-
SPmi ann,Ja ll y 

N~nr, 

Morehead, 
Kentuck_:r: 

Richland, 
lolasllinqton 

Sheffield, 
111 inois 

6iJ-150 x 24 90 X 8 X 6 deep 150 X 15-18 
6-8 deep x 6-8 deep 

Trenches Sloped ~one Trench Bottom 
Slopes to Center
line & one en~. 
Oitch filled wi':h 
bro~en bric~. 

]
0

, Pit & Stand-
pipe ~t Low Corner. 
Clay Berm arounrl 
Trench 

Trench Fillerl 
to0.6mof 
Surface 

Oai ly 

1 m COfll~acte~ 
Slav, Mnun~c~ '
Resee~~d 

'1in imur>1 I ·n 
Cover; M<llln~e~ 

to O.G m 1\bovP 
Srad0 

~~si•"" i-lr.lls-
Monthly 

Offsite ·~ater-
!JcJartf'.rly 

O~>,te & Offsi~r-
•')uorterl v 

Jnsltf'. & Jff;i<_e-
r))Mterlv 

Jnsite-
Cont inuou<; 

Trench Filled 
t00.6mof 
S,~rf ace 

As Trench is 
Filled 

[xcav.Jt~d 
Earth Fill, No 
~omr.lct. inq 

Sump & Standpipe 

Trench Fillerl to 
J.6 m of Surface 

~ai 1 v 

ro'llpacterl r.lay 
~over; Surface 
-~e~eedr1 

~~inir11urn? m tot,l; '1inimum l m Final 
"'ou~d~d to ; 'll Cover; Mounrle~ 
Ahove r,radP 

Onsite i-lells- Onsit_e Wf'.lls-
')llarterly Quarterly 

Offsite S11rhce Offsi~e Surface 
·~ater - 5P1li- ·~·Jter - Quarti>rly 
annually 

Off>i'c - JffsitP-
Quartprlv 0uJrterly 

Qff,ite- IJffsite-
Q!larte,·ly Quartrrly 

~O~f' Onsit.e -
:ontinuous 

West Valley, 
New York 

180-210 x 10 x 6 deep 

Trenches Sloped ?0 

Sump wit~ Riser Pire 
at Low Enrl 

Trrnch Fillerl to 
Oriqinal Grade Level 

Daily 

Excavat~d Earth 
Fill; Compacted; 
Toosoil ~rlderl 

'1inirnu"' 3 "' Cove~; 
Mounrle.-J to 1. 5 ·"' 
Mini1num Above Gr.1de 

Jnsit~. Str-oams-
Quarti'rly 

()ffs i te Surface 
1-/ater- 'lieekly 

Offsite -
Quartrrly 

Qffsite -
~n1t~ally 

OffsitP.-
Cont in'JOUS 

(a)-T,lk-en-;-11 pHt., from Tab)~ ?4.1, f.R~A ?li-4], "~:':~rnatives for "~~~Qinq ',/~sl~s frorr Rea~tors a~d Pos~-Fi~sion Qpentions 10 t~P Li-IR 
~~ei ~yelP," ~ay 1976. -



There is considerable similarity in the overall operations of the six 
commercial waste burial sites. However, some differences are found in the 

types and forms of wastes accepted, trench capping procedures, surface water 
control measures, and other site-specific operating procedures. Trench dimen
sions range from 60 to 260 m long, 8 to 20 m wide at ground surface, and 5 to 
8 m deep. A major requirement at most sites is that the bottom of a trench 

shall be above the maximum groundwater elevation. 

Following are short reviews of general operational experiences at the humid 

eastern sites and at the arid western sites. More specific information for 
each site is presented in Table 3.1-3. 

Humid Eastern Sites. The four humid eastern sites include Sheffield, 
West Valley, Morehead, and Barnwell. These sites can be generally described 
as locations with moderately high precipitation and soils of relatively low 

permeability. These factors combine to make the control and management of 
surface and ground water major operational considerations at the sites. 

At the eastern sites, waste materials and packages are generally buried 
randomly, as received, and are usually covered daily to limit contact of 

water with the waste. The covering is accomplished with earth backfill or by 
providing temporary covering, such as tarps or other rain-shielding devices, 
depending on the extent to which the trench is filled. 

Covering and sealing of the waste in the burial trenches is also used 
as a water control measure at the eastern sites. Although the techniques 
vary with local climate, soil, and groundwater conditions, generally 1 to 3m 
of soil is mounded and graded over the top of the waste, with the mound 
1 to 2m high over the centerline of the trench. Trench capping efforts 
also involve the application of more impermeable soils, such as clay, in 
constructing the trench cover, followed by seeding the mound with grass and 

constructing drainage fields around the mounded trenches. 

The trench bottoms at the eastern sites are sloped 1 to 2 degrees, and 
sumps with stand pipes are provided at the low end to monitor and/or remove 

water that may infiltrate and accumulate in completed trenches. Water 
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infiltra·~ion into completed trenches has been observed at both Morehead and 
West Valley. Section 3.2.1 discusses these occurrences and the related cor
rective measures that have been taken. No comparable water management 
problems have been observed at the Sheffield or Barnwell sites; however, 
migration of tritium has been observed at Sheffield. Effective management of 

surface water, through the application of improved trench capping techniques 
and surface water diversion measures, is a major factor in determining the 
success of site operators in preventing water infiltration of burial trenches 
and in confining the radionuclide inventory. 

Arid Western Sites. The Beatty and Richland sites are both located 
in arid western regions. Because of the low amount of precipitation and 

relatively high soil permeability at the sites, water management problems 

common to the eastern sites do not exist at the western sites. Consequently, 
operational procedures at Beatty and Richland are less involved than at the 
eastern sites. 

The waste materials and packages are generally placed randomly in the 
trenches, as received. The trenches are backfilled with excavated earth when 
the trench space is filled to capacity with waste materials, or sooner if 
required for shielding or security. The earth backfill is not compacted. 
Built-up trench caps are provided at Beatty but not at Richland. 

No migration of radionuclides from the arid sites, due to natural 
phenomena, has been documented. Some minor release of radioactivity from the 
Beatty site did occur through unauthorized removal of contaminated articles 
from the burial ground. Many of the contaminated articles were subsequently 
recovered from the Beatty community and returned to the site for disposal. 
Improved site access controls and security measures have since been established 
by the site operator to preclude similar occurrences in the future. 

3.1.2 DOE Burial Grounds 

Shallow-earth burial has been used for disposal of radioactive wastes 

at DOE sites since the inception of nuclear weapons research and production 

programs in the early 1940s. Waste materials currently received at these 
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burial grounds originate from weapons production and research and development 

programs, National Laboratory operations, and various DOE contractor facilities. 
The DOE burial grounds receive a wide variety of waste materials, ranging 
from low-activity radiopharmaceuticals to high-activity fission products. 
No wastes are currently received from the commercial sector. 

3.1.2.1 Descriptions of DOE Burial Grounds 

fV1ajor burial grounds for radioactive waste are presently operated at 
five DOE sites : 

• Savannah River Laboratory (SRL), South Carolina 
• Idaho National Engineering Laboratory (INEL), Idaho 

• Oak Ridge National Laboratory (ORNL), Tennessee 
• Hanford, Washington 
• Los Alamos Scientific Laboratory (LASL}, New Mexico. 

The approximate geographic locations of these major DOE burial sites are 
shown on Figure 3.1-2. Other smaller DOE burial sites are located at or near 

Portsmouth, Ohio; Las Vegas, Nevada (Nevada Test Site); Fernald, Ohio; Paducah, 
Kentucky; Amarillo, Texas; and Albuquerque, New Mexico (Sandia Laboratory). 

Burial grounds at DOE sites are generally located within their laboratory 
or reservation boundaries. The original site selections for the laboratory 
or production reservations were based largely on remoteness from population 
centers. Burial grounds are typically located in the more remote portions 
of a site, thus providing for considerable isolation. Initially, burial 
ground areas were not located on the basis of detailed geologic or hydro
logic assessments. Rather, locations were selected that appeared to offer 

an acceptable containment capability. In later years, cooperative agree
ments were negotiated with the U.S. Geological Survey to provide detailed 

site investigations. At present, most DOE sites with burial grounds maintain 
staffs of qualified geologists and hydrologists to provide in-depth site 

investigations as needed. A summary of general site characteristics for the 
five major DOE burial grounds is presented in Table 3.1-4. 
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I OAK RIDGE, TN 

2 LOS ALAMOS, NM 

3 IDAHONATIONAL 
ENGINEERING LABS 

4 RICHLAND, WA 

5 SAVANNAH RIVER, SC 

FIGURE 3.1-2. Major DOE Waste Burial Sites 

3. 1.2.2 Operating Experience at DOE Burial Grounds 

DOE sites handle and dispose of all radioactive wastes generated onsite. 
These wastes are generally similar to those delivered to commercial burial 

sites. However, the relative proportions and degree of contamination of some 
DOE-generated wastes differ significantly from commercial wastes and may also 

include considerable quantities of very large and bulky obsolete or failed 

equipment and building debris. In general, attempts at effecting significant 

size reduction are neither specifically required nor attempted because of the 
close proximity of the onsite burial ground. 

As at commercial sites, solid wastes buried at DOE sites are packaged 
for containment of the radioactivity during handling, transport, and any 
temporary storage prior to burial. Only wastes received from offsite sources 
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Precipitation (mm) 
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Type 

Thickness (m) 

Interstitial Permea
bility to Water 

8edroc~ Material Type 

Structure 

Groundwater Oepth tc 
Shallowest Saturated 
Zone {m) 

Dept~ of Cont1nuous 
Groundwater Zone (m) 

Depth to Regional 
Aquifer (m) 

Surface ·~ater 
Proximity 

Flow Charact~ristics 

Adscrptive or !on 
Exchange Capacity of 
Material Surrounding Burial 

Principal Flow Paths 
Away From Burial 

Radionuclide '1iqration 
Pathways 

TABLE 3.1-4. DOE Burial Site Characteristics(a) 

Savannah River 

1100 

Sand and Claysand 

0-10 

Very Low 

Clay, Sand and 
Sandstone 

flat-lying 

lD-20 

lf)-2!) 

~!)0 

Ons i te 

Small, Perennial 

:.Ioder ate 

~ore Spaces i~ Sand 

Onsite Ground Water 

Oak Ridge 

1300 

Weathered Shale and 
F i 11 

0-10 

Very Low 

ShalP 

Folde~ 

0-5 

?-5 

None Present 

Ons1 t<> 

5ma 11 , Perenn i .11 

High 

Shale fracturf's anrl 
Pores in F i 11 

Offsite Ground Water 
Offsite Surface Water 

Los Alamos 

400 

Weathered Tuff 

0-2 

!otorlente 

Volcanic Tuff 

flat-lying 

200-400 

200-~!)0 

?00-100 

1 ,, 

Sma11, Eph~m,ral 

High 

Fractures and Pores 
in Sanrl 

Onsit~ Vadose 
Water Zone 

Idaho 

200 

A!luvial Sand and 
Gravel 

1-10 

Moder at~ 

Basalt 

Flat-lying 

60-300 

60-300 

60-300 

3 k~ 

Small, Ephemeral 

Moderate 

Pores in Sand 

Onsite Ground Water 

Hanford 

200 

Clay, Sand and 
Gravel 

Over 150 

Variable 

Volcanics 

Flat-lying 

100 

100 

100 

10 ~m 

Large, Perenni.1l 
(Columbia River) 

"'oderate 

Pores in Sand 

Update by Deeo-rooted 
Plants 

(a) Taken frGiilTable 24.7, ERDA 75-i\3, "Alt~rnatives for "'anaging Wastes from Reactors anrl Post-Fission Operations in the LWR Fuel Cycle," May 1976. 



must be packaged to meet specific Department of Transportation packaging 
criteria. Much of the laboratory waste that is generated onsite (i.e., paper, 
plastic, rubber, glass, small metal items, etc.) is packaged in plastic bags 

and cardboard boxes. Waste packaging at DOE sites is not intended to provide 
containment following burial, except for tritium, TRU waste, and some high 
activity beta-gamma wastes. The use of asphaltic compounds to either line or 
completely encase tritium waste packages is employed at several locations. 

Complete asphalt encasement of a smaller container within a larger container 
(e.g., a 115-t drum inside of a 208-t drum) has been quite successful for 
containing tritium in wastes. (l) 

Highly active beta-gamma wastes at several DOE sites are packaged for 

burial inside concrete containers, such as sealed culverts or large boxes. 
This is done both for radiation protection during handling and for added 

containment of radionuclides following burial. At other sites, high-activity 

beta-gamma wastes are buried in vertical shafts that vary in size from 0.2 to 
2.4 m in diameter and from 6 to 20m in depth. The disposal shafts are usually 

capped with earth fill and/or concrete to a depth of about 1 to 2m. 

Final covering of pits and trenches is accomplished by filling to grade 
and, at several locations, mounding to more than a meter above grade. At 
some sites a vegetative cover is established over completed burial trenches 

to control surface erosion. A summary of general operating practices at DOE 
burial grounds is presented in Table 3.1-5. 

3.2 EXPERIENCE RELATED TO DECOMMISSIONING 

Corrective measures have been taken at commercial and DOE sites where 
environmental monitoring programs have indicated some migration of radio
activity from waste materials buried in the trenches. Corrective measures at 
Morehead, West Valley, and Oak Ridge have been largely site/waste stabiliza
tion activities. 

At the Savannah River Laboratory and the Idaho National Engineering 

Laboratory, experimental waste exhumation programs have been conducted. 
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TABLE 3.1-5. Operating Practices at DOE Burial Grounds(a) 

Savannah River Oak Ridge 

Burial Trench/Pit Size (m) 6 wide ~ 6 deep 3 wide x 15 long 
x 3-4.5 deep 

P~visions for Water 
Collection and 
Containment 

Waste Disposa.l 
Procedures 

Waste Covering 
Frequency 

Type of Final Cover 

Depth of Final Cover 

Other 

x variable 1 ength 

'4one; Trenches have 
Monittlring Wells 

Trenches Sloped to 
One End; 15 em Metal 
Casing as Monitoring 
Well 

Random Placement Trench Filled to 1 m 
in Trenches of Surhce 

Covered After When Trench is Filled 
Disposal for Fire, 
Contamination, Radia-
tion Control 

Excavated Fi 11 to 
Ground Surface; 
Mounded as Necessary 

Minimum 1.2 m Cover, 
0!" that Needed to 
Reduce Dose to 
<6 ft!;/hr at Surface 

Excavated Material to 
Ground Surface; Few 
Experimenhlly Sealed; 
-0.5 m Below Su~face; 
Reseeded 

Mini!I'UI'I 1 m to G~ound 
Su~f ace 

MiniiTIUm 1.5 m Between 
Trenches 

Los A 1 amos 

8-30 wide~ 120-180 
long ~ 8 deep 

No~ 

Idaho 

Trench: 2-3 wide ~ 275 
long x 4 deep 

None 

Pits Filled in L<~.yered Pits/Trenches Filled to 
F<~.shion; Final Waste 1 m of Surface 
Layer 1 m Below Surface 

Combustibles Covered As Trench/Pit is Filled 
Day of Delivery; Others 
as Required for Contam-
ination Control and 
Layering 

Excavated Tuff Fill 
w1th Compaction by 
Heavy Earth-moving 
Equipment 

Minimum 1.5 m Total 
Excavated Tuff Cover 
with Mounding to 
0.5-1 m Above Grade 

Minimum 4.5 m Between 
Pits at Surface; Mini
mum 15 em Crushed, 
Compacted Tuff in Pit 
Bottom Prior to Waste 
Fill 

Excavated Soil Fill; 
Reseeded 

Minimum 1 m to Ground 
Surface 

MiniiTIUm 0.6 m Soil in 
PH/Trench Bottom to 
Underlie Wastes 

Hanford 

1.5-5 wide (bottom 
width) x 4-8 deep 
x variable length 

None 

Trench Filled From 
One End 

Oaily afte~ Deliveries 

Excav<~.ted Fill to 
Surface; Mounding as 
Necessary 

Minimum 2.5 m Tohl, or 
th<~.t Needed to Reduce 
Dose to ~ 1 llft/hr at 
Surface 

{a) Taken from Table 24.5, EROA 76-43, "Alternatives for Managing W<~.stes from Reactors and Post-Fission Ope~ations 1r1 the LWR Fuel Cycle," M<~.y 1976. 



3.2.1 Site/Waste Stabilization 

Trenches at Morehead, West Valley, and Oak Ridge are excavated in soil 
material of low permeability. The buried waste has a high porosity (low bulk 
density), and the trench cover, which consists largely of soil material 
excavated from the trenches, is more permeable than the original parent 
formation. The three sites are located in regions of relatively high rainfall. 

These combined factors have resulted in the accumulation of water in some 

completed trenches, because rain water that infiltrates the permeable material 
over the trenches is impounded in the trenches by the less permeable surround

ing material. Impounded trench water can escape from a trench either by 
subsurface migration, due to the hydrostatic head of the perched water, or by 
overflow seepage from the trench cap. (2) At Oak Ridge, the trench water 

problem is compounded by a shallow groundwater system and poor surface 
drainage. 

Subsurface movement of radionuclides leached by impounded water, along 
fissured or more permeable zones, is documented at Oak Ridge and is believed 
to have occurred at Morehead. (3•4) The same type of movement may have occur

red at West Valley, although studies have not yet shown this. (5) At the 
New York site, some trenches eventually filled with water and overflowed. 

Actions being taken at these sites to control and prevent releases include 
surface water control, surface sealing of burial trenches, and pumping of water 
from the trenches. Groundwater diversion dams have been constructed at Oak 
Ridge. At all sites, extensive geologic and hydrologic studies are being 

conducted to provide additional information on the nature and extent of the 
problem. 

More detailed discussions of the radionuclide migration problems and of 
remedial measures taken at the three sites are given in the sections that 
follow. 

3.2.1.1 Morehead, Kentucky 

The commercial burial ground near Morehead, Kentucky, is licensed and 

regulated by the State of Kentucky. Burial operations began in 1963. In 
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the late 1960s and early 1970s~ measurements indicated that rain water was 
infiltrating the trenches and accumulating in completed trenches. 

Kentucky required the site operator to initiate a program to control 
onsite water and to remove the water that was accumulating in the trenches. 

To meet this requirement, water is pumped from the burial trenches and stored 
in large above-ground holding tanks. The water is evaporated to reduce the 
volume, and the residue from the evaporator is held in a large storage tank. 

When approval is obtained from the Kentucky Department for Human Resources 
(KDHR}, this residue will be solidified and buried onsite. The trenches are 

routinely examined for water accumulation and are pumped as often as additional 
water is observed. (6) 

In 1972, monitoring data from Kentucky's environmental surveillance 
program indicated that the site might be contributing radioactivity to the 

local environment. In November 1973, the state instituted a special six-month 
environmental monitoring study to identify the source and scope of the increased 
levels of environmental radioactivity in the site environs. The study report(?) 
concluded that the burial ground was contributing radioactivity to the local 

environment; that the activity detected did not create a public health hazard; 
and that further studies were necessary to determine to what extent migration 
was occurring and to assess the long-range public health and safety signifi

cance of the findings. Isotopes identified in monitoring samples included 
tritium, ooco, 89Sr, 90Sr, l34Cs, I3 7Cs, 238 Pu and 239Pu. Levels of radio
activity ranged from slightly above background to orders of magnitude above 
background for certain individual samples. 

The report identified four possible mechanisms for the release of radio
activity from the site: 

1. surface water runoff 

2. lateral movement from trenches through the soil zone 
3. movement from the trenches through fractures in surrounding rocks 

4. atmospheric fallout from the onsite evaporator. 

The study did not, however, attempt to quantify the relative significance 

of the suggested release mechanisms. 
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The site operator has conducted a program to reduce the movement of radio

activity from the burial site. Since it was assumed that trench water resulted 
from infiltration of precipitation rather than from ground water, the permeability 
of the trench caps was reduced by providing additional soil cover, with further 
compacting and reshaping of the caps to facilitate runoff_{B) The surface of 
the burial site has been regraded and contoured to improve area drainage; all 

onsite, nonengineered ponds have been eliminated; and a vegetation cover has 
been planted to retard surface erosion. Pumping of water that accumulates 
in completed trenches has continued. These efforts, plus the removal of 
several areas of surface contamination, have apparently been effective in 
reducing the release of radioactivity from the site, since radioactivity 
levels detectable offsite are decreasing. (g) 

The Morehead site was closed in December 1g77, (lO) by order of the 

Kentucky Department of Human Resources, until agreement is reached on the 
administration of the site water-management program and on other provisions 

for the long-term care of the site. For the next two years, the state will 

maintain the site while further studies are conducted. The site currently 
remains closed. 

3.2.1.2 West Valley, New York 

The West Valley site was opened in lg63. During the early 1970s, 

environmental monitoring samples indicated that some radioactivity was 
migrating from the site. In 1973, the site operator and the State of New 
York initiated a joint study program{ll) to further characterize the site and 

define the extent of the apparent radionuclide migration away from the site. 
The study results indicated that a small level of tritium migration was 
occurring; however, movement of other radionuclides was not detected. The 
report concluded that the slight releases of tritium from the trenches of 
the old north burial area would not produce a statistically significant 
health effect.( 12 l 

In March 1975, seepage of water from trenches in the old north burial 

area (Figure 3.2-1) was observed, and the site operator began pumping water 
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from the trenches to a holding lagoon to reduce the potential for radio
nuclide migration from buried waste materials. Although trench water seepage 
was quite evident during this period, no significant increase in radioactivity 
in local streams that drain the site was detected. 

Continued pumping of water from the north area trenches and subsequent 

processing of the trench water in a low-level waste treatment system onsite 
have apparently reduced the level of offsite releases. No releases have 

been observed from the new south burial area where improved capping and cap 
compaction techniques are used to retard water infiltration into the trenches. 

Studies by the USGS, EPA, New York State, and the U.S. Nuclear Regulatory 

Commission have continued at the site to characterize the migration mechanism 
from the trenches in the north area and to define further remedial measures. 

It is currently believed that migration of radioactivity through the soil 
layer is slight and that rainwater infiltration through the trench cover, 

settlement of the trench cover material, and decomposition and collapse of 
waste packages are the most probable causes of the water accumulation in the 
north burial area. 

During the summer of 1978, the cover of the north area trenches was 
improved by the site operator, with the approval of the State of New York. 
The original trench covers were removed and replaced with several layers of 
silty till, which were compacted by a 50-ton roller. A layer of topsoil was 

added to the compacted till and planted with a state-approved native grass. 
An impervious plastic sheet was provided to cover the steeper slopes of the 
trench cover; a layer of crushed stone was then applied to the plastic sheet 
to anchor and protect it from sunlight. The trenches were individually mounded 
and drainage ditches were provided between the trenches to facilitate drainage 
of standing water from the burial area. 

The effectiveness of these remedial measures at West Valley is currently 
under evaluation by the New York State Geological Service (NYSGS),(l 3) which 

daily monitors surface erosion and trench water levels in the burial area. 

The NYSGS will continue to study the area to verify that these remedial 
actions together with any proposed solutions to the water infiltration problem 

are geologically sound and do not lead to increased erosion. 
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The site operator voluntarily suspended operation of the site in 1975 

during the onset of trench seepage. The site currently remains closed. 

3.2.1 .3 Oak Ridge, Tennessee 

Environmental monitoring programs at ORNL have detected the movement of 
3H, 1 3 7Cs, 90 Sr, 7 38pu, 244 Cm and some other radionuclides from burial 

grounds 4 and 5. (3 ) A study of radionuclide migration for the years 1963 

through 1975 indicated a strong relationship between the total radionuclide 
release and the amount of precipitation. The study also suggested that surface 

water control measu1·es could reduce the release rate by providing barriers 
to infiltrating precipitation, thereby reducing the amount of water passing 
through the buried waste materials. 

Data from Oak Ridge indicate that additional problems 
presence of organic chelating agents in the buried wastes. 

resulted from the 
(Such agents are 

common in decontaminating solutions and can be expected as a component of 
wastes delivered to commercial sites as well.) Upon contact with water, 

these agents become mobile and readily carry otherwise immobile radionuclides. 
The effectiveness of soil adsorptive and ion exchange properties is also 

lessened for complexed radionuclides, Thus, the natural containment capabili

ties of the site are reduced. 

In July 1974, corrective measures were proposed to reduce or eliminate 

the downward movement of water into the burial ground trenches. For burial 
ground 4, a surface water diversion system was installed to collect surface 
runoff from the upper portion of the basin and transmit it across the burial 
ground (Figure 3.2-2). Prior to the installation of this system, surface 
runoff originating from an upper basin flowed onto the burial ground and 
infiltrated into the buried waste. At burial ground 5, where surface seepage 
had been observed during the wet winter months, construction efforts were 
initiated in May 1975 to install surface sealing measures and groundwater 

diversion dams at specific locations in the trenches. The surface sealing 

technique included the use of 10-mil thick polyvinyl chloride (PVC) sheeting, 

with a 0.6 m topsoil covering with surface vegetation. The trench dams were 
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FIGURE 3.2-2. Surface Runoff Diversion System for Burial Ground 4 at ORNL 

composed primarily of bentonite-shale mixtures, with precast concrete slabs 
used to ensure good sealing at certain locations. Cross sections of the trench 
dams installed at burial ground 5 are shown in Figure 3.2-3. 

Other water control measures initiated at ORNL include upgraded vegeta
tion management efforts and near-surface sealing techniques in the newer 
burial trenches. Vegetation management efforts involve removal of existing 
trees on the burial grounds and periodic mowing of trench cover areas to 
control the growth of new trees. The near-surface sealing procedure consists 
of application of a 7- to 10-cm-thick bentonite-shale layer (15% bentonite) 
at a depth of 0.6 m below the finished grade elevation. The bentonite is 
applied to the ground surface and disced into the top 7 em of the surface. 
After addition of an appropriate amount of water, the surface is compacted 
with conventional rolling equipment. The sealed area is then backfilled with 
topsoil, graded to desired contours, and seeded with grass. 
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The effectiveness of corrective measures at ORNL is currently under 
detailed evaluation. Although final evaluation of the corrective measures 
is not complete, it has been observed that radionuclide releases from burial 

ground 4 are continuing to decrease. In addition, no surface seepage was 
detected at burial ground 5 during the winter months after completion of the 

surface sealing and trench dam installations. 

3.2.2 Waste Exhumation at DOE Sites 

Programs have been conducted at DOE waste burial sites to assess the 

feasibility of exhuming, repackaging, and relocating buried radioactive 
material. The general objectives of these programs are to develop methods 

and procedures for the safe retrieval and relocation of buried low-level 
radioactive wastes and to define the associated costs and schedules for such 

operations. The following sections provide brief summaries of waste exhuma
tion activities at the Savannah River Laboratory (SRL) and the Idaho National 
Engineering Laboratory (INEL). 

3.2.2.1 Savannah River Laboratory 

In 1972, a test excavation was made in a burial trench that had been 
filled in 1958. (l 4) The overburden was removed from a 7.5-m by 9-m section 

of trench. This was accomplished with a conventional mechanical shovel by 
removing thin layers (2- to 5-cm layers) of soil down to a depth of 2 m 

where the first pieces of buried waste were encountered. The waste material 
excavation was then continued with a hydraulic clamshell to a depth of about 
6 m below the grade surface (0.6 to 1.0 m below the bottom of the original 
trench excavation). 

The excavated waste materials were found to be randomly distributed in 
the soil and included wooden burial boxes, steel bars and pipes, electrical 
wires, ropes, tarpaulins, a variety of plastic and cotton protective clothing 
articles, rubber shoe covers, cardboard boxes, and miscellaneous paper 

materials. The waste articles were in exceptionally well-preserved condition. 
Exhumed waste was damp but not saturated. After examination, exhumed waste 

materials were placed in plywood burial containers and replaced in the trench 
excavation. The soil overburden was then restored over the plywood containers. 
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The test excavation at SRL was completed in about three weeks and involved 
10 workers. Radioactivity levels encountered at the excavation were essentially 
at normal area background. Because of the low radiation level and dampness 

of the soil and waste materials, no containment structures were required to 

limit the spread of contamination. All work was performed under standard 
radiation protection procedures: protective clothing consisted of coveralls~ 

shoe covers~ and gloves. Respiratory protective equipment was not needed. 

The published report of the waste exhumation does not include cost data. 

3.2.2.2 Idaho National Engineering Laboratory 

Waste retrieval programs were initiated at INEL in 1974 to develop methods 
and technology and to define cost requirements for the exhumation, repackaging 

and onsite relocation of buried transuranic waste materials. Two programs, 
the Initial Drum Retrieval (!DR) project(l 5) and the Early Waste Retrieval 

(EWR) project( 16 •17 l have demonstrated the feasibility of waste exhumation 

operations and have advanced the state of related technology for the associated 

tasks. 

The Initial Drum Retrieval (!DR) program objective was to demonstrate 
the retrieval, repackaging, and interim storage of drums containing trans
uranic contaminated (TRU) wastes that were buried during the period of 1968 
to 1970. Burial site excavations were performed in a portable Air Support 
Weather Shield (ASWS), an air-supported, reinforced fabric structure, measuring 
36.0 m by 52.4 m and 12.2 m in height. Most of the trench overburden was 
removed with modified industrial implements including a front-end loader and 
back hoe; final excavation was performed by hand by workmen entering the exca
vation area. The 208-~ waste drums, buried 5 to 6 years, were found stacked 
in an orderly fashion in the trench and exhibited surface rust but were 
largely intact. Less than 2% of the drums were breached or were without lids. 

The retrieved drums, some containing liquids, were placed in triple-layered 
plastic bags and then into larger over-pack drums containing a dessicant or 

absorbent material. Some of the drums that had been breached or exhibited 
surface contamination were placed in fiberglass boxes or metal bins after 

overpacking was completed. The repackaged material was then transferred to 
interim onsite storage locations. 
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The excavation and repackaging tasks of the lOR program were performed by 

workmen within the ASWS containment. The workmen wore coveralls. gloves. and 
shoe covers and carried respirators, although the respirators were not worn 

during routine operations. 

From the period of September 1974 through September 1976, a total of 
4539 drums were retrieved, packaged, and relocated under the !DR program. (l 5) 

Program costs from July 1974 through September 1976, exclusive of the pro
curement and installation of the ASWS containment structure, have reportedly 

totaled about $983,000. Detailed breakdowns of the !DR program costs through 
September 1976 may be found in the reference document. (l 5 ) 

A second waste retrieval program at INEL, the Early Waste Retrieval (EWR) 
project( 16 •17 l was initiated in FY 1976 to investigate the problems associated 

with retrieval and repackaging of drummed and boxed TRU waste material that 

was buried between 1960 and 1963. Retrieval of the waste began during 
May 1976. 

The EWR burial ground excavations were conducted within a double contain
ment structure consisting of an ASWS similar to the one used in the IDR 
program and a smaller portable metal-panel building called the Operating Area 

Confinement (OAC) building, located directly over the excavation area and 
within the ASWS. The OAC building, a 12.2 m by 18.3 m by 6.1 m structure, 

equipped with a controlled ventilation system with high-efficiency filtration. 

was moved from place to place within the ASWS as excavation operations proceeded. 

The major portion of the trench overburden was removed with conventional 
earth-moving equipment within the ASWS. After most of the overburden was 
removed, the OAC building was installed over the excavation and a backhoe was 
then used to remove the remaining trench overburden. Final soil removal 
around the waste containers was accomplished manually with shovels. The final 
excavation and repackaging operations were performed by workmen in protective 
apparel called 11 bubble suits 11

; the plastic bubble suits were provided with a 
fresh air supply and two-way radio communication. 

The waste materials and drums were found to be randomly distributed in 
the trenches. Virtually all the waste drums were severely rusted and 
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otherwise badly deteriorated. Several of the drums contained liquids. In 

some cases, the liquids leaked from the drums during excavation. In all cases~ 
the spread of contamination was confined within the OAC building. The drums 

and waste materials were repackaged in multiple-layered plastic bags. The 
plastic bags were placed in overpacks consisting of multilayered cardboard 
boxes or asphalt-lined metal bins to which sorbent materials had been added. 

All contaminated soil found in the trenches was removed and similarly packaged. 
The repackaged waste was then relocated onsite at interim storage areas. 

Program funding levels for the EWR program(l 6) were reported at $400,000 

in FY 1976, $500,000 in FY 1977, and $600,000 in FY 1978. The waste retrieval 
programs at INEL provided significant advances in safe waste retrieval methods, 
equipment designs, and repackaging techniques for buried transuranic waste. 
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4.0 DECOMMISSIONING ALTERNATIVES AND STUDY APPROACH 

When waste burial operations at a low-level waste (LLW) burial ground are 

completed, the facility must be decommissioned (i.e., placed in such a condi
tion that future risk to public safety from the facility is within acceptable 
bounds). The intent of decommissioning is to provide for eventual unrestricted 

release of the site. Site release might occur soon after decommissioning is 
completed, or it might be preceded by a period of limited institutional control 

lasting for many years. 

This section outlines possible decommissioning alternatives that could 

satisfy public safety requirements and that are considered in detail in this 
study. These alternatives range from simple site closure accompanied by an 

ongoing program of environmental surveillance and administrative control of 
the site, to exhumation and relocation of the buried waste resulting in 
immediate unrestricted release of the site. The decommissioning alternative 

chosen for implementation in a particular situation will depend on a number 
of factors, including: 

1) site parameters (geology, hydrology, climate, etc.) 

2} the inventory of radioactive wastes buried at the site (including waste 

characteristics) 

3} the operating history, including any evidence of migration of radionuclides 

4) decisions about anticipated future use of the site or of the land or 
other resources in the immediate vicinity 

5} financial resources available for decommissioning and/or long-term care. 

Section 4.1 describes the alternatives for decommissioning an LLW burial 
site that are considered in this study. The technical approach used in the 
study is outlined in Section 4.2. Some important ground rules that provide 
the bases for the study are listed in Section 4.3. 
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4.1 DECOMMISSIONING ALTERNATIVES 

This study of the decommissioning of an LLW burial ground is one in a series 
of studies that investigate the technology, safety and costs of decommissioning 
light-water power reactors and nuclear fuel-cycle facilities. (l) For these 
studies, three basic decommissioning modes have been established: dismantle
ment, entombment, and safe storage. Published reports( 2•3) define these modes 
and describe their application to the decommissioning of a pressurized water 
reactor and a mixed-oxide fuel fabrication plant. 

Shallow-land burial sites se~ve as repositories for the low-level radio
active wastes produced during the operation of other nuclear facilities. In 
addition, radioactive wastes from the decommissioning of other nuclear facili

ties are currently disposed of by shallow land burial. Burial is intended to 

provide a mechanism for insuring that future risk from these wastes is kept 

within acceptable limits. The wastes are normally buried with no intent or 
provision for ready retrievability at a later date. To the extent that an 

existing burial ground fails to perform its function of adequately containing 
the waste from man 1 s environments remedial measures must be taken. Preventive 
measures may also be taken during burial operations or when burial operations 
cease to insure the confinement of the waste for a specified time period and 
to reduce vulnerability of the waste to potential transport mechanisms. 

For the LLW burial ground study, a decommissioning terminology is adopted 
that describes operations that might be employed to insure adequate confinement 
of the buried radioactive waste from man 1 s environment. The basic decommis
sioning operations considered include site/waste stabilization, waste reloca
tion. and long-term care. These operations are briefly defined in Table 4.1-1, 
and compared with the decommissioning modes used in the other studies. The 
rationale for these modes and more detailed descriptions are found in the 
sections that follow. 

4.1.1 Definition of and Rationale for Site/Waste Stabilization 

Site/waste stabilization is defined as those preventive or remedial 

measures taken to insure that the radioactivity in the buried wastes is retained 
within the confines of the burial ground. It involves the use of engineered 
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TABLE 4.1-1. Decommissioning Mode Characteristics 

., .. 
eurial Grour.ds 

Waste Relocation 
(Dismantlement) 

Site/Waste 
Stabilization 
(EntorN>ment) 

Long-Ten~~ Care 
(Safe Storage) 

Other Nuclear Facilltie~ 

Oi>onantlement 

Entombonent 

Safe Storage 

Oefinitl<m 

Buried waste Is exhu~d, 
repackaged as r.ecessary, 
and reburied at another 
location. 

Engineered procedu...,s 
are enployed to protect 
the waste fNlm contact 
with potential transport 
mechanisms and/or to 
restrict wnte migratiM 
to acceptable levels. 
Followe<l by a poi'riod of 
long-term care. 

Site is maintained in essen
tially the condition that 
exists at the temlnation 
of burial operations or at 
the conclusion of site/ 
waste stabillutlon 
acthlties. This is a 
temporary condition 
unt1l the waste has 
decayed to levels that 
permit unre~tricted releo~e 
of the site. 

Removal from the facility/ 
site of all materhls 
with residual radioactivity 
le~ls greater than those 
pennitted for unrestricted 
use of the property. 

~rehensive cleanup 
and decontamination 
is coupled with confine
ment of the re.,.ining con
taminated components with
in a mo110lithic str~cture 
designed to provide con
tainment integrity for a 
time period sufficiently 
long to pemit deuy of 
the contained radioactivity 
to unre>tricted relene 
levels. 

FacUlty is maintained in 
a corldition in which the 
ri~l< to pub11t safety i> 
within acceptable bounds. 
Some clean~p and decon
tamination is coupled 
with construction of 
barriers to confifll! 
the radioactivity and 
restrict public acceS>. 
A temporary coiiCiition 
for a specified tirne 
period. 
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Facility ~tatus 

Envirt>rwnental sur
ve1l lance not neces
sary e~cept to verify 
thH site can be 
released. 

Site maintenance not 
required. 

Adninistrative con
trol of site not 
required. 

fnvirmll!lental surveil
lance required. 

lnipection and main
teMnce of ground 
surface and of engi
neered stabilization 
fea lures required . 

Ad•nni~trative con· 
trol of site requ1red. 

EnviroM!l'ntal surveil
lance required. 

Inspection and main
teMnce reQu1 red. 

Ad'"inistratlve control 
of •ite reQuired. 

Envirt>rwnental monitor
ing not required. 

Maintenance or surveil
lance 110t required. 

NO administrative con
trol of facility/sHe 

Infrequent environmen
tal surveillance. 

Minimal mainteMnce 
requirenents. 

Security provided by 
hardened bHriers and 
fences. 

EnviroflOiental "'"nitor
ing required. 

Maintenance and sur
veillance requ1red. 

Administrative control 
of site requ1red. 

Use Category 

Unrestricted public 
access and use of 
site. 

Publ1c access limited 
and public activities 
restricted to ~urface 

-or near-surface or 
use of land 

Public access lim1ted and 
public activities restricted. 
Site rNy be released for 
unrestricted use when 
long-term care period 
ends. 

Facility/site released for 
unrestricted public use. 

Facility/site released 
for conditional 
use. 

ConditioMl u~e of hcility/ 
site may be pe,.itted con
s1stent with the level of 
decontamination and the 
extent and type of confine
ment barriers. 



procedures to reduce the mobility of the buried waste and protect it from the 

effects of various potential transport mechanisms. The principal objectives 
of stabilization activities are: 1) to restrict the rate of release of radio
nuclides from the site to acceptable levels until the radioactivity in the 
waste has decayed to innocuous levels, 2) to render the site suitable for a 
variety of surface or near-surface public activities that would not disturb 

the waste, and 3) to reduce the requirements for long-term maintenance and 
surveillance. 

Potential site/waste stabilization activities include: 

• engineered routing/flow control of ground and surface water 

• modification of trench caps to minimize water infiltration into 
the trenches 

• stabilization of the land surface and erosion control 

• grouting or injection of chemicals into the waste matrix to reduce the 
mobility of the radionuclides 

• control of plants and animals that might disturb surface stabilization 
measures or transport radioactivity from the trenches 

• erection of physical barriers to control human activities at the site. 

Stabilization procedures would normally be included as part of burial 
ground operations. For sites where adequate site/waste stabilization has not 
been performed during the operating phase, these activities would be performed 
at the conclusion of burial operations prior to termination of the operating 
license. Site/waste stabilization implies that a portion or all of the waste 
is left in place, and permitted public activities are restricted to land uses 

that do not compromise stabilization procedures or waste confinement. Termina
tion of the operating license is therefore followed by a period of long-term 

care of the site. Long-term care activities are summarized in the next section. 

4.1.2 Definition of and Rationale for Long-Term Care 

Current waste burial operations at commercial sites are based on a concept 

of long-term care following the completion of these operations. At each site, 
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the operator makes payments into a state-controlled fund to provide monies 
for long-term care activities. Long-term care is required to maintain and 
verify the capability of a site to adequately confine the radioactivity in 
the buried waste. The activities are, in general. a continuation of mainten
ance and surveillance activities and procedures established during the site 
operating and stabilization periods. 

These activities include: 

• environmental monitoring and records maintenance 

• inspection and repair of trench caps and fences 

• drainage control to prevent the accumulation of surface water 

• erosion control 

• vegetation control 

• removal and processing of trench water at sites where measurements indi
cate a need for trench water removal 

• administrative control of the site to insure that public uses of the land 
are restricted to those activities appropriate to site conditions. 

Long-term care activities continue until measurements and calculations 
indicate that the radioactivity in the burial trenches has decayed to levels 
permitting unrestricted release of the site or until additional actions are 
taken to reduce the potential consequences of unrestricted site usage. 

4.1.3 Definition of and Rationale for Waste Relocation 

Waste relocation involves the exhumation of buried waste, repackaging of 
the waste if necessary, and reburial of the waste at a repository, another 
burial ground or LLW disposal site, or in another trench on the same site. 
Exhumation of waste originally buried without any intent of later retrieval is 
an expensive and time-consuming operation, with a potential for significant 

radiation exposure to decommissioning workers. Furthermore, waste exhumed at 
one site requires reburial someplace else. Therefore, waste relocation would 

likely be considered only in situations where other decommissioning procedures 

are not adequate to insure that future risk from the facility is within accep
table bounds. 
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Two conditions might exist that would make exhumation and relocation of 

the buried waste appropriate: 

1) The burial ground does not provide the required confinement of the waste 
from man•s environment, and site/waste stabilization activities do not 
provide acceptable remedial alternatives; or 

2) A use of the site is contemplated that makes it necessary to relocate 

the waste. 

The inability of a burial ground to provide the required confinement of 
the waste from man•s environment may be related to: 

• the isotopic characteristics of the waste {e.g., transuranic waste con
centrations in excess of permissible levels) 

• the physical or chemical form of the waste (e.g., complexing agents 
[organics] contained in the waste that increase the mobility of some 
radionuclides, thereby increasing their rate of discharge into ground 

or surface water) 

• problems with the site (e.g., water or erosion problems that cannot be 
adequately corrected by site/waste stabilization procedures). 

In some instances, exhumation may be necessary because site/waste 
stabilization procedures do not provide an appropriate solution to a waste 
migration problem. In other situations, initial stabilization costs coupled 
with long-term care and maintenance costs may approximate or exceed the cost 

of exhumation. 

In some situations requiring waste exhumation (e.g., unacceptable levels 
of buried transuranic waste), it may be necessary to ship the waste to a site 
for deep geologic disposal. In other cases (e.g., localized water or surface 
erosion problems), it may be possible to relocate the waste in other trenches 

on the same burial site. 

The presence of buried waste necessarily restricts the kinds of activities 

that can be carried out at or in the vicinity of an LLW burial site. Changing 

political, social, or economic conditions may make it desirable to have a site 
available for unrestricted public use before the buried waste has decayed to 
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levels considered acceptable for release of the site. Waste relocation may 

be necessary in order to insure that unrestricted release of a site will not 
result in a potential dose rate to users of the property exceeding appropriate 

limits as may be defined by federal regulatory agencies. 

4.1.4 Combinations of Decommissioning Modes 

At a particular site, combinations of decommissioning activities may be 
necessary to place the site in a condition such that future risk from the 

burial ground is within acceptable bounds. 

Combinations of decommissioning modes may be necessary when individual 
trenches are known to contain high concentrations of transuranic waste or 
waste mixed with organic complexing agents. In these instances, partial waste 
relocation (i.e., relocation of the waste from part or all of a particular 

trench or trenches) may be a requirement in conjunction with stabilization of 

the rest of the site. 

Partial waste relocation may also be required if burial trenches have 
been located in an area with geologic or hydrologic characteristics that make 

stabilization a costly or technically unfeasible alternative. In this case, 
the waste that is exhumed might be reburied in other onsite trenches or it 
might be transported to another disposal site. 

The characteristics of a site may be such that different stabilization 
techniques are required for trenches in different areas. For example, at the 
DOE site at Oak Ridge, Tennessee, a series of interceptor ditches was construc

ted to control surface runoff in the vicinity of one series of trenches and a 
concrete/bentonite trench dam was used to divert ground water around another 
series of trenches (see Section 3.2). 

The application of decommissioning techniques must be based on a careful 
analysis of the site to establish and document the characteristics of the 
buried wastes, the operating history of the site, and geologic, hydrologic and 
climatologic features that may influence rates of radionuclide migration from 
the burial trenches. The basic approach to decommissioning outlined in this 

study is intended to provide guidance for individual site application. How

ever, because each site has different characteristics, the application of 
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decommissioning techniques and procedures used in this study to actual sites 

may not be straightforward. Decommissioning of LLW burial sites must be con
sidered on an individual basis. 

4.2 TECHNICAL APPROACH 

This section describes the technical approach used in conducting this 

decommissioning study. The technical approach is shown in simplified form in 
Figure 4.2-1. 

The first step in conducting the study is to select the reference LLW 
burial facilities and to characterize them in sufficient depth to perform an 

engineering and safety analysis of their decommissioning. Two reference sites 
are chosen: an arid western site and a humid eastern site. The approach 
taken is to treat the burial ground and the surrounding environment as sepa
rate systems. The burial ground, with its inventory of buried radioactive 
waste, is described generically. This generic burial ground is then assumed to 
be located on two sites, for which the climate, geology, and hydrology are 
chosen to be representative of actual western and eastern LLW burial grounds. 

SELECT AND 
CHARAClERI ZE 
FACILITYISilE 

ESTtMAlE 
MANPOWER. 

f--. TIME SCHEDULES, 
AND COSTS 

.............. DEFINE 
DEC(WIMI SSI ONI NG 

ALlERNATIVES DEFINE T C(WIPARE DECCMMISSIONING SAFETY, 
PLANS AND COSTS AND _... 
lECHNIQLIS PERFORM OTHER EFFECTS 

f-+ SAFETY DEVELOP ANALYSIS GHl.RAUZED f-+ DEC(WIMI SSI ONING 
CRilERIA 

DESCRIBE ENVIRON· f-o 
MENTAL SURVEILLANCE 

AND RECORDS MAINTEN· 
ANCE PROCEDURES 

FIGURE 4.2-l. Technical Approach for Decommissioning Study 
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Detailed descriptions of the facilities are completed, including such infor
mation as the waste capacity of the sites, the inventory of buried radioactive 
waste, burial ground operating procedures, and the relevant geologic, hydro
logic, and meteorologic data for the sites. 

Severa 1 decommissioning modes ( i . e. , waste relocation and various site/ 

waste stabilization options) are selected for evaluation. The decommissioning 
modes are related to site use limitations for a decommissioned facility ( i . e. , 

unrestricted use and conditional use involving surface or near-surface use of 

the land). Relevant regulatory guidance is reviewed, summarized, and used as 
an aid and basis in the study. 

A methodology is developed for the analysis of release conditions for a 
decommissioned LLW burial ground. For a burial site where a subsurface radio
active inventory remains, release conditions may include site and/or waste stabili
zation requirements, land use restrictions, and requirements for institutional 

control. The methodology for determining conditions for the release of a 
decommissioned site is based on a calculation of radiation doses to the maximum
exposed member of the public from the important potential pathways through 

which radionuclides buried at the site may reach man. 

Regulatory requirements and current practice for environmental surveil
lance and records maintenance at commercial LLW burial grounds are reviewed. 

Guidance for development of environmental surveillance programs at LLW burial 
grounds, based on critical pathway analysis, is outlined. Special requirements 
and procedures for environmental surveillance and records maintenance during 

decommissioning and long-term care are described. 

Techniques for site/waste stabilization and for waste relocation are 
reviewed. The application of site/waste stabilization procedures to the con
trol of specific potential transport mechanisms is defined, and the effective
ness and costs of the different stabilization procedures are evaluated. Work 
and time schedules are developed to conceptually decommission the reference 

sites by both site/waste stabilization and waste relocation. Techniques utili
zed are selected on the basis of engineering judgment to maintain a balance 

between safety and cost. 
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Direct costs of decommissioning are estimated, including labor, materials, 

equipment, surveillance, and, where applicable, packaging, transportation, and 
disposal of wastes. Costs are projected into the future to provide a reference 

base for estimating future financial requirements. Alternatives for financing 
decommissioning are examined and compared using example costs from this study. 

Cost ranges are defined to estimate the sensitivity of the total cost to vari
ations in selected key cost elements. 

Safety analyses are performed for each of the decommissioning modes 
studied. These analyses include radiological and nonradiological hazards to 
the public and to workers from normal decommissioning operations and from 
postulated accidents. The safety analyses utilize established data and 

methodology to estimate the various factors required, such as release mech
anisms, dispersion pathways, and exposure modes of the released materials. 

4.3 KEY STUDY BASES 

From the outset, a number of important ground rules are established to 
guide the emphasis of this study. These bases are derived from the primary 
objective of the study-- to provide an analysis of the technology, safety, 

costs, and other factors involved in decommissioning an LLW burial ground. 
The study is intended to provide background information useful to regulators, 

designers, and operators of LLW burial facilities. From these objectives, the 

key bases are established for all aspects of the study to insure that the 
overall study objectives {see Section 1) are achieved. These key bases have a 
major impact on the estimates of safety, cost, and time for decommissioning. 
Many aspects of decommissioning are dependent on site location, radionuclide 
inventory, burial ground operating practices, and specific facility shutdown 
conditions. The bases and assumptions used in this study must therefore be 
carefully examined before the results can be applied to any other burial 

ground. 

The key bases are: 

1) The study is to yield realistic and up-to-date results. This primary 

basis is a requisite to meeting the objectives of the study and provides 
the foundation for most of the other study bases. 
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2) The study is to evaluate, to the extent possible, real and contemporary 
LLW burial facilities. This basis is an obvious necessity to meet the 
study objectives and the primary basis above. Two sites are evaluated: 
an arid western site and a humid eastern site. Site parameters for the 
western site are chosen to be representative of the Richland, Washington, 
burial ground, and site parameters for the eastern site are chosen to be 
representative of the Sheffield, Illinois, burial ground. The same waste 

inventory is assumed at both sites. The inventory is generic, but quan
tities and isotopic concentrations are believed to be typical of radio
active wastes currently being buried. The design of burial trenches and 
the procedures for filling and capping the trenches are chosen to be 
different at the eastern and western sites and are based on current 

practice. 

3) Decommissioning modes analyzed in the study include several techniques 

for site/waste stabilization and for waste relocation. 

4) Current technology and techniques are used in descriptions of decommis
sioning procedures. Where developmental techniques are applied in the 
study, they are in an advanced state of development and believed to be 
ready for application. 

5) Decommissioning methods and procedures are selected on the basis of pro
viding good public and occupational safety in a cost-effective manner. 

6) Decommissioning and radiation protection philosophies and techniques 
applied in the study conform to the principle of keeping public and 
occupational radiation doses as low as is reasonably achievable (ALARA). 

7) Decommissioning is assumed to be relatively trouble-free, and decommis
sioning options are evaluated assuming efficient performance of the work. 
A 25% contingency is added to cost totals to account for such things as 
work delays and unanticipated equipment costs. 

8) Operating procedures are assumed to have been such that the ground surface 

is free of significant radioactive contamination at the time that decom

missioning operations begin. No wastes are left unburied when burial 

operations cease, and all burial trenches are capped. 
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9) The study is limited to the decommissioning of a radioactive waste burial 
site and any site facilities that are contaminated as a result of radio
active waste burial operations. Nonradioactive facilities at a site are 

not decommissioned. 

10) The chemical or pyrophoric hazards of wastes buried at LLW burial grounds 

are not specifically considered in this report. Wastes buried at some 
commercial sites may include non-radioactive toxic material that is more 

hazardous than some of the radioactive waste. However, no serious prob
lems have occurred to date with regard to chemical or pyrophoric materials 
buried at commercial LLW sites. 

11) Site decommissioning is the responsibility of the burial ground operator. 
Following site decommissioning, institutional control of the site is 

maintained for a period of time until the site is released for unrestricted 
use. The period of time for which it is possible to maintain institutional 

control cannot be specified with certainty because of the many factors 
involved. For purposes of calculating allowable limits of radioactivity 
and of estimating long-term care costs, it is assumed that institutional 
control is maintained for about 200 years after final closure of a site. 
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5.0 REGULATORY CONSIDERATIONS FOR DECOMMISSIONING 

This section contains a brief review of the current regulatory status of 

low-level waste (LLW) burial grounds and presents some regulatory considera
tions related to decommissioning these facilities. 

The authority to regulate commercial nuclear facilities and materials is 
reserved to the federal government by the Atomic Energy Act of 1954 and its 
subsequent amendments. Regulatory authority is delegated to the Nuclear 

Regulatory Commission (NRC}, and the NRC has in turn promulgated regulations 
in Title 10 of the Code of Federal Regulations to carry out the provisions of 

the Act. The NRC has also published Regulatory Guides to assist licensees in 
meeting the requirements of the regulations. 

Decommissioning activities have not been a principal focus of government 

regulatory activity. Consequently. although many governmental requirements 
apply to decommissioning of nuclear facilities. they do so only indirectly. 

There are currently no formal criteria for decommissioning of LLW burial grounds. 
The NRC is presently considering development of a more explicit policy for 
nuclear facility decommissioning(l) and amending its regulations in the Code 

of Federal Regulations to include specific guidance on decommissioning criteria 

for a variety of nuclear facilities. including LLW burial grounds. 

Section 5.1 contains a brief review of the regulatory status of LLW 
burial grounds. Section 5.2 contains a discussion of regulations. guides~ 
and standards in the general areas of radiation exposure limits~ transportation 
of nuclear materials~ and financial requirements for decommissioning. These 
provide a basis for formal decommissioning criteria. Section 5.3 describes 
the NRC program for development of regulations relating to decommissioning 
LLW burial grounds. 

5.1 REGULATORY STATUS OF LLW BURIAL GROUNDS 

Federal guidance indicates that commercial LLW disposal sites should be 
on land owned by either the federal government or a state government. ( 2 ~ 3 ) 
At five of the six commercial sites. the states own the land and lease it to 
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the burial ground operators. 
leases the land to the state 

the burial ground operator. 

At the Richland site, the federal government 
of Washington, and the state then leases it to 

Five of the six commercial sites are located in agreement states(a) and 

are licensed by the respective states. The exception is the Nuclear Engineer-
ing Company site near Sheffield, Illinois, that is licensed by the NRC because 
Illinois is not an agreement state. At Barnwell, South Carolina, and 
Richland, Washington, the NRC regulates the handling of special nuclear material 

(SNM), since large quantities are authorized to be handled at these facilities. 
The states regulate the handling of byproduct and source material at these 
sites. 

When burial operations at a commercial site are completed and the license 
is terminated, a government agency assumes responsibility for long-term care 
of the site. All of the states require the site operator to contribute to 
a fund to cover the cost of long-term care. The fund is based on a charge per 

unit volume of waste buried and varies from site to site. In general, it is 
believed that long-term care funds provide sufficient money for routine main

tenance and surveillance of a retired site, but are not adequate for extensive 
corrective actions should the need arise.( 4) 

Although agreement states can presumably adopt regulations applicable 
to decommissioning of LLW burial grounds, none appear to have done so. Nor 
is decommissioning explicitly treated in current license agreements. (S) 

License agreements do specify certain required operational practices, such as 
trench depth, size, and location; backfill depth; surface runoff control; and 
radiation monitoring procedures. In addition, some operating licenses contain 
provisions that specify the general condition of a site prior to burial ground 
closure, or that direct the licensee, prior to termination of the license, 
to submit plans to the appropriate state regulatory agency describing steps 
to be taken to properly close and restore the site. 

(a)An agreement state is one that has entered into an agreement with the NRC 
that transfers to the state regulatory responsibility for source material, 
byproduct material, and quantities of special nuclear material insufficient 
to form a critical mass. 

5-2 



The Decommissioning Procedures Plan that is one condition of the burial 
license and lease agreement between Chem-Nuclear Systems, Inc., and the State 
of South Carolina for operation of the Barnwell site( 6) contains the following 
provisions specifying the condition in which the licensee must leave the site 

at the conclusion of burial operations: 

• The entire burial ground must be enclosed in a chain-link fence and 
properly posted. 

• Surface contamination on the site must not exceed a specified level. 

• Trenches must be covered with sufficient soil so that radiation levels 
at any site location do not exceed a specified level. 

• Trench areas must be properly landscaped, including mounding, seeding, 

and sloping to ensure proper surface water runoff. 

In addition, the license for the Barnwell site precludes exhumation of pre
viously buried waste. 

The Task Force on Radioactive Waste Management, in its report to the 1974 
Conference of Radiation Control Program Directors, (7) made the following recom
mendations relating to decommissioning requirements for new burial ground 
licenses: 

• Information should be provided on the proposed funding of long-term care 
programs to be administered by the appropriate state agency. 

• Plans for site decommissioning, including cost estimates, should be pro

vided by the applicant prior to the licensing of a new site. 

Many parallels exist between the technical and institutional considera
tions for decommissioning and long-term care of 1) LLW burial grounds and 
2) uranium mill tailings piles. At both types of facilities, major areas of 
concern include minimizing the migration of radionuclides from the waste, stabi
lizing the ground surface, environmental monitoring, and the control of human 
activities at a decommissioned site. Legislation and information pertaining 

to post-operational activities at tailings piles are contained in the Uranium 

Mill Tailings Control Act of 1978(8) and the Generic Environmental Impact 
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Statement (GElS) on Uranium Milling,( 9) respectively. These documents may 

also be considered for guidance in establishing regulations for the decommis

sioning and long-term care of LLW burial grounds. 

~lajor provisions of the Uranium t~ill Tailings Control Act call for 
1) government ownership of tailings and tailings disposal sites, 2) financial 

surety that the mill operator will be responsible for the costs of site decom
missioning and long-term care, 3) elimination to the extent practicable of 

long-term maintenance, and 4) reclamation and management of tailings to national 
standards both before and after termination of a 1 i cense. The Uran i urn ~Jill 

Tailings Control Act amends several sections of the Atomic Energy Act. The 

following four paragraphs discuss some of these amendments. 

A new section 83 that covers ownership and custody of tailings and tail

ings disposal areas is added. Before a new license or license renewal issued 
after October 1981 can be terminated, the licensee must clean up the site and 
transfer ownership of the tailings to the federal or a state government. In 
addition, for new licenses issued after October 1981 three options are pro
vided for ownership of the land used for tailings disposal. These options 
are: 1) ownership by the United States, 2) ownership by a state at the state's 

option, and 3) private ownership if the NRC determines that government owner
ship is not necessary. 

A new section 16lx that covers financial arrangements for decommissioning 
and long-term care is added. The new section provides authority to require 
that financial surety arrangements be made by licensees to assure completion 
of site cleanup and reclamation prior to termination of the license. Financial 
arrangements for long-term care may also be required if necessary. The act 
stipulates that the need for long-term care of tailings disposal sites should 

be minimized to the extent possible. 

Section 274 is expanded to require state standards that are equivalent 

to, or more stringent than, NRC standards for tailings disposal sites. The 
amended section describes procedures for state rulemaking paralleling basic 

federal procedures, and mandates the preparation of a written environmental 

analysis for each license. 
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A new section 275 is added that grants authority to EPA to promulgate 

general standards for protection of the environment from both radiological 
and nonradiological hazards from mill tailings. The NRC is responsible for 
enforcement of the EPA-promulgated standards. 

The GElS on uranium milling provides an informational and decisional base 

for the preparation of regulations covering decommissioning; decontamination; 
site reclamation; transfer of title on termination of operations; future site 
use; and maintenance. monitoring, and emergency measures for uranium mill 
tailings piles. Major institutional questions addressed in the document include: 

• need for land use controls and site monitoring at tailings disposal sites 

• methods of providing financial surety that tailings disposal and site 
decommissioning are accomplished by the mill operator 

• need for and funding of long-term care that may be necessary at tailings 
disposal sites. 

The basis for the recommendations contained in the GElS on uranium milling 
is that government ownership and continued surveillance of mill tailings dis

posal sites may be necessary to confirm that sites are not disrupted by 
unexpected natural erosion or human activity. Decommissioning of remaining 
sections of the mill site should ensure their unrestricted use. However, a 

mill tailings pile constitutes a low-level waste burial site containing very 
long-lived material. As a prudent measure of protection, continued control of 
tailings disposal sites should be exercised, including control of land use 

and periodic inspection, to confirm that the tailings and tailings isolation 
are not being disrupted by human activities or natural weathering processes. 
Such control should be provided through government ownership and custody of 
disposal sites after a licensee has satisfied decommissioning requirements 
and the license is terminated. 

An NRC task force recommendation(Z) (not adopted by the Commission as 

policy) proposes that the federal government assume responsibility for the 

perpetual care of all decommissioned LLW burial sites. This would be accomp
lished through federal ownership of the lands on which burial grounds are 

located. Specifically, the recommendation proposes the following: 
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"The NRC should initiate action in cooperation with 
appropriate Federal and State agencies to increase 

Federal control over the disposal of low-level waste 
by: 

a. Requiring 

- Joint Federal/State approval of new disposal 
sites 

NRC licensing, with State participation, of 
current and new disposal sites 

Federal ownership of land for all disposal 
sites 

b. Establishing a Federally administered perpetual 
care program. 11 

The NRC has recently prepared a Low-Level Waste Branch Position(lO) 

entitled 11 Low-Level Waste Burial Ground Site Closure and Stabilization. 11 The 
Branch Position sets forth interim performance objectives for LLW burial 

ground site closure and stabilization. These performance objectives are 
intended to provide guidance for a site operator in developing site closure 
and stabilization plans to prepare a site for transfer to a custodial govern

ment agency. The custodial agency will be needed until the site can be 
released for unrestricted use. ~lajor provisions of the Branch Position deal 
with 1) measures to stabilize the site to place it in a condition such that 
the need for active ongoing maintenance is eliminated and only passive sur
veillance and monitoring are required during the long-term care period that 
follows license termination, and 2) assurance of the availability of funds to 
complete the site closure and stabilization plan. 

The conclusion that can be drawn from the documents reviewed here is that 

continued (i.e., long-term) care of some LLW burial grounds for an extended 
time period may be necessary following site closure and termination of the 

operating license. The period of long-term care could extend for a few 

hundred years and would depend on the inventory of buried radionuclides and 

5-6 



on the condition of the site at license termination. Long-term care would 

likely include site inspection and maintenance, environmental monitoring, and 
site security. Conditional use of the land that does not disturb the waste or 
compromise site stabilization features might be allowed. Regulatory guidance 

provided by the NRC documents cited above and by recent mill tailings legisla
tion and the GElS for uranium milling indicates that long-term care is prob

ably best provided through government control of the burial site. Government 
control would commence upon termination of the operating license, after stabili
zation activities are completed by the site operator. 

5.2 REGULATIONS AND GUIDANCE THAT PROVIDE A BASIS FOR 
FORMAL DECOMMISSIONING CRITERIA 

Several federal agencies have jurisdiction that can affect the decommis
sioning of nuclear facilities, including LLW burial grounds. The principal 

agencies with such jurisdiction include the NRC, the Environmental Protection 
Agency (EPA), the Department of Transportation (DOT), and the DOE. 

The influence of the NRC on decommissioning policy comes through its 

role as licensing agency for the construction and operation of nuclear 
facilities and regulator (in cooperation with agreement states) of the posses
sion and use of radioactive material. 

The EPA is the federal government's chief environmental regulator.(ll) 

The EPA Administrator is to advise the President on radiation matters that 
directly or indirectly affect the public health. In addition, the EPA provides 
guidance to all federal agencies in the formulation of radiation standards and 
in the establishment and execution of programs of cooperation with the 
states.( 12 ) The EPA is therefore responsible for establishing generally 
applicable environmental standards for radioactive material outside the boun
daries of property subject to the control of NRC licensees. 

The DOT has broad responsibilities in the areas of packaging and shipping 
of radioactive material. They are responsible for promulgating and enforcing 

safety standards governing packaging and shipping containers, as well as the 

labeling, classification, and marking of all packages. The DOT also implements 
safety standards for the mechanical condition of carrier equipment and the 
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qualifications of carrier personnel. Under terms of a "Memorandum of Under
standing" between the DOT and the NRC,(l 3) the NRC develops performance stand

ards for package designs and reviews package designs for fissile materials 
and Type B quantities of other radioactive materials (except for low specific 
activity materials). The DOT requires NRC approval to use these packages. 

The DOE owns and operates several LLW burial grounds in the United States 
(see Section 3.1.2). A recommendation has been made that DOE own and operate 
all shallow-land burial sites. (l 4) (Legislation(S) described in Section 5.1 

for control of uranium mill tailings piles provides for DOE custodianship of 
decommissioned tailings piles owned by the federal government.) Accordingly, 
the DOE may play an important role in planning for the future decommissioning 

of these facilities. 

The following sections review existing regulatory guidance in the areas 

of radiation exposure limits, nuclear materials transportation, and financial 

requirements applicable to the development of specific criteria and regulations 
for decommissioning LLW burial grounds. 

5.2.1 Radiation Exposure Limits 

As described in Section 8.1, there is currently no specific regulatory 
guidance on permissible levels of radioactivity that can remain in a decommis
sioned LLW burial ground, or on the acceptable annual dose to individuals 

living on or near a decommissioned LLW burial site. However, regulatory 
guidance does exist that could form the basis for regulations related to 
acceptable radiation exposure levels for a decommissioned site. 

The basic radiation standards that apply to all NRC licensees are given 
in Title 10, Part 20 of the Code of Federal Regulations.(lS) For unrestricted 
areas,(a) it is specified that no individual should receive a dose(b) to the 

(a)"Restricted Area" means any area to which access is controlled by the 
licensee, for purposes of protection of individuals from exposure to radia
tion and radioactive materials. 

(b)Throughout this section, the term "dose" may generally be taken to mean 
the more rigorous term "dose-equivalent." The latter, expressed in units 
of rem or millirem, implies a consistent basis for estimates of consequen
tial health risk, regardless of rate, quantity, source, or quality of the 
radiation exposure. 
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whole body in excess of 0.5 rem in any one calendar year. 10 CFR 20 also 
gives limiting concentrations in air and water for many radionuclides, for 
both the working environment and for unrestricted areas. These concentration 
limits are calculated, assuming continuing exposure and standard physiological 

parameters, to give doses no higher than either those specified above or 
1.5 rem per year to non-specified organs of the body. It is further expected 

that the average dose from all modes of exposure to 11 a suitable sample of an 
exposed population group 11 should not exceed one-third of the limiting dose 

criteria. 

The EPA has authority under the Safe Drinking Water Act to regulate per

missible levels of radioactivity in public drinking water supplies. Regula
tions establishing maximum radioactive contaminant levels were issued in 
July, 1976,(16 ) and are now effective. They establish maximum contaminant 

levels for radium-226, radium-228, gross alpha particle radioactivity, and 
beta particle and photon radioactivity from man-made radionuclides in community 
water systems. These regulations are given in Title 40 of the Code of Federal 
Regulations.(l 7) 

Under the Clean Air Act Amendments of 1977,( 18) the EPA has some regula

tory authority for radioactive emissions into the air. These 1977 amendments 
create an important statutory exception to NRC's primary jurisdiction over 

radioactive emissions from licensed nuclear facilities. Radioactive emissions 
into the air (presumably including effluents from decommissioning) are subject 
to the Clean Air Act, in addition to remaining under control of the NRC. The 

EPA Administrator is to determine by August 9, 1979, whether air emissions of 
radioactive materials will endanger public health. If he makes an affirmative 
determination, EPA may issue standards for air quality; however, these stand
ards are subject to disapproval by the NRC. By February, 1980, EPA and NRC 
are to enter into an interagency agreement with respect to those sources or 
facilities that are subject to NRC jurisdiction. 

The EPA has issued proposed guidelines on dose limits for persons exposed 
to transuranic elements in the general environment. (l 9) The guidelines pro

pose that the annual alpha radiation dose rate to members of the critical 
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segment of the exposed population, as a result of exposure to transuranic 
elements in the general environment, should not exceed one millirad(a) per year 

to the lung or 3 millirad per year to the bone. 

In addition to the references cited above, additional guidance that could 

be interpreted as annual dose limit recommendations for decommissioned facili
ties is contained in the following documents: 

• Recommendations of the International Committee on Radiological Protection 
(ICRP), Publication 26.( 20 ) 

• 40 CFR 190, Environmental Radiation Protection Standards for the Uranium 
Fuel Cycle. (21 ) 

• Surgeon General's Guidelines. (22 ) 

• "de minimus" Concentrations of Radionuclides in Solid Wastes (AIF). (23 ) 

None of the above guidance, which provides limits on the dose rate to the 

public from nuclear facilities, was proposed specifically for decommissioned 
property. However, the guidance could reasonably serve as basis for the 
development of regulations defining permissible radiation exposure limits for 

conditional or unrestricted use of decommissioned facilities such as LLW 

burial grounds. 

5.2.2 Nuclear Materials Transportation 

One of the options for decommissioning of LLW burial grounds is to exhume 
the buried waste, repackage it, and ship it to another site (a deep geologic 

disposal site or another shallow-land burial ground) for disposal. 

The transportation of nuclear fuel and waste is regulated principally by 

the DOT and the NRC. The regulations of the DOT are found in Title 49 of the 
Code of Federal Regulations, primarily in 49 CFR Parts 170-189, "Hazardous 

Materials Regulations." The regulations of the NRC are found in Title 10 of 

{a)The rad is defined as the energy imparted to matter by ionizing radiation 
per unit mass of irradiated material. One rad equals 0.01 joule/kilogram 
of absorbing material. 
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the Code of Federal Regulations, primarily in 10 CFR 71, "Packaging of Radio

active Material for Transport and Transportation of Radioactive Material Under 
Certain Conditions." These regulations are applicable both to persons who 

ship radioactive materials as they package and offer such materials for trans
portation, and to carriers of radioactive materials as they load and transport 

such materials in their vehicles. The regulations provide protection from 
the hazards of radiation, both to transport workers and the general public. 

Primary reliance for safety in transportation of radioactive material is 
placed on the packaging. The DOT regulations prescribe general standards and 

requirements for all packages of radioactive material, and for labeling, 
handling, and storage of those packages by carriers. For packages that contain 
no significant fissile radioactive material and only small quantities of other 
radioactive materials, the DOT standards and requirements provide adequate 

assurance of containment and shielding of the radioactive material. While 

these small-quantity packages, termed Type A packages, may fail in accident 
situations, the radiological consequences would be limited because of the 

limited package contents. 

When the radioactive content of a package exceeds the small Type A quan
tity limit, it may only be transported in a Type 8 package, one that will 

survive transportation accidents. A Type 8 package must be designed to with
stand a series of specified impact, puncture, and fire environments, thus pro
viding reasonable assurance that the packaging will withstand most severe 
transportation accidents. Its design must be independently reviewed by the 
NRC engineering staff to verify its accident resistance. Finally, a certifi
cate must be issued by the NRC before a Type B package fabricated from that 
design can be used to transport radioactive material. The standards that have 
been established in the DOT and NRC regulations provide that the packaging 
shall prevent the loss or dispersion of the radioactive contents, provide 
adequate shielding and heat dissipation, and prevent nuclear criticality under 

both normal and accident conditions of transportation. The normal conditions 
of transportation that must be considered are specified in the regulations in 

terms of hot and cold environments, pressure differential, vibration, water 
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spray, impact, puncture, and compresion tests. Accident conditions that 

must be considered are specified in terms of impact, puncture, and fire con
ditions. 

More detailed reviews of federal regulations pertaining to the transport 
of radioactive material are found in References 24 and 25. 

Although federal agencies dominate the regulatory process for the trans
port of radioactive materials, state governments also exercise some control 
over these shipments. State highway departments regulate gross vehicle weights, 
vehicular dimensions, and other parameters for radioactive shipments, as they 
do for other kinds of shipments. Currently, about half of the states have 
adopted the DOT Hazardous Materials Regulations to cover intrastate shipments 

Sever'al states have adopted or proposed additional regulations concerning 
radioactive materials. (26 •27 ) These regulations include: 

• special routing of radioactive shipments 

• advance notification for shipments of large quantities of radioactive 
materials 

• state inspections of some types of radioactive shipments 

• prohibition of certain types of shipments within the states 

• prior approval for radioactive shipments 

• requirements of exclusive-use vehicles for radioactive shipments 

• use of pilot vehicles 

• speed restrictions for radioactive shipments 

• specific hours of movement 

• accompaniment of all shipments by radiation monitoring personnel. 

The variation of regulations between adjacent states often requires special 
considerations for interstate shipments. 

5.2.3 Financial Requirements for Decommissioning 

At each of the six commercial LLW burial grounds that have operated in the 

United States, the site operator has been required to contribute to a state
administered fund to provide for long-term care of the site after the operating 
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license is terminated. Long-term care is presumed to include administrative 

control, environmental monitoring, and routine site maintenance. The long
term care funds, as presently constituted, are not designed and intended for 
and do not provide sufficient monies for site stabilization or waste relocation 
activities that might also be required at the time of site closure. (See 

Section 5.1 for a discussion of regulatory guidance pertaining to decommissioning 
activities at the time of site closure.) 

Although there are currently no state or federal regulations relating to 

the assurance of adequate financing for decommissioning of LLW burial grounds, 
the regulations in 10 CFR 50( 2B) that pertain to the decommissioning of a pro

duction or utilization facility can be considered for guidance. The most 
directly applicable are 10 CFR 50.33 (f) relating to financial qualifications 

for facility shutdown and 10 CFR 50.82 relating to applications for license 
termination. 

10 CFR 50.33 (f) requires that the applicant for an operating license 
provide information to show: 

"that the applicant possesses or has reasonable assurance of 
obtaining the funds necessary to cover the estimated costs of 

operation for the period of the license or for five years, which

ever is greater, plus the estimated costs of permanently shutting 
the facility down and maintaining it in a safe condition." 

10 CFR 50.82 outlines requirements for terminating a facility license. 
A formal application must be made to terminate operation of an NRC-licensed 
facility. The application must specify certain information on planned decom
missioning procedures. The regulation authorizes termination procedures, 
spec~fies additional conditions, provides for notice to interested persons, 
and states that if such procedures and conditions are followed a termination 
of license will be granted. Subsequent responsibility for usage of the site 
is not addressed. 
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The NRC's Branch Position on LLW burial ground site closure(lO) includes 

the provision that the funding of decommissioning and long-term care must be 
addressed in the site closure and stabilization plans developed by LLW burial 

ground licensees. 

5.3 THE NRC PROGRAM FOR DEVELOPMENT OF DECOMMISSIONING REGULATIONS 

The NRC is developing a comprehensive set of regulations pertinent to the 
shallow-land burial of low-level radioactive waste. (29 ) These will deal with 
permissible types of wastes, (3D) site suitability, and alternative disposal 

methods, as well as operating, monitoring, decommissioning, postoperational 

maintenance, and funding requirements. 

The NRC is also considering development of a more explicit policy for 

nuclear facility decommissioning, as well as amending its regulations in 
10 CFR Parts 30, 40, 50, and 70 to include more specific guidance on decommis
sioning criteria for production and utilization facility licensees and bypro
duct, source, and SNM licensees. (l) One nuclear facility for which specific 

decommissioning criteria are being considered is an LLW burial ground. An 

Advance Notice of Proposed Rulemaking, setting forth the NRC's plans for devel
opment of regulations for low-level waste burial grounds, including decommis
sioning requirements, and providing notice of a preliminary draft regulation, 
10 CFR Part 61, has been published in the Federal Register. (3l) 
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6.0 ALTERNATIVE APPROACHES TO FINANCING DECOMMISSIONING 

This section discusses alternative approaches to provide funds for the 

decommissioning and long-term care of a commercial LLW burial ground. Only 

alternative mechanisms for assuring the availability of funds are discussed. 

Legal-institutional issues, such as who should collect the funds and how they 

should be administered, are outside the scope of the study and are not con

sidered. 

All of the existing commercial sites, except the Richland, Washington, 

site, are on land owned by the state and leased to the site operator. (The 

Richland site is on land owned by the federal government, leased to the state 

and subleased to the site operator.) Decommissioning activities that precede 
the termination of a burial ground operating license are the responsibility 

of the site operator. License provisions generally specify that, upon com

pletion of burial operations, the site operator will satisfy certain require
ments for contouring, landscaping, and fencing the site. (l, 2) The ultimate 

responsibility for long-term care of a waste burial site remains with the 

state in which the site is located( 1•3•4l (or with the federal government in 

the case of the Richland, Washington site). An NRC task force report( 3) has 

suggested that it may be desirable to have federal land ownership of burial 

sites and a federally administered long-term care program for all commercial 
LLW sites. To date, a decision on this concept has not been made. 

In each state where a commercial LLW burial ground is located, a long

term care fund has been established. The money is paid to the state by the 
site operator and is based on per-cubic-foot burial charges. Payments ranged 

from 5¢/ft3 to 16¢/ft3 in 1976. At some sites the payments have been 

increased periodically to account for cost escalations. 

The importance of financial assurance for decommissioning has recently 

been recognized by the Congress of the United States in the Uranium Mill 

Tailings Control Act of 1978.( 5) A new section, l6lx, is added by this 

legislation to the Atomic Energy Act of 1954. The new section provides explicit 

authority for the NRC to require that an adequate bond, surety, or other 
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financial arrangement be made by mill licensees to assure site cleanup and 
reclamation prior to termination of the license. If determined necessary, 
financial arrangements for long-term maintenance and monitoring may also be 
made a requirement of license termination. 

In the following discussion of financial arrangements for decommissioning 
LLW burial grounds, Section 6.1 discusses the need for assurance of decommis

sioning funds. Section 6.2 discusses approaches to funding decommissioning 

costs. Section 6.3 discusses approaches to providing decommissioning funds 
in the event of premature closure. Section 6.4 discusses issues associated 
with provision for contingency costs. Section 6.5 briefly reviews the ability 
of states to impose financial obligations on nuclear facility owners. 

6.1 NEED FOR ASSURANCE OF DECOMMISSIONING FUNDS 

A state has an obligation to protect the health and safety of its citizens. 
In connection with this responsibility, a state in which an LLW burial ground 

is located has several financial concerns. First, it is concerned that the 
operator will have sufficient funds to decommission a site when burial opera
tions cease. If an operator defaults or goes bankrupt, the state may have to 

assume financial responsibility for site decommissioning. Second, adequate 
financial provision must be made for long-term care of the site. Finally, 
funds should be available to provide for unexpected contingencies both during 
the operating life of the facility and before decommissioning is completed. 

Burial ground operators are relatively small companies with limited 
financial resources. If legal proceedings are required to fix the responsi

bility to pay decommissioning costs, delays may occur that could result in 
the expenditure of additional funds and the loss of valuable time before the 
necessary preventive and corrective actions are accomplished at the site. 

Decommissioning funds that are paid into a trust account outside the control 
of the operating company provide the best assurance that monies are available 
for decommissioning activities. A performance bond might also be used to assure 

the performance of decommissioning activities by the site operator. 
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6.2 APPROACHES TO PROVIDING FUNDS FOR 
DECOMMISSIONING AND LONG-TERM CARE 

Three principal alternatives exist for meeting the need to provide funds 

for decommissioning and long-term care: 

1) creation of a decommissioning and long-term care fund during the opera

ting lifetime of a burial ground by periodic payments into a reserve fund 

2) payment of anticipated decommissioning and long-term care costs into an 

account prior to the start of burial ground operations 

3) payment of decommissioning and long-term care costs when incurred {i.e., 

after site closure). 

Alternatives 1 and 2 both require a good decommissioning plan and cost 

estimate. Alternative 3 is the only option available for an existing burial 

ground for which no reserve fund was established and whose operating life is 

over. Various combinations of these alternatives are also possible. As dis

cussed earlier in this section, all presently operating LLW sites have estab

lished long-term care funds, although the adequacy of the funds may be ques

tioned. 

The analysis in this section assumes that decommissioning account monies 

contemplated by alternatives l and 2 would be kept separate in an earmarked 

fund. If a unit of government acts as the fund steward, it is also possible 

that decommissioning and long-term care funds could be deposited in the general 

fund. This should not present a problem as long as the government unit 

assumes responsibility for ultimately providing the funds and credits the 

decommissioning account with a reasonable interest return on the deposited 
funds. 

To discuss and compare the alternatives, it is useful to establish some 

evaluation criteria. Four criteria that seem to be pertinent to evaluating 

the alternatives are: 

1) the extent to which decommissioning is financially assured 

2) the extent to which those who benefit from operation of the burial ground 

pay its decommissioning costs 
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3) the present value cost of the option 

4) the ease and cost of administering the option. 

The criteria clearly vary in importance. Importance values are not 
quantitatively determined for this analysis. However, it is the consensus of 

the authors that criterion 1 is most important, criterion 4 is least important, 

and criteria 2 and 3 are of approximately equal and intermediate importance. 

6.2.1 Creation of a Decommissioning and Long-Term 
Care Fund During the Operating life of the Burial Ground 

This option contemplates the formation of a fund to generate enough 
income during the operating life of the burial ground to pay anticipated decom

missioning and long-term care costs. Payments would be made into an account 
permanently outside the control of the burial ground operator. This approach 
is currently used by all of the states that license and regulate LLW burial 
grounds to accumulate funds for long-term care. In most instances the funds 

are placed in a separate trust account. However, in at least one state the 
money is deposited in the state's general fund. The trust fund approach is 
also used by New Mexico( 6) for uranium mills. 

Payments to the sinking fund would most likely be based on volume of 

waste buried. The charge per unit of waste buried would be determined by 
dividing the total estimated decommissioning and long-term care costs 

(including a reasonable contingency factor) by the volume of waste expected 
to be buried at the site. This charge could be adjusted to take credit for 
compound interest earned by investing the fund during and after the plant 

operating life. 

Payments into the fund could be adjusted regularly, perhaps every year. 
One obvious reason for change could be to provide for cost escalation. In 
addition, many other variables can change with time. For example, the rate 

of return achieved by the fund stewards will almost certainly change. The 
total burial ground capacity and burial rate may change over time. The real 
(i.e., nonescalated) decommissioning cost can also be expected to change over 
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time because of technological innovations and new regulatory requirements. 
It is also possible that the expected life of the burial ground will change. 
All of these changes can be periodically accounted for by adjustments to the 
sinking fund payment. If such changes are not severe or are regularly reflec

ted in the payments, the value of the fund should be close to that needed 
when the burial ground is closed. The procedure for calculating annual pay
ments, plus some illustrative calculations, are shown in Appendix E of 
Volume 2. 

A variety of entities could be designated to provide stewardship for the 
fund. Possibilities include state government, the federal government, or a 
private organization such as a bank. Currently, the states provide their own 
stewardship. An independent "Decormnissioning Assurance Agency" could also be 

chartered by each state or by the federal government to retain and invest the 
fund and perhaps oversee activities and disperse payments to those conducting 
the activities. The pooling of decommissioning funds into such a centralized 
agency could help to ensure decommissioning performance even if a particular 

facility operator defaults in some manner. The agency would act in a fiduciary 
capacity for the public. Its governing board might be composed of representa

tives of the public, government, power-consuming industries. and power
producing industries. By including various interest groups, tendencies to 
overestimate or underestimate costs and the annual payments needed to fund 

the costs should be minimized. Payments and interest received by the steward
ship entity should be exempt from federal income tax, either because the 
entity is a creation of the U.S. or a state government (Internal Revenue Code, 
Section 115) or is an exempt scientific entity (Section 50l[cl). 

An advantage of the annual payment approach is that it should generally 
ensure that decommissioning activities actually occur. With funds set aside 
to cover the costs, the question of who should pay them is alleviated and 
arguments about responsibility are less likely to occur. 

Another advantage of the approach is that it can be administered in a 
way that is equitable to all burial ground users. As long as increases in 

estimated decommissioning costs are reflected in adjusted payment schedules, 
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all burial ground users should pay their approximately proportional share of 
costs in dollars of approximately equivalent buying power. Exact sharing of 
costs would be virtually impossible because of changes in operational life of 
a burial site or changes in expected decommissioning costs caused by techno
logical innovation and/or new regulatory requirements. 

Several difficulties associated with this option should be recognized. 

None of them is insurmountable. One difficulty is that a sinking fund will 
not accumulate sufficient funds if a burial ground is shut down prematurely. 

Methods of dealing with the financial problems of premature shutdown are dis
cussed in Section 6.3. Another difficulty relates to the care and investment 
of the fund itself. Professional management of the fund, as well as controls 
on the investments made by the fund, would be desirable. For example, the 

fund might be limited to investment bonds and notes issued by agencies of 
the U.S. government and municipal and private bonds with a sufficiently high 
rating {e.g., AA or higher). The fund steward will be faced with the same 

problem other investors have: i.e., how can assets be invested to earn a 
return that at least matches the rate of cost escalation? If the fund is not 
able to match the rate of cost escalation, the payments. to the fund (in year 

of startup dollars) will have to be increased over time at a rate that exceeds 
the rate of escalation. Another difficulty associated with the option is that 
decommissioning costs must be estimable with reasonable accuracy in order to 
provide a basis to calculate appropriate payments to the fund. Although 
revised estimates can be made and reflected in the fund payments later in the 
burial ground lifetime, the initial estimate is especially important if the 
site will have a relatively short operating life. 

6.2.2 Prepayment of Anticipated Decommissioning 
and Long-Term Care Costs 

The general framework of the prepayment alternative is similar to the 
sinking fund option discussed in Section 6.2.1. A trust fund would be estab

lished. Fund stewards would invest the monies until required for decommis
sioning. The difference is that the present value of anticipated decommis

sioning and long-term care costs would be paid into the fund prior to 
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operation of the burial ground. Adjustments to the fund would be required to 
account for changes in such factors as the trust fund earnings rate versus the 
decommissioning cost escalation rate, expected burial ground life and capacity, 

decommissioning technology, and safety and regulatory requirements. 

An advantage of this approach is that it provides a high degree of assur
ance that decommissioning funds will be available when needed. Assuming that 
appropriate adjustments are made to the fund from time to time, sufficient 
money should be available for decommissioning, even if the burial ground ceases 

operation prematurely. (Adjustment to the fund requires both an evaluation of 
the trust fund earning rate versus the rate of inflation and a re-examination 
of the technical bases used to determine the costs of decommissioning and long
term care.) 

The site operator might prepay decommissioning costs out of retained 
earnings from past investments, or he might resort to long-term debt financing 
as though it were a capital expenditure. In either case, the prepayment 
option could be financially disadvantageous to the site operator. This is 

because the discount rate utilized by the operator will probably exceed the 
interest rate obtainable by fund stewards. The discount rate utilized by the 
operator will be approximately his minimum rate of return on alternative 

investments. This will almost certainly exceed 10% under today's financial 
conditions and could be much higher. The fund steward will be able to 
obtain returns in the 7 to 9% range only by making conservative investments 
in the current bond and note market. 

To the extent that debt funds are used to prepay the present value of 
decommissioning costs, the borrowing capacity of the operator is reduced and 
consequently his available supply of funds for capital investment is reduced. 

Whether the operator uses retained earnings from past activities or debt 
financing to prepay decommissioning costs, future users of the site would likely 
be charged through the pricing mechanism a sufficient amount to enable the 

operator ultimately to regain his financial position and to retire the interest 
and principal on any debts incurred. The site operator would therefore only 

suffer serious financial loss in the event of premature closure or significant 
underutilization of the site. 
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6.2.3 Payment of Decommissioning Costs When Incurred 

This alternative contemplates delaying payment for decommissioning until 
the burial ground ceases operation. At this time, the operator would perform 
required decommissioning and also pay the state the present value of future 

long-term care costs. 

The principal concern with this approach is the possibility that the 
burial ground operator, as a result of default or bankruptcy, may not pay the 
costs of decommissioning the site. As long as the site operator is willing 
and financially able to pay the costs of decommissioning and long-term care, 
no major problem should arise. If, however, the operator is financially 
incapacitated and/or unwilling to pay these costs, the burden may fall directly 
to the state or possibly the federal government, and the required funding 
would likely have to come from general revenues. The risk of nonperformance 
is greater with a burial ground than with a shorter life facility and the risk 
increases if decommissioning is deferred. Another concern is that the direct 
burial ground beneficiaries may not pay their proportional share of decommis
sioning costs because the full cost of decommissioning may not be reflected 
in the burial ground charges. 

If this option is selected, it may be desirable to require the site 
operator to purchase a performance bond or an insurance policy that would 
ensure the availability of decommissioning funds. This approach is not 
unprecedented; many states require bonds from coal mining companies to ensure 

reclamation of strip-mined land. Performance bonds are used by the states of 
Wyoming and Utah to ensure the reclamation of uranium mining and milling sites 
when operations at these sites are terminated. The Uranium Mill Tailings Act 
of l978(S) recognizes performance bonds as a method of ensuring financial 
responsibility for the decontamination, decommissioning, and reclamation of 

mill tailings sites. 

There are several problems with obtaining a bond or an insurance policy. 

The principal difficulty is that surety companies are not likely to be 
interested in selling a long-term bond because of the many uncertainties 

6-8 



affecting their obligation. Yet a long-term bond is needed if a state is to 
receive decommissioning assurance. If the bond is renewable at given inter
vals, the bonding company may very well decline renewal if the burial ground 

operator becomes financially weak. In addition, the guaranteed amount of the 
bond would have to be readjusted periodically to cover revised decommission
ing cost estimates. If the bonding company does not agree ahead of time to 

automatic escalation of its guarantee, the usefulness of the bond is again 

substantially decreased. For example, over a 20-year operating life of a 

burial ground, decommissioning costs would increase four times in nominal 
dollars(a) assuming 7% annual escalation. 

An additional problem with performance bonds is that even if a long-term 

bond can be obtained, its degree of assurance is only as good as the surety 
company. Surety companies can become financially incapacitated just as any 
other company can. Finally, collecting on the bond could be more difficult 
(possibly requiring litigation) than utilizing funds previously paid into a 
decommissioning trust fund. 

If an operating company is somehow able to obtain a bond, it may have 
to provide up to 100% collateral. (b) The cost of a bond, if it can be 

obtained, will likely be on the order of 1 to 2% per year of the guaranteed 
amount. (S) This is a significant cost burden. 

A possible solution to the problem of obtaining a long-term performance 

bond is to decommission a section of a burial ground (one or several trenches) 
relatively soon after burial operations in that section have been completed. 

This would be analogous to short-term bonds obtained to ensure reclamation of 
a specified limited area of land to be strip mined. One problem with this 
approach is that the optimum procedures for burial ground decommissioning may 
not be known until long-term operating experience at the site is available. 
Another problem is the difficulty of performing piecemeal site stabilization 
procedures. While some stabilization activities (i.e., trench capping and 

(a) Nominal dollars are dollars of the year in which payments are made. 
(b) A task force of the Conference of Radiation Control Directors found 

that surety companies are reluctant to issue bo~ds in excess of 
$1 million unless secured by 100% collateral.l7) 
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grading and seeding of trenches) can be accomplished on a unit basis, other 

activities such as contouring the site and establishing drainage and diversion 
systems for the control of surface water may be best performed after site 
operations are terminated. A third problem might be the unwillingness of the 

landowner to accept responsibility for a portion of the site until the entire 
site is decommissioned. 

Another possible approach to decommissioning performance assurance might 

be for burial ground operators (and operators of other fuel cycle facilities) 
to make payments to a decommissioning assurance pool. The pool would be 
obligated to pay for decommissioning a site if the operator defaulted on per

formance. Setting the appropriate premiums would be difficult. To establish 
premiums, the pool administrator would have to estimate the likelihood of non
performance or partial performance and the magnitude of the fund required to 

complete the decommissioning. It is probable that a decommissioning assurance 
pool would have to be established by the federal government, and that it would 
require congressional action. 

6.3 FINANCIAL PROVISIONS FOR PREMATURE 
FACILITY CLOSURE 

~Jith the sinking fund and pay-when-incurred options, the state runs the 
risk that sufficient funds will not have been collected to cover decommission
ing and long-term care costs if the burial ground is prematurely closed. If 

the burial ground operator is financially unable to provide the funds needed 
for decommissioning and long-term care, the state or the federal qovernment 
may be required to pay for these activites. No special problem exists with 
the prepayment option because funds should be available whenever closure occurs. 
This is the principal advantage of the prepayment approach. 

If the sinking fund option is chosen, several alternatives are available 
to reduce the risk of unavailability of funds in the event of premature closure. 
These include one or more of the following: 
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• an irlitial cash payment to the sinking fund prior to burial ground 

operation 

• higher per unit sinking fund charges (in real, i.e., constant dollars) 

during early years of operation 

• a bond posted by the facility operator 

• a decommissioning assurance insurance pool. 

The first two options can be considered as combinations of the sinking 

fund and prepayment options. As discussed in Section 6.2.3, it may be diffi

cult to implement the bond alternative. The fourth option, while feasible, 

requires additional study and might have to be implemented by the federal 

government. 

6.3.1 Initial Cash Payment 

This option contemplates that an initial 
be made to the sinking fund prior to startup. 

significant cash payment would 

The size of the payment could 

be flexible and might depend on the financial resources of the operator, the 

probability of premature closure, the extent of anticipated decommissioning 

problems, the anticipated operating life of the facility, and other factors. 

An initial payment on the order of 10 to 20% of total estimated decommissioning 

costs (in year of startup dollars) might be required. 

The principal advantage of this option is the increased assurance it 

provides that the site operator will pay decommissioning and long-term care 

costs. 

The principal disadvantage is the possibility of financial hardship on 

the operator, as under the prepayment option. Other minor disadvantages are 
the potential distortion effects of the initial payment on proper recognition 

of waste burial costs, and having beneficiaries of the burial site pay its 
decommissioning costs (criterion 2 page 6-3). 

6.3.2 Higher Initial Sinking Fund Charges 

This option contemplates that payments to the sinking fund in constant 

dollars would initially be higher than the average unit cost and then would 
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decline with time. The precise sliding scale could be determined by the 

responsible agency in consultation with the burial ground operator. One 

option would be to attempt to have constant payments in nominal dollars over 

the lifetime of the facility. This option could also be utilized in conjunc

tion with an initial cash payment. 

The advantages and disadvantages of this option are comparable to those 

of the initial payment option. The main advantage of the option is the added 

assurance that it provides during early years of site operation that adequate 

funds will be available for decommissioning and long-term care. The disadvan

tage is that burial ground customers during early years of site operation will 

likely pay a disproportionate share of the decommissioning expenses. 

6.3.3 Surety Bonds 

The main difficulty with the surety bond (performance bond) approach is 

the problem of obtaining a long-term commitment from a surety company, as 

discussed in Section 6.2.3. A decreasing performance bond over a short time 

period, used to ensure the availability of funds until the reserve account 

reaches a predetermined value, may be easier to obtain than a long-term bond. 

If a suitable bond commitment could be obtained, there are two potential 

advantages. First, it may be more equitable for the smaller company unable 

to make a significant initial cash payment. Second, it reduces the distortion 

effect on waste disposal costs of a high initial cash payment. 

6.3.4 Insurance Pool 

An insurance pool such as described in Section 6.2.3 is an additional 
approach to decommissioning assurance. The pool could be set up to assure 

the availability of decommissioning funds in the event of premature site 
closure, as well as for operator default. Premium setting would be difficult. 

The insurance pool concept might require implementation by the federal govern

ment and needs further study. 

6.4 PROVISIONS FOR CONTINGENCY COSTS 

This section provides a brief discussion of the issues associated with 

contingency cost protection for LLW burial grounds. Contingency costs here 
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do not refer to ordinary cost overruns incurred during decommissioning. 
These cost overruns can be allowed for by building into the sinking fund pay

ments a reasonable contingency factor. Rather, the concern is with unexpected 

factors, such as corrective action needed for unexpected offsite radionuclide 
migration, or unanticipated increased decommissioning requirements caused by 

changes in anticipated land usage after release of the site. 

The concern for unanticipated contingency costs is especially great for 

LLW burial grounds because of the time period (30 to 40 years) projected for 

operation of a site, as well as the relatively long time period (up to 

200 years) during which administrative control may need to be maintained before 

the site is released. It is extremely difficult to project what contingencies 

might occur during these time periods, their probabilities, and the dollar 

costs of corrective actions. For this analysis, no projection of these contin

gencies is made. 

In practice, it seems likely that the financial burden of unanticipated 

contingencies after burial ground closure will fall on the state and/or 

federal government. 

country, the burden 

Since the buried waste originates from throughout the 

may logically fall on the federal government. (a) Given 

this possibility, one solution may be for the federal government to formally 

assume an insurer's role for unanticipated contingencies and collect premiums 

as a surcharge to state-imposed trust fund fees. 

There is a possiblity that the former site operator can be required to 

assume the burden for contingencies after closure. None of the existing license 

agreements appears to provide for this, however. Requiring the former site 
operator to pay contingency costs after closure would place a burden on the 

operator, since he would not be able to collect additional fees from his 
customers. In the absence of a contractual requirement, the operator who has 

relinquished the site could only be forced to assume the burden of contingencies 

if negligent burial practices can be shown. Even this possible remedy may not 

(a) The Federal Disaster Assistance Administration of the U.S. Department of 
Housing and Urban Development is a possible source of funds in the event 
of some type of disaster. Although this agency normally provides aid in 
response to natural disasters, it also occasionally provides assistance 
for failure in man-made structures, such as the case of the Teton Dam 
collapse in Idaho in 1976. 
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be available if a cause of action is initiated after the statute of limitations 

has expired. Moreover, as the time after closure increases, collection may 

become more and more difficult because the former site operator may no longer 

exist as a corporate entity, or because financially he may be unable to pay. 

The difficulty of paying for unanticipated costs suggests that regulatory 

agencies should be diligent in licensing and monitoring burial grounds and in 

seeking correction of burial practices that may result in problems after a site 

is closed. In addition, decommissioning cost estimates should include a reason

able contingency. This should help to ensure that adequate decommissioning 

and long-term care funds can be collected during the operating life of the 

burial ground. 

6.5 POWER OF STATE GOVERNMENTS TO IMPOSE FINANCIAL OBLIGATIONS 
ON FACILITY OPERATORS 

The power of state governments to impose certain financial obligations 

on nuclear fuel cycle facility operators has been examined in conjunction with 

a study of financial alternatives for uranium milling operations. {g) The 

general conclusion of the study was that a state may impose financial require

ments as an exercise of its general police power to protect the life, health, 

and safety of the public. With appropriate legislation, it thus appears that 

any of the financial alternatives discussed in this section, including estab

lishment of trust funds and bonding requirements, could be implemented. The 
conclusion applies whether or not the state is an Agreement State under the 

provisions of the Atomic Energy Act. The uranium milling study also concludes 
that a state, as a licensing condition, may require a facility operator to 

transfer ownership of the land to the state at the conclusion of the facility's 

operating life. 

6.6 SUMMARY 

Options to providing funds for decommissioning and long-term care of LLW 

burial grounds include payment of costs before site operations begin, payment 

during the operating lifetime of the burial ground by contributions to a 
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sinking fund, and payment when decommissioning costs are incurred. The sinking 

fund approach is currently used by all of the states that license and regulate 
burial sites. to provide funds for long-term care. 

The pre-payment option provides the greatest assurance that the site 

operator will be financially responsible for decommissioning and long-term 
care. However. this option may be disadvantageous to the site operator because 

it deprives him of funds that might be used for capital investment. The pay
when-incurred option provides the least degree of assurance of operator fiscal 
responsibility. However, a performance bond might be used to ensure operator 

responsibility if this option were chosen. 

For both the pre-payment and sinking fund options an increase in burial 
ground charges can be used to transfer the cost of decommissioning from the 
site operator to those who benefit from operation of the site. The pay-when
incurred option may in effect cause those who have not received the benefit of 
the burial ground to pay for its decommissioning. 

If the sinking fund option is chosen, several mechanisms are available 
to provide financial protection against premature burial ground closure. 
These include an initial cash payment to the sinking fund prior to the start 

of operations, higher per unit sinking fund charges during the early years of 
operation, a performance bond posted by the facility operator. and a decommis

sioning assurance insurance pool. The insurance pool would involve periodic 
payments by all burial ground operators (and possibly by other nuclear fuel 
cycle facility owners) into a common fund that would probably be administered 

by the federal government. The insurance pool could be used to insure against 
operator default as well as premature site closure. The concept needs further 
study. 
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7.0 CHARACTERISTICS OF THE REFERENCE BURIAL GROUNDS 

Physical and operational characteristics of the six commercial low-level 
waste (LLW) burial grounds in the United States are summarized in Section 3. 
As shown in Tables 3.1-2 and 3.1-3, significant differences in physical and 
operational characteristics exist among these six sites. Because of these dif
ferences and because further changes in operating practices and waste inven
tories may be expected,(l •2) generic facilities are postulated for this study. 

The characteristics of these postulated facilities are based on the actual 
characteristics of existing commercial sites. 

This section contains a summary of the characteristics of the two LLW 
burial facilities on which this study is based. The approach taken is to 
treat the burial ground and the surrounding environment as separate systems. 
The burial ground with its inventory of buried radioactive waste is described 
generically. This generic burial ground is then assumed to be located on two 
reference sites, an arid western site 
representative parameters are chosen. 
tory for both burial grounds makes it 

and a humid eastern site, for which 
Use of a common radioactive waste inven

easier to assess the effects of site-
related parameters on decommissioning operations. 

The climate, geology, and hydrology of the arid western site are chosen 

to be typical of the Richland, Washington, site. The climate, geology, and 
hydrology of the humid eastern site are chosen to be typical of the Sheffield, 
Illinois, site. To simplify the analysis, some averaging of site parameters 
is made. Each site description provides a basis for evaluating decommissioning 
methods and costs and for estimating possible environmental impacts. There 
is no intent to judge these particular sites or environments as being favorable 
or unfavorable locations for LLW burial grounds. The reference sites are, 
however, considered to be useful for comparative analysis of decommissioning 
activities. 

As described in this section, some of the physical and operational 
features of the reference LLW burial facilities may not be the same as those 
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identified for facilities actually located at the specific western and eastern 

sites. However, the use of representative parameters from these specific loca
tions to describe the environmental features such as the climate, geology, and 
hydrology should result in a meaningful overall analysis of potential impacts. 
Burial-ground-specific assessments would be required for the decommissioning 
of real facilities. 

Key assumptions/bases used for the burial ground descriptions are summar
ized in Section 7.1. The physical and operational characteristics of the 
burial grounds are described in Section 7.2. The reference radioactive waste 
inventory that is assumed to be common to both burial grounds is given in 
Section 7.3. Parameters that describe the meteorology, geology, and hydrology 
of the two sites at which the generic radionuclide inventory is buried are sum
marized in Section 7.4. Both sites are assumed to have the same demographic 

characteristics, which are given in Section 7.5. 

Additional site details for the two reference sites are given in 

Appendix A of Volume 2, and details of the reference radioactive waste inven
tory are given in Appendix B. 

7.1 KEY ASSUMPTIONS/BASES USED FOR BURIAL GROUND DESCRIPTIONS 

The following key assumptions/bases are used to describe the reference 
shallow-land burial facilities: 

1) The generic burial grounds operate for 30 years prior to being 
decommissioned. 

2) Current practice is assumed in the design of burial trenches and in the 
procedures for filling and capping the trenches. 

3) A common radioactive waste inventory is postulated for the two burial 
sites. The inventory consists of a mix of 60% reactor fuel-cycle radio

active waste and 40% non-fuel-cycle waste by volume. 

4) All wastes accepted for burial are solids packaged in nonradioactive 

outer containers. Wastes containing free liquids are assumed to have 
been dewatered or to have been solidified by incorporation in cement, 
urea formaldehyde, or other solidification agents prfor to burial. 
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5) Buried wastes are packaged according to current DOT standards. Most 
wastes are packaged in steel drums or liners, plywood boxes, and fiber
board containers that function primarily to confine the waste during 
transportation. 

6) The chemical or pyrophoric hazards of wastes buried at LLW burial 
grounds are not specifically considered in this report. In the past, 
wastes buried at some commercial sites may have included non-radioactive 
toxic material that was more hazardous than some of the radioactive 

waste. However, no serious problems have occurred with regard 
to chemicals or pyrophoric materials buried at commercial LLW sites. 

7) Procedures during burial ground operation are assumed to be such that 
the ground surface is free of radioactive contamination at the time 
that decommissioning operations begin. 

8) No wastes are left unburied at the time that decommissioning operations 
begin, and all burial trenches are capped. 

9) Maintenance of trench caps and grading and seeding of the ground surface 
as appropriate to control drainage and prevent the accumulation of surface 
water is assumed to be part of the normal burial ground operating procedure. 

10) The climate, geology, and hydrology of the arid western site are represen
tative of the Richland, Washington, site. The climate, geology, and 
hydrology of the humid eastern site are representative of the Sheffield, 
Illinois, site. 

11) There are no rail facilities at the burial sites. Transportation of 
radioactive waste to a site is by truck. 

12) The only facilities for which decommissioning activities are described 
are the waste burial trenches. Typical buildings that may be located 
at a burial site are described in Section 7.2.1. Low levels of surface 
contamination may be present on floors and walls of some areas of these 
buildings. Decontamination requirements are expected to be minimal. 
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7.2 BURIAL GROUND CHARACTERISTICS 

This section summarizes the physical and operational characteristics of 
the reference burial ground. Characteristics that are common to both the 
arid western site and the humid eastern site (e.g., size, physical arrange
ment, and site capacity for waste) are described in Section 7.2.1. Trench 

design and procedures for filling and capping the trenches are discussed in 
Section 7.2.2. Construction and filling of slit trenches are discussed in 

Section 7.2.3. Environmental surveillance activities during burial ground 
operation are described in Section 7.2.4. 

The physical and operational characteristics of existing LLW burial 

grounds are summarized in Section 3.1. These characteristics form the bases 
for the generic descriptions presented in this section. 

7.2.1 Physical Description of Reference Burial Ground 

Figure 7.2-1 shows a generalized cross section of an LLW burial site. 

The site is assumed to be located on an upland area of generally flat or 

gently rolling terrain. Soil characteristics and numerical values for dis
tances, flow velocities, and other site parameters important to this study 
are given in Section 7.4.1 for the arid western site and in Section 7.4.2 for 

the humid eastern site. 

NOTE: DRAWING NOT TO SCALE 

SITE 
FENCE 

FIGURE 7.2-1. Generalized Cross Section of a Low-Level Waste Burial Site 
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The plot plan for the reference burial ground is shown in Figure 7.2-2. 
The total site area is 70 hectares,(a) of which about 50 hectares contain 
burial trenches. The remaining land area is used for buildings, access roads, 

and a 50-m-wide exclusion area around the site perimeter between the trench 
area and the site fence. Each site is cleared of trees and brush prior to 
the onset of burial operations. The total site is fenced with a 1.8-m-high 

chain link fence that is topped with a three-strand barbed wire outrider. 

Transportation of radioactive waste to a burial site is by truck. There 

are no rail facilities at a site. All onsite roads are gravel. A chain link 
fence gate is provided for entry to and exit from a site. The gate is closed 
and locked at the end of each working day during burial ground operations. 

Signs posted on the gate specify that radiation surveys are required before 

entering or leaving the controlled area. 

MAINTENANCE EXCLUSION AREA 
BUILDING (50 m wide) 

OPERATIONS 
BUILDINGh 

~ ~~~~~~~~~~~~~~~~ 
~ ~~~~-----------CHAIN 

LINK 
FENCE 

10 SLIT 
TRENCHES 

! I 

~~~~-----------
t--------- 1.0 km -----------l 

180 BURIAL 
TRENCHES 

FIGURE 7.2-2. Plot Plan for Reference Burial Ground 

(a) One hectare (ha) equals 10,000 m2 , or 2.47 acres. 
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Table 7.2-1 lists the parameters that describe the site capacity for 

radioactive waste. The total site capacity is about 1.5 x 106m3 of waste 
buried in 180 trenches. The trenches are 150 m long, 15 m wide at the top, 
sloping to 10m wide at the bottom, and 7.5 m deep. Trench dimensions are 
shown in Figure 7.2-3. A minimum of 3m between the top edges of adjacent 

trenches is assumed. 

TABLE 7.2-1. Waste Capacity of Reference Burial Ground 

Site Parameter 

Total area of reference site 
Site capacity for waste 

Number of burial trenches 
Burial trench dimensions 

(L X W X D) 
Waste volume per burial 
trench 
Number of slit trenches 

Slit trench dimensions 
(L X W x D) 
Waste volume per slit trench 

r-1om-i 

Value 

70 hectares 
1.5 x 106m3 

180 

150m x 15m x 7.5 m 

8 300 m::! 

10 

150m x 1.2 m x 6 m 

150 m3 

FIGURE 7.2-3. Typical Low-Level Waste Burial Trench 
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The natural angle of repose of the soil varies for different LLW burial 
sites across the country. The angle is a function of soil type, soil moisture 
content, etc. In general, the slope is steeper at eastern sites that at 
western sites because of the sandy nature of the soil at western sites. 

Trenches at Barnwell, South Carolina, can be dug with vertical sides because 
of the high clay content of the soil in that area. For this study, it is 
assumed that the natural angle of repose of the soil is the same at both the 
eastern and western sites. 

Each trench is filled with waste to within 1 m of the ground surface. 
The top 1m of a trench is reserved for fill soil. When a trench is com

pletely filled, it is covered with a trench cap of soil that is mounded to 
1 m above the land surface, as shown in Figure 7.2-3. Void spaces between 
waste packages result in a utilization factor of 0.7 for that portion of a 
trench that is filled with waste. (l, 3) The effective waste volume per trench 

is therefore about 8300 m3 . For this study, the simplifying assumption is 
made that six trenches are filled during each of the 30 years of operation of 
a reference burial ground. 

At some commercial sites, high-activity beta-gamma waste is buried 
separately from other radioactive waste in specially designed dry wells, pits, 

or slit trenches. To evaluate requirements for exhumation of high-activity 
waste, in case relocation of the waste should be required as part of burial 
ground decommissioning operations, this study assumes that the reference 
burial ground includes 10 slit trenches used for burial of highly activated 
non-fuel-bearing waste from LWR core internals. This waste requires special 
handling and burial procedures, which are described in Section 7.2.3. A 
typical slit trench is assumed to be 150m long, 1.2 m wide, and 6 m deep, 
with vertical trench sides. Because of shielding requirements, the effective 
utilization factor for a slit trench is very low, in the range of 0.1 to 0.2. 

An operations building, shown schematically in Figure 7.2-4, is located 
just inside the chain link fence and immediately adjacent to the access road 

into the burial site. The building is of cement block construction on a 

concrete pad foundation. It serves as a control point for entrance to and 
exit from the burial area. 
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FIGURE 7.2-4. Operations Building Schematic 

The operations building provides the following facilities: 

8m 

• office space for the radiation protection and traffic management staff 

• laboratory space for qualitative and quantitative radiation analyses and 

storage area for radiation protection instruments 

• check point for all personnel entering or leaving the burial area 

• change room stocked with protective clothing and provided with containers 
for receipt of potentially contami~ated used clothing 

• lunch room, toilet, and shower facilities for employees. 

Radioactive contamination is expected to be minimal, and it is antici
pated that the building can be released for unrestricted use after a thorough 
radiation survey and minor cleanup using procedures such as scrubbing with 

a detergent solution. 

A maintenance building, shown schematically in Figure 7. 2-5, is also 
located on each site, adjacent to the access road. The building is of steel 
construction on a concrete pad foundation. It provides inside space, equip

ment, and other required facilities for the maintenance and servicing of all 
the mobile equipment used at the site and for radiation survey and decontamination 
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TREATMENT 

DECONTAMINATION 
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FIGURE 7.2-5. Maintenance Building Schematic 

of this equipment and of trucks and casks used to transport waste to the 
site. Empty cask storage is also provided in the maintenance building. 

1-

The maintenance building consists of three areas that accommodate a main

tenance shop, a cask storage area, and a decontamination bay. The maintenance 
shop is a clean area. Vehicles and equipment needing servicing or repair are 
surveyed and decontaminated before being brought to this area. The cask 
storage area is also expected to be relatively clean, since casks are normally 
surveyed and decontaminated prior to storage. The decontamination bay is 
expected to be moderately contaminated. Even assuming good housekeeping pro
cedures during site operations, it may be necessary to remove some concrete 
from the floor of the decontamination bay to prepare the maintenance building 
for unrestricted release. 

The decontamination bay contains a liquid hold-up tank and a small evapo
rator used for treatment of contaminated liquids from the decontamination of 
casks and equipment. During site operations, the residue from the evaporator 
is placed in 208-~ steel drums, solidified by the incorporation of cement, 
and disposed of by onsite burial. All \'laste generated during deco11111issioning 

of the maintenance building and all comtaminated equipment from the building 
is disposed of by onsite burial. 
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Table 7.2-2 shows a typical list of heavy equipment used for site opera
tions during the operating lifetime of the burial ground. This equipment is 
assumed to be left onsite when burial operations cease,( 4) and to be available 
for use in long-term care activities. 

TABLE 7.2-2. Heavy Equipment Used for Site Operations 

Item Number 

80-ton Crawler Crane 
10-ton Truck- Mounted Crane 

Earth-Moving Scraper 
Front-End Loader 
Bulldozer 
Dump Truck 
Roadgrader 

Vibratory Compactor 

Farm Tractor, Harrow, 

Seeder and Mower 

2 

1 

1 

!For handling and emplacement 
of large waste packages 

!Various backfilling and trench 
completing activities 

Trench and waste compaction 

!Trench vegetation and 

maintenance 

7.2.2 Construction and Filling of Burial Trenches 

Open trenches are used as the burial facility at both the western and 
eastern sites. Primarily because of the much heavier precipitation at the 
eastern site, trench construction details and trench capping procedures are 
more complex at the eastern site than at the western site. 

Because of the low rainfall and highly permeable sediments at the western 
site, no special precautions are required to prevent standing water from 
accumulating in a trench or to prevent contact of the waste with water. Trench 
bottoms are not sloped, and French drains and sumps are not used. Stand pipes 
are installed but are used only for monitoring purposes. Wastes are covered 
with soil on an irregular basis and the waste emplaced in a trench may be 
left for several days without cover if soil shielding is not needed to reduce 
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the level of background radiation. The final trench cover at the western site 
is excavated earth fill; no special attempt is made to compact the fill or to 
seal the trench. 

Construction details for a typical trench at the eastern site are shown 

in Figures 7.2-6 and 7.2-7. A one degree (1°) slope is provided in the bot
toms of trenches from end to end and from one side toward a 0.6-m x 0.6-m 
gravel-filled French drain. The French drain runs the entire trench length 
on the low elevation side to provide for collection of any liquid drainage 
that might occur. A gravel-filled sump is provided at the low corner of a 
trench. The bottom of a trench is covered with a 0.6-m layer of sand. 

Three 0.15-m-diameter polyvinyl chloride (PVC) stand pipes are installed 

in a trench, one at each end and one at the midpoint. Each stand pipe is 
screened at its base, which is located in the French drain. In the event 
that liquids are observed in a French drain, they are pumped out, solidified, 
and buried. 

To minimize contact with moisture, at the eastern site the waste is covered 
with soil as it is placed in a trench, and the soil cover is compacted using 
heavy rolling equipment (e.g., a sheepsfoot, wobbly wheel roller, or vibrating 
road roller). When a trench is completely filled, it is covered with soil, 
mounded and compacted to 1m above the land surface, as shown in Figure 7.2-7. 
Impermeable soils with high clay content are used in constructing the final 
cover. The trench cover is then seeded with shallow-rooted ground cover plant 
species to help control erosion. Drainage fields may also be constructed 
around the mounded trenches. 

_l 
7.5m 

15cm DIAMETER 
t-------------if-- ------------lli,;,.. MONITOR WELLS 

1° SLOPE 

t--- ---t'-------150m --- ---------l 

13 PER TRENCH) 

SUMP 

FRENCH ORAl N FOR LENGTH OF TRENCH 

FIGURE 7.2-6. Cutaway View of Typical Trench for Eastern Site 
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FIGURE 7.2-7. Typical Trench Cross Section for Eastern Site 

At both sites, waste packages are emplaced by dumping from above a trench, 
beginning at the high end. During the early years of commercial burial ground 
operations, random dumping of wastes was employed. Current burial ground 
operating procedure provides for some segregation of waste packages, with 
cement caissons, steel cask liners, and large plywood boxes being stacked 
and other smaller waste packages, including 208-~ drums, being randomly dumped 
into trenches. 

A record of the wastes buried in individual trenches is kept at each 
burial site. As part of this record, the locations where special nuclear 
material is buried are recorded on trench grid maps. Recently some sites 

have begun recording the burial locations of all waste shipments on trench 

grid maps. These maps permit the positions of individual burials to be desig

nated to within about 10 m. 
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7.2.3 Slit Trenches 

At both sites, special handling and burial procedures are used for high
activity beta-gamma wastes. These consist mainly of non-fuel-bearing wastes 
from LWR core internals, such as flow channels, in-core shims, control rods, 
and thermocouple bundles. The wastes are generally collected in a disposable 
steel liner in the reactor spent-fuel storage pool. A typical liner has 
dimensions of 0.76 m diameter by 3.6 m long. Typical activities are in 
the range of 1,000 to 5,000 Ci/m3, consisting mainly of ssFe, 60Co, and 63Ni. 
A liner is transported to a burial ground in a heavily shielded reusable cask. 
At the burial ground, the liner is removed from the cask and placed in either 
a dry well or a slit trench. The package is immediately covered with soil for 
shielding purposes. 

At the reference sites, high-activity beta-gamma wastes are assumed to be 
buried in slit trenches having dimensions 150m long by 1.2 m wide by 6 m deep. 
A typical trench is shown in Figure 7.2-8. Burial operations consist of plac
ing a cask vertically in a trench, unloading the cask from the top end, laying 
the waste package horizontally in the bottom of the trench, removing the cask, 
and backfilling earthen cover over the waste package. Three layers of waste 
packages and associated intervening layers of soil, including the trench over
burden, comprise the finished trench. The total slit trench inventory consists 
of 90 disposable liners (about 150m3 of waste), containing 1.5 x 10s to 
7.5 x los curies of radioactivity. 

~1.2m Dl SPOSABLf Ll NER 

~ T tc--+--l ------1-----\ 

~~ ~ 
I 6m 

1
~~~~ 
~-~-~-~-

~----150m-

FIGURE 7.2-8. Typical Slit Trench 
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7.2.4 Environmental Surveillance 

Each commercial radioactive waste burial site is required, through its 
licensing agreement, to conduct an environmental monitoring program to deter
mine if any radionuclide migration from waste emplacements is occurring. The 
appropriate state regulatory agency performs periodic inspections of monitoring 
records kept by the site operator and, at some sites, conducts an independent 
monitoring program. The extent and frequency of the sampling differs for each 
burial ground, according to the characteristics of the site and the particular 
operating procedures. Operational environmental sampling requirements at the 
six commercial LLW burial grounds in the United States are described in 
Section 9.1 .2. 

For the two reference sites of this study, postulated environmental sam
pling programs during burial operations are summarized in Table 7.2-3 . These 
sampling programs are believed to be representative of existing programs at 
commercial sites. They are also designed to sample critical pathways for 
the migration of radioactivity from the burial trenches to the environment. 

The methodology for identifying significant radionuclide migration path
ways that may be critical in terms of their exposure potential is developed 
in Section 8 for both the western and eastern sites. 

The western site is located in a region of low rainfall and high summer 
temperatures that lead to soil-moisture deficiencies. The depth to ground 
water is approximately 60 m, and the nearest surface water is 16 km away . 
Wind erosion is calculated to result in a relatively high average rate of 
loss of surface soil (approximately 6 mrn per year). The important exposure 
pathways are inhalation of airborne particulates and ingestion of food or 
water contaminated by deposited radioactive particulates. Ingestion of 
drinking water or aquatic foods that have been contaminated by radionuclides 
released to wells or surface water via the ground water or overland flow path
ways is not considered significant at the western site . However , because the 
nearest surface water is used for both recreation and drinking, sampling of 
this water is required. The closest farms are 16 km from the site. 
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TABLE 7.2-3. Environmental Sampling Programs at t he Reference Sites 
During Waste Burial Operations 
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For the eastern site, the critical pathways are water and food pathways. 
This site is located in a region of moderately high rainfall. Ground water 
is encountered at a depth of about 10 m, and a moderate-size surface stream 
is only 1 km away. (Several small creeks that drain the site empty into this 

stream.) The area around the site is used extensively for farming (especially 
as pasture for dairy cows}, and for recreation. Therefore, the sampling of 

milk, fish, and farm crops is important at this site. Because of the signi
ficance of the water pathway and the extensive agricultural activities in the 
area, the environmental monitoring program postulated for the eastern site is 

more complex than the one postulated for the western site. 

Environmental monitoring programs must be developed on a site-specific 

basis that takes into account the radionuclide inventory at the site, site
specific critical pathways for the release of radionuclides to the environment, 
and land-use and other human activities carried out near the site. The 

sampling schedules shown in Table 7.2-3 are presented only as examples of pro
grams at the reference sites, to serve as bases for cost estimates of environ
mental monitoring requirements, and should not be used to define environmental 
sampling requirements at specific existing or future sites. An addendum to 

this report will develop technical bases useful for formulating and implement
ing environmental surveillance programs at future LLW disposal sites. 

The sampling programs described in Table 7.2-3 are carried out by the 

site operator, with annual inspections of records and equipment performed by 
the appropriate state regulatory agency. Analysis of environmental samples 
is performed by a company that specializes in this work. Measured radio
activity levels exceeding a predetermined value (usually twice that of the 
control sample) require notification of the site operator and applicable 
government agencies, and additional analyses to determine the specific radio

nuclides involved. 

7.3 REFERENCE WASTE INVENTORY 

This section summarizes information about the form and composition of 

radioactive wastes buried at commercial sites, and describes the reference 
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rndionuclide inventory assumed for this study. Waste inventory details are 
given in Appendix B of Volume 2. 

7.3.1 Waste Form and Composition 

Radioactive wastes buried at commercial sites contain a broad spectrum 
of materials, ranging from low-specific-activity radiopharmaceuticals to 
high-specific-activity power reactor activation and fission products. These 
wastes originate from hospitals, educational institutions, pharmaceutical 
manufacturers, industrial research and production facilities, and from the 
commercial nuclear power industry (reactor operation, fuel fabrication, and 
spent fuel storage). When commercial burial grounds were first opened in 
the mid-1960s, most of the radioactive wastes accepted for burial were 
non-fuel-cycle wastes. In 1975, an estimated 61% of the waste volume accepted 
for burial at commercial sites was reactor fuel-cycle waste, and only 39% was 
non-fuel-cycle waste. (l) By the year 1990, it is projected that nuclear
fuel-cycle waste will account for about 80% of the total waste volume buried 
annually at commercial sites. 

Non-fuel-cycle radioactive waste consists of paper trash, packing mate
rial, protective clothing, broken glassware, plastic sheeting and tubing, 
expended scintillation cocktail (usually in the form of solidified or absorbed 
liquids), animal carcasses, obsolete equipment, and building rubble. Most of 
this waste has low specific activity. Waste from medical and educational 
institutions is estimated to have an average specific activity of less than 
0.1 Ci/m3 • ( 5) 

Nuclear fuel-cycle waste includes many of the waste categories listed 
above, as well as higher activity waste, such as spent ion-exchange resins, 
filters, filter sludges, solidified evaporator bottoms, shielding, piping, 
instrumentation, control rods, and neutron-activated materials. Most of this 
waste (approximately 98%) comes from nuclear reactor operations. Approximately 
80% of the annual solid radioactive waste volume generated at fuel-cycle 
facilities results from the processing of liquid streams to reduce the radio
activity level in effluents. (2) Reference 2 gives estimates of percentages 
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and average specific activities for several categories of solid radioactive 

waste from light water power reactor operation. The average specific activity 
of this waste ranges from a fraction of a curie per cubic meter to hundreds 

of curies per cubic meter. This information is summarized in Table 7.3-1. 
Based on information in the table and assuming a PWR:BWR ratio of 2:1, the 

estimated average specific activity of soild radioactive waste from light 
water power reactor operation is 11 Ci/m3. 

TABLE 7.3-1. Estimated Percentages and Average Specific Activities for 
Solid Radioactive Wastes from LWR Operation (from Refer
ence 2) 

Percent of Total Estimated Average Specific 
Waste Categor~ Radioactive Waste Volume Activit~ { C i jm3) 

PWR BWR PWR BWR 

Solidified Liquids 76.7 46.4 1.6 1.4 

Demineralizer Resin 6.8 7.3 160 70 

Filter/Demineralizer Sludge 35.4 7.1 

Cartridge Filters 1.5 18 

Trash 15.0 10.9 0.035 0.035 

Totals or Averages 100.0 100.0 12.4 8.3 

Wastes are buried as received in the packages used to transport them. 

Non-fuel-cycle wastes are usually packaged in 208-t steel drums, plywood boxes, 
and fiberboard containers, as are fuel-cycle wastes that do not require shield
ing during transport. Radioactive wastes, such as demineralizer resins and 
cartridge filters, that require shielding during transport are packaged in 
208-t drums or in disposable steel liners that vary in volume from 1 to 10m3. 

During the first years of operations of commercial sites, some radioactive 
liquids were accepted for burial. Current regulations at all commercial sites 
require that liquid waste be solidified prior to burial. Liquid wastes com

monly are treated at their source in one of three ways: mixing dewatered waste 
with concrete, a urea formaldehyde polymer, or some other solidification agent; 

dewatering and mixing with an adsorbing agent; or dewatering alone. 
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As a result of disposal operations carried out in the 1960s and early 

1970s, some transuranic (TRU) waste is buried at all of the commercial sites 
except the Barnwell site. In September 1974, the Atomic Energy Commission 
(AEC) issued a proposed rule( 6) that would have limited burial of TRU wastes 
at commercial sites to concentrations not greater than 10 nCi/gram of waste. 
Although the rule was not formally implemented, all the commercial burial sites 
except the Richland site took steps to limit the burial of transuranium 
nuclides. In 1974, the states of New York and Kentucky imposed limitations 
on the burial of TRU wastes and the licensee (Nuclear Engineering Company) 
voluntarily placed the 10 nCi/gram limit on wastes at the Sheffield, Illinois, 
site. In September, 1975, the state of Nevada placed the same limitation on 
TRU wastes. Since the initial licensing of the Barnwell site in 1971, 

South Carolina has prohibited the burial of TRU-contaminated wastes (except 

americium-241). Currently, only the Richland site will accept wastes with 
transuranic alpha-emitting contamination above 10 nCi/gram of waste. 

Tables of waste volumes and amounts of byproduct, source, and special 
nuclear material(a) buried at the six commercial LLW burial sites in the 
United States are given in Appendix B of Volume 2. As of December 31, 1976, 
423,000 m3 of waste, which included 3,787,000 Ci of byproduct material, 
951,000 kg of source material, and 1,678,000 g of special nuclear material, 
had been buried at these sites. The average specific activity (not corrected 
for decay) of buried byproduct material at the six sites was 8.95 Ci/m3. 

(a)Radioactive wastes buried at cqmm~rcial sites are classified into three 
categories defined as follows:tlOJ 
Byproduct material (reported in curies) refers to any radioactive material 
except source material and special nuclear material obtained during the 
production or use of source or special nuclear material and includes fis
sion products and other radioisotopes. 
Source material (reported in kilograms) refers to thorium, natural or 
depleted uranium or any combination thereof. Source material does not 
include special nuclear material. 
Special nuclear material (reported in grams) refers to plutonium, 233U, 
uranium containing more than the natural abundance of the isotope 235, or 
any material artificially enriched with any of the foregoing substances. 
Special nuclear material does not include source material. 
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Isotopic compositions of radioactive wastes buried at Morehead, 
Kentucky, (7 ,8) and at l~est Valley, New York, (9) have been summarized 

from radioactive shipment records for these sites. A major problem with the 
published inventories for both of these sites is that significant fractions 
of the radioactivity are reported as "not specifically identifiable" or "mixed 
fission products." Table B.2-2 of Volume 2 compares the inventories reported 

for these sites with the inventory reported for one trench (Trench 14) at 
Sheffield, Illinois, and with the reference burial ground inventory assumed 
for this study. 

7.3.2 Reference Radionuclide Inventory 

Volumes and specific activities for the different categories of waste 
assumed to be present in a reference trench are given in Table 7.3-2. Data 

in this table are based on the following assumptions: 

• The total waste volume per trench is 8300 m3. 
• The ratio of reactor fuel-cycle to non-fuel-cycle waste is 60:40 by volume. 

TABLE 7.3-2. Characterization of Waste in Reference Trench 

Contaminated Material 

Fuel-Cycle Waste 
Solidified Liquids(a) 
Demineralizer Resin(a) 
Filter/Demineralizer Sludge(a) 

Cartridge Filters 
Trash 
Subtota 1 

Non-Fuel-Cycle Waste 

Trash 

Total 

vlaste 
(m3) 

3 320 
370 
580 
40 

670 
4 980 

3 320 

8 300 

Volume 
(%) 

40.0 
4.5 
7.0 
0.5 
8.0 

60.0 

40.0 

100.0 

Specific Activity 
(Ci/m3) 

2.0 
160 

10 
20 
0. 1 

0.1 

(a)Solidified in concrete, urea formaldehyde, or some other solidifi
cation agent. 
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Fuel-cycle waste characteristics are based on estimates of percentages and 

average specific activities for the categories of solid radioactive waste 
from light water power reactor operation. These estimates are given in 
Table 7.3-1. 

Published reports of isotopic mixtures in low-level waste at existing 

burial grounds or in reactor radioactive waste do not provide the consistent 
and comprehensive set of data needed to project radioactivities for the refer
ence burial ground inventory. The radionuclide inventory for this study is 

therefore based on an unpublished generic burial ground inventory prepared 
by staff at the NRC. The reference inventory is listed in Table 7.3-3. 
It assumes a mix of 60% reactor fuel-cycle radioactive waste and 40% 
non-fuel-cycle waste. Inventory details are given in Appendix B of Volume 2. 
The reference inventory is derived from the NRC inventory described in 

Appendix B by applying a normalization factor based on an estimated byproduct 
specific activity of 9.0 Ci/m3. Isotopes with half lives less than 0.1 years 
or with a percentage contribution to the total inventory smaller than 0.01 % 
have generally been omitted. Exceptions are 99Tc, 129 J, 13Scs, and 

226Ra, which are included because of their possible consequences if released 
to the environment. 

Table 7.3-3 lists both the as-buried inventory for a single trench 
(i.e., the inventory at the time of waste burial) and the total inventory of 
all the trenches at the time of site closure. The total trench inventory 

assumes 30 years of burial ground operation with l/30 of the waste being 

buried each year. Allowance is made for radioactive decay and for growth of 
radioactive daughters. Calculational details are given in Appendix B. 

The burial ground inventory in Table 7.3-3 does not include material 
buried in slit trenches (see Section 7.2.3). Waste in these trenches consists 
mainly of non-fuel-bearing components from LWR core internals. Typical 
activities at the time of burial are in the range of 1,000 to 5,000 Ci/m3. 
Reference 11 provides estimates of radioactivity levels in major activated 
reactor components at the time of reactor shutdown. Based on this information, 
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TABLE 7.3-3. Reference Radionuclide Inventory 

Isotope 

3H 

~~c 

stcr 

S~Mn 

ssre 

seco 

6oc0 

S9Ni 

63Ni 

6Szn 

90Sr 
9oy(a) 

9Szr 

99Tc 

t06Ru 

to6Rh(a) 

t2~Sb 

12ssb 

129I 

t3~cs 

t35Cs 

t37cs 

~~~ce 

t~4pr(a) 

222Rn(b) 

226Ra 

23Dfh 

232Th 

23su 

238U 

237Np 

238pu 

239pu 

240pu 

2~1Pu 

242pu 

241Am 

243Am 

242Cm 

244Cm 

Half life 
(Years) 

1.2 )( 101 

5. 7 )( 103 

7.6 )( 10-2 

8. 3 )( l0- 1 

2.6 X ]00 

2.0 )( l0- 1 

5.3 X 10° 

8.0 X 104 

9.2 X 101 

6.7 X 10-1 

2.8 X 101 

7. 3 X 10- 3 

1.8 X ]0-l 

2. 1 X 105 

l. 0 X 10° 

9.5 x 10-7 

1.6 )( l0-1 

2. 7 X 100 

l.7xl07 

2.0 X 100 

3.0 )( 106 

3.0 )( 10 1 

7.8xlo-1 

3.0 x lo-s 

1. 0 X J0-2 

1.6 X 103 

8.0 X 104 

1.4 X ]010 

7.1 X ]08 

4.5 X ]09 

2.1 X ]06 

8.6 X 101 

2. 4 X 104 

6.6 X ]03 

1.3 X ]01 

3.e X lOS 

4.6 X 102 

8.0 X 103 

4.4 X 10-1 

1.8 X 101 

Average Activity 
in Waste (Ci/m3) 

1.6 X 10- 1 

5.0 X l0- 3 

5.7 X 10-1 

3.3 X 10-1 

5. 7 X ]0-l 

5. 7 x 1 o- 1 

1. 7 X ]00 

1.7 X l0-2 

3.2 X ]00 

2.7 X ]0-2 

6.4 X l0-3 

2.7 X J0- 2 

4.3 x lo-s 

2.1 x 1o-2 

6.6 X ]0- 3 

6.6 X 10-3 

8.5 x lo-6 

6.4 x 10-1 

4.3 x lo-s 

l. 1 X 10° 

2. 7 X J0-2 

1.5xl0-4 

9.4 X ]Q-5 

1.1 x lo-s 

4.3 X ]0-5 

9.4 x 1o-~ 
6.1 x 1o-e 

4.3 X ]0-~ 

5.7 X JO-S 

8.9 X JO-S 

2.2 X 10-2 

3.2 X 10-7 

4.0 X JO-S 

2.8 X 10-6 

3.3 X 10- 3 

2.5 X 10-4 

As-buried 
Activity per 

Trench (Ci) 

1.3 X ]03 

4.2 X 101 

4.7 X ]03 

2.7 X ]03 

4.7 X ]03 

4.7 )( ]03 

1.4 X 10~ 

1.4 X 102 

2.6 X 10~ 

2.2 X 102 

5.3 X 10 1 

2. 2 X 102 

3.6 X 10- 1 

2.2 X 102 

5.5 X 101 

5.5 X 101 

7.0xl0-2 

5.3 X 103 

3.6 x 10-1 

9.1 X ]03 

2.2 X ]02 

1.2 X 10° 

7.8 x Jo-t 

9.1 X 10-2 

3.6 X 10- 1 

7.8 X 10° 

5.1 X 10-4 

3.6 X JOO 

4.7 X 10-1 

7.4 x 1 o-1 

1.8 X 102 

2.6 X J0-3 

3.3 x lo-1 

2.3 X J0-2 

2.7 X 101 

2.1 X 10° 

(a)Short-lived daughter of ~arent with same mass number. 
(b)Short-lived daughter of 26Ra. 
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Tota 1 Buria 1 
Ground Inventory 
at Time of Site 

Closure (C1) 

1.1 X ]OS 

7. 6 X 103 

3.0 X 102 

l. 9 X 104 

1.0 X 105 

5.2 X ]03 

6.2 X ]OS 

2.5 X 104 

4. 2 X 106 

1.2 X ]03 

6.7 X 103 

6.7 X 103 

2.0 X 102 

6.5 X ]01 

1.9 X 103 

1.9 X 103 

3.8 X 101 

1. 3 X 103 

1.3 X 101 

9.4 X 10~ 

6.8 X ]02 

1.2 X ]06 

1.4 X 103 

1.4 X 103 

2.1 X 102 

2.1 X 102 

1. 4 X 102 

-l.6xl01 

6.5 X 101 

1.4 X ]03 

9.2 X 10-2 

6.0 X 102 

8.5 X 101 

l. 3 X 102 

l. 6 X 104 

4. 7 X J0- 1 

5.1 X 102 

4.1 X 100 

9.4 X 101 

2. 2 X 102 



an estimate has been made of the relative activity levels for the principal 

isotopes assumed to be present in waste buried in a slit trench. This assumed 
radionuclide inventory is shown in Table 7.3-4. 

TABLE 7.3-4. Radionuclide Inventory for a 
Slit Trench (fractional activity 
at time of burial) 

Half Life Fractional 
Radionuclide {Years) · Activi tt 

54Mn 8.3 X lQ-1 4.0 X lQ-2 

ssFe 2.6 X 100 5.0 X 10-1 

59 Fe 1.2 X lQ-1 2.0 X 10-2 

ssco 2.0 X lQ-1 5.0 X lQ-2 

Go co 5.3 X 10° 3.5 X lQ-1 

t> 9Ni 8.0 X 104 3.0 X 10-4 

63Ni 9.2 X 101 4.0 X 10-2 

7.4 REFERENCE SITE CHARACTERISTICS 

This section summarizes pertinent geologic, hydrologic, and meteorologic 

characteristics of the arid western and humid eastern sites used as reference 
sites for this study. Data presented in this section represent average values 
for site parameters found in current literature describing the Richland, 
Washington, site (the reference western site) and the Sheffield, Illinois, 
site (the reference eastern site). 

The decision to base reference site characteristics on real sites does 
not imply any intent on the part of the authors of this report to judge the 
suitability of these sites for shallow-land disposal of radioactive waste. 
The site data that are presented should be understood as simply being repre
sentative of arid western and humid eastern sites, respectively. 

Water constitutes a major potential transport mechanism for the migration 
of radioactivity from LLW burial sites. Some general characteristics of 
western sites that determine the effectiveness of water as a transport mech
anism include: 
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• low annual precipitation with evaporation greatly in excess of 
precipitation 

• great depth to ground water 

• soil with moderate to high permeability and relatively low adsorptive 
capacity 

• relatively great distance from the burial ground to the point of ground
water discharge into surface streams. 

Some general characteristics of eastern sites that determine the effec
tiveness of water as a transport mechanism include: 

• high annual precipitation 

• shallow depth to ground water 

• soil with low permeability and relatively high adsorptive capacity 

• relatively short distance from the burial ground to the point of ground
water discharge into surface streams. 

At any site the potential exists for interstitial permeability and adsorp
tive capacity to be bypassed by flow along subsurface sand and gravel lenses, 
joints, and fractures. The potential for this to occur must be determined on 

a site-specific basis. Hence, the possible presence of lenses, joints, and 
fractures is not specifically included in these reference site descriptions. 

7.4.1 Arid Western Site 

The geologic and hydrologic characteristics of the reference western site 
are summarized in Section 7.4 .1.1. Meteorological data for this site are sum
marized in Section 7.4.1.2. Data for the reference western site are based on 
published reports( 12-16) of the Hanford (Richland, Washington) site. 

7.4.1.1 Geology and Hydrology 

A generalized cross section that shows the geology of the reference 
western site is presented in Figure 7.4-1. Parameters that describe the 
geology and hydrology of this site are listed in Table 7.4-1. 
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FIGURE 7.4-1. Generalized Cross Section of Reference Western Site 

The topography of the western site is generally flat or gently sloping. 

Surficial materials are mainly sand and gravel of glaciofluvial deposits. 
These deposits are predominantly stream-laid lenticular beds of granule and 

pebble gravel, cobble gravel, and boulders in a sandy matrix. Overlying the 
glacial deposits in some places are mounds of dune sand and loess, a windblown 
cover of silt. 

Underlying the glaciofluvial surface deposits and directly overlying the 
bedrock are a series of nearly horizontal beds of silt, sand, clay, and gravel. 
The most common type of material is weakly lithified siltstone in beds up 
to 3 m thick, with some interbedded fine sand. 
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TABLE 7.4-1. Site Characteristics for the Reference Western Site 

Parameter 

Mean Annual Precipitation 
Average Total Annual Evaporation 

Surface Material 
Bedrock Material 

Bulk Density of Surface Material 

Surface Water Proximity 
Surface Water Flow Rate 
Depth to Ground Water 
Groundwater Gradient 
Average Groundwater Velocity 
Cation Exchange Capacity 
Hydraulic Conductivity 

si 1t 

sand 
gravel 

Effective Porosity 

s i 1 t 

sand 
gravel 

Distribution Coefficient, Kd(a) 

Strontium 
Cesium 
Ruthenium 
Uranium 

Plutonium 
Americium 

Value 

160 mm 
165 mm 

silt, sand, gravel 
basalt 

1.7 x 103 kg/m3 

16 km 
3.4 x 106 Q,/sec 

60 m 
0.18% 

200 m/year 
20-80 meq/0.1 kg 

7 x 10-6 m/sec 

x 10-4 m/sec 
3 x 10- 4 m/sec 

0.20 
0.30 

0.35 

20 ~/kg 
100 Q,/kg 
400 i/kg 
20 ~/kg 

200 ~/kg 

1200 i/kg 

(a) Isotopes included in this list are those for which 
distribution coefficients are reported in the 
literature. An expanded set of distribution coef
ficients for all of the isotopes considered in 
this study is given in Table C.2-3 of Volume 2. 
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The distance from the ground surface to bedrock at the burial site is in 
excess of 100 m. Bedrock consists mainly of basaltic lava flows, 3 to 60 m 
in individual thicknesses. Interposed between some flows, particularly in the 
upper part of the formation, are volcanic ash, palagonite, and some sedimen
tary rocks. 

The predominant vegetation is sagebrush and cheatgrass. Spiny hopsage 
and rabbitbrush may be intermingled with sagebrush shrubs. The general sparse
ness of herbaceous cover tends to favor invasion by tumbleweeds. 

Mule deer, elk, cottontail rabbits, coyotes, badgers, porcupines, raccoons 
and weasels are scattered throughout the area but rarely frequent the burial 
site. Small mammals, particularly the Great Basin pocket mouse, deer mice, 

and ground squirrels are abundant, and are the most likely to invade the burial 
ground. 

The hydrology of the reference site is marked by very low precipitation 
and high summer temperatures, which lead to soil moisture deficiencies and a 
resulting low rate of groundwater recharge by direct infiltration. The pre
cipitation that infiltrates the soil is probably used to replenish deficien
cies in soil moisture at relatively shallow depths. These deficiencies 
result both from sparse precipitation and from a high rate of evapotranspira
tion during the summer months. 

Ground water occurs in the intergranular openings in the glaciofluvial 
surface deposits and the lacustrine deposits of sand, clay, and gravel that 
underlie the surface deposits. In the burial site vicinity, the water table 
is located about 60 m below the ground surface. Recharge is mainly the result 
of precipitation runoff from the mountains several kilometers west and south
west of the site. The average rate of groundwater flow at the site is probably 
about 0.45 to 0.6 m/day. 

No ponds or lakes exist in the immediate vicinity of the burial site. 
The nearest surface water is a large river located about 16 km from the site. 

The measured flow rate of the river varies on a seasonal basis from a low of 
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about 1.0 x 106 t/sec to a high of about 4.5 x 106 t/sec. The long-term 

average annual flow is about 3.4 x 106 i/sec. The height of the burial ground 
above the river is such that flooding cannot be considered a potential problem. 

7.4.1.2 Meteorology 

Table 7.4-2 gives averages of climatic elements for the reference western 
site based on rainfall records for the period 1912 to 1970 and wind speed 
records for the period 1945 to 1970. (l 3) Figure 7.4-2 shows average monthly 

precipitation amounts for this period, and Figure 7.4-3 shows average monthly 
wind speed. 

TABLE 7.4-2. Average Climatic Elements for the Reference 
Western Site 

Average Average ~1ean 
Daily Daily Mean Mean Monthly Mean 

Maximum Minimum Monthly Monthly Prevailing Wind Relative 
Temperature Temperature Precipitation Snow Wind Speed Humidity 

Month (oq (oq (nrn} (nrn} Direction (km/hr} (%} 

January 2.6 -5.5 23.6 132 N\4 10.1 75.7 
February 7.4 -2.7 15.7 58 NW 11.2 69.9 
March 13.6 1.0 9. 1 8 WNW 13.4 55.8 
Apri 1 19.1 4.5 10.2 T WNW 14.4 46.7 
May 24.2 8.9 11.4 T WNW 14. 1 42.7 
June 28.4 13. 1 14.5 0 WNW 14.7 39.6 
July 33.2 16. 1 3.6 0 WNW 13.8 31.8 
August 31.8 15. 1 4.8 0 WNW 12.8 34.8 
September 26.4 10.4 7.6 0 WNW 12.0 40.6 
October 18.5 4.9 14.7 T WNW 10.7 57.8 
November 9.2 -0.3 21.6 30 NW 9.9 72.9 
December 4.0 -3.3 21.8 94 NW 9.6 80.4 
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FIGURE 7.4-3. Mean Monthly Wind Speed for the Reference 
Western Site 
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The climate of the reference western site is mild and dry with occasional 

periods of high winds . The average maximum temperatures for January and 
July are 2.6°C and 33 .2°C, respectively. The average minimum temperatures 
for the same months are -5.5°C and l6.l °C . The average relative humidity 
varies from a low of 31.8% in July to a high of 80.4% in December. 

The average annual precipitation is 160 mm, occurring mostly in the 
late fall and early winter. For the period 1912 to 1970, the greatest annual 
precipitation was 291 mm in 1950, and the least annual precipitati on was 

83 mm in 1967 . It is believed that essentially all precipitation returns 
to the atmosphere by evaporation (and evapotranspiration) , based on measure
ments made since 1971 in specially constructed lysimeters. (l 5) The long- term 

average (22 years of record) pan evaporation, for the months April through 
October, is 134 mm. 

Mean monthly wind speeds range from about 8 km/hr in the winter to 15 km/hr 
i n the summer. Prevailing winds are generally from the northwest, and strongest 

winds are from the southwest. Peak wind gusts exceeding 65 km/hr have been 
observed at least once in every month of the year . Tornadoes are infrequent 

in the region and tend to be small, causing little damage when they occur. 
During the past 30 years, a single small tornado was observed in the vicinity 
of the site, but no damage was reported. The probability of a tornado striking 
the burial ground has been calculated to be about 1 x lo- s/year. (l 5) 

7. 4.2 Humid Eastern Site 

The geologic and hydrologic characteristics of the reference eastern site 
are summarized in Section 7.4.2.1. Meteorological data for this site are 
summarized in Section 7.4.2.2. Data for the reference eastern site are based 
on published reports(l 7-19 ) of the Sheffield, Illinois, site. 

7.4.2.1 Geology and Hydrology 

A generalized cross section that shows the geology of the reference 
eastern site is presented in Figure 7. 4-4. Parameters that describe the 

geology and hydrology of this site are listed in Table 7.4-3 . 
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1.1 

The eastern site is located on rolling terrain. The surficial geologic 
materials at the site consist of windblown silt (loess) over glacial till and 
clay deposits. These materials have a max imum thickness of about 30 m and 

directly overlie sedimentary rocks of the Pennsylvanian period. 

The loess generally consists of a firm-to-stiff brown clay silt with a 
trace of fine sand. It was derived from fine sediment carried by glacial 
meltwater and subsequently picked up and redeposited by the wind. The thick
ness of the loess deposit varies from about 1 to 12 m at the site. 

The glacial drift beneath the loess consists mainly of silty, sandy, 
pebbly clay (till) that was deposited directly by glacial ice. The till often 
resembles the underlying shale bedrock from which it was derived during glaci
ation. Sand lenses have been found at several positions within the glacial 

materials. The sands encountered vary in texture from very silty fine sand 

to course sand and gravel. 
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TABLE 7.4-3. Site Characteristics for the Reference Eastern Site 

Parameter 

Mean Annual Precipitation 
Average Total Annual Evaporation 
Surface Material 

Bedrock Material 
Bulk Density of Surface Material 
Surface Water Proximity 
Surface Water Flow Rate 

Depth to Ground Water 
Groundwater Gradient 

Average Groundwater Velocity 
Groundwater Flow Rate 
Cation Exchange Capacity 
Hydraulic Conductivity 

loess 
till 

sand 
shale 

Effective Porosity 
loess 
till 
sand 
shale 

Distribution Coefficient, Kd(a) 

Coba 1t 

Strontium 

Cesium 

909 mm 
660 ITI1l 

Value 

loess, till, clay, sand, gravel 

shale, siltstone, coal 
1 . 7 x 103 kg/m3 
1.0 km 

220 t/sec 
10 m 

5% 
3.7 m/year 
4.7 x 107 9v/yr 

20-80 meq/0 .1 kg 

2 X 10-8 m/sec 

3 X 

3 X 

2 X 

0.20 
0.02 
0.30 
0.15 

10-8 m/sec 
10-s m/sec 

10-7 m/sec 

350 t/kg 
10 t/kg 
40 t/kg 

(a) Isotopes included in this list are those for which distribution 
coefficients are reported in the literature. An expanded set of 
distribution coefficients for all of the isotopes considered in 
this study is given in Table C.2-3 of Volume 2. 

7-32 



The bedrock that underlies the glacial deposits consists primarily of 

shale, with some coal, siltstone or sandstone, and thin beds of limestone. 

Glacial deposits of the kind (loess and till) found at the burial site 
generally have low permeability to water, provided they do not contain thick 
beds of relatively well-sorted sand and gravel. Field permeability tests(lg) 

have confirmed that the glacial sediments at the site do have a relatively low 
permeability to percolating ground water. However, the movement of water 
in these materials is sometimes controlled by the presence of sand lenses and 

joints and fractures that usually occur in these deposits. 

The land bordering the site is used primarily for agricultural (mainly 
pasture) and recreational purposes. Major crops grown in the area include 

alfalfa, soybeans, corn, and oats. A recreational area that includes a small 
lake used for boating and fishing is located about 10 km from the site. 
Vegetation in the area was originally identified as supporting a climax deciduous 
forest. While isolated pockets of this vegetation still exist, nearly all of 
the accessible virgin woodland areas in the region have been burned, cut or 
plowed. Mammals most likely to be found on the site include native rats 
and mice. Other mammals that might be occasional visitors are raccoons and 
opossums. 

The eastern site is characterized by a relatively shallow water table. 
For this study the water table is assumed to be 10 m below ground surface. 
Recharge to the site groundwater system occurs by infiltration of precipita

tion through the surficial deposits to saturated zones in the glacial till and 
weathered shale. Computations indicate that about 65 mm of water percolate 
into the groundwater system during the average year in the area of the site. 

A small stream that drains the site is located about 1.0 km from the 
site boundary. There is no historical record of flooding of the site. However, 
a combination of rapid snow melt and high rainfall could result in potentially 
serious surface runoff problems. 

7.4.2.2 Meteorology 

Table 7.4-4 gives averages of climatic elements for the reference eastern 
site based on meteorological data for the 47-year period 1929 to 1975. (ll) 
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TABLE 7.4-4. Average Climatic Elements for the Reference Eastern Site 

Average Average Mean 
Daily Daily Mean Mean Monthly Mean 

Maximum Minimum Monthly Monthly Prevailing Wind Relative 
Temperature Temperature Precipitation Snow Wind Speed Humidity 

Month (OC) (OC) (mm) (mm) Direction j km/hr) (%) 

January -1.1 -10.6 42.2 225 WNW 17. 1 70 

February 1.3 -8.3 32.8 245 WNW 17.8 69 

March 7.2 -3.1 65.3 252 WNW 19.2 69 

Apri 1 16.3 4.1 97.0 120 NW 19.5 66 

May 22.2 10.1 99.6 4 E 16.6 66 

June 27.4 15.7 112.3 0 s 14.7 67 

July 29.6 17.7 115.8 0 E 12.0 71 

August 28.8 16.7 85.6 0 E 11.5 72 

September 24.4 11.8 97.5 0 s 13.0 74 

October 18.9 6.0 68.3 84 s 14.6 68 

November 8.9 -1.0 47.5 198 WNW 17. 1 72 

December 1.4 -7.5 45.0 213 WNW 16.8 76 

Figure 7.4-5 shows average monthly precipitation amounts for this period, and 

Figure 7.4-6 average monthly wind speed. 

The reference eastern site has a continental climate, with a wide tempera
ture range throughout the year. Summers are characterized by occasional periods 
of intense heat and high humidity and winters by periods of extreme cold 
accompanied by moderate-to-high winds. The average maximum temperatures in 
January and July are -l.l °C and 29.6°C, respectively. The average minimum 
temperatures for the same months are -10.6°C and 17.7°C. The average relative 
humidity stays at about 70% throughout the year. 

The average annual precipitation is 909 mm, occurring mostly as rain 
during the late spring and summer months. Monthly precipitation amounts in 

excess of 250 mm have been recorded during summer months on numerous occasions 

during the past 50 years, with the maximum recorded monthly precipitation 
being 361 mm in September, 1970. The months of December through March are 

months of moderate snowfall, with an average of 200 to 250 mm of snow falling 
during each of these months. Maximum snowpack accumulation at the site occurs 
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FIGURE 7.4-5. Average Monthly Precipi tati on Amounts for the Reference 
Eastern Site 
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during March, and the probable maximum accumulation in the site area is 
estimated to be 250 mm water equivalent. 

The highest velocity winds generally occur during the spring, with the 
month of April having the highest mean monthly wind speed (seP. Table 7.4-4). 
The most destructive winds experienced in the area are tornadoes. During the 

period 1950 to 1975, 13 tornadoes were reported in the county where the 

reference site is located. In recent years, two of these occurred within 
8 km of the site. The tornado incidence at the site location for the period 
1953 to 1972 is 1.4 x 1Q-4/km2-year. (l 7) 

7.5 DEMOGRAPHY 

To aid in assessing the public safety of conceptually decommissioning the 

reference LLW burial sites, a generic population distribution is assumed for 
the area around a site. To facilitate comparisons, the same population dis
tribution is used for both sites. This distribution is described in detail in 

Appendix A of Volume 2 and summarized in the following paragraph. 

The site is located in a rural area that has a relatively low population 
density. Higher population densities are located at distances 16 to 64 km 
away, and gradually reducing population densities are encountered out to 
177 km. The closest moderately large city, population 40,000, is about 32 km 
distant. The closest large city, population 1,800,000, is about 48 km away. 
The total population within a radius of 80 km is 3.52 million. 
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8.0 ANALYSIS OF RELEASE CONDITIONS USING PATHWAY METHODOLOGY 

The purpose of this section is to describe and demonstrate an analysis 

of release conditions for LLW burial grounds after burial operations cease. 

The analysis uses pathway methodology and is based on the concept of an 

allowable annual dose to the maximum-exposed individual. For an LLW burial 

ground where a subsurface radioactive inventory remains, release conditions 
may include a combination of waste relocation requirements, site/waste 

stabilization procedures, institutional controls, and property-use restric
tions for the general public. The acceptability of a set of release condi

tions for a particular site is determined based on comparisons of calculated 
maximum annual doses to an annual dose limit. 

Some uncertainties in the analysis are discussed in Section 8.1. Defini

tions are given in Section 8.2. Existing guidance on annual dose limits is 

summarized in Section 8.3. The technical approach for determining release 

conditions is described in Section 8.4. Example release criteria calculations 

for the reference western and eastern sites are presented in Section 8.5. 

8.1 ANALYSIS UNCERTAINTIES 

The methodology used to determine release conditions for a decommissioned 

LLW burial ground consists of comparing an established annual dose limit to 

the calculated maximum annual organ doses resulting from the residual inventory. 

Organ doses are calculated for a hypothetical maximum-exposed individual. 
Results and conclusions derived from this pathway methodology approach depend 

on 1) the burial ground radionuclide inventory, 2) the models used to evaluate 
potential exposure pathways and to estimate doses to the maximum-exposed 

individual, and 3) the parameter values used in the models. Some of the 
uncertainties that exist in inventories, models, and parameters are discussed 

below. Because of these uncertainties, a generally conservative approach is 

attempted in this study that may result in conservative (high) estimates of 

doses to the maximum-exposed individual. 

Results of the pathway analysis for the reference western and eastern 

sites raise questions about the feasibility of unrestricted release of these 

8-1 



sites. Therefore, criteria are developed that would permit conditional release 

of the sites. It must be emphasized that these results apply specifically 

to the reference sites and to the assumed radionuclide inventory and are subject 

to the uncertainties described below. Land use limitations for individual real 

sites should not be inferred from these results. The methodology presented 

in this study must be reapplied and the doses recalculated for each burial 

ground which has different inventory and different site characteristics. This 

must be done using site-specific parameters to draw any conclusions about 

possible acceptable public uses of those decommissioned sites. 

8.1.1 Inventory Uncertainties 

Three radionuclide inventory-related factors affect the results of radio

active dose calculations: 1) isotopic mixture, 2) radioactivity concentration 

of the waste (Ci/m 3 ), and 3) total radioactivity buried (Ci). The isotopic 

mixture of the waste inventory (the percent that each isotope contributes 

to the total radioactivity) affects the critical exposure pathways, the critical 

organs, and the year in which the annual dose is greatest. The inhalation 

and farm product ingestion doses are both directly related to the concentration 

of specific radionuclides in the waste. Radionuclide concentrations in the 

nearby river and in water from an onsite well and the external dose from onsite 

activities are all directly related to the total radioactivity buried. 

A generic radionuclide inventory is used for this study. The decision to 

use a generic inventory was made because data on radionuclide inventories at 
existing commercial sites are incomplete and because such data as are available 

indicate that significant differences exist in isotopic compositions of waste 
buried at the different commercial sites. The reference inventory chosen for 

this study includes both reactor and institutional waste. It differs from 

current burial ground inventories through 1) the inclusion. of a significant 

amount of reactor decommissioning waste and 2) a greater total amount of 

radioactivity because of an assumed 30-year operating lifetime for the reference 

burial grounds. 

Differences between the reference radionuclide inventory and the radio

nuclide inventories at the six commercial sites in the United States are 
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discussed in Appendix B of Volume 2. The assumed radioactivity of the reference 

site is one or two orders of magnitude greater than the actual radioactivity 

buried at individual real sites. Specific activities of radioactive byproduct 

wastes buried at the six commercial sites range from a factor of 4 greater to 

an order of magnitude smaller than the byproduct specific activity assumed for 

the reference site. 

It is of interest to give some consideration to inventories that could 

be allowed in future burial grounds to permit unrestricted release of these 

sites after a finite control period. Consequently, examples of modified 

inventories for the reference western and eastern sites are given in Table 8.4-2. 

Pathway analysis considerations lead to the conclusion that unrestricted 

release of the reference burial grounds containing these modified inventories 

would be possible 200 years after site closure. Comparison of the original 

reference inventory of Table 7.3-3 with the modified inventories indicates 

the sensitivity of burial ground release conditions to the presence in the 

waste of long-lived or highly soluble radionuclides. 

8.1.2 Modeling Uncertainties 

The modeling of radionuclide transport and the subsequent calculation 

of critical organ doses have many uncertainties. The modeling analysis used 

for this study is believed to be within the framework of the acceptable state 

of the art for performing such calculations. Clearly, what is required is 

additional modeling validation to resolve the many uncertainties that can 

now only be qualitatively inferred. Additional research programs, described 
in Section 15, directed toward a comparison of measured and predicted results 

and based on real sites in terms of radionuclide inventory and site/waste 

stabilization techniques are a necessary prerequisite to further progress in 
this area. 

Where uncertainty exists, an attempt is made to err on the side of con

servatism. However, in some instances assumptions are made that may not be 

conservative. Examples of possible nonconservatisms are the assumption that 

corrosion of slit trench canisters and of the stainless steel components 

inside the canisters is minimal during the 200-year period of administrative 
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control of the site, and the neglect of the effect of chelating agents in 

increasing the mobility of certain radionuclides. Such assumptions are made 

because of the inadequacy of the data base that would lead to meaningful 

quantitative results. 

Radionuclide migration via the groundwater pathway is simulated by use 
of the MMT (Multi component Mass Transport) model. (l) Results obtained through 

use of the model are sensitive to the values of input parameters, as discussed 

bel ow. 

There are no well established models for treating overland flow. In this 

study, to account for overland flow by the MMT model, the burial trenches 

are assumed to be saturated with water. All of the water flowing through the 

burial trenches arrives at the surface and flows overland in a small stream 

to the river 1 km from the site. Since no significant sorption is assumed 

for this case, it is far too conservative to use the same leach times that 

were used for groundwater modeling. Hence, longer leach times, recommended 

by preliminary data from the Waste Isolation Safety Assessment Program, (2) 

are used. (See Section C.2.4.1 for additional details.) The assumptions 

made for overland flow result in conservatively high estimates of the curies 

of radioactivity that are leached from the burial ground and reach the river 

via this pathway. 

The calculated maximum annual doses are based on the ICRP Publication 2( 3) 

and the ICRP Publication l0A( 4) metabolic models, the !CRP Task Group Lung 
Model, (S) and standard man parameter values. To the best of our knowledge, 

there are no reported assessments of the accuracy of dose calculations using 
these models and parameter values. Dose results are usually presented with 

no indication of the error associated with their use. Present insights into 

the degree of uncertainty involved are very limited and qualitative. (6) 

8.1.3 Parameter Uncertainties 

Many uncertainties exist in the parameter values used with the MMT model 

to simulate radionuclide migration via the groundwater pathway. Order of 

magnitude uncertainties exist in values for soil permeability, dispersion 

coefficients, distribution coefficients (Kd)' and leach times. Some of 
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these parameter values are relatively easy to measure in the laboratory, but 
extremely difficult to measure under field conditions. Section C.2.4 of 

Volume 2 contains a discussion of distribution coefficient measurements. 
Because of measurement uncertainties, conservative values have generally 
been used for the model parameters in this study. However, as noted above, 
the effect of chelating agents on Kd values has been ignored, and this may be 
a nonconservative assumption. 

Leach rates are influenced by many factors including the characteristics 

of the radionuclide and the waste material, the properties of the leachant, 
and the environment in which leaching occurs. Specific field data on the 
leachability of radionuclides from waste buried in LLW burial grounds are not 
available. Published leach rate data come mainly from laboratory experiments 

in which small samples are leached by distilled water or by actual or simulated 
disposal-environment water. The leach times used in this study are discussed 

in Section C.2.4 of Volume 2. Section C.2.4 also contains a discussion of the 
effect of a change in leach time on predicted radionucl ide concentrations in 
the surface stream of the reference eastern site. 

8.2 DEFINITIONS 

Definitions for some of the terms used to describe the pathway methodology 

are given below. Additional definitions and terminology are found in Appendix C 
of Volume 2 and in the Glossary. 

Organs of Reference 

Organs of reference are the specific organs of the human body for which 
radiation doses are calculated. In this study, the lungs, bone, thyroid glands, 
lower large intestine (LLI} of the GI-tract, and total body are selected as 
the critical organs of reference. The total body is the head and trunk of the 
human body, including active blood-forming organs, lenses of eyes, and gonads. 

Exposure Pathways 

Exposure pathways are the potential routes by which radionuclides or 

radiation may reach people. Exposure pathways of concern in calculating the 

dose to individuals located on the decommissioned burial ground are described 
in Section 8.4.2. 
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Maximum-Exposed Individual 

This individual receives the maximum 
is assumed 

radiation dose to an organ of reference. 

to reside at the decommissioned LLW The maximum-exposed individual 
burial ground 24 hours a day. Maximized exposure pathway parameters are used. 

Annual Dose 

The annual dose is the radiation dose equivalent calculated during any 
year of continuous exposure. It is the sum of the doses received during the 

year of interest from all pathways. including the dose resulting in that same 
year from the intake of radionuclides during previous years. The highest 
value found is referred to as the maximum annual dose. The maximum annual 

dose is determined separately for each organ of reference. For ingested 
emitters, this methodology differs from the method of calculating the 50-year 

committed dose equivalent from 1 year's intake often used in performing envi
ronmental dose assessments of operating facilities. 

Class W and Y Material 

These materials include radionuclides that are slowly removed from the 

pulmonary region of the lung by gradual dissolution in extracellular fluids, 

or by translocation in particulate form to the GI-tract. blood, or lymphatic 
system. Class W represents material with maximum clearance half-times(a} in the 

lungs from a few days to a few months, and Class Y is used to describe material 
with maximum clearance half-times ranging from 6 months to several years. (S) 
The translocation class, as described by the Task Group Lung Model,{S) depends 
on the chemical nature of the compound inhaled. Material class assumptions 
for the reference waste inventory are given in Table C.l-1, Appendix C. 

Class D Material 

These materials include radionuclides that are dissolved upon contact 

with extracellular fluids and translocated to the blood. Class D material is 
expected to exhibit maximum clearance half-times of less than 1 day. (5) 

(See Table C.l-1 for material class assumptions.) 

(a}The clearance half-time is the time required for the body to eliminate one
half of the organ burden of a given radionuclide. It does not include the 
effects of radioactive decay. 
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8.3 EXISTING GUIDANCE ON ANNUAL DOSE LIMITS 

Some guidance currently exists defining the levels of radioactive surface 
contamination acceptable to the NRC for the termination of operating licenses. (?,B) 

Other suggested guidance is directed toward specific types of facilities or 
toward accident situations involving radioactivity. (9-14 ) There are currently 
no unique regulations or specific guidance on the acceptable annual dose to 
individuals living on or near a decommissioned LLW burial ground. Guidelines 

that could be interpreted as annual dose limit recommendations for the cases 
of interest to this study include: 

1. Recommendations of the International Commission on Radiological Protection 
(ICRP), Publication g(lS) 

2. Recommendations of the International Commission on Radiological Protection 
(ICRP), Publication 26. (l 6) 

3. Appendix I of 10 CFR 50, Guides for Design Objectives for Light-Water
Cooled Nuclear Power Reactors (NRC). (l?) 

4. 40 CFR 190 Environmental Radiation Protection Requirements for Normal 
Operations of Activities in the Uranium Fuel Cycle (EPA)_(lS) 

5. 40 CFR 141 National Interim Primary Drinking Water Regulation (EPA)(lg) 

6. Pro osed Guidance on Dose limits for Persons Ex osed to Transuranium 
Elements in the General Environment (EPA). 20 

7. Surgeon Genera 1 's Guide 1 i nes ( DHEW). ( 21) 

8. 1'de minimus" Concentrations of Radionuclides in Solid Wastes {AIF). (22 ) 

None of these guidelines, which provide limits on dose rate to the public 
from nuclear facilities, was proposed specifically for decommissioned property. 
The guidelines do, however, suggest different annual dose limits, or an equiva
lent to an annual dose limit, ranging from annual doses to the total body of 
1 to 500 mrem per year, and from 3 mrem to 3 rem per year for individual inter
nal organs. 

It is not within the scope of this study to propose or recommend annual 

radiation dose limits for public exposure. An annual dose limit of 50 mrem 
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to the maximum-exposed individual is assumed for the purpose of demonstrating 
the site release criteria methodology. Selection of this annual dose limit 
is not intended, nor should it be inferred, as a recommendation for limiting 
radiation exposure of the public from decommissioned nuclear facilities. 

8.4 TECHNICAL APPROACH 

The basic premise for the analysis of burial ground release conditions 
described in this study is that no member of the public will receive a radiation 
dose from a decommissioned facility in excess of a limit yet to be established 

by U.S. regulatory agencies. Discussions of use categories for decommissioned 
LLW burial grounds and of the methodology for determining release conditions 
for a decommissioned site are contained in the following subsections. 

8.4.1 Definition of Use Categories 

During the planning stages of decommissioning, a variety of future uses 
may be considered for the LLW burial ground. Three general use categories 
are considered in this study: 

Restricted Use 

Restricted use permits only nuclear activities to be conducted at the 
decommissioned LLW burial ground. The exposure of workers and the public is 
controlled by the restrictions imposed by the nuclear license. 

Conditional Use 

Conditional use of the decommissioned burial ground is an interim condition 
that may permit limited public use of the site for activities that do not 
disturb the waste, assuming that controls to ensure public safety can be 
adequately enforced. The interim period lasts until the important radio
nuclides in the waste decay to insignificant levels or until additional decom

missioning procedures reduce the radiation dose to levels that permit unres
tricted use. The enforcement of conditional use controls or restrictions, 

such as physical barriers or signs and other radiation exposure controls, 
may require some form of nuclear licensing or zoning laws. 
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The problems with shallow-land burial of low-level radioactive waste 
and uranium mill tailings are similar, as explicitly indicated 1n the draft 
GElS on uranium mill tailings. (23} The Uranium Mill Tailings Control Act( 24 ) 

requires government ownership of tailings and tailings disposal sites and 

allows for conditional release with surveillance as an acceptable situation. 
{See Section 5.1 for a discussion of the Uranium Mill Tailings Control Act.) 

It is reasonable to expect that existing LLW burial grounds can be treated 
in a similar way. Government ownership and continued surveillance of these 
LLW burial sites may be necessary to confirm that the sites are not disrupted 

by natural forces, such as erosion, or by human activity. 

Unrestricted Use 

Unrestricted use of the decommissioned burial ground means that the 

potential exposure to members of the public from buried nuclear waste will 
not exceed the annual dose limit that may be established by U.S. regulatory 
agencies. 
release of 

Decommissioning a site will, in general, result in the unrestricted 
land areas that the public had been denied use of during the 

operational life of the burial ground. 

We have not attempted to define all of the possible specific uses that 
may fall into each of these use categories. The ability to enforce the 
license restrictions required for the first two categories for long periods of 
time requires ongoing surveillance. Each potential use restriction will require 

its own specific analysis. Furthermore, the restriction can best be assured if 
the responsibility lies with a government agency. Release conditions acceptable 

for members of the public may include some combination of the three general 
use categories defined above. 

8.4.2 Potential Exposure Pathways 

The potential exposure pathways considered in this study are shown in 
Figure 8.4-1. The rectangular boxes represent locations where radionuclide 
concentrations can be measured. The circles identify the various potential 
transport mechanisms through which the radionuclides may be moved about in 

the environment. The dashed lines indicate potential exposure pathways to 

people. The most direct radiation exposure pathway from buried radionuclides 
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is direct irradiation of an individual located on the burial ground. The 
remaining potential exposure pathways result from release mechanisms discussed 
in Section 10. These release mechanisms can be classified as geomorphological, 

hydrological, biological, and human activity. 

Geomorphological release mechanisms cause surface exposure of buried radio
active waste as a result of shaping or reshaping of the earth 1 S surface by 
natural forces. Once the waste is exposed, resuspension by surface winds 

becomes a significant environmental transport mechanism. Inhalation of the 
resuspended radioactive material may occur, and crops grown locally may be 
contaminated from deposition of the resuspended radionuclides. If the contami

nated crops are consumed by humans, internal exposure via ingestion results. 
External exposure from submersion in the resuspended radioactive material is 
not considered to be an important exposure pathway. 

Hydrological release mechanisms are those in which radionuclide migration 
results from the movement of water through the burial site. These mechanisms 

include direct contact of the waste with ground water, percolation of rain 
water through the waste into the ground water, and overland flow of infiltrated 

water from the waste trenches to a nearby surface stream or river. The potential 

exposure pathways that may result from these release mechanisms include: 

• ingestion of water from a well drilled on the burial site into the shale 
formation below the waste or ingestion of water from a nearby river 

• ingestion of aquatic foods taken from a nearby river contaminated 

by radionuclides released through the ground water or by overland 
flow 

• ingestion of crops irrigated with contaminated water taken from the 
river 

• direct irradiation from crop fields irrigated with contaminated river 
water and from soil contaminated by overland flow of radionuclides 

• inhalation of resuspended radionuclides deposited on crop fields by 

irrigation or by overland flow 

• ingestion of foods contaminated by the deposition of resuspended irri

gation and overland flow deposits. 
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The dose contribution from recreational activities around the river is insig

nificant due to the small number of hours spent in this exposure mode. 

The biological action of root uptake of radionuclides from the buried 
waste and from waste in the topsoil may establish a link to humans via the 

ingestion of locally grown crops. Ecological pathways involving the movement 
of waste material by waterfowl, burrowing animals, blowing weeds, etc., are 
not considered in this study. 

A potential exposure pathway also exists where individuals ingest contami
nated animal products. The animal products are contaminated by the animals' 
consumption of contaminated river water, forage, or grain. The food eaten 
by the ani rna 1 can become contarni na ted by deposition of resuspended rad i oac ti ve 
material, by irrigation with contaminated river water, and by root uptake. 

The last release mechanism considered is human activity. Excavation into 

the radioactive waste burial ground may release significant quantities of 

radionuclides into the atmosphere. The two most important exposure pathways 
during this event are inhalation and direct irradiation from the uncovered 

waste. If a slit trench is uncovered, external exposure from the waste 
canisters becomes the important pathway to the intruder during the first 

125 years after burial. 

The models used to estimate the radiation dose via these potential exposure 

pathways are discussed in Appendix C of Volume 2. Because of the different 
time-dependence of each of the release mechanisms, the exposure pathways are not 

all operable during the same time periods. 

8.4.3 Determination of Maximum Annual Radiation Dose 

To determine release conditions for a decommissioned LLW burial ground 
this study uses the concept of the maximum annual dose to an organ of refer
ence of a maximum-exposed individual. The maximum-exposed individual is 
assumed to live and work on the decommissioned site, to eat all of his food 

from crops and animal products grown on the site, and to drink water from a 

well drilled on the site. 
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The annual dose to an organ of reference is the radiation dose equivalent 

delivered to that organ during the year of interest from all internal and 
external exposure pathways plus the dose equivalents delivered during that 

same year from radionuclides internally deposited during previous years. The 

maximum annual dose is the largest of the annual doses delivered to an organ 

of reference during a specified time period. For this study, a 50-year exposure 

period is assumed for an individual who lives and works on the decommissioned 

site. 

If internal exposure from inhalation or ingestion is the dominant dose 

contributor, the maximum annual dose may not occur in the first year. The 

annual dose to internal body organs from internally deposited radionuclides 

tends to increase for a time after the start of continuous exposure to a 

radioactively decaying source until a maximum is reached. The annual dose 

then tends to decrease with time due to radioactive decay, a decrease in the 

exposure-pathway-dependent radionuclide concentrations, and biological elimina

tion of radionuclides deposited in the organ. 

The maximum annual dose to the maximum-exposed individual is the largest 

annual dose that can be conceived of to any person having unrestricted access 

to the decommissioned burial ground. This concept provides a conservative 

approach to determining potential public uses of a decommissioned site. 

Additional details on the procedure for calculating the maximum annual dose 

are found in Section C.4 of Volume 2. 

To illustrate the methodology for predicting release conditions, in the 
absence of specific regulatory guidance on permissible public exposure limits 

from a decommissioned LLW burial ground, an annual dose limit of 50 mrem is 

assumed. This dose limit is compared to the calculated maximum annual dose 
to each organ of reference of the maximum-exposed individual who resides on 

the site. 

8.4.4 Radionuclide Source Terms 

The reference radionuclide inventories used to calculate exposure from 

water pathways and from geomorphological, biological, and human activity 

pathways are shown in Table 8.4-1. These inventories are based on the refer

ence burial ground inventory described in Section 7.3. 
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TABLE 8.4-l. Reference Radionuclide Inventory 

Average Radionuclide 
Total As~Buried Concentration in the 
Activity at the Burial Trenches at 
Reference Burial Time of Site (a) 

Radionuclide Ground (Ci) Closure (~Ci;ml) 

'H 2.3 X 10' 5.2 ' 
wo(b) 

'"C 7.6 ' 10' 3.6 X 109{ b) 

51 Cr 8.5 ' 10' 1.4 ' 10" 
5"Mn 4.9 ' 10' 8.9 ' 10' 
s Sfe 8.5 X 10' 4.7 ' ]01 0 

ssc0 8.5 ' 10' 2.4 ' 1 07 

G 0 Co 2.5 ' 10' 2.9 ' ]Qll 

S9Ni 2.5 ' 10" 1.2 X ]QlO 

GlNi 4.7 X ]Qb 2.0 ]Ql2 

Gszn 4.0 X 10'' 5.6 ' 10' 

90Sr 9.5 ' 10' 6.1 X l 09 

9szr 4.0 ' 10'' 9.4 ' 10' 
99J c 6.5 ' 1 O' 3. ' 10' 

I 06Ru 4.0 X 1 O" .8 ' 107 

I <4sb 9.9 ' 10' .8 ' 10' 
125Sb 9 9 ' 10' 6. 1 ' 10" 
12 9J 1.3 ' 10' 6. ' 10' 

1 >4cs 9. 5 X 10 5 4.4 ]QlO 

I J S[s 6.8 ' 10' 3.2 ' 10' 
1 ll[s 1.7 ' 10' 5.6 ' l 0 t I 

14 "Ce 4.0 ' 107 6.6 ' 10" 

''"Ra 2.2 ' w 9.9 ' 10' 

230Jh .4 ' w 6.6 ' 10 7 

2lLJh .6 ' 1 O' 7. 5 10' 
nsu 6. 5 ' 10' 3 1 ' 10' 
nsu 1.4 ' 10 7 6 .6 ' 10"' 

217Np 9.2 ' lQ-1 4. ] ' HJ'• 

23sp0 6.5 ' 10' 1.8 ' w 
239pu 8.5 ' 10' 4 0 ' 10' 
240p0 1 .3 ' 10' 6.1 ' 10' 
24lp0 3.2 ' 10" 7 .5 101 

2• 'Pu 4.7 ' 1 o- 1 2.2 ' 10' 

241Am 5.9 ' 10' 2.4 ' 10' 
24 lAm 4.1 ' w 1.9 ' 10" 
242[m 4 9 ' 10' 4.4 ' 10' 
244Cm 3.8 ' 10' 1.0 ' 10 7 

~a~Based on a total trench volume of 2.13 million ml. 
b Plants obtain the majority of their 14[ and tritium 

from the air. Therefore, root uptake is ignored 
for these two isotopes. 
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To determine radionuclide source terms for water pathways, the total 
radionuclide inventory on the burial site is assumed to be available for 
hydrological transport. Thus, for hydrological calculations, the as-buried 
activity per trench is multiplied by the total number of burial trenches at the 
site (180). 

Radionuclide source terms for geomorphological, biological, and human 
activity pathways are based on the average radionuclide concentration in the 
waste trenches. This concentration is calculated by dividing the total burial 

ground inventory at the time of site closure, presented in Table 7.3-3, by the 
total volume of all the burial trenches (2.13 million m3). The resulting 
average radionuclide concentrations are converted to pCijm3 and are listed in 

Table 8.4-1. Additional details of radionuclide concentrations for air and 
water pathways are given in Appendix C.2 of Volume 2. 

The waste buried in slit trenches consists of activation products, mainly 
ssFe, 60co, and 63Ni, in the form of high-quality stainless steel components 

(flow channels, in-core shims, control rods and thermocouple bundles) encapsu
lated in steel canisters. It is assumed that corrosion is minimal during the 
period of administrative control of the site and thus external exposure is the 
only important exposure pathway. The typical radionuclide inventory for a 
slit trench and the trench dimensions are given in Table 7.3-4 and Section 7.2.3. 

Unrestricted release of the reference burial grounds with the radionuclide 
inventory shown in Table 8.4-1 is calculated to result in maximum annual doses 
to the maximum-exposed individual that exceed the assumed dose limit of 
50 mrem/yr. (Dose calculations are summarized in Sections 8.5.2 and 8.5.3 for 
the western and eastern sites, respectively.) Use of the reference radio
nuclide inventory of Table 8.4-1 leads to conditional release conditions with 
use restrictions as discussed in Sections 8.5.2 and 8.5.3. 

Table 8.4-2 shows a modified radionuclide inventory that would permit 
unrestricted release of the reference sites 200 years after burial ground 
closure. The inventory in this table is altered by limiting it to short

lived radionuclides and by restricting the quantities of 90Sr and 137Cs buried 

at the sites. For the first 200 years after burial ground closure, stabilization 
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TABLE 8.4-2. Modified Reference Radionuclide Inventory 

Radionuclide 

'" 
~ Cr 

•, '1o1n 

c'Fe 

·'co 
'·'Co 

''" 
''Sr 

·· Zr 

. "" 
t: 'Sb 

'" ~ Sb 
I' '·cs 

'' ·c, 
1 ''•Ce 

Western Site 
Total As-Buried Average Radionuclide 
Activity at the Concentration in the 
Reference Burial Burial Trenches at •:a) 

Ground (Ci) Time of Site Closur_e (pCi/m') 

2. 3 X l G' 

8 5 X lG' 

4. g x 1 a· 
8. 5 X l 0 

8. 5 X \0 

2.5 X lG' 

4.0 X )Q" 

9 5 X 10 

4 .Q X l Q ' 

4.0 ' l 0 

9. 9 ' l 0. 

9 9 X l Q' 

9. 5 X \0 

I 7 X l 0 

4. 0 X 10 ., 

5. 2 x I 0 ' 

1.4xl0'' 

8. 9 X l 0 

4 J x l 0 I 

2 4 X 10" 

2 9 x 10' 

5.6 X 10'-1 

6 I X l 0 ' 

9 4 X l 0 

I 8 X 10' 

1_8 X 10" 

6. I X ](}• 

4. 4 X l Q I 

s 6 x 10 1 

6.6 X 10" 

laiBased on a toto I trench volume of 2 IJ million m'. 

Total As-Buried 
Activity at the 

Reference Burial 
Ground_ilil___ 

2 3 x I 0 

8 5 ·- !0 

4. 9 x I 0 

8. 5 x 1 o·· 
8 5 X l Q' 

2 5 x 1 or 
4.0 X \ Q '• 

9. 0 X 10-

4.0 X 10'' 

4.0 ' 10" 

9. 9 ' l 0' 

g 9 ' l 01 

9 5 x I 0' 

I 7 x l 0 '· 

4.0 ' \0" 

Eostern S1te 
Average Rad1onuclide 

Concentration in the 
Burial Trenches at 1 ) 

Time of Site Closure (pCiJml) a 

5. 2 x I O'' 

1 . 4 x 1 cr 
8. 9 X l 0' 

47xiO'" 
2.4 X 10,-, 

2. 9 x I Q 1 

5.6 X 10'' 

6 I x l O'• 

9.4 X 10 7 

I 8 x I 0'' 

1 8 , 1 o' 
6 I , l(f 

4.4 ' 10.' 

5.6 ' 10 

66xl0'1 

and long-term care of a site are assumed to limit the migration of radio

activity to levels below regulatory limits. Public use of the site would be 

prohibited during this period. or allowed on a conditional use basis. At the 
conclusion of a 200-year period of long-term care the site could be released 
for unrestricted use. Doses to the maximum-exposed individual from unrestricted 

release of a site with the radionuclide inventory of Table 8.4-2 are sum
marized in Sections 8.5.2.2 and 8.5.3.2. 

8.5 ANALYSIS OF RELEASE CONDITIONS FOR THE REFERENCE SITES 

Determining release conditions for the reference LLW burial grounds is a 
procedure that is necessarily linked with other decommissioning considerations. 
The relationship between the objectives of this study, site-specific studies, 
and the release criteria methodology is shown in Figure 8.5-1. 

Methodology for determining release conditions for a decorrmissioned 
studies. (25-27) building was developed 

Release conditions for 

and demonstrated in three previous 
buildings are not addressed in this study. The interested 

reader should refer to these three referenced studies for further information 
on this subject. 
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The methodology used in this study to determine release conditions for a 

decommissioned LLW burial ground consists of comparing calculated maximum annual 

doses to the organs of reference of a maximum-exposed individual to an estab

lished annual dose limit. Doses to the maximum-exposed individual are calculated 

for all important potential exposure pathways. For demonstration purposes in 

this study, the annual dose limit is assumed to be 50 mrem. If, for a particular 

use scenario, maximum annual doses do not exceed the annual dose limit, the 

scenario may be used to define conditions for the conditional or unrestricted 

release of the site. The waste inventories shown in Tables 8.4-1 and 8.4-2 

are used to demonstrate the methodology. 

The radionuclide 226 Ra presents a unique problem in determining site release 

conditions and requires separate consideration. The 222 Rn daughter is a 

noble gas and does not bind chemically or physically to the soil. Once 

formed by a decay of the 226 Ra parent, a portion of the gas can diffuse through 

the soil and into the atmosphere where it can be inhaled. The rate of 22 2Rn 

emanation from the buried waste increases as the overburden is eroded away. 

The most restrictive 22 6Ra concentration in the soil acceptable for public use 

of the site is based on inhalation of 222 Rn daughters in homes built on top of 

the contaminated soil. (28 ) This exposure pathway should be assessed separately 

226Ra are met, such as from the others to ensure that current guidelines for 
recommended by the Surgeon General(Zl) and Healy. (Z8) In the Environmental 

Protection Agency 1 s proposed guidelines on hazardous waste, the limiting 226 Ra 

concentration proposed for solid waste is 5 pCi/g. (29 ) 

8.5.1 Bases for Analysis of Release Conditions 

Following are key bases and assumptions used to analyze release conditions 

for the reference LLW burial grounds. These bases and assumptions should be 

carefully examined before applying the methodology of this section to specific 

real sites. Literature references and derivations for numerical values of key 

parameters listed in this section are presented in Appendix C of Volume 2. 

The key bases and assumptions are: 

1. Two use scenarios are considered in determining release conditions. 

One is based on conditional release of a decommissioned site after 
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200 years and uses the radionuclide inventory of Table 8.4-1. The 
second is based on unrestricted release of a site after 200 years and 

uses the radionuclide inventory of Table 8.4-2. 

2. Maximum annual doses are calculated to a maximum-exposed individual who 
remains on the site 24 hours per day. This individual is assumed to: 

1) live in a house built on the site~ 2) consume all of his food from 

crops and animal products grown on the site, 3) drink water from a well 
drilled on the site, and 4) work at onsite construction (excavation) for 

2000 hours during 1 year of the 50-year exposure period. The diet for 
the maximum-exposed individual is given in Appendix A of Volume 2. 

3. The assumed annual dose limit for the maximum-exposed individual is 
50 mrem. 

4. On the surface of the site, it is assumed that any radioactive spills 
that occurred during burial operations are cleaned up. If significant 

residual contamination does exist on the surface of the burial ground 
at site closure, the methodology developed in previous decommissioning 
studies in this series {References 25-27) can be used to calculate the 
levels of residual radioactivity that are acceptable on the surface. 

5. Unrestricted property release assumes that buildings are constructed on 
the site and that the site is farmed and is subject to wind and water 

erosion. Potential annual soil losses from erosion are estimated to be 
about 40 MT per acre for the western site and about 55 MT per acre for 
the eastern site. An average erosion rate of 7 mm per year is used for 

both sites. 

6. It is assumed that a package in which waste is buried will lose its 
integrity shortly after burial. {30 •31 ) Therefore, no credit is taken for 
packaging of the waste. Exposure from water pathways is calculated on 
the assumption that the total radionuclide inventory at the burial site 
is available for leaching and hydrological transport. Exposure from 
geomprphological, biological~ and human activity pathways is based on 

the average radionuclide concentration in the waste trench. 
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7. The buried waste is uniformly mixed in the trenches. Random distribution 

of the radionuclides is assumed. The volume of soil between adjacent 
waste trenches is taken into account when calculating waste concentra
tions in the soil. 

8. Excavation occurs to a depth of 3.5 m during onsite construction. 
The dose from external exposure to the uncovered waste is calculated 

assuming 300 hours of exposure. 

9. An annual average mass loading factor of 0.0001 gjm3 is used to predict 

air concentrations from local wind resuspension. During the excavation 
scenario, the mass loading factor is increased to 0.01 g/m3 • Ten 
percent of the resuspended particles from onsite excavation are assumed 
to be of respirable size. 

10. For LWR fuel cycle waste, 1% of the material is assumed to be available 
for plant uptake and resuspension for the first 400 years after site 
closure. (30) For structural decommissioning waste (6 0Co, 59Ni, 6 3Ni), 

the same fraction of 1% is assumed to apply for the first 1000 years. 

11. Ninety percent of 

0.15mofsoil. 

the plant root system is assumed to be in the top 
One percent of the plant roots are assumed to penetrate 

the soil to depths greater than 1 m. 

12. A 1000-year leach time is used for radionuclides leaching from structural 

decommissioning waste into the ground water. One-hundred years is assumed 
as the leach time to ground water for radionuclides from other forms of 
waste material. A 10,000-year leach time from all waste forms is used 
for overland flow. Section C.2.4 gives a more detailed discussion of 

leach times. 

13. The water pathway is not a probable means of exposure at the western site 
because of the long travel time to the water table and the low rainfall 

that eliminates potential for overland flow. These conclusions are 

discussed in Appendix C. 

14. At the eastern site, drinking water is assumed to be obtained from a 

well drilled into the shale formation beneath the burial ground. The 
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groundwater concentrations calculated in Appendix C for the assumed ground

water model are adjusted to account for the full groundwater flow of 

47 million L/yr at this depth. 

15. The eastern site is not irrigated. 

16. Site characteristics are summarized in Section 7.4.1 for the western 

site and in Section 7.4.2 for the eastern site. 

8.5.2 Analysis of Release Conditions for the Western Site 

The water pathway is determined in Section C.2.4 to be negligible for the 

western site. Therefore, the exposure pathways considered are inhalation, 

direct external exposure, and ingestion of foods grown on the released decom

missioned burial ground. Two scenarios are evaluated to determine release 

conditions: 1) conditional release of a decommissioned site after 200 years, 

using the radionuclide inventory given in Table 8.4-1, and 2) unrestricted 

release of a decommissioned site after 200 years, using the radionuclide 

inventory of Table 8.4-2. 

8.5.2.1 Conditional Release 

Potential doses to a maximum-exposed individual who lives and works on the 

western burial ground following release of the site for public use are summarized 

in Table 8.5-1. Long-term care of the site is assumed for 200 years prior to 

site release, and the 3-m overburden is maintained during this period. The 

burial site inventory used for dose calculations is given in Table 8.4-1. 

Details of potential doses to the maximum-exposed individual are presented in 

Section C.5 of Volume 2. 

The doses shown in the first data column in Table 8.5-1 are calculated 

on the basis that the maximum-exposed individual occupies the site immediately 

after it is released for public use. This individual lives and works at the 
site (possibly at farming) but does not excavate the site. The dominant exposure 

pathway is ingestion of locally grown food. The doses in this column represent 

the maximum annual dose during the first 50 years following site release. All 

doses are smaller than the assumed 50 mrem annual dose limit, except for the 

maximum bone dose, which is approximately a factor of 2 larger than the dose 
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TABLE 8.5-1. Maximum Annual Doses for Different Release Scenarios 
Release of Western Site 200 Years After Site Closure 

Maximum Annual Dose Maximum Annual Dose 
Dose(a) During First 50 Years During First 50 Years Maximum Annual 

After Site Release After Site Release - Assuming Total Erosion 
Organ of No Excavation Excavation Permitted of Trench Overburden 

Reference {mrem) (mrem) (mrem} 

Total Body 3.8 380 1 300 

Bone 81 460 33 000 

Lungs 0.0081 380 50 

Thyroid 0.053 380 380 

GI-LL! 0.012 380 5 

(a)Calculated at 650 years after site closure. 

limit. Conditional release of the western site is therefore shown to be a 

viable use category, provided that excavation is prohibited and measures are 

taken to maintain the overburden and prevent root penetration into the buried 
waste. The major contributors to dose are 63 Ni and 210 Pb. Nickel-63 is 
present in the burial ground as a radioactive component of reactor decommis

sioning waste. lead-210 is a radioactive daughter of 22 6Ra. The rate of plant 
root uptake is more than an order of magnitude greater for 21 DPb than it is 
for 226Ra. 

The doses given in the second data column assume that the maximum-exposed 
individual works for 1 year (2000 hours) at excavation activities on the site. 
These doses include contributions from both inhalation and external exposure. 
They are clearly in excess of the 50 mrem/year dose limit and illustrate that 
excavation should not be allowed when the site is conditionally released. 
Most of the doses from site excavation are from external exposure to the gamma 
radiation from l37Cs. 

Soil erosion is expected to result in an increase in the dose received 
by the maximum-exposed individual. To determine the effects of soil erosion, 

as a limiting case, the last data column in Table 8.5-1 shows the calculated 
dose to the maximum-exposed individual, assuming total erosion of the 3-m 
overburden. Based on the erosion rate of Section C.2.1, total erosion of the 
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overburden is calculated to occur approximately 450 years after site release. 
Radionuclides that contribute most of the dose are 230Th, 226Ra, ZlOpb, Z3su, 

23Bu, 239pu, 24Dpu, and 241Am. 

While it is unlikely that conditions at the site would result in total 
removal of the overburden (wind action could result in a deposit of soil eroded 

from other areas as well as erosion of the trench cover), comparison of calcu
lated doses to the maximum-exposed individual during the first 50 years 

immediately following release of the site to calculated doses 450 years after 
site release demonstrates the importance of maintaining an adequate layer of 

overburden to prevent both the penetration of crop roots into the waste and 
the dispersal of radionuclides resulting from human activities or wind action. 

Institutional controls may be necessary to restrict human activities at a 
conditionally released site and to maintain an adequate depth of overburden. 

The importance of restricting the total inventory of long-lived radio
nuclides in the buried waste is also demonstrated by the calculations summarized 
in Table 8.5-1. Encapsulation of waste containing long-lived radionuclides to 
prevent release of the radioactivity to the environment may be necessary. 

A conditional use of the decommissioned LLW burial ground at the western 

site would be possible provided the following actions are enforced: 

1. Stabilize the ground surface to minimize surface erosion. 

2. Control the type of farming or other land use at the site to prevent 

the growth of deep-rooted plants. 

3. Restrict activities that result in excavation of the site. 

Enforcement of these actions would very likely limit the maximum annual dose 
to the maximum-exposed individual to less than 50 mrem. 

8.5.2.2 Unrestricted Release 

An inventory that would permit unrestricted release of the western burial 

site 200 years after site closure is given in Table 8.4-2. The potential 

doses to a maximum-exposed individual residing on the decommissioned western 
burial site containing this inventory are given in Table C.5-4 and are sum
marized in Table 8.5-2 for the organs of reference. Since the doses are all 
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TABLE 8.5-2. Maximum Annual Doses from all Exposure Pathways - Western 
Site with Modified Inventory Released 200 Years After 
Site Closure 

Organ of 
Reference 

Tota 1 Body 

Bone 
Lungs 

Maximum Annual 
Dose (mrem) 

38 

40 

38 

below the assumed annual dose limit of 50 mrem, unrestricted release after 
200 years is permitted for this scenario. The maximum annual dose of 40 mrem 

is received by the bone in the first year after release of the site. 

8.5.3 Analysis of Release Conditions for the Eastern Site 

The exposure pathways considered for the eastern site include those des
cribed previously for the western site plus ingestion of locally grown crops 
and aquatic foods that are contaminated by radionuclide transport along water 
pathways, and ingestion of drinking water from an onsite well drilled into the 

near-surface aquifer beneath the site. Evaluation of the water exposure pathways 

is based on the assumption that the entire burial ground inventory of radio
active waste is available for leaching into the aquifer beneath the burial 
ground or into the stream that is assumed to inundate the burial ground for 

overland flow calculations. (See Section C.2.4.1 for a description of the 
overland flow model.) 

The scenarios evaluated for the eastern site to determine release condi
tions are the same as those evaluated for the western site--namely condi-
tional release after 200 years, using the radionuclide inventory of Table 8.4-1, 
and unrestricted release after 200 years, using the inventory given in 
Table 8.4-2. Measures to prevent erosion, control surface water drainage, 
and minimize infiltration of water into the trenches are assumed to have been 
part of long-term care prior to release of the site. Details of radionuclide 

concentrations in the aquifer and radionuclide release rates into the nearby 
river from transport of radionuclides through the aquifer and from overland flow 

are given in Sections C.2 and C.5 of Volume 2. 
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8.5.3.1 Conditional Release 

Potential doses to the maximum-exposed individual who lives and works 
on the conditionally released eastern site containing the inventory of 
Table 8.4-1 include those doses described in Section 8.5.2.1 for conditional 

release of the western site plus doses from water pathways summarized in 
Table 8.5-3. Annual doses from water pathways are highest during the first 
50-year exposure period after release of the property, before 90Sr and 137Cs 
have decayed to insignificant levels. The critical organs for water-pathway 
doses are the total body and the bone. 

The doses shown in the first data column of Table 8.5-3 are from ingestion of 

of aquatic foods from the nearby river that is contaminated by radionuclide 
transport along the aquifer beneath the site. (See Section 7.4.2 for a 
description of the eastern site.) All of the doses in this column are smaller 
than the assumed 50 mrem annual dose limit, except for the maximum bone dose, 
which is calculated to be about a factor of 2 larger than the dose limit. The 

dominant radionuclide that contributes to aquatic food doses is 14 C. 

The doses shown in the second data column of Table 8.5-3 result from drinkl"f 
water from a well drilled into the contaminated near-surface aquifer beneath 

the site. Dose calculations assume that the maximum-exposed individual obtains 
all of his water from this well. Total body and bone doses are several orders 
of magnitude higher than the assumed 50 mrem annual dose limit. The dominant 

TABLE 8.5-3. Contributions to the Maximum Annual Doses from Water Pathways -
Release of Eastern Site 200 Years After Site Closure 

Ingestion of Aquatic Drinking of Water Ingestion of Aquatic and 
Foods from Nearby River From Well Drilled Locally Grown Food5 

Contaminated by into Contaminated Contaminated by 
Organ of Radionuclide Transport Aquifer Beneath Site Overland Flew 

Reference Along Aquifer (mrem) (mrem) (mrem) 

Total Body 19 120 000 830 

Bone 93 520 000 12 000 

Lung 0.000018 220 II 0 

Thyroid 1.8 80 0.96 

GI- LLI 0.0 II 65 
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radionuclides that contribute to the very large annual doses are 14C, 63Ni, 
90Sr, 137Cs, and 22 6Ra. Uranium, thorium, and the transuranics contribute 

most of the dose to the lower large intestine. The dose to the thyroid is 

from 129 1. Dose calculations for the drinking water pathway are very sensitive 
to assumptions made about leach rates from the burial ground and to the assumed 
dilution factor within the aquifer. Conservative assumptions have been made 
to obtain the numbers reported in Table 8.5-3. However, since estimated doses 
are several orders of magnitude larger than the assumed annual dose limit, it 
is obvious that conditional release of the eastern site should include a 

restriction against drilling a well into the near-surface aquifer underneath 
the site. 

The doses shown in the last data column of Table 8.5-3 are from ingestion of 
aquatic foods and locally grown foods that are contaminated by overland flow. 
There are no well-established models for treating overland flow. The model 
used in this study assumes that the site is inundated by water that leaches 

radioactivity from the trenches and carries the material overland to the near-
by river. Because of uncertainty in the values of sorption to be used with the 
model, sorption is conservatively assumed to be negligible during overland 

flow. Calculated total body and bone doses are several orders of magnitude 
higher than the assumed 50 mrem annual dose limit. The dominant radionuclides 
that contribute to the dose are 63Ni, 90Sr, l37cs, 

daughters. The dose to the thyroid is from 129 1. 

226Ra, 210pb, and 238U and 

Doses calculated for the 
overland flow pathway are sensitive to assumptions made in modeling this 

its 

pathway and to assumed leach rates. The high doses shown in Table 8.5-3 reflect 
the conservatism of the model and leach rate assumptions. However, the dose 
rates illustrate the importance of measures to control ground and surface water 

and to prevent inundation of the burial trenches. Since many of the radio
nuclides that contribute to doses from overland flow have long half-lives, 
water-control measures would be required for many years. 

A conditional use of the decommissioned LLW burial ground at the eastern 
site would be possible provided the following actions are enforced: 
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l. Stabilize the ground surface to minimize surface erosion. 

2. Control the type of farming and other land use at the site to prevent 

the growth of deep-rooted plants and to control surface water runoff. 

3. Restrict activities that result in excavation of the site. 

4. Prohibit the use of water from shallow wells drilled on or near the 
site. 

5. Maintain site drainage features to prevent inundation of burial 
trenches with water. 

6. Stabilize the waste to minimize leaching to the aquifer, or control the 
use of aquatic organisms and water from nearby streams. 

Enforcement of these actions would very likely limit the maximum annual dose 
to the maximum-exposed individual to less than 50 mrem. 

8.5.3.2 Unrestricted Release 

An inventory that would permit unrestricted release of the eastern burial 
site 200 years after site closure is given in Table 8.4-2. The potential 

doses to a maximum-exposed individual residing on the decommissioned eastern 
burial site containing this inventory are given in Table C.5-6 and are summarized 

in Table 8.5-4. Unrestricted release of the site would be permitted for this 
scenario, since the maximum annual dose is below 50 mrem. 

TABLE 8.5-4. Maximum Annual Doses from All Exposure Pathways 
Eastern Site with Modified Inventory Released 
200 Years After Site Closure 

Organ of 
Reference 

Total Body 
Bone 
Lungs 

Maximum Annual 
Dose (mrem) 
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9.0 ENVIRONMENTAL SURVEILLANCE AND RECORDS MAINTENANCE 

Decommissioning of an LLW burial ground involves placing the facility in 

such a condition that future risk to the public from the facility is within 

acceptable bounds. Program objectives for environmental surveillance and 

records maintenance activities that support this decommissioning objective 

include: 

• evaluation of the adequacy and effectiveness of confinement systems at 

the site 

• detection of changes in and evaluation of long-term trends of concentra

tions of radionuclides in the environment, with the intent to detect 
radionuclide migration and initiate appropriate actions 

• collection of data on the history of contaminants released to the environ

ment, with the intent of discovering previously unconsidered pathways 

and modes of exposure 

• demonstration of compliance with applicable regulations and legal require

ments concerning releases to the environment 

• maintenance of a data base and records system to support the above 

activities: 

This section summarizes environmental surveillance and records maintenance 

requirements during decommissioning and long-term care of the reference LLW 

burial grounds. The information in this section provides a basis for estimating 

the costs of post-operational environmental monitoring and records maintenance 

programs. Cost estimates are presented in Section 12. 

Environmental surveillance and records maintenance programs at existing 

commercial sites are reviewed in Section 9.1. Environmental surveillance 
requirements during decommissioning and long-term care are summarized in 

Section 9.2. Records maintenance requirements for decommissioning and long

term care are summarized in Section 9.3. Additional details of monitoring 

and record keeping procedures at existing sites are presented in Appendix D 

of Volume 2. 
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An addendum to this report will develop technical bases useful for formu

lating and implementing environmental monitoring programs at future LLW disposal 
sites. The addendum will provide guidance on sampling locations, frequency, 
pathway (e.g., air, surface water, ground water, biota), and analytical sensi
tivity levels for future programs. For this decommissioning report, the opera

tionAl monitoring programs postulated for the reference burial sites are believed 
to be representative of existing programs. These reference operational monitor
ing programs are described in Section 7.2.4. 

9.1 EXISTING PROGRAMS AT COMMERCIAL SITES 

This section reviews regulatory guidance pertaining to environmental 

monitoring and records maintenance at LLW burial grounds and summarizes current 

pr~tice at the six commercial sites. 

9.1 .1 Regulatory Requirements 

The status of regulatory requirements for decommissioning an LLW burial 
ground is reviewed in Section 5. Additional details on regulations that can 
have an impact on environmental monitoring and records maintenance require

ments during decommissioning are provided here. 

There is presently no specific regulatory guidance on permissible levels 
of radioactivity that can remain in a decommissioned LLW burial ground or on 
permissible releases of radioactivity from a retired facility. However, regu
lations and other guidance that could form the bases for such decisions do 
exist, and these could be used to define environmental surveillance and 
records maintenance requirements for retired shallow-land burial facilities. 
These regulations and other guidance are listed in Table 9.1-1. 

The basic radiation standards for licensees, given in 10 CFR 20,(l) 

presently provide a regulatory upper limit for radiological impacts from 

nuclear facilities, including decommissioned LLW burial grounds. The stan
dards could be changed at some future time, either by numerical definition of 

"as low as reasonably achievable" (ALARA), or by extending the Environmental 

Protection Agency 1 s (EPA) environmental radiation standards for nuclear power 
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TABLE 9.1-1. Summary of Regulations and Guidance Related to 
Environmental Surveillance and Records Maintenance 

Identification 

10 CFR 20 
40 CFR 141 

40 CFR 50 

NUREG-0456 

40 CFR 250 

EPA 520/4-77-016 

ANSI Nl3.l2-l978 

Regulatory Guide 4.5 

Regulatory Guide 4.6 

Regulatory Guide 4.15 

NRC Branch Position 

Description 

Radiation standards for licensees 
Radioactivity standards for drinking 

water 
National ambient air quality standards 

NRC proposed rule on transuranic waste 
disposal 

ERDA guidelines for decontamination of 
facilities and equipment for release 

Classification of radioactive wastes 
for disposal 

Proposed EPA guidance for hazardous 
waste site control 

Proposed EPA guidance for transuranic 
elements in the environment 

Release guidance for radioactive 
materials 

Sampling for analysis of plutonium in 
soil 

Analysis for strontium-89, -90 in the 
environment 

Quality assurance for radiological 
monitoring programs 

Performance criteria for LLW burial 
ground site closure 

Reference 
Number 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ll 

12 

13 

operations(l 4) to include waste management and decommissioning. EPA's proposed 
general waste management criteria(lS) help to provide a framework for radio
logical considerations, but do not specify limits or radiation doses. The 
Nuclear Regulatory Commission (NRC) is developing a radioactive waste classi
fication system( 6) appropriate for use in the regulation of radioactive waste 
disposal. The purpose of this system is to classify radioactive wastes 

according to the type and duration of containment required for their disposal. 

This classification system might also be used as a basis for development of 
regulations pertaining to radiation dose limits from operating or retired 
burial facilities. 
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Some guidance on environmental surveillance and records maintenance 
requirements for LLW burial ground site closure is provided in a recent Branch 
Position(l 3) by the NRC. The Branch Position specifies performance objectives 

to be implemented by a burial ground licensee prior to license termination and 
transfer of a site to a custodial government agency. The performance objec
tive for environmental surveillance specifies that the licensee must "Demon
strate that the release of radionuclides through air and ground and surface 

water pathways are at or below acceptable levels. Acceptable levels for water 
are those set forth in 10 CFR Part 20, Appendix B, at the site boundary and 
EPA drinking water limits at the nearest water supply. Acceptable levels for 
air are a small fraction of those in 10 CFR Part 20, Appendix B. The EPA 
environmental standard for disposal of low-level wastes should be used when 
available." 

The performance objective for records maintenance specifies that the 

licensee shall "Compile and transfer to the custodial agency complete records 

of site maintenance and stabilization activities, trench elevation and loca
tion (in USGS coordinates), trench inventories, and monitoring data for use 
during custodial care for unexpected corrective measures and data interpreta
tion." 

9.1.2 Current Practices at Commercial LLW Burial Sites 

Operational environmental monitoring at the six commercial LLW burial 
grounds includes sampling of water, soil, vegetation, and air. Table 9.1-2, 
adapted from a report by the General Accounting Office, (l 6) indicates the 
extent and frequency of existing licensee monitoring programs. Monitoring is 
performed by the site operator, with sampling frequencies usually specified 

TABLE 9.1-2. Licensee Monitoring Programs at Commercial LLW Burial Grounds 

Sample Media =-:__K~a_tty R1chldlld. 
Sam[! 1 i ng F reguenc i 

Barnwell Morehea·d-- Sheffield West Va ll]'J: 

Onsite Ground Water Monthly Quarterly Semi -an nua 11 y Monthly Quarterly Quarterly 

Offs i te Surface Water Semi-annually Semi -annua 11 y Annually Quarterly Quarterly Weekly 

Soil Semi-annually Quarterly Quarterly Quarterly Quarterly Quarterly 

Vegetatio~ Semi-annually Quarterly Annually Quarterly Quarterly Annually 

Air None None Continuous Continuous Continuous Continuous 
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by licensing agreements. Each licensing agency performs routine audits of the 
licensee's monitoring program, and may also conduct independent monitoring 
programs at the sites under its jurisdiction. 

Water from onsite wells is sampled on schedules that vary from monthly 

to semi-annually, with the majority of the sites collecting and analyzing 
ground water on a quarterly schedule. Offsite surface water sampling sched
ules vary from weekly to annually, with the arid western sites sampling semi
annually and most of the eastern sites sampling on a quarterly schedule. 

Most sites perform soil sampling on a quarterly schedule. Vegetation sampling 
schedules vary from quarterly to annually, with the majority of the sites on 

a quarterly schedule. Vegetation samples are collected offsite at all loca
tions. Morehead, Kentucky, also collects vegetation samples onsite. Air 
sampling depends on the site location. The eastern sites sample air on a 
continuous basis, but the western sites do not routinely sample air. 

Samples collected from the various media described above are analyzed for 
gross alpha, gross beta, and tritium. In addition, air samples are analyzed 

for iodine. Gross analyses in excess of 30 pCi/~ alpha and 60 pCi/~ beta 
undergo specific gamma analyses to identify the radionuclides involved. 

Examples of results of the environmental monitoring program at one of the 
commercial sites are shown in Appendix 0 of Volume 2 to provide additional 
detail on this activity. 

Written records of waste disposals are maintained at all commercial sites. 
Most of the information for these disposal records is provided by the shipper 
on a Radioactive Shipment Record (RSR) form. While the specific records for
mat varies slightly with different sites, the basic data includes package 
type, volume, weight, principal radionuclides and quantities, chemical and 

physical form of the waste, and package radiation dose. Site operators are 
generally restricted from opening packages onsite to verify package contents. 

One difficulty encountered in the analysis of existing commercial site inven

tories arises from the frequent use of terms like "byproduct material" and 
"mixed fission products" on shipment records rather than identifying the 
specific radionuclide content of packaged wastes. 
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Recent studies( 17 •18 ) of the radioactive waste inventory buried at the 

Morehead, Kentucky, site emphasize the need for improvements in the record 
keeping system for the accountability of radioactive waste. Reference 17 

contains specific recommendations for improvements in inventory record keeping, 
including recommendations as to the form and format of waste inventory records. 

A summary of the volumes and activities of radioactive wastes buried at 
the six commercial sites to December 31, 1976 is presented in Section B.l of 
Volume 2. An example RSR form is given in Appendix D of Volume 2. 

9.2 ENVIRONMENTAL SURVEILLANCE DURING DECOMMISSIONING AND LONG-TERM CARE 

The primary intent of environmental surveillance during decommissioning 
is to ensure that the decommissioning activities do not cause significant 
transport of radioactivity from the site, resulting in an unacceptable health 
hazard to the public. During long-term care, environmental surveillance serves 

to verify the radionuclide-confinement capability of the burial ground and to 
identify problem situations requiring remedial action. 

Post-operational environmental monitoring programs should normally be 
extensions of the program carried out during burial ground operations, with 

appropriate additions to or deletions from the base program to account for 
differences between operational and post-operational (decommissioning and long

term care) activities at the site. This assumes that the monitoring program 
during burial ground operations has been properly designed to monitor the 
critical pathways for movement of radioactivity from the site and to sample 
for those radionuclides identified as significant contributors to dose. 
During decommissioning operations, additional sampling of soil and air would 
likely be required because of site activities that disrupt the trench cover 
or that result in an increase in airborne particulate matter. Environmental 
monitoring requirements for long-term care should be reduced from those for 

burial ground operations, because decommissioning activities that precede long
term care should improve the radionuclide-confinement capability of the site. 

It will, however, be necessary to continue the operational sampling frequency 

during the first few years of long-term care to verify the effectiveness of 

decommissioning procedures. The level of monitoring effort could then be 
reduced. 
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9.2.1 Environmental Surveillance During Site/Waste Stabilization 

Stabilization of a burial ground site involves movement of, modification 
of, and addition to surface soils, but no intentional uncovering or exhumation 

of buried wastes. Therefore, the environmental monitoring program during 
stabilization is postulated to be similar to that during waste burial opera
tions. The operational monitoring prog~ams for the reference western and 
eastern sites are described in Section 7.2.4. 

Special samples or sample analyses may be required during stabilization, 
at the discretion of the responsible government agency or the health and 

safety supervisor at the site. Examples of possible additions and changes to 
the operational monitoring program are: 

• Onsite Soil Samples. Because burial ground surface soils might be disrup
ted during stabilization, onsite soil samples are taken more often to 
detect any changes in soil radioactivity levels caused by possible disrup
tion. The samples are taken weekly in the areas of greatest soil disrup

tion. 

• Air Samples. For the operational monitoring program, air samplers are 
located onsite and offsite, in the prevailing downwind direction. If 
stabilization activities involve soil movement that results in an increased 

dust loading in the air, additional onsite and offsite air samplers may 
be required. Since weekly filter changes are specified for the normal 
operating program, the sampling frequency would probably not be increased 
during site stabilization. 

• Vegetation Samples. Sampling of onsite vegetation is continued during 
stabilization, at the same frequency as for burial operations, to deter
mine the extent of radionuclide assimilation by plants. However, because 
site vegetation is disrupted during stabilization, it may be necessary to 
obtain the samples at special sample points designated during the planning 
and preparation phase. 
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9.2.2 Environmental Surveillance During Waste Relocation 

Waste relocation involves considerable movement and disruption of burial 

ground soils and wastes. However, stringent measures are taken to control 
radionuclide migration and prevent significant releases during such operations 
(see Section 11). Therefore, the environmental monitoring program during 
waste relocation is postulated to be similar to that during burial operations, 

with some additions as noted below. The health physics technicians at the 
site during decommissioning collect the required samples and forward them to 
the contracted laboratory for analysis. 

Additions to the operational monitoring program during waste relocation 

activities include: 

• Onsite Soil Samples. Because of the soil disruption caused by exhumation 
activities, more onsite soil samples are taken during waste relocation to 

detect any changes in soil radioactivity levels caused by the decommis
sioning activities. The extra samples are taken in the areas of greatest 

soil disruption, according to specifications prepared during planning and 
preparation. Samples are taken weekly. 

• Air Samples. Additional air samples are required during waste relocation 
activities. Two additional samplers are located offsite, in the prevail

ing downwind direction, at locations within 10 km of the burial ground. 
Air samplers are also located onsite in the vicinity of excavation opera
tions. Filters are changed weekly, or more often if necessary. A con
tinuously recording exposure-rate instrument is installed near the work 
area to detect sudden changes in airborne radioactivity. 

• Vegetation Samples. These are taken at the same frequency as during nor
mal burial operations. However, because some disruption of site vegeta
tion is inevitable during waste relocation, special sampling locations 

may be specified. 

9.2.3 Environmental Surveillance During Long-Term Care 

Environmental surveillance programs for long-term care must be developed 
on a site-spec1f·ic basis that takes into account the radionuclide inventory 

at the site, site-specific critical pathways for the movement of radionuclides 
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to the environment, and decommissioning activities that preceded long-term 
care. Site stabilization activities are designed to reduce the migration of 
buried radionuclides from the site. If these site stabilization activities are 
effective, it should be possible to reduce the level of environmental sampling 
activity required during long-term care from that required during site operation. 
However, it will be necessary to maintain environmental sampling and analysis 

efforts at the same level for a few years to evaluate the effectiveness of site 
stabilization or other decommissioning procedures. In particular, those 
surveillance activities that monitor critical pathways or that check for the 

presence in the environment of radionuclides known to be significant contri
butors to dose will need to be maintained for several years. 

The environmental sampling schedule during long-term care for the refer
ence sites of this study is shown in Table 9.2-1. To provide a basis for 
estimating long-term care costs, it is assumed that the monitoring program 

for the first 25 years after site stabilization is similar to that for normal 
burial operations shown in Table 7.2-3. After 25 years, the program is 
reduced to about one-fourth of the original level by reducing the number of 

sample locations and/or the sampling frequencies. The environmental sampling 
programs shown in Table 9.2-1 are chosen to reflect the importance of the criti
cal pathways identified in Section 8.3. For the western site, wind erosion 
plays an important role in determining the containment capability of the site, 

and water pathways are relatively unimportant. For the eastern site, water 
pathways dominate. 

9.3 RECORDS MAINTENANCE DURING DECOMMISSIONING AND LONG-TERM CARE 

During the decommissioning and subsequent long-term care of an LLW burial 
site, all activities should be documented and accurate records of the project 
maintained in a repository designated by the responsible agency. This ensures 
a complete understanding of activities at the site and aids in the planning 
of future activities. Documents retained should include the Master Decommis

sioning Plan (see Section 10.5.1), decommissioning and long-term care procedures 

and drawings, QA documents, records of site inspections and maintenance 
activities during long-term care, and environmental surveillance records. 
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All stabilization procedures that improve the ability of the site to 

adequately contain the buried waste and that reduce the requirements for long
term care should be carefully documented. This includes documentation of site 

stabilization activities during the operating lifetime of the site as well as 
those activities performed at the time of site closure. 

For waste relocation, radioactive shipment records resulting from removal 
and shipment of wastes should be retained. Waste relocation records make use 
of data from the original Radioactive Shipment Records prepared when the waste 
was first buried, and are therefore only as accurate as the originals. Records 
that indicate clearly the scope and extent of waste relocation activities and 

the condition of the site at the conclusion of these activities should also be 

prepared. 

In addition to the documentation of decommissioning and site maintenance 
activities, all environmental data collected at the site should be maintained 
in the records repository. Environmental surveillance data include information 

about sampling locations and frequencies, procedures used to prepare samples 
for counting and to count the samples, the results of sample analyses, and data 

evaluation to determine the adequacy and effectiveness of confinement systems 
or to demonstrate compliance with applicable regulations concerning releases 
to the environment. Information about quality assurance programs and procedures 

should also be kept with environmental surveillance records. Quality assurance 
records include: 

• required performance specifications for equipment 

• calibration procedures and the results of calibration checks 

• listings of analytical audit samples and cross-check programs 

• schedules and results for replicate sampling and procedural audits. 

Records must be preserved for the period of long-term care, until a site 
is released for unrestricted use. Because administrative control of a burial 
site may be required for many years, it is important that burial ground records 
be accessible for this time period and that they be preserved in a useable form. 

Records would be stored in the form jHdged most appropriate by the responsible 
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agency. Paper copies should be filed in a safe, protected area; they should 
be used only for temporary record storage. For long-term preservation of 
records, microfilms could be made; this would also reduce the need for filing 

space. For record preservation, and to facilitate data evaluation, data 
requ1r1ng repeated, rapid retrieval could be stored in a computer bank as well 
as in the files. 

An example of a program to preserve burial records and make them accessible 

for future reference was the program carried out at the Morehead, Kentucky 
(Maxey Flats), site under joint sponsorship of the Kentucky Radiological Health 
Department (KRHD} and the U.S. Environmental Protection Agency (EPA}. (lB} The 

program pertained to the preservation and analysis of waste inventory records, 
but similar programs could be devised for site inspection and maintenance 

records or for environmental surveillance records. Under the KRHD-EPA program, 
information from the Maxey Flats Radioactive Shipment Records was transferred 

onto magnetic computer tape. The information covered waste burials for the 
period 1963 to 1972. Information coded onto computer tape included the burial 
date, the burial location (i.e., trench of burial), the isotope buried, the 

radioactivity of the buried isotope, and the volume of the waste material 
buried. A computer program was written that used the burial data and calcu
lated the radioactivity of the waste as of the year 1974. 
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10.0 SITE/WASTE STABILIZATION ACTIVIILES 

This section describes the methods and procedures for site/waste stabili

zation and long-term care activities for decommissioning a low-level waste 
(LLW) burial ground. Prospective site/waste stabilization techniques and 

their relationships to radionuclide transport mechanisms are summarized in 

Section 10.1. The selection of stabilization plans for particular sites and 

factors that affect the selection are described in Section 10.2. The site/ 

waste stabilization plans used for demonstration purposes in this study are 

outlined in Section 10.3 for the western site and in Section 10.4 for the 

eastern site. Stabilization support activities are described in Section 10.5. 

long-term care activities following stabilization are summarized in Section 10.6. 

Details of site/waste stabilization activities are presented in Appendix F 

of Volume 2. 

10.1 IDENTIFICATION OF PROSPECTIVE SITE/WASTE STABILIZATION TECHNIQUES 

Site/waste stabilization is used to reduce the rate and extent of radio

nuclide release from buried wastes left in place in a decommissioned LLW 

burial ground. It is anticipated that such measures may be a part of normal 

burial ground operating procedures in the future. (l) However, existing 

LLW sites may require stabilization at the time of site closure. 

A number of different approaches, or plans, can be employed to stabilize 

a burial ground. To select an appropriate plan for a particular site, the 

dominant radionuclide transport mechanisms capable of initiating a release of 

radioactivity from the site (i.e., release mechanisms) are identified, and 

suitable stabilization techniques for dealing with these release mechanisms 

are cataloged and evaluated. Plans (appropriate combinations of techniques) 

are formulated and evaluated for their effectiveness in preventing contact of 

the waste by potential transport mechanisms and in reducing the mobility of 

the buried radionuclides. 

The release mechanisms and associated stabilization techniques considered 

1n this study are listed in Table 10.1-l. Examination of the table shows 

that, for control of a particular transport mechanism, several stabilization 
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TABLE 10.1-l. Site/Waste Stabilization Techniques Applicable to 
Control of Individual Release Mechanisms 

RELEASE MECHANISMS 
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techniques are available. However, all stabilization techniques that apply 
to a given mechanism are not equally effective in controlling radionuclide 
migration from the site. 

The release mechanisms and stabilization techniques listed in Table 10.1-1 
are described briefly in this section and are discussed in more detail in 
Section F.l of Volume 2. Section 10.2 describes the development and evalua
tion of stabilization plans that utilize these techniques. 

10.1.1 Identification of Release Mechanisms 

Radionuclides can migrate to the biosphere from an LLW burial ground 
along a variety of pathways. These pathways utilize one or more radionuclide 

transport mechanisms, acting in series. In this study, the transport mechanism 
that initiates radionuclide movement (i.e., the first mechanism in the series) 
is referred to as a release mechanism. Release mechanisms are shown in 
Table 10.1-1 

categories: 
Radionuclide 

and can be conveniently classified according to 
geomorphological, hydrological, biological, and 
pathways are discussed in Section 8. 

10.1.1.1 Geomorphological Release Mechanisms 

the following 

human activity. 

Geomorphological release mechanisms are those in which radionuclide move
ment results directly from the shaping or reshaping of the earth's surface by 

natural forces. The mechanisms considered in this study are water erosion, 

wind erosion, subsidence, frost action, and mass wasting. All of these are 
directly dependent on the climate, topography, soil properties, ground cover, 
and human activities at or near the site. Geomorphological release mechanisms 
are briefly described here and discussed in more detail in Section F.l.l.l of 
Volume 2. 

Erosion (Water). Water erosion is the wearing away of the earth's surface 
by the action of flowing water. In a burial ground, it can remove overburden 
and expose buried wastes 
migration from the site. 

or contaminated soil, resulting in radionuclide 
(Contaminated soil may result from package rupture 

during burial, package deterioration, or the prior action of other release 

mechanisms.} For the burial ground sites considered in this study, signifi

cant water erosion damage is likely only at the humid eastern site. 
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Erosion (Wind). Wind erosion is similar to water erosion except that the 

driving force is the movement of air rather than water. It can remove over
burden and expose buried wastes, and can also impair the effectiveness of 
vegetative ground cover. Wind erosion is of greater concern at the arid 
western site than at the humid eastern site, due to the less cohesive nature 

of the soil and the sparser, more fragile vegetation cover at the western 
site. 

Subsidence. Subsidence refers to the sinking or collapse of the ground 
surface, which can expose contaminated soil or buried waste materials. The 

disruption of the soil caused by subsidence also increases erosion (both 
wind and water) and moisture percolation rates. Subsidence in burial grounds 
is a function of burial practices, soil type, and waste packaging and compaction. 
The rate of subsidence at the two burial ground sites considered in this study 

is anticipated to be similar. 

Frost Action. Frost action refers to stresses that result from the expan
sion of water freezing i·n the soil profile. Frost action disrupts the over
burden, resulting in increased erosion and moisture percolation rates, and 

can also expose contaminated soil or buried wastes. The impact of frost 
damage is considered to be greater for the humid eastern site than for the 
arid western site but is anticipated to be relatively minor for either site. 

Mass Wasting. Mass wasting is the downslope movement of soil and sedi
ment caused by gravity, and ranges from slow creep to rapid landslides. In a 
burial ground, mass wasting can uncover or disturb buried wastes or overburden 
materials. The impact of mass wasting is anticipated to be limited at the 
burial ground sites considered in this study because the overall ground slopes 
are relatively mild. However, small areas with steep slopes may be subject 

to localized mass wasting. 

10.1.1.2 Hydrological Release Mechanisms 

Hydrological release mechanisms are those in which radionuclide migration 
results from the movement of water through the burial site. Water is the 

principal mechanism that has been observed to cause radionuclide migration at 
existing sites. The hydrological release mechanisms considered in this study 
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are ground water. percolation. and overflow. Their effects are directly depen

dent on the climate. topography. soil and sediment properties. hydrology. and 

human activities at or near the site, and also on the waste characteristics. 

Hydrological release mechanisms are briefly described here and are discussed 

in more detail in Section F.l. 1.2 of Volume 2. 

Ground Water. Ground water is that part of the subsurface water that is 

in the zone of saturation. Ground' water can infiltrate or intrude into buried 

wastes, resulting in the leaching and subsequent transport of radionuclides. 

Ground water can also receive water percolating through buried wastes (see 

Percolation below). For the burial ground sites considered in this study, 

groundwater intrusion is likely only at the humid eastern site, because the 

level of the water table at the western site is far (>50 m) below the bottom 

of the burial trenches. 

Percolation. Percolation is the unsaturated flow of water through the 

soil profile. Subsurface percolating water can cause leaching and transport 

of radionuclides. Percolation is of greater concern as a mechanism of leach

ing and transport at the humid eastern site than at the arid western site 

because of heavier incident precipitation at the eastern site and the generally 

higher water table. 

Overflow. In some areas, impoundment (trapping) of infiltrating water 

in burial trenches can result in eventual overflow of this water, increasing 

the transport of leached radionuclides. The likelihood of radionuclide migra

tion resulting from overflow is greater for eastern than for western sites, 
because of higher incident precipitation and lower soil permeability in the 

east. However, because of geological differences between and within sites, 
the potential for overflow must be evaluated on a site-by-site basis, and 

generalization is inadvisable. 

10.1.1.3 Biological Release Mechanisms 

Biological release mechanisms are those in which radionuclide migration 

results from natural biological processes. The mechanisms considered in this 

study are plant uptake and animal action. These are directly dependent on 

the prevalent species, climate, soil and sediment properties, waste 
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characteristics, and burial depth. Biological release mechanisms are described 

briefly here and are discussed in more detail in Section F.l.l.3 of Volume 2. 

Plant Uptake. Plant roots can infiltrate buried wastes and absorb radio

nuclides that are then transported throughout the plant and made available for 

subsequent dispersion. Plant roots are also influential in the mechanical 

breakdown of buried wastes and overburden material, reducing the resistance 

of the burial ground to other release mechanisms. For all burial sites, 

radionuclide migration by plant uptake could become a concern unless the over

burden depth is maintained and problem species are controlled. 

Animal Action. Digging and burrowing animals can penetrate down through 

the overburden into buried wastes, resulting in the return of radionuclides 

to the ground surface. Animals may also damage the surface cover {e.g., brows

ing on vegetation). Thus, animal action can reduce the effectiveness of the 

burial ground in preventing the action of other release mechanisms. Radio

nuclide migration from the reference burial sites as a result of animal action 

is expected to be minimal. 

10. l. 1.4 Human Activity Release Mechanisms 

Future human activities at burial ground sites may disturb radioactive 

materials, leading to subsequent radionuclide migration. The activities con

sidered in this study are excavation and agriculture. They are described 

briefly here and are discussed in more detail in Section F.l. 1.4 of Volume 2. 

Excavation. Excavation into LLW burial grounds disrupts overburden 

materials and can expose and scatter contaminated soil and buried wastes. 

Excavation will most likely occur where knowledge concerning the presence or 
location of buried wastes is lacking. However, knowledge of the presence of 

buried waste is not a guarantee that excavation will not be performed. The 

impact of radionuclide movement caused by excavation is dependent on the type 

and amount of material excavated and the time elapsed since waste emplacement 

(i.e., the decay of the radionuclide inventory). The potential for radio

nuclide migration due to site excavation is judged to be significant for any 

decommissioned LLW site, including the two sites considered in this study. 
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Agriculture. Agricultural activities (i.e., irrigation, tilling, etc.) 

in a burial ground disrupt overburden materials and can penetrate into radio
active wastes. The resulting extent of radionuclide migration depends on the 

type and degree of agricultural use but is judged to be significant in any 
decommissioned LLW site where agriculture is practiced. (See also Plant Uptake.} 

10.1.2 Summary of Prospective Stabilization Techniques 

As shown in Table 10.1-1, various stabilization techniques are available 

that reduce the rate and extent of radionuclide migration caused by the action 

of specific release mechanisms. Each of these stabilization techniques is 
briefly described in this section and is discussed in more detail in 
Section F.1.2 of Volume 2. For decommissioning a particular LLW burial ground, 

suitable combinations of these techniques can be chosen to provide integrated 

stabilization plans. 

Many of these techniques result in added weight that may compact the 
waste and cause an increase in trench subsidence during the first few years 

after stabilization. Maintenance of trenches stabilized by the addition of a 
soil or rock layer is discussed in Section 10.6.3. 

In addition to the stabilization techniques summarized in this section, 
certain administrative measures can be used to reduce radionuclide movement 
from a burial site. These measures include site-use controls, exclusion 
fencing, and placement of permanent markers or monuments. Administrative 
measures are not considered to be stabilization techniques and are discussed 

in Section 10.6 as part of long-term care activities. 

A. Subsurface Rock Layer. The subsurface rock layer is a 0.3- to 1.0-m
thick layer of rocks or cobbles placed over the soil-covered wastes and topped 

with a material (e.g., plastic sheeting or a hard surface coating) to prevent 
soil from sifting down into the void spaces between rocks. The rock layer is 
then covered with a layer of topsoil at least 0.3 m thick, after which the 
surface is revegetated or otherwise stabilized. 

A subsurface rock layer provides a deterrent to human activity or biolog

ical (plant and animal) action that might disrupt buried waste. The layer also 
provides an effective lower limit to erosion, thus serving as a secondary 
erosion control. 
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B. Subsurface Hard Layer. The subsurface hard layer is composed of a 
hard material (e.g., concrete, asphalt, asphalt-soil, soil cement, or clay) 
placed to a thickness of about 20 to 200 mm, depending on the material used. 
After the trench area is compacted to provide adequate support, the layer is 
placed over the soil-covered wastes and covered with a layer of topsoil at 
least 0.3 m thick. The surface is then stabilized with a vegetative or other 
surface cover. 

The hard layer provides a deterrent to human activity and to biological 
(plant or animal) action, and also provides a lower limit to erosion. Depend
ing on the materials and methods used, it can also provide protection against 
hydrological release mechanisms and subsidence. 

C. Subsurface Membrane. The subsurface membrane is a thin membrane 
composed of plastic, rubber or other composite ~heeting or a thinly applied 
layer of asphaltic, polymeric, or other chemical material. It is placed over 
the wastes and covered with a layer of topsoil, after which the surface is 
stabilized. 

Depending on the materials used, the membrane provides protection against 
biological action, hydrological release mechanisms, and subsidence. A lower 
limit to erosion can also result. 

D. Surface Rock Cover. A surface rock cover is a 0.15- to 0.4-m-thick 

blanket of rocks or gravel placed on the surface of a burial ground. A sur
face rock cover provides protection against erosion and restricts animal 
burrowing. Agriculture is essentially eliminated by the rock cover and inad
vertent human excavation is deterred. 

E. Surface Hard Cover. A surface hard cover is a layer of hard material 
(e.g., asphalt, concrete, or other suitable material) placed on the surface of 
a burial ground after the area is compacted to provide sufficient support. 
Depending on the material used, the degree of structural strength desired, and 

other variables, the thickness of the layer ranges from about 20 to 200 mm. 

The hard cover provides protection against erosion, biological action, 
percolation, and overflow. Excavation activities are deterred and, if the 
surface cover has adequate support and is of sufficient structural strength, 
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future subsidence damage is reduced. A certain amount of maintenance is 

required to ensure the continued effectiveness of the cover, particularly 

against hydrological action. 

F. Capping Soil Properties Modification. The properties of the soil 

used to provide trench caps for the burial trenches can be modified by incor

porating appropriate amounts of various soil amendments (e.g., mineral, chemi

cal, or organic materials) into the surface soils. After this, the surface is 

revegetated or otherwise stabilized. 

Depending on the specific modifications made, this technique can be used 

to increase precipitation runoff and to reduce erosion, percolation, frost 

heaving, mass wasting, and plant-root intrusion. 

G. Backfill and Compaction. Backfill can be added to the surface of a 

burial ground to repair areas damaged by subsidence, erosion, mass wasting, 

etc. After the added material is compacted, the surface is stabilized with a 

vegetative or other surface cover. 

Care must be taken during backfill and compaction operations to avoid the 

disruption of waste materials that can result from the operation of heavy 

equipment in unstable areas (i.e., areas prone to subsidence). 

H. Site Topography Adjustment. Site topography adjustment is the 

grading, scraping, or other movement of surface soils to alter site contours. 

After contouring, the surface is stabilized as desired using appropriate 

surface stabilization techniques. 

Site topography can be adjusted to control water runoff and percolation, 

and to reduce erosion, frost action, and mass wasting. Care must be taken in 

the contouring of burial ground sites to avoid disturbance of buried wastes, 

which can result in inadvertent radionuclide release. 

I. Increased Capping Thickness. This technique is simply the addition 

of more soil to the surface of a burial ground to increase the burial depth 

of the wastes. After compaction (optional), the surface is graded to pre

serve the original site contours or to establish new contours. The new sur

face is then revegetated or otherwise stabilized. This technique is similar 
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to that described above for Backfill and Compaction (item G); but the purpose 
is to increase the thickness of soil cover over the buried waste rather than 
to repair damaged surface areas. 

Increasing the capping thickness over buried wastes reduces the potential 
for radionuclide migration due to biological (plant and animal) action, subsi

dence, frost heaving and human activities. 

J. Improved Capping Drainage. Capping drainage is improved by construc

ting an engineered drainage system (of ditches and/or pipes) on the surface of 

the burial trench area. The system design results from a civil site survey 

and an analysis of drainage requirements. 

Improved capping drainage reduces the impact of hydrological action and 

helps to protect against frost heaving and mass wasting. 

K. Peripheral Drainage and Diversion. Peripheral drainage and diversion 

is the interception and diversion of (surface and/or ground) water at or outside 

of the site boundaries. The system is designed on the basis of a civil survey 
and a drainage requirement analysis. (This technique is closely related to 

item J above.) 

Peripheral drainage and diversion is useful in routing offsite water 
safely away from wastes buried at the site, reducing the impact of hydrological 

action. 

L. Sump Pumping with Treatment. This is a method of collecting contami
nated trench water and removing radionuclides from it. For this technique, 
sumps with standpipes are installed in the burial trenches. Pumps, connected 

by a piping system to a treatment plant, are installed in the sumps when 

needed. Radionuclides removed from the water at the treatment plant are 
solidified, packaged, and buried. 

Pumping of water from sumps located in the burial trenches, with sub

sequent water treatment to remove radionuclides, reduces offsite radionuclide 

migration due to hydrological forces. Obviously, to remain effective, such a 

system requires continued maintenance and operation. 
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M. Curtain Wall. A curtain wall is an impervious vertical wall (or 
trench dam) at the edge of a burial ground, constructed using one of several 
techniques (e.g., slurry-wall construction, injection grouting, or placement 

of prefabricated wall sections). 

A vertical curtain wall at the edge of a burial ground (or burial trench) 
prevents Dorizontal infiltration of water into the site, thus reducing radio
nuclide leaching and transport. Curtain walls have been used at Oak Ridge 
for groundwater diversion (see Section 3.2.1.3). 

N. Waste Permeability Reduction. Reduction of waste permeability 
involves the injection of suitable grout materials (e.g., cement, clay, asphal
tic, polymeric, or other chemical materials) into the buried wastes to fill 
interstitial spaces in the waste-soil matrix and reduce the permeability of 
the matrix. The pressurized injection also compresses and compacts soft areas 
in the waste. (This technique could also be used to reduce trench cap 
permeability.) 

By reducing waste permeability, radionuclide migration caused by hydrolo
gical action is reduced. As an added benefit, compression of soft spots 
reduces the extent of subsidence damage. 

0. Waste Leachability Reduction. This technique involves the injection 
of suitable materials into buried wastes to chemically and/or physically bond 
to the radionuclides, reducing their leachability. {This is very similar to 
item N above and, with proper selection of materials, both techniques can be 
used simultaneously.) 

By decreasing the leachability of the waste, the importance of water as 
a transport mechanism is reduced. 

P. Retention Media Injection. Retention media injection is the injec
tion of suitable material (e.g., ion-exchange materials, adsorbents, clays, 
and other chemical substances) into the soil surrounding the buried wastes to 
filter out, adsorb, bond to, or otherwise retain radionuclides migrating 

through the soil. Injection methods similar to those used in preceding tech
niques are used here. 
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By surrounding the wastes with retention media, radionuclide migration 

from hydrological action is reduced. The long-term effectiveness of this tech
nique is questionable, however, because of the possibilities for channeling, 
bypassing, and material breakdown with time. 

Q. Revegetation. Revegetation is the reestablishment of a vegetative 
cover on a disturbed ground surface. After the surface is prepared, it is 
planted with selected vegetation species. Various aids to revegetation (e.g., 
fertilizers, soil amendments, mulches, and chemical stabilizers) are used as 
necessary. 

Revegetation of burial grounds can be used to control wind and water ero
sion and, to some extent, mass wasting and the site moisture balance. However, 
plant roots can be disruptive, as discussed in Section 10.1.1.3, so care must 
be taken in the choice of vegetative species to be used. The effectiveness of 
vegetation increases over a period of years, until the plant community reaches 
maturity. 

R. Vegetation Management. Vegetation management is the maintenance of 
a vegetated surface to ensure the continued viability of the vegetative com
munity and to provide corrective action for incidental problems. Elements of 
a vegetation management program, which can be used separately or in various 
combinations, include replanting of damaged areas, periodic mowing of grass, 
use of herbicides, use of competing plant species, periodic clearing of unde
sirable vegetation, and use of biological {bacterial or insect) controls. 

A vegetation management program in a burial ground can be used to reduce 
erosion damage and to restrict plant-root penetration into buried wastes. 

S. Wind Breaks. Wind breaks (or shelterbelts) are barriers that reduce 
wind speed in an area of concern, and are an established soil conservation 
tool. Either vegetation or physical barriers may be used; however, the use 
of a vegetation barrier could result in plant- or tree-root penetration into 

the buried waste. 

Wind breaks are used to control wind erosion at a burial ground. 
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10.2 SELECTION OF ALTERNATIVE STABILIZATION PLANS 

By reference to Table 10.1-1, it can be seen that a relatively large n~ 
ber of site/waste stabilization plans involving combinations of stabilization 
techniques can be postulated for dealing with potential radionuclide transport 
mechanisms at a particular site. These postulated plans will vary widely in 

effectiveness, cost, useful life, ease of implementation, etc. To select a 
stabilization plan for implementation at a specific site, it is necessary to 

establish some evaluation criteria. After screening the multitude of available 
plans, a small number are chosen for detailed analysis. These plans are evil
uated and a final selection is made. 

This section describes the process used to select site/waste stabilization 
plans. The bases used for plan selection are described in Section 10.2.1. 

Procedures used for preliminary plan selection are outlined in Section 10.2.2. 
Final plan selection is described in Section 10.2.3. 

A single plan would normally be chosen for implementation at a particular 
site. The plan would take into account any stabilization activities performei 
during the operational phase of the burial ground. In this study, three pltns 
are chosen for evaluation at each of the two generic sites (the arid western 

and humid eastern sites). The plans range from very simple plans, which might 

be used in cases where stabilization activities have been a part of burial 
ground operating procedures, to complex plans, which might be required in situ

ations where site maintenance during burial ground operation was minimal and 
extensive stabilization measures are required prior to site closure. 

10.2.1 Bases for Selection of Stabilization Plans 

Because only a small number of alternative stabilization plans are sub
jected to detailed analysis, it is important that these plans be selected 
with care. The selected plans must provide adequate protection against radio
nuclide migration within the limits and constraints {e.g., available financing, 
site conditions, performance requirements, and material availability) imposed 
on the site operator. Therefore, it is important that the bases used for 

selection of the stabilization plans also be given careful consideration. 
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This section discusses the criteria used to evaluate stabilization tech

niques and plans, and illustrates the evaluation of individual techniques with 
regard to these criteria. It also lists the dominant release mechanisms for 
each generic site, which are used to determine which techniques are appropriate 
in formulating the stabilization plans for these sites. 

10.2.1.1 Bases for Evaluation of Stabilization Techniques and Plans 

Factors used in this study to evaluate stabilization plans and techniques 
include: 

• effectiveness against radionuclide transport mechanisms 

• initial cost 

• annual maintenance cost 

• anticipated useful life (i.e., the period over which the technique or 
plan retains at least 75% of its original effectiveness) 

• ease of application. 

These factors are not all of equal importance. Because the primary concern in 
burial ground stabilization is protecting the health and safety of the public, 

the most important evaluation factor is effectiveness against radionuclide 
transport mechanisms. Cost considerations and anticipated useful life are of 
secondary importance. Ease of application is the least important factor. 
Other factors that might be employed in an evaluation of stabilization techni
ques and plans include availability of materials, esthetics of the technique 
or plan, potential for land use following plan implementation, and public 
acceptability of the plan. 

10.2.1.2 Evaluation of Stabilization Techniques 

Stabilization plans are composed of combinations of individual techniques. 
Therefore, the first step in the evaluation of a plan is to evaluate the tech
niques on which the plan is based. The results of an evaluation of the stabi
lization techniques discussed in Section 10.1, using the evaluation factors 
from Section 10.2.1.1, are presented here. 

Stabilization techniques are ranked with regard to effectiveness in deal

ing with radionuclide transport mechanisms in Table 10.2-1. The ranking is 
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TABLE 10.2-1. Effectiveness Ratings of Prospective Site/Waste Stabiljzation 
Techniques Against Radionuclide Transport Mechanisms~a 

RELEASE MEGHANI SMS 

GECMORPHctOGICAL 

EROSION !WATER I 

EROSION !WIND I 

SUBSIDENCE 

FROST ACTION 

MASS WASTING 

HYDROLOGICAL 

GROUND WATER 

PERCOLATION 

OVERFLOW 

BIOLOGICAL 

PlANT UPTAKE 

ANIMAL ACTION 

HUMAN ACTIVITY 

EXCAVATION 

AGRICULTURE 

s(bl s s 

s s s 
1 4 

4 4 

1 

1 3 

4 2 

1 

1 

4 

J 

4 

l M 

1 1 1 1 

1 2 4 

4 

3 

M 

J 

J 

) 

J 

J 

M 1 

1 ) 

2 

(aJEFFECTIVENESS RATINGS ARE: HXCELLENT, 2-GOOD, HAIR, AND 4-POOR 

1 

4 

4 4 

2 1 

4 4 

1 

lbJAN S INDICA TIS A SECONDARY CONTROL THAT BECOMES EFFECTIVE IF PRIMARY CONTROLS FAIL. 

lei AN M I NOI CATES A TECHNIQUE THAT IS EFFECTIVE UNDER SPEC I Fl C CONOlTI ONS AND IS THUS 
CONSIDERED MARGINAL. 
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on a scale of 1 to 4, from most effective to least effective. Due to the lack 
of objective data, the rankings shown in the table are subjective and are made 
by members of the LLW burial ground study team. Further research is needed to 
objectively quantify effectiveness values. 

Estimates of initial and annual maintenance costs, useful life, and ease 
of application for the stabilization techniques considered in this study are 
shown in Table 10.2-2. Cost ranges are based on information from Refer-
ences 2 through 5; further development is found in Section F.1.2 of Volume 2. 
The costs are given on a per-trench basis and include materials, equipment, 
and labor. Per-unit costs for stabilization of larger areas (i.e., entire 
burial grounds) are anticipated to be somewhat less than those shown. The use
ful life is defined as the time period during which a stabilization technique 
retains at least 75% of its original effectiveness. Estimates of useful life 
are taken from the references, where such data are available; in some cases, 
these estimates are modified to provide more realistic values on the basis of 
engineering judgment. In cases where no values are available in the litera

ture, the useful life is estimated by the study team. Ease of application is 
rated subjectively on a scale of 1 to 5, from easiest to most difficult. 

Effectiveness, cost, and other factors used to rank stabilization tech
niques will vary from site to site, depending on a variety of conditions {e.g., 
geology, hydrology, climate, and burial ground operating history). Therefore, 
the values given in this section are general in nature, and should be care
fully examined and refined as necessary when considering the application of 
a technique to a specific site or situation. Many of these techniques are 
still in the development stage, and uncertainties exist concerning technique 
effectiveness and cost. 

The ranking of a stabilization plan with respect to a particular evalua
tion factor is not simply the sum of the rankings of the techniques that com
prise the plan. The ranking of specific plans is discussed in Section 10.2.2. 

10.2.1.3 .Dominant Release Mechanisms 

For a given site, the dominant release mechanisms (i.e., those radionu
clide transport mechanisms with a significant potential for initiating radio
nuclide migration from the site) must be identified to select stabilization 
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TABLE 10.2-2. Estimated Costs and Related Factors for Prospective Site/Waste Stabilization Techniques 

Stabilization Techni_ques 

A. Subsurface Rock Layer 

B. Subsurface Hard Layer 

C. Subsurface Membrane 

D. Surface Rock Cover 

E. Surface Hard Cover 
F. Cappiflg Soil Properties 

Modification 

G. Backfill and Compaction 

H. Site Topography Adjustment 

I. Increased Capring Thickness 

J. Improved Capping Drainage 

K. Peripheral Drainage and 
Diversion 

L. Su!rip Pump1ng with Treatment 

M. Curtain Wall 

N. waste Penneability Reduction 

0. waste Leachablllty Reduction 

P. RetentlOn Media lnject10n 

Q. Revegetation 

R. Vegetation Managenle-nt 

S. Wind Breaks 

Initial Cost(a) 
($K/trenct!_l 

13 

8. 6 

4.8 

3 .0 

3.7 

3.4 

7.2 
1.8 

4 9 

1.7 

37 

35 

14 

8.1 

25 

13 

12 

3.8 

7.1 

17 

5100-500/1 inear meter 

0.55-7.7 

300 

300 

200 

'" 
1500 

1500 

1100 

0.20-0.46 

(See Q) 
'e I 5300-400/kr'l 1 ength 1 

Armual Maintenance{a) 
Costs ($K/trench year) 

Not t~aintained 

Not Maintained 

Not Maintained 

0.09 0 .41 

0.18 2.0 

As Needed (d) 

As Needed(d) 

0.05 - 0.19 

As Needed(d) 

0.09 - 0.85 

$5-25/li near l'leter 

0.11-0.23 

Not Maintained 

Not Maintained 

Not Maintained 

Not Maintained 

(See R) 

0.02- 0.05 

$15-22/km length(e) 

Useful Life(b) 
~3l_ 

80 200 

80 200 

10 40 

200+ 

40 - 100 

200+ 

200+ 

200+ 

200+ 

200+ 

200+ 

30 

25 100 

25 100 

15 100 

10 40 
ZOO+ 

200+ 

50 - 100 

Ease of 
Application(c) 

2 

3 

3 

2 

2 

4 

4 

5 

5 

5 

2 

2 

Comments 

Maintenance cost includes 
operating expenses 

Tree shelterbelt, with 
no irri(]ation 

Costs pe1· tr·ench based on 150-m x 15-r~ tr·ench With 1.5-m border (2750 m2 area). All costs rounded to two Significant figures, and 
include rnaterials, labor·, and equipnrent. See Section r 1.2 of Volume 2 for cost information bases. · -

(a;. 

{b) 
I c I 

~ ~ j 

Useful life defined as period over whicn stabi:izatlOn technique retains at least 75··. of original effectivenes~. 
[ase of applicatiOn rated on scale of 1 to 5, from easiPSt to most difficult. 
Ma H1ta i ned as indicated necessary by site survei I lance, \'lith rna i ntenance costs not es timd ted. 
Irrigation is required in ar·id areas, increasHrg co5ts by one to two orders of magnitude 



plans that provide adequate protection against radionuclide migration. Where 

a specific release mechanism is of particular concern. the stabilization plans 
chosen may include several techniques effective against that release mechanism, 
thus providing a greater margin of protection. 

The methodology for identifying critical pathways for the migration of 
radioactivity from an LLW burial grou;.d is discussed in Section 8. On the 
basis of data presented in Section 8, dominant release mechanisms are identi
fied for the reference burial sites of this study. In order of decreasing 
importance, the dominant release mechanisms for the western site are: 

• human activities (excavation and agriculture) 
• wind erosion. 

For the eastern site, the dominant release mechanisms (in order of decreasing 
importance) are: 

• human activities (excavation and agriculture) 
• hydrological releases (percolation and overflow) 
• water erosion. 

10.2.2 Preliminary Selection of Stabilization Plans 

Preliminary selection of stabilization plans for a particular LLW burial 
site involves the selection of 11 packages 11 of stabilization techniques to pro
vide protection against the dominant release mechanisms at that site. This 
preliminary selection involves identification of prospective plans. semiquan

titative evaluation of these plans, and elimination of the less-suitable ones. 
This simplifies the final selection process by limiting the number of prospec
tive plans being considered. It also allows the remaining plans to be exam
ined in more detail. 

10.2.2.1 Identification of Prospective Stabilization Plans 

A large number of prospective stabilization plans can be postulated for 

a given site, using the stabilization techniques presented in Section 10.1. 
These techniques can be used either individually or in various combinations. 
A semi-quantitative evaluation of the possible plans, based on the information 
presented in Tables 10.2-1 and 10.2-2, verifies that many plans can be quickly 

eliminated from detailed consideration. Some of the possible plans do not 
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provide sufficient protection against the dominant release mechanisms and 
should be rejected. Other plans, while sufficiently effective, are overly com
plex and/or expensive (i.e., they are no more effective than less-complex, 
less-expensive alternatives) and can also be eliminated. In addition, it is 

unnecessary to include all possible variations of a plan, as minor plan modi
fications can be made during the subsequent detailed analysis. 

On the basis of the preliminary semi-quantitative evaluation described 
above, many possible stabilization plans are eliminated from further consider
ation. Those plans retained for detailed evaluation in this study are listed 
in Tables 10.2-3 and 10.2-4 for the arid western and humid eastern sites, 
respectively. The listed plans serve to illustrate the range and general char
acteristics of plausible stabilization plans. Letters shown in the "Plan Code" 
columns of the tables identify the individual techniques that make up the plans, 
and refer to letters used to identify the techniques in Section 10.1 and 
Tables 10.1-1 and 10.2-1. 

10.2.2.2 Evaluation of Prospective Stabilization Plans 

The information in Tables 10.2-3 and 10.2-4 includes an evaluation of 
prospective stabilization plans on the bases of effectiveness in controlling 

the dominant release mechanisms at the two sites, estimated costs of initial 
application and annual maintenance, anticipated useful life, and ease of 
application. 

The costs reported for a plan are not just the simple sum of the costs 
of the individual techniques included in the plan. Similar activities may be 
required for several techniques in a plan. Where this overlap of activities 
occurs, the initial cost is reduced. Furthermore, use of a particular tech
nique may reduce or eliminate the maintenance requirement for another techni
que included in the same plan (e.g., applying a hard surface cover after 
adjusting site topography essentially eliminates the need to maintain the new 
site contours). 

Although precise values for some of the evaluation parameters in 

Tables 10.2-3 and 10.2-4 are difficult to estimate, relative differences 
between the plans are more important than absolute values. These differences 
can be identified by examining the tables. This allows the stabilization 
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plans to be compared with each other, and, by taking into account the relative 

importance of each of the factors, the relative acceptability or suitability 

of individual plans can be assessed. 

10.2.3 Final Selection of Stabilization Plans 

The final selection of a stabilization plan for a particular site is made 

on the basis of an evaluation of alternative plans, using information like that 

presented in Tables 10.2-3 and 10.2-4. Because this is a study to evaluate 

future decommissioning needs, sets of three alternative plans (rather than 

single plans) are chosen for detailed cost and safety analyses at each generic 

burial site. These alternative plans are listed in Table 10.2-5. 

TABLE 10.2-5. Alternative Site/Waste Stabilization Plans 

Arid Western Site 

Minimal Plan 

Modest Plan 

Complex Plan 

Humid Eastern Site 

Minimal Plan 

Modest Plan 

Complex Plan 

Stabilization Plan Description 

Site inspection, stabilization of 
final trenches and of damaged areas, 
vegetation management 

Increased capping thickness, 
revegetation, vegetation management 
Subsurface rock layer with hard top, 
increased capping thickness, 
revegetation, vegetation management 

Site inspection, stabilization of 
final trenches and of damaged areas, 
vegetation management 
Increased capping thickness, capping 
soil properties modification, 
improved capping drainage, revegeta
tion, vegetation management 
Peripheral drainage and diversion, 
sump pumping with treatment, subsur
face hard layer, increased capping 
thickness, revegetation, vegetation 
management 

Stabilizatiol) 
Techniques Usedla) 

G,R 

I ,Q,R 

A,B,I ,Q,R 

G,R 

I,F,J,Q,R 

K,L,B,l,Q,R 

(a) Code letters refer to stabilization techniques presented in Section 10.1. 
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The stabilization plans listed in Table 10.2-5 include a minimal plan, 

a relatively modest one, and a more complex one. These plans correspond to 

varying levels of effort that may be required to properly stabilize a site. 

The minimal plan assumes that stabilization has been an integral part of nor

mal site procedures during burial ground operation and, therefore, only a minor 

effort is required to prepare the site for long-term care. The modest and 

complex plar.s correspond to increasingly greater needs for site/waste stabili

zation before the site is turned over to the state for long-term care. The 

level of effort required to stabilize a site at the conclusion of burial opera

tions depends on site-specific parameters and on the degree of stabilization 

performed during burial operations as individual trenches are filled. 

Ordinarily, the choice of a plan for a given site is not influenced by 

the choice for another site. However, in this study, the minimal and the 

modest plans chosen for the two sites are essentially the same, differing only 

because of site-specific differences (e.g., dominant release mechanisms and 

general site characteristics). This allows a comparison of similar plans 

applied to different sites. The complex plans chosen for the two sites are 

intentionally different, to allow for detailed analysis of a wider range of 

stabilization alternatives. 

Details of methods and procedures for implementation of the stabilization 

plans listed in Table 10.2-5 are given in Sections 10.3 and 10.4 for the west

ern and eastern sites, respectively. 

10.3 DESCRIPTION OF ALTERNATIVE STABILIZATION PLANS FOR THE ARID WESTERN SITE 

The three site/waste stabilization plans selected for the western site 
are described in this section. These plans are designed to provide the 

required protection against the dominant release mechanisms at the site (i.e., 
excavation, agriculture, and wind erosion). 
the plans is minimal, one relatively modest, 

As previously 
and the other 

cedures and work schedule estimates are presented for each 

discussed, one of 

more complex. Pro

plan. The environ-
mental monitoring program for the site, as it pertains to stabilization, is 

also described here. Because support activities (i.e., planning and 
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preparation and quality assurance) are essentially the same for all of the 

plans for both sites, these activities are discussed separately in Section 10.5. 

Long-term care activities following site stabilization are discussed in Sec

tion 10.6. Cost estimates for all of the stabilization plans are presented in 

Section 12. 

10.3.1 Minimal Stabilization Plan for the Arid Western Site 

The minimal stabilization plan for the western site assumes that trenches 

were satisfactorily stabilized as they were filled. Therefore, the minimal 

plan includes the stabilization of only those trenches that were active during 

the final period of site operation (e.g., the nine trenches filled during the 

final 18 months of operation of the reference burial ground). The minimal plan 

also assumes that stabilization activities involving the entire burial ground 

(e.g., a polymer coating over the whole site) are not required at the conclu

sion of waste emplacement operations. 

Stabilization of the nine trenches filled during the last 18 months of 

operation is assumed to be accomplished by increasing the capping soil thick

ness over the trenches, followed by grading and revegetation of the surface. 

(This same stabilization technique is used for the modest plan for the entire 

burial site and is described in Section 10.3.2.) 

The entire site is inspected to identify any remedial measures required 

to prepare the site for long-term care. Site repairs include backfilling and 

compaction of subsided areas, repair of exclusion fencing, and vegetation 
management (e.g., reseeding of disturbed areas, clearing the site of undesir

able vegetation, use of herbicides, etc.). After these activities are com
pleted, the site is released to the government agency responsible for 

long-term care. 

Minimal stabilization of the western site is estimated to require 10 weeks 

to complete, based on the stabilization activity details and assumptions pre

sented in Section H.2 of Volume 2. 

10.3.2 Modest Stabilization Plan for the Arid Western Site 

The modest stabilization plan assumes that burial trenches were not 

stabilized as they were filled. Therefore, stabilization of the entire burial 
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site is necessary when waste emplacement operations cease. As shown in 
Table 10.2-5, the modest stabilization plan for the western site includes 
increased capping thickness over the buried wastes, revegetation of the resul
ting surface, and vegetation management. Vegetation management activities are 
initiated on an as-needed basis (as indicated by site observation) and continue 
on into the long-term care period. Recontouring of the site may take place in 
conjunction with the increase in capping soil thickness if it is determined 
that new site contours are required to improve site drainage. For this study 
it is assumed that the original site contours are maintained. Hence, no recon
touring of the site is required for this plan except in those areas where 
waste-trench subsidence has created depressions; these depressions are filled 
to restore the site to original post-burial contours. 

The increase in capping thickness results in the wastes being located fur
ther below the ground surface, reducing the chances of waste disruption by 
frost heaving, plant and animal action, and human activity. Revegetation of 
the surface provides protection against erosion and, on an arid site such as 
this, significantly reduces percolation, because of the consumption and evapo
transpiration of soil moisture by the plants. Management of the site vegeta
tion ensures the continued viability of the vegetative community, providing 
protection against erosion and against intrusion by undesirable deep-rooted 
plant species such as Russian thistle (tumbleweed). 

10.3.2.1 Stabilization Procedures 

Procedures for the modest stabilization plan for the western site include 
site preparation, capping thickness increase, and revegetation. Vegetation 
management procedures are used during both stabilization and subsequent long
term care, but only those used during stabilization are discussed here. A 
schematic representation of the stabilization plan is shown in Figure 10.3-1. 

Site Preparation. Site preparation activities for this plan consist 
mainly of removing or killing site vegetation and laying out survey markers 
to provide instructions for subsequent activities. Site preparation also 
includes the filling and compacting of any soft areas that might later sub

side under heavy-equipment traffic. These soft areas are identified by visual 
inspection, by ground scans (e.g., ultrasonic) to locate subsurface voids, or 
by other means. 
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Site vegetation must be killed or removed to ensure that no viable plant 
roots remain in the soil profile in close proximity to the buried wastes. Any 
large plants, such as sagebrush or rabbitbrush, are destroyed using a brush
hog to chop them into small pieces. Smaller vegetation such as grasses or 
forbs,(a) along with any roots remaining from the large plants, are killed by 

applying herbicides to the site. Care is taken to avoid herbicide drift that 
might cause damage to vegetation in areas adjacent to the site. The total area 
to receive backfill is cleared using these techniques. 

After the site is cleared of vegetation, small soft areas likely to sub

side under heavy-equipment traffic are identified. Backfill is hauled into 
these areas, dumped, and carefully compacted with vibratory compactors to 
reduce the hazard. 

A civil survey of the site is carried out concurrently with the other 
site preparation activities. This survey is used to establish the current 
contours of the site, to develop the detailed plot plan for the stabilized 
burial ground, and to verify the locations of the burial trenches. To com
plete the survey, markers are laid out as instructions for the backfilling 
activities that follow, to ensure that the resulting backfill depth and sur
face contours are as specified in the detailed plan. 

Capping Thickness Increase. After site preparations are completed, the 
capping thickness over the wastes is increased by hauling in backfill and 
spreading it to a uniform thickness of 0.6 m as indicated by the survey 
markers. The backfill is native topsoil (silty sand) meeting the specifica
tions prepared during the planning and preparation phase. The fill is 
obtained from nearby, hauled to the site, and spread. It is then graded to 
obtain the specified surface contours. The fill is extended at full depth 

over all the trenches, to at least 3 m past the outer edges of the trenches 
at the periphery of the site, and is then sloped down (with a 10 to 1 or gen
tler slope) to original grade level. Standard earthmoving techniques and 
equipment are used for these activities. No special effort is made to compact 

the backfill, but some compaction occurs because of the heavy-machinery traf-

fic during the spreading and grading activities. 

(a)A forb is any herb that is not grass or grasslike. 
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During the backfilling, limited surveying continues to verify that the 
depth and contours of the fill meet the specifications for the job. 

Revegetation. After the capping thickness is increased, the site is reveg
etated with a mixture of drought-resistant annual and perennial grasses selec
ted during the planning and preparation phase. One possible mixture is simply 

cheatgrass and Siberian wheatgrass. Other desirable species such as forbs, 

mosses, and lichens are anticipated to move into the revegetated area naturally 
within several years, providing a more diverse and vigorous vegetative commun
ity and increasing erosion resistance. 

Based on soil tests performed during planning and preparation, fertilizer 
is used to improve the nutrient balance of the soil. A chemical soil stabili
zer (organic emulsion) and a mulch (straw) are used to improve the soil mois
ture balance and to limit erosion damage until the vegetation becomes 
established. A hydroseeder(a) is used to spread the seed and other materials 

(i.e., fertilizer, mulch, and stabilizer). The revegetation is carried out 
according to the specifications established during the planning and prepara

tion phase. 

Vegetation Management. Management of site vegetation is primarily used 

during long-term care (see Section 10.6). However, if site observations indi
cate that it is necessary, vegetation management is initiated during stabili
zation. It is assumed that, during stabilization, vegetative management is 

limited to the repair of small areas disturbed during the stabilization of 

adjacent ground. 

It is anticipated that small parts of areas already revegetated are 
disturbed by equipment traffic during revegetation of adjacent areas. These 
small disturbed areas require repair (i.e., releveling and reseeding). No 
additional fertilizer is used, but mulch and chemical stabilizer are reapplied. 

Because of the small size of these disturbed areas, repairs can be made using 
hand methods or small-scale lawn-and-garden machinery. Any ruts in the 

(a)A hydroseeder is a machine in which the seed and other materials to be 
applied are mixed in a water-based slurry and sprayed on the surface . All 
the materials used can be applied in one pass or, as is more common, sev
eral passes can be made. 
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surface caused by machinery traffic are leveled either by hand-raking or by 
grading with a small tractor. The area is reseeded either by spreading the 
seed with a hand-seeder and raking it into the soil or by using a mechanical 

seeder drawn by a small tractor. Mulch is distributed manually, and the chemi

cal stabilizer is applied either with a hand-sprayer or with a small tractor

mounted sprayer. 

There are several reasons 1-1hy the temporary use of irrigation to hasten 
the establishment of the vegetation is not considered in this study. When 

irrigation is discontinued in arid areas, shock is induced in the plants, 

causing subsequent damage and possible vegetative failure. Irrigation also 
leaches nutrients from the soil, requiring increased fertilization. Finally, 

excessive irrigation may lead to significant moisture percolation through the 

buried wastes, resulting in possible radionuclide leaching and transport. 

10.3.2.2 Work Schedule Estimates 

The overall schedule and sequence of events for the modest stabilization 

of the western site is shown in Figure 10.3-2, based on the stabilization acti
vity details and assumptions presented in Section H.2 of Volume 2. As shown 
in the figure, 29 weeks of effort are required after burial ground shutdown to 

complete the stabilization. Planning and preparation required prior to stabil
ization i s discussed in Section 10.5.1. 

STABILIZATION ACTIVITY 

SITE PREPARATION 

CAPPING THICKNESS INCREASE 

REVE GET A Tl ON 

VEGETATIVE MANAGEMENT 

_l 

0 5 10 

I 

15 

TIME IWEEKSl 

20 25 

H 

I 

30 

FIGURE 10.3-2. Estimated Work Schedule for the Modest Stabilization 
of the Arid Western Site 
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10.3.3 Complex Stabilization Plan for the Arid Western Site 

The complex stabilization plan assumes that burial trenches were not sta
bilized as they were filled. Therefore, stabilization of the entire burial 
site is necessary when waste emplacement operations cease. As shown in 
Table 10.2-5, the complex stabilization plan for the western site includes a 
subsurface rock layer with a hard top, increased capping thickness, revegeta
tion of the surface, and vegetation management. Vegetation management acti
vities are initiated on an as-needed basis (as indicated by site observation) 
and continue into the long-term care period. The site is not recontoured; 
the final site contours, after addition of the subsurface layer and the back
fill, approximate the original contours. 

The subsurface hard-topped rock layer reduces moisture percolation and 
plant-root infiltration into the wastes, acts as a deterrent to animal or 
human penetration, and provides a secondary control against erosion if primary 
erosion controls fail. The subsurface layer and the backfill cover increase 
the capping thickness, resulting in the wastes being located further below the 
ground surface. This reduces the chances of waste disruption by frost heaving, 
plant and animal action, and human activity. Revegetation provides protection 
against erosion and, on an arid site, reduces percolation (as discussed ear
lier). Management of site vegetation ensures the continued viability of the_ 
vegetative community, providing protection against erosion and against intru
sion by undesirable plant species such as Russian thistle (tumbleweed). 

10.3.3.1 Stabilization Procedures 

Procedures for the complex stabilization plan for the western site 
include site preparation, rock layer emplacement, rock layer hard-topping, 
capping thickness increase (backfilling), revegetation, and vegetation manage
ment during stabilization. The procedures for site preparation, capping thick

ness increase, revegetation, and vegetation management are essentially 
identical to those for the modest plan for the western site and are not discus
sed in detail here. A schematic representation of the stabilization plan is 

shown in Figure 10.3-3. 

Site Preparation. Site preparation activities are identical to those 
presented in Section 10.3.2.1, except that the inclusion of the subsurface 
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rock layer results in the need for a slightly more detailed civil survey. 
This is because of the increased complexity of the plot plan for the stabi
lized site, and also because of the need for survey markers to serve as instruc

tions for rock layer emplacement as well as for backfilling activities. 

Rock Layer Emplacement. After site preparations are completed, rocks (cob
blestones) of approximately 40 mm diameter are hauled to the site and spread 
to form a layer 0.6 m thick. The clean rock is graded for size, and meets the 
specifications prepared during the planning and preparation phase. It is 
obtained from nearby the site, hauled to the site, and spread. It is then 
leveled with front-loaders and/or bulldozers to obtain the specified contours. 

Equipment operation on the layer during leveling operations provides some com
paction of the layer, increasing stability. The rock layer is extended at 
full depth over all the trenches, to at least 3m past the outer edges of the 
trenches at the periphery of the site, and is then sloped down (with a 10 to 
1 or gentler slope) to original grade level. During placement of the rock 
layer, limited surveying continues in order to verify that the thickness and 
contours of the layer meet the specifications for the job. 

Rock Layer Hard-Topping. After the rock layer is in place, it is topped 
with a layer of gravel that acts as the base for subsequent hard-topping of 
the layer. The gravel is obtained nearby, and is graded for size. Two dif
ferent sizes of gravel are used. First, a layer of coarse gravel approxi

mately 50 mm thick is spread on the top of the rock layer. This is covered, 
in turn, with a layer of (smaller) pea gravel of the same thickness, result
ing in a gravel layer with a total thickness of about 0.1 m. The gravel is 
spread and leveled with front-loaders and/or bulldozers. 

After the gravel layer is in place, it is sprayed with an asphalt emul
sion to harden and seal it. The asphalt used is a water-based emulsion that 

is custom-mixed for the project, based on tests run and specifications pre
pared during the planning and preparation phase. It is delivered to the site 

in a tanker-truck and is diluted with water before application, according to 
specifications. It is applied at ambient temperature using tankers equipped 

with spray bars, at an application rate specified by the manufacturer. The 
asphalt is allowed to set up for 72 hours before backfilling activities 
commence. 
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Capping Thickness Increase. The capping thickness is increased by back
filling, as described in Section 10.3.2.1. The hard-topped rock layer is 
covered with 0.6 m of topsoil, with the fill beyond the rock layer sloped down 
to the original grade level with a 10 to 1 or gentler slope (to match the slope 
of the edge of the rock layer). 

Revegetation. The revegetation procedure for this plan is identical to 
that for the modest plan for the western site, as described in Section 10.3.2.1. 

Vegetation Management. Vegetation management activities during stabili
zation are assumed to be limited to the repair of small areas disturbed during 
the stabilization of adjacent ground. Procedures are described in Sec-
tion 10.3.2.1. Vegetation management activities during long-term care of the 
site are discussed in Section 10.6. 

10.3.3.2 Work Schedule Estimates 

The overall schedule and sequence of events for the complex stabilization 
of the western site is shown in Figure 10.3-4, based on the stabilization acti
vity details and assumptions presented in Section H.2 of Volume 2. As shown 
in the figure, 35 weeks of effort are required after burial ground shutdown to 
complete stabilization of the site. Planning and preparation required prior 
to stabilization is discussed in Section 10.5.1. 

STABILIZATION ACTIVITY 

SITE PREPARATION 

ROCK LAYER EMPLACEMENT 

ROCK LAYER HARD-TOPPING 

CAPPING THICKNESS INCREASE 

REVE GET A Tl ON 

VEGETATIVE MANAGEMENT 

0 5 10 15 

TIME (WEEKS) 

20 25 30 

FIGURE 10.3-4. Estimated Work Schedule for the Complex Stabili
zation of the Arid Western Site 
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10.3.4 Environmental Monitoring During Stabilization of the Arid Western Site 

Environmental monitoring requirements during stabilization of an LLW bur
ial site are discussed in Section 9.2. Requirements during stabilization of 

the reference western site are summarized in Table 10.3-1. Sampling require
ments during site decommissioning are based on the operational sampling pro
gram summarized in Table 7.2-3. The frequency of onsite soil sampling is 
increased during stabilization, and special sample points are designated, to 
detect any changes in radioactivity levels in the soil caused by stabilization 
procedures. 

TABLE 10.3-1. Environmental Sampling Program During Stabilization 
of the Western Site 

Number of Total Sam2les(a) 
Sample Sampling A1n1nJ Modest Complex 

Sample Type Locations Frequency Plan Plan Plan 

Water- Onsite Wells 6 Semi-annual 2 6 12 

Offs ite We 11 s 3(c) Annual 3 3 

Surface Water 2(c) Semi-annual 1 2 4 

Total 4 11 19 

Air Particulates - Onsite 1 Weekl y 10 29 35 

Offsite 2(c) weekly 20 58 .lQ. 
Total 30 87 105 

Soil - Ons ite 4 Bi-weekly 20 60 72 

Off site 2 Annual _Q 2 2 

Total 20 62 74 

Vegetation - Onsite 4 Annual 4 4 

Small Mammals - Onsite 4 Annual 4 4 

Off site 4 Annual 1 4 4 

Total 2 8 -8 

Game Birds - Offsite 4 Annual 4 4 

Fish - Offsite I Quarterly 2 3 

Direct Radiation 3(c,d) Monthly 27 63 81 

(a)Total samples computed on the basis of stabilizat1on periods of ~0. 29, 
and 35 weeks for the minimal, modest, and complex plans, respect1vely. 

(b)Annual and semi-annual samples estimated on a pro rata basis. 
(c)lncludes one control sample location. 
(d)Three dosimeters at each location. 
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The total number of environmental samples required during site stabiliza
tion by the modest or complex plans is based on time requirements for the com
pletion of decommissioning activities (29 weeks for the modest plan and 

35 weeks for the complex plan). The sampling program for the minimal stabili
zation plan is simply a continuation of the program during burial operations, 

shown in Table 7.2-3. 

10.4 DESCRIPTION OF ALTERNATIVE STABILIZATION PLANS FOR THE HUMID EASTERN SITE 

The three site/waste stabilization plans selected for the eastern site 
are described in this section. These plans are designed to provide the 

required protection against the dominant release mechanisms at the site (i.e., 
human activitites, hydrological action, and water erosion). As previously 
discussed, one of the plans is minimal, one relatively modest, and the other 

more complex. Procedures and work schedule estimates are presented for each 

plan. The environmental monitoring program for the site, as it pertains to 
stabilization, is also described here. Support activities (i.e., planning and 

preparation and quality assurance) are discussed in Section 10.5. Long-term 

care activities following site stabilization are discussed in Section 10.6. 
Cost estimates are given in Section 12. 

10.4.1 Minimal Stabilization Plan for the Humid Eastern Site 

The minimal stabilization plan for the eastern site is essentially the 
same as that for the western site, described in Section 10.3.1. The minimal 
plan assumes that trenches were satisfactorily stabilized as they were filled. 
Therefore, the plan includes the stabilization of only those trenches that 
were active during the final period of site operation. 

The entire site is inspected to identify any remedial measures required 
to prepare the site for long-term care. Site repairs include backfilling and 
compaction of subsided areas, repair of exclusion fencing, and vegetation man
agement. Because of the higher incidence of inclement weather and higher rain

fall at the eastern site, backfilling and compaction requirements are anticipa
ted to be about 25% greater at the eastern site than at the western site. 
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Minimal stabilization of the eastern site is estimated to require 11 weeks 
to complete, based on the stabilization activity details and assumptions pre
sented in Section H.2 of Volume 2. 

10.4.2 Modest Stabilization Plan for the humid Eastern Site 

As shown in Table 10.2-5, the modest stabilization plan chosen for the 
eastern site is similar to the modest plan for the western site, discussed 

previously. The plan assumes that stabilization of the entire site takes 
place when waste emplacement operations cease. The plan for the eastern site 
includes the same techniques used for the western site, namely increased cap

ping thickness over the buried wastes, revegetation of the resulting surface, 

and any necessary vegetation management. In addition, the eastern plan 
includes modification of capping soil properties and improved capping drainage 
to provide greater protection against hydrological release. Vegetation manage

ment activities continue during long-term care, as described in Section 10.6. 
It is assumed that the original site contours are maintained when the soil 
thickness over the trenches is increased, so that no major recontouring of the 
site is required. However, depressions created by waste-trench subsidence are 
filled to restore the original post-burial grade level, and minor contour 
adjustments are made as required for the capping drainage system. 

The increase in capping thickness results in the wastes being located 
further below the ground surface, reducing the chances of waste disruption by 
frost heaving, plant and animal action, and human activity. The modification 
of the capping soil properties (by adding clay and compacting the capping 
soil) increases the erosion resistance of the soil and reduces moisture perco
lation. The improved capping drainage also reduces moisture percolation by 
channeling precipitation away from the trenches. Revegetation of the surface 
provides added protection against erosion, and vegetation management ensures 
the continued viability of the vegetative community. 

10.4.2.1 Stabilization Procedures 

Procedures for the modest stabilization plan for the eastern site include 

site preparation, capping thickness increase, capping drainage improvement, 
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capping soil properties modification, revegetation, and vegetation management 
during stabilization. The procedures for site preparation, capping thickness 
increase, revegetation, and vegetation management are similar to those for the 
modest plan for the western site and are not discussed in detail here. A sche
matic representation of the stabilization plan is shown in Figure 10.4-1. 

Site Preparation. Site preparation activities are identical to those 

presented in Section 10.3.2.1, except that the civil survey and the resulting 
plot plan for the stabilized site are slightly more complicated for this stabil
ization plan. This is because of the need to design the capping drainage sys
tem, and to provide adequate instructions (in the form of survey markers) for 

its construction. 

Capping Thickness Increase. The capping thickness is increased by back
filling in a manner similar to that described in Section 10.3.2.1. The back
fill used is native topsoil (loess) meeting the required specifications, and 
is obtained from nearby the site. For this plan, the fill is graded to the 

approximate surface contours, rather than the finished contours, because of 
the subsequent operations (i.e., digging of the drainage-ditch system and 
incorporation of clay into the soil). 

Capping Drainage Improvement. A system of small drainage ditches is dug 
on the site to allow precipitation to flow easily away from the burial 
trenches. The basic design for the system is prepared during the planning and 

preparation phase, with the final design prepared after the civil survey of 
the site. The ditches are dug with front-loaders and/or bulldozers, and the 
edges are smoothed by grading. The ground surface between the ditches is 
contoured to ensure that all precipitation readily drains to the ditches. 
Limited surveying continues during this activity to verify that the system is 
constructed as designed. The ditches are revegetated with the rest of the 

site, as described below. 

Capping Soil Properties Modification. After the drainage system is laid 

out, the properties of the capping soil over the entire surface of the burial 
trench area are modified by adding clay to the soil and then compacting it. 
The type and amount of clay added is determined by soil testing performed dur

ing the planning and preparation phase. The clay is spread on the surface in 
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the specified amount, after which it is disced into the soil. Several passes 
are made with the disc to incorporate the clay uniformly into the top 0.15 to 
0.2 m of soil. The soil is then compacted using a sheepsfoot roller or other 

appropriate compactor. (Reference 6 describes variables affecting compaction 

and applicability of compaction techniques to specific situations.) Several 
passes of the roller are required (two passes are assumed) to achieve the 
degree of compaction specified during planning and preparation, and soil tests 
are carried out to verify the compaction. Finally, the site is graded to 
obtain the specified site contours. 

Revegetation. The revegetation procedure is similar to that described 
for the modest western plan (see Section 10.3.2.1) except that different plant 

species are used. The site is revegetated with a mixture of annual and peren
nial grasses suited to the soil and climate conditions at the site, as speci

fied during planning and preparation. One possible mixture is simply fescue 
and ryegrass. A legume such as alfalfa, birdsfoot trefoil, or sweetclover 
may be added to the mixture. The final selection of plant species is based on 
tests performed during planning and preparation. 

Vegetation Management. Vegetation management activities during stabili
zation are assumed to be limited to the repair of small areas disturbed during 
revegetation of adjacent ground, as described in Section 10.3.1.1. The tempor

ary use of irrigation is not considered to be either necessary or desirable at 

an eastern site. 

10.4.2.2 Work Schedule Estimates 

The overall schedule and sequence of events for the modest stabilization 
of the humid eastern site is shown in Figure 10.4-2, based on the stabiliza
tion activity details and assumptions presented in Section H.2 of Volume 2. 
As shown in the figure, 34 weeks of effort ·are required after burial ground 
shutdown to complete the stabilization. The planning and preparation required 
prior to stabilization is discussed in Section 10.5.1. 

10.4.3 Complex Stabilization Plan for the Humid Eastern Site 

The complex stabilization plan for the eastern site assumes that stabili

zation of the entire site takes places when waste emplacement operations cease. 
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As shown in Table 10 .2-5, the complex plan includes peripheral drainage and 
diversion, a subsurface hard layer, increased capping thickness, revegetation, 

sump pumping with treatment and vegetation management. The capability for 
handling trench water is ensured during stabilization, but sump pumping (with 
water treatment) is initiated during long-term care only if needed. Some 
recontouring of the site may also be necessary to ensure that moisture perco

lating down to the subsurface hard layer drains from the site, rather than 
building up on top of the layer (and to ensure adequate surface drainage of 
the entire trench area). 

The peripheral drainage/diversion ditches provide protection against 
hydrological transport mechanisms by intercepting moisture migrating toward 
the site and by providing drainage for moisture that builds up above the sub
surface hard layer. The subsurface hard layer reduces moisture percolation 
and plant-root infiltration into the wastes, acts as a deterrent to animal or 
human penetration, and provides a secondary control against erosion if primary 

erosion controls fail. The increased capping thickness results in the wastes 

being located further below the ground surface, reducing the chances of waste 
disruption by frost heaving, plant and animal action, and human activity. 

Revegetation of the surface provides protection against erosion, and vegetation 

10-40 



management ensures the continued viability of the vegetative community. Capa
bility for pumping and treatme~t of trench water provides further protection 
against radionuclide migration by hydrological action. 

10.4.3.1 Stabilization Procedures 

Procedures for the complex stabilization plan for the eastern site include 
site preparation, hard layer emplacement, capping thickness increase, revegeta
tion, vegetation management during stabilization, and peripheral drainage/ 
diversion system construction. Preparations for sump pumping and treatment of 
trench water are also completed. The procedures for site preparation, capping 
thickness increase, revegetation, and vegetation management are similar to 
those presented previously and are not discussed in detail here. A schematic 
representation of the stabilization plan is shown in Figure 10.4-3. 

Site Preparation. Site preparation activities are similar to those pre
sented for the other plans. However, the civil survey of the site is expanded 
to take into account the peripheral drainage/diversion system and the subsur
face hard layer. In addition, minor recontouring of the site is required to 
ensure the proper drainage of moisture percolating down to the hard layer, to 
prevent moisture build-up on top of the layer. In general, the site slopes 
gently to one side, so only a small amount of grading is expected to be 
required to eliminate uneven areas and depressions. This grading takes place 
after the filling and compacting of any areas judged as likely spots for 
subsidence. 

Hard Layer Emplacement. After site preparations are completed, an asphalt
soil layer about 0.1 m thick is laid over the entire trench area of the site, 
and extended at least 3 m past the outer edges of the peripheral trenches. 
The area to be covered by the layer is first compacted using a drum-type road 
roller. Following this, a soil stabilizer machine is used to mix asphalt emul
sion into the surface soil in compliance with specifications prepared during 
planning and preparation. The machine works by pulverizing the surface soil 
with a rotating horizontal-drum cutter, spraying the asphalt emulsion into the 
soil in a mixing chamber, and then laying the asphalt-soil. mixture on the sur
face. The product of this step is a loose mixture of asphalt-coated soil par
ticles. This mixture is then compacted, using a road roller, to form the hard 
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layer. Tests of the mixture are made to verify proper compaction, as specified 

by QA procedures. The layer is allowed to set up for 72 hours before subse
quent backfilling activities commence. 

Capping Thickness Increase. The capping thickness is increased by back

filling, using procedures discussed previously. The backfill is native top
soil (loess). Some of the backfill is obtained from the area where the 
peripheral drainage/diversion system is constructed. The remainder is hauled 
in from offsite. The backfill is extended at full depth to cover the entire 

hard layer, and is sloped down (with a 10 to 1 or gentler slope) to original 
grade level at the edges. Some contouring of the site is necessary to properly 
mate the site drainage system with the peripheral drainage/diversion system. 

Peripheral Drainage/Diversion System Construction. Concurrently with the 

other stabilization activities, drainage/diversion ditches are dug in the 
50-m-wide exclusion area around the site perimeter. The ditches completely 

encircle the site and are about 7.5 m deep, 20m wide at the top, and 5 m wide 
at the bottom. The ditches are designed to intercept both runoff approaching 
the site and ground water that might intrude into the buried wastes, and also 

to provide drainage for excess moisture above the subsurface hard layer. They 
are dug using standard earth-moving equipment and techniques. The topsoil 

removed is used as part of the backfill over the trenches (see Capping Thick
ness Increase above), and the subsoil is used to construct ditch berms or is 

removed from the site. The ditches are surveyed to verify that they are con
structed as specified in the detailed plot plan. The ditches are revegetated 

along with the site, but the plant species used for the ditches are chosen for 
tolerance to high soil-moisture content. An impermeable liner is not used in 
the ditches, to allow ground water to seep into the ditches and drain away 
from the burial trenches. 

Revegetation. The revegetation procedure for this plan is identical to 
that for the modest plan for the eastern site, as described in Section 10.4.2.1. 

Vegetation Management. Vegetation management activities during stabili
zation are assumed to be limited to the repair of small areas disturbed during 

revegetation of adjacent ground, as described in Section 10.3.2.1. 
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Preparations for Sump Pumping and Treatment. The wells installed in the 

burial trenches during operations (see Section 7.2.2) are checked to verify 
that the screened ends extending into the trench drains are clear and that the 

wells themselves are not damaged in such a way that pumps cannot be installed 
if needed. It is anticipated that only a small number of the wells will 
require repair. The water treatment system located in the decontamination area 

of the maintenance building is checked out, serviced as necessary, and then 
placed on standby. It is anticipated that only minor servicing of the system 
is required. Sump pumps and transfer lines are not installed at this time; 

they are installed during the long-term care period when and if they are 
required (see Section 10.6). 

10.4.3.2 Work Schedule Estimates 

The overall schedule and sequence of events for the complex stabilization 
of the eastern site is shown in Figure 10.4-4, based on the stabilization 

activity details and assumptions presented in Section H.2 of Volume 2. As 

shown in the figure, 36 weeks of effort are required after burial ground shut
down to complete the stabilization. The planning and preparation required 
prior to stabilization is discussed in Section 10.5.1. 
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FIGURE 10.4-4. Estimated Work Schedule for the Complex Stabilization 
of the Humid Eastern Site 
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10.4.4 Environmental Monitoring During Stabilization of the Humid Eastern Site 

Environmental monitoring requirements during stabilization of an LLW 
burial site are discussed in Section 9.2. Requirements during stabilization 

of the reference eastern site are summarized in Table 10.4-1. Sampling 

requirements during site decommissioning are based on the operational sampling 

TABLE 10.4-1. Environmental Sampling Program During Stabilization of 
the Eastern Site 

_?_amp 1 e Type_ . 

'~atcr- Onsite Wells 

Offsite Well> 

Surface '~atcr 

~ota I 

A1r particulates Ons1te 

So1l- Onsite 

Offs 1 te 

!uta I 

Offsite 

~otal 

';euetdtion - Onsite 

Sr1oll Mammals- Ons1te 

Qffsite 

Total 

Garne Birds - Offsite 

''ilk l)ffsite 

Fish Offsite 

Farn1 Crops • Dffsite 

D1rect RadiatiOn 

Number of 
Sample 

Locations 

4 

2 

1 

4 

4 

4 

3 

4 

3 

')amp] ing 
~9_l!__e_n_cy 

Quarter I y 

Semi -annua I 

Quarterly 

Weeklj 

·~eekly 

Bi-weekly 

A.nnual 

1\nnua I 

~r.nua I 

i\nnudl 

Quarterly 

Qudrterly 

Annua I 

3(c,d) Montnly 

Total Samples{a) 
Mlni!gJ t~odest Comple-x 
Plan Plan Plan 

12 

1 

4 

18 

11 

22 

33 

36 

36 

11 

53 

34 

68 

102 

68 

2 

70 

4 

4 

4 

4 

12 

3 

72 

36 

10 

11 

58 

36 

72 

lOR 

72 

2 

H 

4 

4 

4 

8 

4 

9 

12 

3 

81 

(a)Total >amples computed on the basis of stalnlizat1on periods of II, 34, 
,~nd 36 weeks for the minHllill, modest, dnd complex pions, respectively 

(b 1 ><nnual and sem1-annual samples e~t1rnated on il pro rata basis. 
(c)lncludes one control Sdmple location. 
(d)~hree dosimeters at eoch locat1on. 

l 0-47 



program summarized in Table 7.2-3. The frequency of onsite soil sampling is 
increased during stabilization, and special sample points are designated, to 
detect any changes in radioactivity levels in the soil caused by stabilization 
procedures. 

The total number of environmental samples required during site stabiliza

tion by the modest or complex plans is based on time requirements for the com

pletion of decommissioning activities (34 weeks for the modest plan and 
36 weeks for the complex plan). The sampling program for the minimal stabili

zation plan is simply a continuation of the program during burial operations, 

shown in Table 7.2-3. 

10.5 STABILIZATION SUPPORT ACTIVITIES 

Several support activities are necessary to ensure the successful and 
efficient completion of LLW burial ground decommissioning by site/waste stabil

ization. A planning and preparation phase, which includes all activities 
necessary to prepare for decommissioning, is completed during the final months 
of burial ground operations before the actual stabilization begins. The acti
vities described below apply particularly to site stabilization by the modest 

and complex plans. For sites where trench stabilization has been a part of 
operating procedures and only minimal stabilization is required prior to site 
release, a much reduced planning effort would be necessary. For example, a 

Master Decommissioning Plan would already have been prepared, but some form of 
environmental assessment would probably be required prior to termination of 
the operating license. 

A quality assurance program is carried on throughout the decommissioning 
effort, beginning with the planning and preparation phase and continuing on 
through the actual stabilization period. Additional quality assurance details 

are provided in Section F.2 of Volume 2. 

10.5.1 Planning and Preparation for Burial Ground Stabilization 

Planning and preparation activities for burial ground stabilization are 

carried out concurrently with the final 18 months of burial ground operation. 
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At the beginning of this period, the site operator assembles a staff to per

form planning and preparation functions and to oversee the decommissioning 
activities. The members of this staff draw on their own experience. as well 
as the experience of others. in carrying out their assignments. 

Planning and preparation activities include: 

• preparation of a Master Decommissioning Plan 
• preparation of an Environmental Impact Statement 
• preparation of new and revised technical specifications 
• preparation of detailed work plans and procedures 

• selection of contractors and training of decommissioning workers 
• procurement and testing of special equipment and materials. 

Figure 10.5-1 shows the time sequence for the work associated with the planning 
and preparation phase, which includes all activities required to prepare for 
the stabilization of the burial ground. 

A major activity during the planning and preparation phase is the prepara

tion and submittal of a Master Decommissioning Plan for review and approval by 
the appropriate state or federal regulatory agency. The plan includes a 
description of the documentation required for decommissioning as well as a gen
eral description of decommissioning activities. It is based on appropriate 

PREPARE DECCWIMISSIONING PLAN FOR NRC AND/OR STATE 
REGULATORY AGENCY 

PREPARE ENVIRONMENTAL IMPACT STATEMENT 

REGULATORY AGENCY REVIEW, DECOMMISSIONING APPROVALS 
OBTAINED 

PREPARE NEW AND REV I SED TECHNICAL SPECIFICATIONS 

PREPARE DETAIL£0 WORK PLANS AND PROCEDURES 

PROCURE AND TEST SPECIAL EQUIPMENT AND MATERIALS 

SELECT CONTRACTORS AND PROVIDE NECESSARY TRAI Nl NG 

FINAL SITE SURVEY r--
18 15 12 ' 6 3 0 

MONTHS BEFORE STABILIZATION BEGINS 

FIGURE 10.5-1. Sequence and Schedule of the Planning and Preparation Phase of 
Site/Waste Stabilization 
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decommissioning criteria and on regulations and guides applicable to decommis

sioning. (Deco!TD11issioning criteria are discussed in Section 8. A review of 
the current status of regulations applicable to decommissioning an LLW burial 
ground is given in Section 5.} The plan addresses the following items: 

• mission and objectives 
• project work scope 
• documentation required for decommissioning 

• methods and procedures 
• schedule of operations 
• safety 
• quality assurance 
• potential problem areas. 

In conjunction with the preparation of the r·1aster Decommissioning Plan, 

data are developed to assess the environmental impact of decommissioning acti
vities. Environmental records are reviewed, areas with inconsistent or incom
plete data are identified, and additional measurements are made to provide a 
complete and accurate environmental picture. This information is then used to 

provide a basis for the final selection of decommissioning plans and methods. 
It also provides baseline data for future environmental surveillance activities 

(i.e., during long-term care}. 

Government regulations(?,S) require the preparation of an Environmental 
Impact Statement for activities, such as decommissioning an LLW burial ground, 
that could significantly affect the quality of the human environment. Topics 
covered in the statement include: 

• the environmental impact of the proposed action 

• any adverse environmental effects that cannot be avoided if the proposal 
is implemented 

• alternatives to the proposed action 

• the relationship between local short-term uses of man's environment and 
the maintenance and enhancement of long-term productivity 

• any irreversible and irretrievable commitments of resources that would 
be involved in the proposed action should it be implemented. 
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Although not currently required, another important component that should 

be included in the planning and preparation phase is the preparation of new 

and revised technical specifications. New specifications are required for 

equipment and materials that are used or installed during the stabilization 

and the subsequent long-term care activities, including such items as new 

environmental monitoring systems, stabilization equipment {e.g., compactors, 

hydroseeders, etc.), and materials (e.g., topsoil, plant seed, fertilizer, 

chemical stabilizers, mulches, etc.). These new items are chosen to meet the 

requirements of the specific stabilization plan in the most efficient and eco

nomical manner. Revised specifications are needed for equipment that remains 

and is used after burial ground operations cease (e.g., existing monitoring 

systems, wells, sumps, etc.). Specifications for items related solely to bur

ial ground operations, with no use during or following decommissioning, are 

deleted. 

Detailed work plans and procedures are prepared for the decommissioning 

activities. The Master Decommissioning Plan is divided into manageable tasks, 

and available decommissioning techniques are carefully reviewed. Decisions 

are then made on the general techniques to be used to accomplish each task. 

Detailed procedures are developed, along with related safety requirements, for 

each of the decommissioning tasks and also for any necessary predecommission

ing activities. Equipment and material requirements, manpower requirements, 

schedules, and costs are estimated. The plan is documented in detail, neces

sary safety analysis reports are prepared, and all appropriate documents are 

submitted to the proper governmental agencies for approval. 

It is assumed that decommissioning planning is performed by the site oper

ator but that the actual decommissioning activities associated with the modest 
and complex plans are performed by contractors hired specifically for this 

work. These contractors are selected during the final 8 months of burial 

ground operation, and their personnel are provided with any necessary training 

for their work. 

Any materials or special equipment needed for decommissioning are procured 

and tested during the planning and preparation phase. This ensures that all 
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items meet the specifications imposed on them. and that the decommissioning 

activities can proceed without undue delay after shutdown of the burial ground 
operations. 

The final step in the planning and preparation phase is a comprehensive 
radiation survey of the site. to verify that the site is free of surface con
tamination and to provide baseline radiation dose-rate information. This sur

vey is made in the last three months of burial ground operation. 

10.5.2 Quality Assurance Program 

An appropriate quality assurance (QA) program is carried on throughout 

the decommissioning effort to assure that all applicable regulations are met, 
that the work is performed according to plan, that the work does not endanger 

public safety, and that work procedures assure the safety of the decommission
ing staff. 

During the 12-month period prior to shutdown. the QA engineer is active 

in the following areas: 

• reviewing decommissioning plans for quality assurance involvement 

• preparing inspection/test procedures as work plans are developed 

• reviewing designs of test equipment for quality assurance input 

• ordering any inspection/test equipment required to perform quality 
assurance/quality control functions 

• receiving procured equipment and verifying acceptance 

• preparing inspection/test procedures to be imposed on contractors and 

subcontractors 

• finalizing and documenting the formal Quality Assurance Plan. 

The QA efforts during the actual stabilization period include: 

• performing QA functions for procurements 

• qualifying suppliers 

• auditing all program activities 
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• monitoring the performance of Foremen, Equipment Operators, Laborers, 
Truck Drivers and Health Physics Technicians for compliance with work 
procedures 

• verifying compliance of radioactive handling activities with appropriate 
procedures and regulations 

• performing necessary inspection services to assure compliance with work 
plans 

• maintaining auditable files on the QA audits 

• preparing a final report on overall performance of the decommissioning 
program with regard to the QA function. 

Additional details on the Quality Assurance Program are given in Sec-

tion F.2 of Volume 2. A nominal level of effort, consisting of audit functions 
and records checks, is required on an annual basis during the long-term care 
period following burial ground decommissioning. 

10.6 LONG-TERM CARE OF STABILIZED BURIAL GROUNDS 

Long-term care of an LLW burial site includes all activities required to 
maintain and verify the capability of the site to adequately confine the radio

nuclides to the immediate vicinity of the burial trenches. These activities 
are, in general, a continuation of maintenance and surveillance activities 
established during the site operation and stabilization periods. The long-term 
care period commences at the completion of site stabilization activities, and 
continues until it is determined that the waste materials buried at the site 
no longer pose a potential radiological hazard. For this study it is assumed 
that this period will be approximately 200 years. 

The activities and procedures discussed in this section pertain primarily 
to those tasks required to provide administrative control of the site, and to 
maintain site stabilization provisions and engineered surveillance systems. 

The estimated costs of long-term care activities are given in Section 12.2. 
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10.6.1 Administrative Control of the Site 

Administrative control of an LLW burial site during long-term care gener

ally includes all those activities necessary to provide proper maintenance and 
surveillance of the site. The specific elements of site administrative control 
described in this section pertain to these requirements and to site access 
limitation. 

A responsible public agency serves as site manager during this period. 
In this function, the responsible agency integrates and coordinates all site
access authorizations for routine inspection, maintenance, and surveillance 
activities. The agency can perform these activities with its own personnel 

or can contract with qualified service organizations for site maintenance and 
surveillance activities. The agency maintains records of inspection and main

tenance activities. It also supervises the environmental surveillance program, 
maintains a file of the resulting data, and supervises the analysis of the data. 

Evaluation of environmental surveillance data should be performed period
ically (annually, or more often as required) to verify the adequacy of site 
maintenance activities and to detect any unusual radionuclide migration. To 
insure the availability of environmental data for evaluation it is important 

to store the data in a form that enhances retrievability. Storage in a form 
that makes the data available for computer analysis is desirable. 

With only periodic surveillance, continuous control of access into the 
exclusion area of the site is difficult to ensure. Permanent site markers and 
exclusion fencing provide the primary deterrent to unauthorized access. How
ever, if incidents of unauthorized entry, theft, or vandalism are frequent, 
the agency can install and monitor electronic intrusion-detection systems until 
more permanent deterrents are provided (e.g., hardened trench caps, added exclu

sion fencing, etc.). 

The responsible agency also administers and controls land use and property 

development activities in areas adjacent to the burial ground site. In this 

capacity, the agency must remain cognizant of all planned operations or acti

vities near the site that may alter projected behavior or accessibility of the 
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radionuclides contained in the burial site. The agency should inform develo

pers or entrepreneurs of the potential radiological considerations near the 
site, and should maintain pertinent demographic data for the area surrounding 

the site. 

10.6.2 Environmental Surveillance During Long-Term Care 

Environmental surveillance tasks are primarily concerned with sampling 

and laboratory analysis requirements. It is assumed that technical personnel 

from the responsible agency obtain environmental surveillance samples, consis

ting mainly of groundwater specimens, onsite soil and vegetation, small mam

mals, and ambient-radiation dosimeters. Analytical laboratory services are 

assumed to be provided by a nonagency contractor. Data evaluation may be per

formed by the responsible agency or by an outside contractor. 

Environmental surveillance during long-term care is discussed in Sec

tion 9.2.3 and summarized in Table 9.2-1. For the first 25 years after site 

stabilization, sampling frequencies and the number of sample locations are 

maintained at the level required during the operational period of the site. 

After the initial 25 years of long-term care, the environmental sampling 

requirements are assumed to be reduced, on an overall basis, to about one

quarter of the operational support level. Because of differences in physical 
site characteristics, sampling and analytical requirements for the humid east

ern site are somewhat greater than those for the arid western site. 

10.6.3 Site Maintenance During Long-Term Care 

Requirements for site maintenance during long-term care are expected to 
vary somewhat with the specific burial site. Although generic tasks such as 

erosion control, trench cap repair, water infiltration control, and vegetation 

management are basic maintenance elements at all burial sites, the methods of 

implementation reflect the variations in the site characteristics, particularly 

climatology. The maintenance requirements for the two reference sites are dis

cussed in the following sections. 
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10.6.3.1 Arid Western Site 

Requirements for site maintenance following stabilization of the western 
site by the minimal or modest plans are postulated to be identical. Require

ments for site maintenance following stabilization by the complex plan are 
somewhat greater because of the need to maintain the subsurface rock layer and 

hard cover. The minimal, modest, and complex plans for site stabilization of 

the western site are described in Section 10.3. Long-term site maintenance 

requirements are described below. 

Site Maintenance Following Stabilization by the Minimal or Modest Plan. 

The burial ground surface is inspected in several ways. Personnel entering 
the site for environmental sampling are assumed to give the site a quick vis

ual inspection to detect any obvious damage or deterioration. In addition, 

major (detailed) site inspections are scheduled periodically (monthly to 

yearly). For this study, it is assumed that major inspections normally occur 

twice each year--once in the late spring following the peak windy period and 

once in the late fall following the normal growing season. (More frequent 

inspections may be necessary during periods of unusual surface activity, such 

as extremely high winds or extended periods of heavy rainfall.) Of primary 

concern during the 

to the trench cap. 

spring inspection is the possibility of wind erosion damage 

The late fall inspection is primarily to assess the condi-

tion of site vegetation. The status of site access control structures (e.g., 

permanent boundary markers and/or exclusion fencing) and surveillance/monitor

ing systems is also determined during each inspection. 

Serious wind (or water) erosion to the trench cap is readily discernible; 

however, gradual attrition of the trench cap soil is not readily apparent by 

visual inspection. At each inspection, the current condition and thickness of 

the trench cap is compared to previous inspection data and to the original 

surface contour established during site stabilization. 

If erosion or other damage has occurred to the trench cover material, 

prompt action is required to prevent further damage and to ensure the safe 

confinement of the buried radionuclides. 
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Soil or trench cover material is replaced in the eroded areas, compacted, 
and graded to the original contour. In areas where repeated wind erosion has 
occurred, the composition of the cover materials can be altered to reduce or 

preclude further erosion damage. For example, the replacement cover material 
may contain crushed rock or gravel or added clay to enhance the adhesion and 
stability of materials vulnerable to erosion. (See item Fin Section 10.1.2.) 

Vegetation management is also a major long-term site maintenance activity. 

As stated in Section 10.3.2, site revegetation with shallow-rooted grasses is 
a key component of site stabilization, since root systems of such vegetation 

enhance the erosion resistance of the trench cap and evapotranspiration reduces 
the percolation of water through the soil. The condition of burial ground 

vegetation must be carefully examined at each site inspection. Fertilizers, 
mulches, and/or pesticides are applied to site vegetation as needed to main
tain a healthy vegetative community. Areas of trench cap repair, or areas in 
which erosion or prairie fire has destroyed the vegetation, must be reseeded 
and fertilized to reestablish a healthy grass cover; the optimum period for 

these revegetation activities is the fall season. The presence of undesirable 
vegetation must also be noted during site inspection. Deep-rooted vegetation, 
such as tumbleweed and sagebrush, must be cleared from the site and destroyed 
(by burning or chemical treatment} to deter natural reseeding or reestablish

ment of undesirable species. 

During each site inspection, the integrity of exclusion fences and the 

condition of boundary markers (or location monuments) are determined. Evi
dence of unauthorized site entry by humans or site entry by burrowing or forag
ing animals is noted, and measures are taken to prevent or deter recurrence. 
Such measures include repairs to and upgrading of exclusion fencing, boundary 
markers, warning signs, or other site control structures. These measures 
commence immediately after completion of the site inspection. All site main

tenance and repair activities are coordinated with the site environmental sur
veillance procedures described in Section 10.6.2. Repairs and upgrading of 
environmental surveillance systems are expected periodically; such tasks are 

normally performed with other site maintenance activities to minimize and con
trol the impact of equipment traffic on the site. 
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Records of all site inspections and repairs are needed to facilitate the 

continuation of maintenance activities. Accurate records of site condition 
details and required maintenance activities provide succeeding site caretakers 

with essential data for planning continued surveillance and maintenance 

activities. 

Site Maintenance Following Stabilization by the Complex Plan. Site 

inspection requirements for the complex stabilization plan are generally 

reduced because of the greater thickness of the trench cap and the greater 

resistance of the trench cover (subsurface rock layer with hard top) to environ

mental effects. Therefore, it is postulated that major site inspections are 

needed only on an annual basis. (As before, more frequent inspections may be 

necessary during periods of unusual surface activity, such as extremely high 

winds or extended periods of heavy rainfall.) The annual inspection is sup
plemented by the quick visual checks made during environmental sampling. 

The condition of the trench cap and vegetation cover is of primary impor
tance at each annual inspection. All areas are examined for evidence of ero

sion damage, and corrective repairs are made as needed. Trench cap materials 

are added to the eroded areas to restore the original site contours. The 

repaired areas are seeded with shallow-rooted arid-land grasses, and fertili

zers, mulches, and pesticides are applied as needed to promote rapid recovery 

of the vegetation. 

Because of the added weight resulting from the increased overburden and 

the subsurface rock layer, some subsidence of the stabilization profile can be 

expected over the 200-year period postulated for long-term care. During each 

annual inspection, surface contours of the trench caps are compared (in detail) 

with those of the previous annual inspection and with the original site con

tours established during stabilization. Minor subsidence of the surface pro

file (which may be visually apparent but does not cause significant cracking 

or disruption of the surface) is not of great concern, since some minor slump

ing and densification of the capping material is considered a normal occurrence 

during the 2- to 3-year period immediately following site stabilization. Ser

ious subsidence of the surface profile (causing noticeable surface damage) is 

of considerable concern, since such an occurrence can compromise the integrity 
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of the hard cover over the subsurface rock layer. Serious subsidence can also 

create a depression in the trench cap that acts as a collection basin for run

off or that is vulnerable to accelerated wind or water erosion. Areas of ser

ious subsidence are repaired to restore the confinement capability of the 

trench cover and subsurface structures. The repair procedure requires removal 

of the capping material in the affected area, to expose the hard cover for 

detailed inspection. This allows for verification of the subsidence mechanism 

and for appropriate remedial measures (e.g., compaction). After this is com

pleted, the depression in the hard cover is filled with rock or gravel to the 

original elevation profile of the subsurface rock layer, and the hard cover 

over the entire fill/repair area is patched. Care must be exercised in patch

ing the hard cover to ensure that the edges of the patch form an effective 

seal with the original hard cover, thus restoring the integrity of the hard 

cover over the entire surface of the trench area. After completing the patch, 

the trench cap materials are replaced over the repaired area. Capping mate

rials are supplemented as needed to restore the original contour and profile 

of the surface. Revegetation of the surface completes the repair procedure. 

Other long-term care activities for the complex plan include general 

vegetation management tasks, inspection and repair of site access control 

structures, upgrading and repair of environmental surveillance systems, and 

documentation of maintenance and surveillance activities. The intent and 

implementation of these activities are essentially identical to the comparable 

requirements of the minimal and modest stabilization plans, described 
previously. 

10.6.3.2 Humid Eastern Site 

Requirements for site maintenance following stabilization of the eastern 
site by the minimal or modest plans are postulated to be identical. Require

ments for site maintenance following stabilization by the complex plan are 

somewhat greater because of the need to maintain the subsurface hard layer and 

the peripheral drainage system. The minimal, modest, and complex plans for 

site stabilization of the eastern site are described in Section 10.4. long

term site maintenance requirements are described below. 
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Site Maintenance Following Stabilization by the Minimal or Modest Plan. 
Major inspections at the humid eastern site are assumed to be conducted four 
times a year, on a quarterly basis. The increase in inspection frequency at 

the eastern site over that required for the western site is necessitated by 
the greater precipitation at the eastern site. (Additional inspections· may be 
required after periods of severe weathe~.) The primary concern at each inspec
tion is the effect of precipitation and resulting runoff on the site stabiliza
tion measures. The condition of trench caps, vegetation, drainage ditches, 
and site surveillance and access control structures is determined during each 
inspection. Planning for any required maintenance and repair immediately fol

lows the inspection. 

Trench cap areas damaged by water erosion or subsidence are restored to 

the original capping thickness and reseeded with shallow-rooted vegetation, 
with attendant applications of fertilizers, mulches, and pesticides. Unde
sired deep-rooted vegetation is cleared from the site and the grass cover is 

mowed, as required. Drainage ditches are cleared of debris to restore the 

desired flow channels. Site contours are adjusted or restored to control sur
face runoff, and vegetation is restored in all areas damaged by equipment 
traffic during site contouring. Repairs to site boundary markers, exclusion 
fencing, and any surveillance/monitoring systems (e.g., air samplers) are per
formed as needed to maintain their functional status. Detailed records of the 

inspection and maintenance activities are prepared and placed in site documen
tation files. 

Complex Stabilization Plan Maintenance. Maintenance requirements for the 
complex stabilization plan include all the activities described above for the 
modest plan, together with maintenance of the subsurface asphalt-soil hard 
layer, trench-sump wells, and the peripheral drainage and diversion systems. 

The subsurface asphalt-soil hard layer must be repaired in areas where ser

ious subsidence has occurred. This procedure is similar to subsidence repair 
for the western site. Trench capping material in the affected area is removed 

to expose the hard layer. Fill (gravel or clay) is added and compacted into 

the depression to restore the original elevation profile of the hard layer. 
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The fill area is then covered with an asphalt-soil mixture and compacted, and 
the perimeter of the patched area is joined to the original hard layer to 
restore the integrity of the layer. The trench cap material is then replaced 

and contoured to the original profile. Reseeding of the area with shallow
rooted vegetation completes the maintenance procedure. 

All trench-sump wells are checked during each site inspection. Silt or 
other debris in the well casing is removed to restore the functional capability 

of the sump wells. In the event the well casing has collapsed or seriously 
shifted, or has become otherwise inserviceable because of corrosion or crack
ing, a new well is installed immediately adjacent to the original one. Engin
eering drawings and other technical documents from the original stabilization 

are consulted prior to well replacement to ensure safe and successful comple
tion of the project. 

The peripheral drainage and diversion system is expected to require little 
maintenance (other than vegetation control) during the long-term care period, 

because of the durability of the earthwork construction. However, it is pos
sible that extreme climatic changes or changes in hydrologic characteristics 
at the site may dictate major modifications to the original system. In that 
event, the original construction plans and procedures are consulted, and 

improvements are made as needed to restore or increase the system 1 s 
effectiveness. 

10.6.4 Possible Remedial Measures 

Site maintenance activities similar to those discussed above are expected 
to adequately preserve the confinement capabilities of the stabilized LLW bur
ial site. However, unanticipated site variables may increase maintenance 
requirements and/or the incidence of repeated damage to a given stabilization 
measure (e.g., chronic wind or water erosion at the same location of a given 
trench). In addition, some stabilization measures may not provide the antici
pated degree of confinement, as indicated by environmental surveillance data 

and site inspections. Such occurrences may indicate that additional remedial 
measures are needed to ensure the continued viability of the confinement sys

tems at the site. Remedial measures can involve application of established 
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(or modified) stabilization techniques, or the development and application of 

new techniques specifically tailored to the needs of the particular site or 

trench. Examples of possible remedial measures for both the western and east

ern sites are summarized here, and are described in Section 10.1 and Appendix F. 

10.6.4.1 Arid Western Site 

At the arid western site, persistent high winds or drought conditions may 

accelerate trench cap erosion and interfere with surface repairs such as trench 

cover backfilling and contouring or reseeding of shallow-rooted vegetation. 

Remedial action can consist of the establishment of a surface rock layer or the 

construction of a surface hard layer of asphalt or concrete. Hardening of the 

surface also provides added protection against human excavation, damage by for

aging or burrowing animals, and establishment of deep-rooted vegetation. 

Construction of wind breaks can also be used to reduce wind erosion dam

age. Wind break structures may be "'sand fences," concrete walls, or berms of 

built-up rock or gravel. The wind breaks are generally placed at right angles 

to the prevailing wind. Strategic placement of a wind break can actually 

result in the buildup of the trench cover, through accumulation or mounding 

of wind-blown soil on the downwind side of the wind break. 

10.6.4.2 Humid Eastern Site 

Extended periods of heavy precipitation at the humid eastern site may 

result in accelerated water erosion of the trench cap (due to heavy surface 
runoff), increased infiltration of water into the trenches, and significant 
changes in groundwater elevations and flow paths. Possible remedial measures 

include the construction of interceptor/diversion ditches in the vicinity of 
the trench cap to redirect surface runoff away from the trench, and trench cap 
sealing with bentonite-shale layers or subsurface membranes (of plastic, rubber, 

or synthetic composites) to reduce infiltration into the LY'ench. Curtain walls 

or subsurface trench dams may be installed to divert groundwater flows or 

reduce groundwater e-1 evations in the vicinity of the trenches. Trench-sump 

pumps may be installed in sump wells at the lower end of trenches to remove or 
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control water in the trench, or to eliminate surface seepage at the perimeter 

of the trench. Facilities for treating water pumped from the trenches are pro
vided to contain and package the radionuclides present in the trench water. 

Water treatment systems include pumps, piping, surge tanks, evaporators, offgas 

de-entrainers, and sludge concentrate solidification and packaging units. 
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11.0 WASTE RELOCATION ACTIVITIES 

Waste relocation from a low-level waste (LLW) burial ground involves 

exhumation of the buried waste, repackaging the waste if necessary, and 

reburial of the waste at a deep geologic disposal site, a federally operated 
or other commercial shallow-land burial ground, or in another trench on the 

same site. The rationale for waste relocation is discussed in Section 4. 

Because of the potential for significant radiation exposure to decommission

ing workers and the high dollar costs, waste relocation would likely be con

sidered only in situations where site/waste stabilization and long-term care 

are not sufficient to ensure the continued capability of the site to provide 

adequate containment of the buried waste. In this study, partial waste relo

cation is investigated in detail for the following cases: 

• relocation of high beta-gamma radioactivity waste from a slit trench 

• relocation of transuranic (TRU) waste from a section of a burial trench 

• relocation of all of the waste from a single burial trench. 

In addition, an estimate is made of the manpower, time and cost of relocating 

the waste from the entire reference burial ground. 

This section describes methods and procedures for relocating radioactive 

waste for the three special cases listed above. Waste relocation program con

siderations are discussed in Section 11.1. The exhumation of high beta-gamma 

activity wastes (e.g., non-fuel-bearing reactor components) from a slit trench 

is described in Section 11 .2. Removal of a TRU waste package from a section 

of a burial trench is described in Section 11.3. After selective exhumation 
of the more hazardous wastes has been accomplished, relatively simple excava

tion techniques can usually be used to safely exhume the balance of the wa.ste 

from a burial trench. These techniques are described in Section 11.4. 

Manpower estimates and costs for the waste relocation options described 

in this section and for relocation of the waste from the entire reference 

burial ground are summarized in Section 12. Details of waste relocation 

activities are presented in Appendix G, and cost details are presented in 

Appendix H of Volume 2. 
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ll.l WASTE RELOCATION PROGRAM CONSIDERATIONS 

This section provides a general discussion of some factors that must be 
considered in developing a waste relocation plan for a particular site, and 
of the steps required to develop the plan. 

11.1.1 Selection of Decommissioning Techniques 

Several factors can influence the selection of the techniques and proce
dures used for waste relocation at a particular site. Some obvious factors 

are manpower requirements, time, and costs. Additional factors can be cate
gorized as follows: 

• decommissioning criteria 

• site considerations 
• waste considerations. 

11.1.1.1 Decommissioning Criteria 

Formal criteria for the decommissioning of LLW burial grounds have not 
yet been established by government regulatory agencies. (l) Residual radio
activity levels permitted by such criteria will determine the magnitude 
of the decommissioning task in terms of the quantity of waste to be exhumed 

as well as the amount of associated contaminated soil requiring removai and 
packaging. 

11.1.1.2 Site Considerations 

Site-related factors influencing the selection of waste exhumation and 
handling techniques include climate, hydrology, and the physical and chemical 
properties of soil. 

The frequency and severity of adverse weather conditions determine weather 
protection requirements for excavation and waste handling activities. Tempera

ture extremes may require either the suspension of decommissioning activities 

or the use of enclosures equipped with HVAC (heating, ventilation and air condi
tioning). Heavy rain or snow require sheltering the working areas and pro

viding for drainage and runoff. Protection from high winds is necessary to 
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prevent resuspension and subsequent dispersion of contamination and contami
nated soils at the work site and offsite, with attendant potential for occu
pational and public exposure. 

The physical and chemical properties of the soil affect the choice of 
equipment used for soil removal. Sheet piling is necessary to prevent cave

ins while excavating in sandy soil, but may be unnecessary in more cohesive 
soils (e.g., soils with a high clay content). Dry soil conditions involving 

severe dusting require the use of procedures to wet the soil or to maintain 
an air sweep at the excavation face. Severe dusting might also dictate the 
use of protective clothing, including respirators, by decommissioning workers. 

11.1.1.3 Waste Considerations 

Waste package integrity, waste forms, and radionuclide inventories 

determine the relative ease of waste exhumation and repackaging. 

The fraction of associated contaminated soil requiring removal with the 
waste depends on the degree of package deterioration and consequent radio
nuclide migration into the soil around the package. For the oldest trenches, 
it is assumed that almost all of the waste packages (plywood boxes, 208-t 
steel drums and fiberboard containers) are badly deteriorated.( 2•3) For these 

trenches, all of the soil plus a layer from the bottom of the trench would 
need to be exhumed with the waste. The most recently buried waste packages 
can be assumed to be physically intact and, consequently, the amount of 

associated soil removed and packaged is solely a function of the ease of 

physical segregation. 

Removal of large cement caissons and of items of contaminated equipment 
requires the use of cranes and, in some cases, special grappling tools. 

The radionuclides present in the exhumed waste and specific radioactivity 
levels (i.e., radionuclide inventories) determine the radiological safety 
measures necessary to prevent significant exposure of decommissioning personnel 
to high radiation fields, as well as to prevent airborne radionuclide dispersion 

in excess of guideline concentrations. Extremes of containment requirements 
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are illustrated by the use of a portable metal building inside an air-support 
weather shield for excavation of badly deteriorated packages of TRU waste 

at Idaho National Engineering Laboratory (INEL), and the open-air excavation 
of a section of an LLW burial trench at the Savannah River Laboratory (SRL) 

(see Section 3.2). 

Shielding requirements for the protection of personnel during decommis
sioning operations depend on the specific radioactivity of the waste and on the 

shielding afforded by the packages used for burial. Much of the buried waste 
(approximately 50% by volume) is estimated to have a specific radioactivity 
less than 0.1 Cijm3 (see Table 7.3-2). However, high specific radioactivity 
wastes, such as demineralizer resins and 5 0Co sources, are also buried at 

commercial sites. 

11.1.2 Development of a Decommissioning Program Plan 

Waste relocation activities are assumed to be performed by a private con
tractor. This contractor is hired by the site operator who has responsibility 
to decommission the site in preparation for termination of his operating 

1 icense. 

The actual decommissioning of the site is preceded by a period of planning 
and preparation that includes activities to insure that the decommissioning 
effort is performed in a safe and cost-effective manner in accordance with 
all applicable federal, state and local regulations. In the performance of 
these planning and preparation activities, the decommissioning contractor 
works closely with the site operator. These activities can be grouped in 
the following categories: 

• site characterization 
• documentation for regulatory agencies 

• development of a detailed work plan. 

11 .1 .2 .1 Site Characterization 

Site characterization involves verification of the location and the radio
nuclide content of packages of buried waste and assessment of the condition of 

these packages and the extent of radionuclide migration. Techniques for site 
characterization include: 
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• review of burial ground operating procedures 

• examination of waste burial records 
• examination of environmental surveillance records 

• physical survey of the site 

• core sampling. 

Burial ground operations are reviewed to evaluate the impact of waste 

burial procedures, trench capping procedures, and site maintenance activities 
on decommissioning requirements. 

Waste burial records are examined to determine the wastes buried in a 
particular trench, the types of packaging, and the curie content of the 

packages. As indicated in Section 7, burial records for older trenches are 
incomplete and, in some instances, inaccurate. However, recent improvements 

in records maintenance procedures may make it possible to characterize the 
radionuclide content of newer trenches in some detail, and to verify the 

location of a waste package to within about 5 to 10m. The buried waste can 
then be more precisely located by core sampling. 

A review of environmental monitoring records provides background informa
tion on the extent and type of radionuclide migration that may have occurred 

at a site. It also provides a data baseline for use in determining whether 
decommissioning activities are effective in limiting the release of radio

activity to acceptable levels. Additional environmental monitoring during 
the planning and preparation phase may be necessary to provide a data base 

that is adequate for comparison with post-decommissioning monitoring data. 

The physical survey of the site serves to define the boundaries of indi
vidual burial trenches. Where waste exhumation is to be performed, the site 
survey also identifies the approximate locations of particular waste packages 
whose burial locations are shown on trench grid maps. 

Core sampling is used to precisely locate the position of a particular 
waste package. It is also used to determine the extent of radionuclide migra

tion within a trench and from a trench into the surrounding soil. In most 
instances. the objective of core sampling is simply to drill a hole for inser
tion of the probe from a monitoring instrument. In addition, analysis of the 
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soil sample removed by drilling can give an indication of package integrity 

and waste migration. The core sampling program is in three phases: 

• random sampling of a trench 

• planned sampling to more precisely define identified regions of high 

radioactivity and abnormal or unusual 1~aste forms (i.e .• toxic or patho

logic chemicals) 

• repeat sampling to resolve differences between initial sample results 

and trench burial records. 

The core sampling program provides an operations control function throughout 

the decommissioning project. Details of core sampling procedures are given 

in Appendix G of Volume 2. 

11.1 .2.2 Documentation for Regulatory Agencies 

A major activity during the planning and preparation phase is the prepara

tion and submittal for review by regulatory agencies of documentation that 

describes the proposed decommissioning operations and their impact on man and 

the environment. Documents prepared for review include an Environmental 

Impact Statement and the Master Decommissioning Plan. For proposed waste relo

cation operations. the Environmental Impact Statement 1s a major decision tool 

that examines the risks of exhuming the waste versus the risks of leaving the 

waste in place. Both the Environmental Impact Statement and the Master Decom

missioning Plan are described in Section 10.5.1. 

In conjunction with the preparation of these documents. data are developed 

to assess the environmental impact of decommissioning activities. Environ

mental records are reviewed, areas with inconsistent or incomplete data are 

identified, and additional measurements are made to provide a complete and 

accurate environmental picture. This information is then used to assess the 

impact of waste relocation activities and to provide baseline data for future 

environmental surveillance activities. 

11.1.2.3 Development of Detailed Work Plans 

Detailed work plans are prepared, based on the Master Decommissioning 

Plan. For waste relocation, the detailed work plans address the following 

i terns: 
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• enclosure requirements 

• excavation procedures 
• waste packaging and transportation requirements 

• personnel protection 

• environmental monitoring and recor-ds maintenance. 

Enclosure Requirements. The primary considerations in enclosing an 

excavation area are weather protection and radionuclide containment. It is 

technically feasible to safely excavate the bulk of the waste from an LLW burial 

ground without either provision. Commercially available excavating equipment 

is designed to operate under a wide range of weather conditions. Operations 

can be suspended in extremely adverse weather. Airborne contamination in an 

open pit can be controlled with a fine spray of water over the pit area to 

prevent dust suspension. Detergents may be added to the water as a wetting 

agent to aid in soil penetration. (2) Fixation agents to enhance soil agglomera

tion are commercially available. 

During prolonged periods of adverse weather, or when excavating trench 

volumes containing large quantities of transuranics, potentially toxic or patho

genic wastes, or high concentrations of radionuclides in easily dispersed forms 

(volatile liquids), work enclosures may be required. Structures that meet a 

range of potential enclosure requirements are listed in Table 11.1-1. Wind 

protection can be accomplished with simple wind breaks, shields, or baffle 

arrangements to redirect the air flow away from the working area. Protection 

from heavy precipitation can be achieved through the use of simple covers such 

as free-span pole-type sheds, plastic "greenhouses," or with air-support-type 

tents such as the all-weather support shield used at INEL. (2) All structures 

would require provision for the collection and disposal of runoff. The all

weather shield used at INEL has several drawbacks. It has high capital and 
operating costs, is fragile, and is limited to only a few relocation cycles 

before severe fabric deterioration occurs. 

Portable sheet-metal buildings with provisions for inlet air and venti

lation exhaust treatment and with airlock type entry and exit are used where 

a containment/confinement structure is required.( 2, 4) Severe limitations are 

imposed on equipment used inside the containment structure. The constricted 
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TABLE 11.1-1. Enclosure Candidates for Use During Waste Exhumation 

Function T ' 

Weather Wind break 
Protection 

Weather Pro-
tection and 
Containment 

Pole Shed 

Air Supported 
Envelope 

Plastic 
Greenhouse 

Metal 
Building 

Description 

Portable barriers 
that redirect air 
flow away from pit 

Physically supported 
roof over pit to 
protect excavation 
from excessive 
precip1tation 

Fabric or plastic 
structure supported 
by air pressure 

Plastic sheet 
supported on 
frame10orl< 10i th 
HVAC and airlock 

Feasibility Cost 

De100nstrated Low 

Demonstrated Lo-

Demonstrated High 

Demonstrated Lo• 

Com:nent 

Useful only at low 10ind speeds. 

Useful only at low 10ind speeds. 
Provisions for runoff collec
tion and disposal required. 

Usable year around; fabric dete
rioratlon limits number of reloca
tions. HVAC capability provided. 

Useful only under moderate wea
ther conditions. Severe limits 
on equipment used inside. 

Portable sheet metal Demonstrated Moderate Useable year around. Severe limits 
shed with HVAC and on equipment used inside. 
airlock 

work space restricts equipment options and equipment size to primarily small 

backhoes and front-end loaders. The excavation rate is reduced by a factor 

of 2 or more over what could be achieved with an open-air excavation. 

Excavation Procedures. Excavation can be accomplished with conventional, 
commercially available equipment. 

A bottom-loading scraper earthmover is a good choice for removal of over
burden. A bulldozer, while satisfactory for clearing small areas, would 
require additional support for transport of the overburden from the site. The 
scraper performs both functions. Overburden can be deposited between adjacent 
trenches or at a central backfill accumulation point. 

Trench backfilling and site restoration can also be accomplished with 

bulldozers and scraper-earthmovers. 

Once the overburden is removed, the choice of equipment for performing 

the bulk of the excavation is dependent upon the particular waste packages 
being recovered and upon enclosure requirements as discussed in the previous 
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subsection. Large-capacity excavating equipment can be used if operating 
enclosures are not required. 
small backhoe or a front-end 

For work inside small sheet-metal enclosures, a 

loader can be used. The backhoe has the advan-
tage of allowing the operator to be out of the pit. Equipment for performing 
the bulk of the excavation for the three waste relocation cases discussed in 
this report is described in Sections 11.2 through 11.4. 

Some hand excavation work is performed, primarily in two different situ
ations: 

• final trench area cleanup for removal of spots of low-level contamination 
in trench bottom and sidewalls 

• dislodging large, intact waste packages having low associated dose rates. 

In the former case, hand excavation in conjunction with field surveys is the 
only practical method. In the latter case, the tradeoff is a drop in effi

ciency of total volume removal versus enhanced selectivity (i.e., soil seg
regation), ease of package removal, and reduced risk of package damage. 

Waste Packaging and Transportation Requirements. A number of options are 
available for waste materials handling, in view of the variety of waste pack
ages encountered as well as the variation in exhumed container integrity. 
When an intimate waste-soil mix is encountered with high radionuclide activity, 
field sorting is impractical and direct transfer from the excavation pit to 

the final package for transport is most satisfactory. When small intact waste 
packages exist with little or no smearable exterior contamination, simple 
transfer to a shipping container is the easiest and most efficient means of 
handling. Highly radioactive materials (especially breached packages and 
highly contaminated soil associated with such packages) are best repackaged 
within the excavation pit and immediately placed in a special, shielded ship
ping cask. Unusual or abnormal materials such as toxic/pathogenic chemicals 
must be handled on a special (case-by-case) basis, requiring definitive char
acterization of the material and its condition within the trench section. 

Trucking companies that specialize in nuclear materials shipments are 

contracted to ship packaged contaminated materials from the burial ground to 
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a deep geologic disposal site or a federal or other commercial shallow-land 

burial site. The types of containers used, the number of shipments, and the 
costs of these shipments are summarized in Section 12 for the waste relocation 
cases considered in this study. All waste shipments are made in compliance 

with federal, state, and local regulations as described in Section G.4 of 
Volume 2. 

Personnel Protection. Protection of decommissioning personnel from 
excessive exposure to radiation during waste relocation is of prime importance 
when planning and scheduling decommissioning operations. Waste exhumation, 
repackaging and shipping activities all conform to the principle of keeping 

occupational radiation doses As Low As is Reasonably Achievable (ALARA). 

Limitation of the dose rates received by decommissioning workers is 
achieved by: 

• restricting access to the excavation pit 

• utilization of portable and temporary shielding where necessary 

• utilization of physical barriers around areas where containers are stored 
prior to offsite shipment 

• administrative controls and careful pre-job planning. 

Worker protection from inhalation and ingestion of airborne radioactivity 
is achieved by: 

• minimizing open-pit excavation surface areas to control the total amount 
of material available for resuspension 

• use of soil stabilization techniques to minimize the lofting of contami
nated dust. {These techniques include spraying of the working face with 
water or oil.) 

• use of weather protection structures to minimize wind resuspension and 
dispersion and, where necessary, suspension of operations during periods 

of increased risk of dispersion due to high winds 
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• availability of respiratory protection (both canister and portable air 
supplied) with conditions administratively defined for mandatory use 

• use of continuous air monitoring equipment. 

In addition, wherever extreme contitions are encountered such that a risk 
of exceeding 10 CFR 20 limits at the site boundary exists, excavations are 
conducted within containment structures. 

Environmental Monitoring and Records Maintenance. An increase in airborne 

contamination during excavation of buried waste is a particular concern in 
planning for waste relocation activities. To monitor for airborne contamina

tion during waste exhumation, it is assumed in this study that two or more 
particulate air-sampling stations are located at the site boundary in the most 
probable downwind direction from digging operations. A station is also located 
upwind from the site to serve as a control. Filters from these sampling sta
tions are changed periodically (i.e., weekly) and counted for gross alpha and 

gross beta activity. In addition, each filter receives a gamma scan for any 
trace of gamma-emitting activation or fission products that may have become 
airborne. 

Constant air monitors are installed in the vicinity of an excavation to 
monitor contamination levels in areas where decommissioning activities are 

being performed. Thermoluminescent dosimeters are used for readout of ambient 
gamma dose. 

The presumed objective of waste relocation activities is to place the 

site in a condition that allows public use of the premises on either an unre
stricted or a restricted basis. Environmental monitoring activities (e.g., 
monitoring of ground and surface water and counting of samples of soil and 
vegetation) are performed for a period of several years following the comple
tion of exhumation activities, to verify that levels of radioactivity in the 

environment are low enough to permit public use of the site. Records that 
indicate clearly the scope and extent of waste relocation activities and the 

condition of the site at the conclusion of these activities are maintained at 
a location that permits easy public accessibility (see Section 9.3). 
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11 . 1 . 3 Qua 1 i ty Assurance Program 

An extensive quality assurance (QA} program is carried on throughout the 
decommissioning effort to assure that all applicable regulations are met, that 
the work is performed according to plan, that the work does not endanger public 
safety, and that the work procedures assure the safety of the decommissioning 
staff. 

During the planning and preparation period that precedes the actual waste 
relocation effort, QA personnel are active in the following areas: 

• reviewing decommissioning plans for quality assurance involvement 

• preparing inspection/test procedures as work plans are developed 

• reviewing designs of test equipment for quality input 

• ordering any inspection/test equipment required to perform quality assur
ance/quality control functions 

• receiving procured equipment and verifying acceptance 

• preparing inspection/test procedures to be imposed on contractors and sub
contractors 

• finalizing and documenting a formal Quality Assurance Plan. 

The QA efforts during the actual waste relocation period include: 

• performing QA functions for procurements 

• qualifying suppliers 

• auditing all program activities 

• monitoring performance of Foremen, Equipment Operators, Laborers, and 
Health Physics Technicians for compliance with work procedures 

• verifying compliance of radioactive packaging and shipping activities 
with appropriate procedures and regulations 

• performing necessary inspection services to assure compliance with work 

plans 
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• maintaining auditable files on the QA audits 

• preparing a final report on overall performance of the decommissioning 

program with regard to the QA function. 

Additional details of the Quality Assurance Program are given in 

Section F.2 of Volume 2. 

ll .2 RELOCATION OF HIGH BETA-GAMMA ACTIVITY WASTE FROM A SLIT TRENCH 

At some commercial sites, high beta-gamma radioactivity waste is buried 

separately from other radioactive waste in specially designed dry wells, pits, 
or slit trenches. To evaluate cost and safety requirements for the relocation 
of high-activity waste, this study describes procedures for the exhumation 

of canisters of non-fuel-bearing reactor components from a slit trench. The 
trench and its contents are described in Sections 7.2.3 and 7.3.2. 

The procedures outlined in this section are based on the following assump

tions. 

• There is negligible smearable contamination on the surfaces of the can

isters. 

• No soluble radionuclides are present in a slit trench. 

• There is minimal contamination associated with soil in the slit trenches. 

• Burial records are available that give information about package contents, 
date of burial and approximate location of each waste package in a trench. 

• Because of the greater potential for adverse weather conditions, waste 
relocation activities at the eastern site require a 20% longer time per
iod for completion than at the western site. 

Waste relocation from a slit trench includes several distinct operations. 
These are: 

• core drilling and sampling 

• overburden removal 

• sheet piling installation 

• trench excavation and waste exhumation 
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• packaging and shipping of retrieved canisters 
• sheet piling removal 

• trench backfilling and site restoration. 

Figure 11.2-1 shows the sequence of operations associated with waste relocation 
from a slit trench. 

"'' SITE 
OPERATIONS . 

ORILLA'W ..,.. INSTAll lO~O WASTE REMOVE 
S~MPLE EXCAVATE BACKFILL 

OVERBURDEN 
,.., 

CANISTER St€ET 
CORES PILING TRENCH TRENCH INTO CASK PILING 

TllANSPORT 
CANISTER 

TO DISPOSAL 
sm 

FIGURE 11.2-1. Sequence of Operations for Waste Relocation 
from a Slit Trench 

RESTOR£ 
sm 

Several alternatives exist for trench excavation and waste exhumation. 

These alternatives can have a major impact on decommissioning costs and sched
ules. Five alternative excavation methods evaluated in this study are: 

• hydraulic excavation 

• pneumatic excavation 

• polar crane 

• mobile gantry crane 

• mobi 1 e gantry crane in enclosed structure. 

These alternatives are briefly discussed in this section and are described in 
detail in Section G.l of Volume 2. 

All of the alternatives assume the installation of sheet piling along the 
two sides of a trench to limit the width of excavation. While sheet piling 
increases both the time and cost of excavation, it has the following advantages: 

• It avoids excessive slopes that might be encountered in unconfined exca

vation. This allows work close to the edge of a trench. 

• It acts to reduce the probability of cave-in during excavation and pro

vides extra support for heavy equipment operating close to the edge of 
the trench. 
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• The earth provides an efficient barrier to protect workers from the high 
radiation fields associated with waste buried in a slit trench. By 

allowing the sides of the trench to be vertical rather than sloping, 

sheet piling provides shielding benefits. 

To assess the impact of sheet piling on decommissioning schedules and costs, 

a non-piled exhumation is examined in connection with the least expensive 

excavation alternative, use of a polar crane. 

11.2.1 Core Drilling and Sampling 

It is assumed that the location of waste canisters in a slit trench can 

be approximately defined by eAamining existing burial records. To more pre

cisely characterize the positions of these waste packages, a program of core 

drilling and sampling is carried out. Core drilling can either precede or 

follow overburden removal. In most instances the objective of core drilling 

is simply to provide a hole for insertion of the probe from a monitoring 

instrument. Some core samples are analyzed to identify contaminated soil and 

define the probable extent of radionuclide migration. 

It is estimated that approximately 50 100-mm-diameter drill cores must be 

made to locate the waste in a slit trench. Each core is 7 m deep, in order to 

extend below the bottom of the trench. At a drilling rate of about 20 linear 

meters per day,(S) approximately 20 working days are required to complete the 

core drilling and sampling program. 

11.2.2 Overburden Removal 

When a slit trench is filled with waste it is capped with a covering of 

earth U1at extends above adjacent grade and is mounded over the trench to 

encourage water runoff. The initial decommissioning step is the removal of 

this upper layer, including vegetation. If the overburden is not contaminated, 

its removal can be handled effectively by several types of equipment. A 

bottom-loading scraper hauler is one of the most efficient and this method is 

assumed for the study. Since this excavation step is obviously more economic 

than the techniques described in Section 11.2.4, in practice it would be 

extended to the maximum depth that could be tolerated by radiation limits. For 

this study, it is assumed that 1 m of overburden is removed by a bottom-loading 
scraper hauler. 
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11.2.3 Sheet Piling Installation 

Sheet piling is installed along the sides of a trench before excavation 

operations begin. The piling is steel of intermediate thickness (130 kg/m2 ), 

with interlocking geometry. It is set back about 1.2 m on either side of the 

ori gina 1 trench walls and is driven to a depth of about 7. 2 m, or about 1 . 2 m 

below the slit-trench bottom, to provide a foundation support for the piling. 

Horizontal reinforcements (wales) are installed between lines of piling at 

ground level to prevent the piling from collapsing inward as the trench is 

excavated. 

Driving of the piling is accomplished by a steam- or air-driven "hammer 11 

within a structural skeleton suspended from a crane. Support equipment 

required for driving the piling includes pile caps, an air compressor, pile 

guides, and air and cable leads. For piling removal the equipment is similar, 

except that an "extractor" is used in place of a driver. 

For a 150-m-long trench, about 2,200 m2 of piling is required. At a 

driving rate of 90m2 per day, 25 working days are needed for piling instal

lation. Most of the piling can be salvaged for re-use. 

11.2.4 Trench Excavation and Waste Exhumation 

Trench excavation and retrieval of radioactive waste requires personnel 

protection from radioactive contamination and high radiation dose rates. The 

work area is controlled by health physics personnel, and anti-contamination 
clothing is required. Because of the high dose rate, most operations are 

performed remotely and entrance to the pit is generally prohibited. 

Several equipment options exist for remote excavation of a slit trench 

after overburden removal and sheet piling installation. These options are 

summarized in Table 11.2-1. The table provides numerical data on excavation 

rates and costs for each option, and a qualitative evaluation of four factors 

that should be considered in making a decision about the best equipment to 

use for a particular excavation requirement. The decision criteria factors 

in Table 11.2-1 are qualitatively ranked on a scale of l.ow, medium, and high. 

The factors include the reliability of the equipment, the probability that 
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TABLE 11.2-1. Equipment Options for Slit Trench Excavation 
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use of the equipment might result in damage to a buried canister, the potential 

for a spread of contamination (especially the dispersal of contaminated soil), 

and the potential for worker exposure. 

The equipment options listed in Table 11.2-1 are briefly described on the 

following pages. Details are found in Section G.l of Volume 2. 

11.2.4.1 Hydraulic Excavation 

Hydraulic excavation involves the use of a high-velocity stream of water 

to sluice out soil from the burial trench. The loosened soil is removed from 

the work area in the form of a mud or slurry. The mud or slurry is dewatered 

and recovered water is reused. The dewatered soil is stored for later use 

as backfi 11. 

The sluicing head used with this equipment contains both sluicing nozzles 

and a slurry pickup pipe. It is positioned over the trench, using a boom 
crane. A television camera is used for remote monitoring of the sluicing 

operation. Ten-em-diameter flexible hoses supply the sluice stream and 

retrieve the resultant slurry. 

The excavation rate is lower and the unit cost 1s higher for this option 

than for any other excavation option considered. 
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11.2.4.2 Pneumatic Excavation 

Pneumatic excavation combines mechanical digging of trench soil with 
pneumatic transport of the soil out of the trench. Soil is loosened remotely, 

using an excavation device (such as a spud fork) suspended from a long boom 
crane. A fluidizing stream of air is used to transport the freshly dug soil 
from the burial trench. 

If necessary or desirable for the separation of contaminated from non
contaminated soil, two alternate fluidized stream paths can be provided down
stream, equipped with valves that are controlled by signals from a radiation 
monitor. 

The excavation rate is higher and the unit cost lower for this option 
than for the hydraulic excavation option; but costs for this option are not 
as favorable as for the more conventional excavation methods considered. 

11.2.4.3 Polar Crane 

For this option a remotely operated clamshell-type digger suspended from 
the arm of a jib (polar} crane provides both mechanical digging and soil trans

port capability. The jib crane is motorized for travel and has a shielded cab 

for the operator. A remote television camera is used to visually monitor the 
digging and retrieving operations. 

This method is simple, low in cost, and has a high production rate. For 
purposes of cost comparisons, this excavation method is evaluated with and 
without sheet piling. Without sheet piling the excavation rate is postulated 
to be greater and the unit cost of excavation lower than it is with sheet 
piling. However, in order not to exceed the angle of repose of the soil at 

a burial site (i.e., to ensure the stability of the pit slopes), more soil must 
be excavated if sheet piling is not used. For an assumed angle of repose of 
1:1, approximately twice as much soil is removed during excavation of a slit 

trench without sheet piling as is removed if sheet piling is used. As dis
cussed in Section 11.2, sheet piling provides an extra margin of both indus
trial accident-type safety and radiation shielding. 
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11.2.4.4 Mobile Gantry Crane 

The equipment and operation for this option is essentially the same as 
for the polar crane option {Section 11.2.4.3), except that the jib crane is 
replaced by a gantry crane. The crane is mounted on wheels that ride on 
tracks placed on either side of the excavation. The gantry crane articulated

arm clamshell is more convenient to move and operate than the clamshell 
attached to the arm of a jib crane. However, the capital cost of the equip
ment is somewhat higher. Excavation rates are comparable for the two cases. 

11 .2.4.5 Mobile Gantry Crane in Enclosed Structure 

In this option, the gantry crane is enclosed in a lightweight sheet-metal 
building that provides both weather protection and some confinement of contami
nation, should this be necessary. The building and bridge crane are both 
attached to a 7.5-m-wide by 15-m-long chassis mounted on wheeled carriages. 
The crane is remotely operated. The building is equipped with lighting, 

television cameras, water-spraying capability, and radiation detection 

instrumentation. The wheels on which the building chassis are mounted ride 
on tracks on either side of the excavation. 

A trap door in the roof of the building permits movement of casks into 
and out of the enclosure. The lower edges of the building are sealed with 
metal and rubber strips, or with inflatable rubber bumpers. 

The limited movement of equipment within the enclosure slows operations 
and, together with increased equipment requirements, increases the unit cost 
of operations. 

11.2.5 Packaging and Shipping of Retrieved Canisters 

As a canister is exposed during the excavation process, digging tempor
arily stops and the canister is disinterred and placed in a cask for shipment 

to a deep geologic disposal site or other shallow-land burial site. Retrieval 
of an exposed waste canister involves the following steps: 

1) moving an empty cask on its trailer to a position near the trench 

2) removal of the cask lid and transfer of the empty cask into the trench, 
using a supplementary crane equipped with a hook 
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3) remotely positioning the waste canister in the cask, using the supple

mentary crane 

4) remotely replacing the lid on the cask 

5) manually fastening the cask lid, since personnel exposure is minimal 

with the cask closed 

6) lifting the cask from the trench and securing it on the tractor-drawn 

trailer used to transfer it to deep geologic disposal. 

During transfer of a waste canister from its position in the slit trench 

to a shipping cask, the canister must be reoriented from a horizontal to a 

vertical position and raised for insertion into the cask. This operation is 

accomplished at the excavated end of the slit trench, where a cement block 

radiation shield is constructed. The shield affords protection to decommis

sioning workers while the canister is being raised in position for insertion 

into the shipping cask. 

Packaging and shipping of canisters exhumed from a slit trench is accom

plished in accordance with DOT regulations published in 49 CFR, Parts 173 

through 178, NRC regulations published in 10 CFR, Part 71, and Regulatory 

Guide 7.1. Shipments are made in massive lead and steel casks that provide 

protection from high gamma dose rates. Transport of the casks to a deep geo

logic disposal site or to a commercial or federally operated shallow-land 
burial site is accomplished using trucking companies that specialize in trans

porting radioactive materials. The distance from the LLW burial ground to the 

repository is assumed to be 2,400 km. A total of 5 days is assumed for the 
round trip, including a half day at each end to load and unload the cask. 

Details of waste shipment requirements and costs are found in Section 12.3. 

Cask requirements are determined by the speed of excavation and the time 

required to seal a canister inside a cask and remove it from the burial trench. 

This latter time requirement is estimated at 2 hours per canister. Assuming 

6 hours of trench work during an 8-hour shift, the total time required to 

exhume the 90 canisters from a slit trench is estimated at 57 work days for 

the polar crane option and 64 work days for the gantry crane option. (A 20% 
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increase in the time requirement is assumed for the eastern site to allow for 

inclement weather.) This represents an average canister packaging rate of 
about 1.5 canisters per day. Thus, a minimum of eight casks would be required 
on a continuous basis to expeditiously relocate the waste from a slit trench. 

It is postulated that the volume of contaminated soil requiring packaging 
and reburial or shipment to deep geologic disposal or to another shallow-land 
burial site is minimal. Contaminated soil is packaged in 1.2-m by 1.2-m by 

1.8-m steel boxes and shipped in exclusive-use vans. 

11.2.6 Trench Backfilling and Site Restoration 

After all of the canisters of high beta-gamma radioactivity waste are 
removed from a slit trench, the sheet piling is removed with a vibratory pile 
extractor. Extraction and salvage of the piling is assumed to proceed at the 
rate of 60 m2 per day. 

As the sheet piling is removed, the trench is backfilled with soil removed 

from the trench supplemented by trucked borrow materials to fill the trench 
area to adjacent grade levels. For onsite soil, this can be a bulldozing 

operation. 

Compaction of the backfill is accomplished with a roller. The trench 

area is then graded and seeded to conform with surface conditions for the 
entire burial ground. Site maintenance activities are described in 
Section 10.6.3. 

11.2.7 Work Schedule Estimates 

Work schedules for the completion of decommissioning activities related 
to relocation of high beta-gamma radioactivity waste from a slit trench are 
shown in Figure 11.2-2 for the western site and in Figure 11.2-3 for the 
eastern site. These work schedules are based on time requirements for waste 
relocation operations shown in Table 11.2-2, with appropriate consideration 
for overlap of operations that can be performed simultaneously. Time require

ments for waste relocation operations are determined from operating crew 
requirements shown in Table 11.2-3. 
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TABLE 11.2-2. Time Requirements for Waste Relocation from a Slit Trench 

OR_eration 

Drill and Sample Cores(a) 

Remove Overburden 

Install Sheet Piling(a) 

Excavate Trench and 
Exhume Waste 

HobilizatiQn/Oemobili
zationlbJ 

Excavate 

Exhume 

Subtotal 

Remove Sheet Piling(a) 

Backfi 11 Trench 

Total 

Total with Overlaps(c} 

Hydraulic 
Excavation 

Western Eastern 
Site Site 

20 

3 

27 

16 

108 

30 

154 

38 

4 

246 

221 

14 

3 

33 

19 

130 

36 

185 

45 

5 

295 

176 

Pneumatic 
Excavation 

Western Eastern 
site ____ii_'tt_ 

20 

3 

27 

11 

54 

30 

96 

38 

4 

188 

170 

24 

3 

33 

14 

65 

36 

115 

45 

5 

225 

107 

Time Requirements in Working Days 

Polar Crane with 
Sheet Piling 

Western Eastern 
Site _____ij_ tt._ 

10 

3 

27 

1 

17 
30 

59 

38 

4 

151 

144 

24 

3 

33 

1 

33 

36 

71 

45 

5 

181 

179 

Polar Crane 
without 

Sheet Piling 
Western Eastern 
~ ____j_ili 

10 

3 

1 

36 

30 

68 

4 

95 

93 

24 

3 

1 

43 
36 

81 

5 

ll3 

111 

(a}Time requirements include one day each for mobilization and demobilization. 

Gantry Crane 
Western Eastern 

Site Site 

10 

3 

17 

8 

34 
30 

72 

38 

_i 

164 

152 

24 

3 

33 

10 

41 

36 

87 

45 

5 

197 

187 

Enclosed 
Gantry Crane 

Western Eastern 
Site ~ 

20 

3 

17 

14 

64 

30 

108 

38 

4 

100 

181 

24 

3 

33 

17 
77 

36 

130 

45 

5 

240 

223 

{b}Mobilization/Oemobilization includes all activities required to install the equipment prior to the start of operations and to 
decontaminate and remove the equipment after operations are completed. 

(c)See Figures 11.2-2 and 11.2-J. 



TABLE 11.2-3. Operating Crew Requirements for Waste 
Relocation from a Slit Trench 

Operation 

Drill and Sample Cores 

Remove Overburden 

Install Sheet Piling 

Excavation/Exhumation 

Remove Sheet Piling 

Backfill Trench 

Operating Crew 

Drilling Foreman 
Laborer - 2 
Health Physics Technician 

Equipment Operator 
Health Physics Technician 

Foreman 
Equipment Operator - 2 
Laborer 
Health Physics Technician 

Foreman 
Equipment Operator - 2 
Laborer - 2 
Health Physics Technician 
Foreman 
Equipment Operator - 2 
Laborer 
Health Physics Technician 
Equipment Operator- 2 
Truck Driver 
Health Physics Technician 

The number of people in each operating crew shown in Table 11.2-3 is 

based solely on personnel requirements for efficient performance of the work. 
No allowance is made for an increase in crew size to limit worker exposure 
to radiation. Occupational exposure calculations summarized in Section 13.3 

indicate that there is a high potential for worker exposure to radiation 
during some waste relocation operations. Using work requirements as the sole 
criterion for determining crew size results in an underestimate of the number 
of workers required, if individual occupational doses are kept within the 
limits defined by regulations. To limit occupational exposure, crew sizes 
would need to be increased, or an individual whose dose limit has been reached 
would need to be reassigned to a job that does not involve exposure to radia

tion. Thus, several individuals might perform a task that in Table 11.2-3 is 

shown as requiring the services of a single worker. 
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Work schedules are shown for each of the excavation alternatives consid
ered in the study. For each alternative, the times required for all waste 

relocation operations at a given site (other than trench excavation) are the 
same. Sheet piling installation, trench excavation, sheet piling removal, 
and trench backfilling are all estimated to require about 20% more time for 
completion at the eastern site than at the western site, to allow for adverse 

weather conditions at the eastern site. 

Considering only those options in which sheet piling is used, total 

times for waste relocation from a slit trench at the western site are esti
mated to range from 29 weeks for excavation using a polar crane to 45 weeks 

for excavation using hydraulic removal and transport of the soil. At the 
eastern site, waste relocation times are estimated to range from 36 weeks for 
excavation using a polar crane to 55 weeks for hydraulic excavation. Waste 
relocation, using a polar crane without sheet piling, is estimated to require 

19 weeks for completion at the western site and 23 weeks for completion at the 
eastern site. 

11.3 RELOCATION OF TRANSURANIC WASTE FROM A SECTION OF A BURIAL TRENCH 

This section describes methods and procedures for exhumation of a package 
of TRU waste from a section of a burial trench. The waste package is assumed 
to have a volume of less than 1 m3 and to contain 40 g of plutonium. The 

burial trench is described in Section 7.2.2. 

The procedures outlined in this section are based on the following 

assumptions: 

• Records are available that give the date of burial, package contents, 
type of package, and the approximate location in the trench (to within 

5 to 10 m) of the TRU waste package. 

• The package is a wood or fiberboard container or 208-t steel drum that 

has experienced significant deterioration. 

• Non-TRU waste that is exhumed to get to the TRU waste is returned to the 

excavation as part of the fill after the TRU package has been retrieved. 
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TRU package removal from a conventional burial trench includes several 
distinct operations. These are: 

• core drilling and sampling 
• overburden removal 
• sheet piling installation 

• TRU package excavation 
• repackaging and shipping of the TRU waste 
• sheet piling removal 

• backfilling and site restoration. 

Figure 11.3-1 shows the sequence of operations associated with TRU package 
remova 1. 

Retrieval of TRU waste takes place inside an enclosure that is constructed 
over the site of the excavation. Because of this, there is no difference in 
time required for excavation between the eastern and western sites. For other 
operations (e.g., pre/post excavation operations) a 20% greater time require
ment is assumed for the eastern site. 

Sheet piling is used for this excavation to limit the size of the exca
vation and to provide additional safety, as outlined in Section 11.2. 
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FIGURE 11.3-1. Sequence of Operations for Removal of TRU Waste from a 
Section of a Burial Trench 
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Excavation of TRU waste has been demonstrated at INEL( 2•5) and at Rocky 

Flats. (4) However, at these sites the TRU waste was not mixed with beta-gamma 

waste. Excavation of a TRU waste package at a commercial 

that inc 1 uded a 

burial ground would 

significant back-likely be performed under work conditions 

ground of beta and gamma radiation. This could result in a substantial beta-

gamma radiation dose to decommissioning workers as well as the potential for 

exposure to transuranics. Occupational radiation doses for this activity 

are summarized in Section 13.3. 

Several different excavation procedures have been employed in the demon

stration programs at INEL and Rocky Flats. Four excavation options for TRU 

package removal are considered in this study: 

l ) single enclosure with manual rxcavation techniques 
2) single enclosure with remote excavation techniques 

3) dou b 1 e enclosure with manual excavation techniques 

4) double enclosure with remote excavation techniques. 

These options are briefly discussed below and are described in detail 

in Section G.2 of Volume 2. 

11.3.1 Pre-Excavation Operations 

Pre-excavation operations include core drilling and sampling, overburden 

removal, and sheet piling installation. 

It is assumed that existing burial records permit the location of the TRU 

waste package to be determined to within 5 to 10m. Core drilling involves an 

initial step wherein 10 cores are obtained from strategic locations around the 
work area to identify and confirm the planned location of the sheet piling. 

Following this, needed detail is obtained with 10 follow-up cores to precisely 

identify the position of the TRU package and the probab~~ extent of any radio

nuclide migration. In total, 20 cores are drilled to an average depth of 8 m, 

totaling about 160 linear meters of core. A light drilling rig is adequate to 

drive these cores. Recognizing that the cores may be contaminated, special 

methods are used for radiation protection. The drill is encircled by an 

accordioned-plastic sleeve that is enclosed around a core as it is removed from 
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the earth. The plastic is then sealed at both ends. This provides protection 

while the core is transferred to a laboratory for analysis. Because of the 

need to enclose the cores as they are removed, the drilling rate is assumed to 

be reduced by 25% to 15 linear meters/day. 

Overburden is assumed to be removed from a 30-m-square area to a depth of 

1 m. A bulldozer or bottom-loading scraper is used, with a soil removal rate 

of about 160 m3jhr. Thus, 1 day is required for removal of the approximately 
900 mJ of overburden. 

Sheet piling is driven to provide a 10-m-square caisson to enclose the 

TRU waste package and permit easy access for excavation. The piling is steel 

of intermediate thickness (130 kg/m2), with interlocking geometry. It is 

driven to a depth of about 8.7 m, or about 1.2 m below the trench bottom, to 

provide a foundation support for the piling. At a rate of 90m2 per day, 

4 days are required to install the 350 m2 of piling. (Installation time is 

assumed to be 20% greater at the eastern site.) One day each for mobilization 

and demobilization of equipment is also required. 

Equipment used for sheet piling installation includes a crane, pile

driving equipment, a power source, and an air compressor, as described pre

viously in Section 11.2.3. 

11 .3.2 Trench Excavation and Waste Exhumation 

The TRU waste package is assumed to be buried at a depth of about 6 m 

below grade. Thus, a significant quantity of soil and non-TRU waste must be 

removed from the excavation area to reach the TRU package. The non-TRU waste 
is assumed to be returned to the pit as part of the backfill after the TRU 
waste is recovered. 

The package in which the TRU waste is buried is postulated to have deteri-
orated significantly, and 

the package is expected. 
some migration of waste into the soil surrounding 

Soil in the vicinity of the TRU package is surveyed 

and TRU-contaminated soil is packaged along with the waste for re-burial off
site. 
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Four options are considered in this study for enclosure of the work area 

and exhumation of the waste. These options are summarized in Table 11.3-1 

and described briefly below. Details are found in Section G.2 of Volume 2. 

TABLE 11.3-1. Excavation Options for Removal of TRU Waste 
from a Conventional Buri a 1 Trench 

___ O~pe_tci~_n .. ___ Enclosure 

S1ngle enclosure Lightweight 
with manual exc.ava- metal building 
tion 

Single enclosure 
with remote excava
tion 

Double enclosure 
with manual excava
tion 

Double enclosure 
with remote exca
vation 

Lightweight 
metal building 

Lightweight 
metal building 
inside air sup
port weather 
shield 

Lightweight 
metal building 
inside air sup
port weather 
shield 

txcavat1on of TRU Package 
Non--:-RU '~aste Disinterment 

Backhoe Backhoe and men with 
shovels 

Gantr·y crane Gantry crane and mobile 
with clamshell remotely controlled mani

pulator 

Backhoe Backhoe and men 1·1i th 
shovels 

Gantry crane Gantry crane and mobile 
with clamshell remotely controlled mani

pulator 

Two of the options involve men working in the pit area. All personnel 

operating within the confines of the steel building over the excavation are 

dressed in launderable anti-contamination clothing (coveralls, shoecovers and 
gloves) and utilize plastic bubble suits similar to those used at INEL for 
the Early Waste Retrieval (EWR) program(Z, 6 ) Breathing air is supplied to 

the suits from an a1r compressor specially designed to furnish clean air. 

The compressor has an electrical primary motor and a gasoline backup motor 

that can be used in the event of a power failure. 

Airborne contamination within the pit area is controlled by 

spray of water over the working face of the pit to prevent dust. 

using a fine 

Detergent 

is added to the water as a wetting agent to aid in soil penetration. 
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11.3.2.1 Single Enclosure with Manual Excavation 

For this option, the work enclosure is a lightweight metal building 

approximately 12m by 18m and 6 m high. The building is constructed of 

lightweight metal panels reinforced with steel beams and diagonal struts. 

It can be divided into two 6-m bays for ease of relocation from one site to 

another. Personnel access to the building is through a three-cell change 

booth. A large door is also provided for the movement of equipment and waste 

containers into and out of the building. This door is sealed during actual 

digging operations. A slightly negative air pressure is maintained inside 

the building, so that the flow of air is always inward. Exhaust air is fil
tered through roughing and HEPA filters. All interior surfaces of the building 

are painted with a strippable coating that can be removed (if necessary) to 

strip off contamination. 

Initial excavation within the pit area (defined by the sheet piling) is 

performed with a backhoe assisted, as necessary, by manual work crews. Exhu

mation of the TRU waste package is a cooperative effort involving manual work 

with shovels and assistance from the backhoe. Soil in the vicinity of the 

package is surveyed for TRU contamination. All TRU waste and TRU-contaminated 

soil is packaged in 1.2-m by 1.2-m by 1.8-m steel boxes lined with plastic. 

The boxes are lowered into and removed from the pit area using a small (10-MT 

capacity) boom crane. For this study, it is estimated that two steel boxes are 

required to contain the volume of TRU waste and contaminated soil removed from 

the pit. 

After the TRU waste is removed from the excavation, a small bulldozer is 
used to push the soil and waste mixture back into the pit and to generally 

clean up inside the work area. 

11.3.2.2 Single Enclosure with Remote Excavation 

Conditions within the excavation pit (i.e., a high radiation field or the 

possibility of a release of volatile radioactive material) may make it neces

sary to restrict the use of personnel inside the operating enclosure. Remote 

excavation of the TRU waste package may be required. Procedures for remote 

excavation are described in this section. 
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In this option, the containment structure described in the previous sec

tion is used. 

Excavation and exhumation is performed using a clamshell attached to a 

gantry crane. The frame on which the gantry crane is mounted is attached to 

a base with wheels to facilitate movement. A mobile remotely controlled mani

pulator (robot) equipped with tongs for handling a variety of small tools pro

vides mechanized assistance to the gantry crane and is utilized to clean up 

spills and close the metal boxes in which the waste is packaged. The mobile 

robot is described in Section G.2. All operations are monitored visually 

through windows in the containment building and remotely via television moni

tors. 

11 .3.2.3 Double Enclosure with Manual Excavation 

This option is based on the method used at INEL to retrieve waste contami

nated with transuranic elements from below-ground burial. (2,?) It involves 

the same procedures as described in Section 11 .3.2. 1 for the single enclosure 

with manual excavation option, except that double containment is provided 

during the excavation and repackaging of the waste by enclosing the light

weight metal building inside an Air-Support Weather Shield (ASWS). 

The ASWS is a reinforced fabric structure 20 m by 40 m by 12 m high. It 

is supported by air pressure from inside. The structure provides effective 

weather protection for the lightweight steel confinement building and associ

ated equipment and also provides a second level of confinement for radioactive 
particles dispersed in the air. It is designed to withstand winds up to 

160 km/hr and snow loading to 140 kg/m2 . Personnel working inside the ASWS 

wear anti-contamination clothing and carry respirators, but do not wear the 

bubble suits that are required for work inside the lightweight metal building. 

Details of the ASWS are given in Section G.2 of Volume 2. 
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11.3.2.4 Double Enclosure with Remote Excavation 

This option involves the same procedures as described in Section 11.3.2.2 
for the single enclosure with remote excavation. Double containment is pro

vided by enclosing the metal building inside the ASWS described in 

Section 11 .3.2.3. 

11.3.3 Packaging and Shipping of Retrieved Waste 

Packaging and shipping of retrieved TRU waste is accomplished in accor

dance with DOT regulations published in 49 CFR, Parts 173 through 178, NRC 

regulations published in 10 CFR, Part 71, and Regulatory Guide 7.1. For 

reburial at a federal repository, the waste is assumed to be packaged in 1 .2-m 

by 1.2-m by 1.8-m steel boxes. It is assumed that two boxes are required to 

contain the waste and associated contaminated soil from a single exhumation 

operation. The boxes are shipped to deep geologic disposal inside a Type B 
container,(a} such as a Super Tiger,(S) that can be transported by truck. 

The distance from the LLW burial ground to a deep geologic disposal site 
is assumed to be 2,400 km. A total of 5 days is assumed for the round trip, 

including a half day at each end to load and unload the Type B overpack. 

11.3.4 Post-Excavation Operations 

After the pit has been filled by replacing the non-TRU contaminated waste 

and soil that was removed in order to uncover the TRU-contaminated waste, the 

containment structures (the lightweight metal building and the ASWS, if used} 

are decontaminated, dismantled, and removed from the site. 

The final post-excavation operations include sheet piling removal and 

backfilling the trench area. The sheet piling removal step involves placing 

an extractor on the piling, decontaminating the pile after removing it from 

the earth, and storing the piling on the site. In the removal step, an extrac

tor is used with the same type of support equipment (crane, power, etc.) used 

(a}Type B container is designed to survive a series of hypothetical acci
dent test conditions with essentially no loss of containment and limited 
loss of shielding capability. The test sequence for Type B packages is 
designed to simulate the damage that might be expected in a severe acci
dent situation. See 10 CFR 71.36. 
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for driving the piling. Once extracted from the earth, only a minimal type of 

decontamination (such as washing with water) is considered necessary, with the 
possible addition of wire brushing. At an extraction rate of 60m2 per day, 

6 days are required to remove the piling from the ground and decontaminate it. 

Backfilling involves the replacement of the overburden that was originally 

removed and stockpiled {see Section 11.3.1). The overburden is mounded and 
compacted to restore the original trench grade. A bulldozer and a roller are 
used for this operation. Allowing for mobilization/demobilization of equip
ment, two days are required to complete this step. 

11.3.5 Work Schedule Estimates 

Work schedules for the completion of decommissioning activities for the 
relocation of TRU-contaminated waste from a conventional burial trench are 

shown in Figure 11.3-2 for the western site and in Figure 11.3-3 for the 

eastern site. These work schedules are based on time requirements for waste 
relocation operations shown in Table 11.3-2. Time requirements for waste 

relocation operations are based on operating crew requirements shown in 
Table 11.3-3. 

As in the case of relocation of high beta-gamma radioactivity waste from 
a slit trench, operating crews for relocation of TRU waste are based on the 
number of personnel required for efficient performance of the work. No allow
ance is made for increases in crew sizes to limit worker exposure to radiation. 
Occupational exposure calculations summarized in Section 13.3 indicate that 
the number of workers required for waste relocation may need to be increased 
to keep individual occupational doses within the limits defined by regulations. 

Work schedules are shown for each of the four enclosure and excavation 
alternatives considered in this study. For each alternative, the times 

required for all waste relocation operations at a given site {other than 
installation of the work enclosure and exhumation of the waste) are the same. 

Sheet piling installation. overburden removal, work enclosure installation, 
sheet piling removal, and trench backfilling are all estimated to require about 

20% more time for completion at the eastern site than at the western site, to 
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TABLE 11.3-2. Time Requirements for Removal of TRU Waste 
from a Section of a Buri a 1 Trench 

Time Reguirement in \lork1ng 0d,l5 
Single Enclosure Single Enclosure Double Enclosure Double Enclosure 

with Manual with Remote with Manua 1 with Remote 
Excavation Excavation Excavation Excavat1on 

lies tern Eastern Western Eastern ~<~estern Eastern Western Eastern 
Operation ~- ~ ~ Site _--l..!l.L Site ---~ ~-

Drill and Sample Cores(a) n 15 13 !5 n 15 n 15 

Remove Overburden 

!nsta 11 Sheet P1llng(a) 6 6 7 6 6 7 

Excavate Trench and 
hhume ltlaste 

lnsta 11 Enclosures 5 0 5 6 20 " 20 " Excavate Non- TRU 30 30 70 20 30 30 ?0 20 

Exhume TRU 5 5 5 

Clean Up & Remove 
Enclosures 6 6 I 5 Je 15 IS 

Sc·btotal 45 47 " 37 70 " 00 67 

Remove Sheet Pi 1 'ng (a) 8 10 8 10 8 10 8 10 

Bacl<fi II Trench £ ' 1 

To ta 1 75 82 65 72 100 112 90 102 

{a) T 1me requirements 1 nc I ude one day each '" moblllzatlon and demob1l i za t1 on. 

TABLE 11.3-3. Operating Crew Requirements for Removal of 
TRU Waste from a Section of a Burial Trench 

____ --~Q~p''"''''tci O~Cc_ -----

Drill and Sample Cores 

Remove Overburden 

lnstall Sheet Piling 

Excavate Trench and Exhume Waste 

Remove Sheet Pil 1ng 

Backflll and Restore S1te 

11-37 

_Operating _r:;_r_e_w __ _ 

Drilling Foreman 
Laborer - 2 
Health Physics Technician 

Equipment Operator 
Health Physics Technician 

Foreman 
Equipment Operator - 2 
Laborer 
Health Physics Technician 

Foreman 
Equipment Operator - 2 
Laborer - 2 
Health Physics Technician 

Foreman 
Equipment Operator - 2 
Laborer 
Hea 1 th Physics Technician 

Equipment Operator - 2 
Health Physics Technician 



allow for adverse weather conditions at the eastern site. Because waste exhu

mation takes place within an enclosure, excavation times are assumed to be the 

same at the two sites. 

Approximately 600 m3 of waste and soil must be removed from the upper 6 m 

of the pit area in order to reach the TRU-contaminated waste. To determine 

the time required to excavate this material, a rate of 5 m3/hr is assumed for 

both the manual and r'elllote excavation options. For manual operations it is 

postulated that men wearing bubble suits spend only 4 hours per vmrking day in 

actual excavation activities. For remote operations, 6 hours of excavation 

per working day is assumed. A rate of 1 mljday is assumed for excavation of 

the TRU-contaminated waste For both the manual and remote operations. 

For waste exhumation operations at INEL, the transfer of the ASWS from 

one site to another required more than 2 months time, and the relocation of 

the metal building within the \'leather sh·ield required 2 weeks to complete. (7) 

Assuming that future mobilization/demobilization activities would benefit from 

past experience, it is estimated that the 1\SWS could be put in place in 3 weeks 

and removed in 2 weeks. Thr: li~Jhtweiqht metal building is estimated to require 

1 week for erection at the ;ite and l week for removal. Construction times are 

based on the western s"ite, \'lith the eastern site requiring about 20% greater 

times. 

Total time requirements for exhumation of a package of TRU-contaminated 

waste from a conventional burial trench are relatively insensitive to whether 

the actual excavation is performed manually or remotely. Time requirements 

are estimated to range from 13 >-~eeks for the single enclosure option to 

20 weeks for the double enclosur·e option at the western site, and from 15 weeks 

for the single enclosure option to 23 weeks for the double enclosure option at 

the eastern site. 

11.4 RELOCATION OF ALL THE WASTE FROM A BURIAL TRENCH 

This section describes methods and procedures for the complete exhumation 

and relocation of the waste from one burial trench. The reference trench is 

described in Section 7 .2, and tire reference waste inventory is described in 
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Section 7 .3. It is assumed that higb beta-gamma dose-rate waste and TRU-con

taminated waste is selectively removed from the butial trench, using the 

techniques described in Sections ll.2 and 11.3. After selective exhumation 

of the more hazardous wastes is accomplished, rapid excavation techniques may 

be safely used to empty the trench of the remain-ing waste. These techniques 

are described in this section. 

The simplified approach described here for relocatiot1 of all the waste 

from a burial trench may not always be possible. As discussed in the follow

ing paragraphs, various factors may make it necessary to use the techniques 

given in Sections 11.2 and 11.3. 

Two important factors in the choice of 1-.Jaste relocation techniques are 

the radionuclide content and the specific activity of the buried waste. As 

shown 1n Section 7.3 (see Table 7.3-3), the average byproduct activity of the 

waste in a typical trench at the time the waste is postulated to be exhumed 

is about 4.3 Ci/mJ. The average TRU activity is less than 0.01 Cijm?. How

ever, in an actual trench, the 1-.raste ic, 110!. distributed uniformly. Some 

trenches will contain waste packages l.'lith byprodtJct or TRU activity 2 or 

3 orders of magnitude greater than i:he <J"eraqe. For example, about 4}~ of the 

total volume of waste in the reference burial q<·ouno consists of solidified 

deminera1izer resin with an average '->pecific activltv in the range of 70 to 

160 CijmJ (see Table 7.3-2). So1ne of this wa<:.te is buried in cement caissons 

that provide shielding from high dose rates, but not all of it is buried in 

shielded containers. 

Another factor that could complicate l"ldSLe relocation operations is the 

inability to determine exact locations of packages of TRU-contaminated or high 

beta-gamma dose-rate waste. This is particularl;' t1oue for \llaste buried in 

older trenches for which inaccurate or incomplete recods exist. 

The presence of \IJater in a burial trench could complicate waste relocation 

operations. This is more likely to occur at the eastern site than at the 

western site because of the hiqher average 1oainf:il"l and shallower depth to 

ground water at the eastern site. Waste buried at the eastern site may be 
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damp or it may be partially ill1Tlersed in water. In this case, it would be 
necessary to pump the trench before starting to excavate (see stabilization 

procedure L of Section 10.1.2) and to provide additional capability for water 
removal during waste-relocation operations. Because of inclement weather at 
the eastern site, it may be necessary to perform the entire excavation opera
tion inside an ASWS (see Section 11.3.2.3). 

Operational interruptions for inclement weather may clearly be expected 

at the eastern site. Thus, freezing winter weather {impairing work and road 

access), rainy periods (that can make a quagmire of the burial area), and high 
winds {increasing the danger of contaminated dust distribution) are periods 
when operations may be temporarily halted. To make allowance for inclement 

weather at the eastern site, excavation operations are assumed to require 
about 20% more time for completion at this site than at the western site. 

Relocation of the waste remaining in a trench after selective removal 
of the high-dose-rate and TRU-contaminated wastes involves the following steps: 

• core drilling and sampling 
• overburden removal 

• waste exhumation 
• repackaging and shipment of the waste 

• backfilling and site restoration. 

For this excavation, sheet piling is not used. The trench must be excavated 
to expose the original trench walls to insure removal of all of the waste. 
Since the trench walls were originally sloped to accommodate the angle of 
repose of the soil at the burial site, sheet piling is not deemed necessary. 
Figure 11.4-1 shows the sequence of operations associated with relocation of 
all the waste from a burial trench. 

11.4.1 Pre-Excavation Operations 

Pre-excavation operations include core drilling and sampling and over
burden removal. 

The feasibility of bulk excavation in the open air is greatly affected 

by the accuracy with which significantly hazardous wastes are located, using 
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FIGURE 11.4-1. Sequence of Operations for Complete Waste Relocation 

from a Burial Trench 

site records augmented by core drilling, so that such wastes can be selectively 
exhumed beforehand. Core sampling also permits determination of the degree of 

radionuclide migration within the trenches and from a trench into the surround
ing soil. Finally, some indication of waste-package integrity may be gained 
from core sampling. 

An initial series of borings on approximately 5-m spacings, in 3 rows, is 
made over the length of the trench, resulting in about 90 cores. These cores 

are surveyed with field instrumentation and, in some cases, subjected to more 
specific laboratory analyses. The resulting information is used to identify 
specific areas that warrant further core drilling. In addition, certain areas 
in a trench may appear to warrant more precise characterization. due to ambi
guity in burial records. Allowing an additional 25 holes, a total of 115 cores 
are assumed for characterization of a trench. Cores are drilled to a depth 

of 8 m. 
sleeves 

Because the cores may be contaminated, they are sealed in 
as they are removed from the earth. (See Section 11.3.1.) 

plastic 
At a dril-

ling rate of 15 linear meters per day, the core drilling program is assumed 

to require 62 days for completion, including 1 day each for mobilization and 

demobilization. 

The overburden (down to 1 m below grade) is essentially clean material 

and is removed and stockpiled for later use in backfilling the trench. To 
provide ample working space, the area removed must exceed the dimensions of a 
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trench. It is assumed that an area 30 m wide and 170 m long is cleared. 
Bottom-loading scrapers are used to accomplish this step. which is completed 

in 3 days. 

11.4.2 Trench Excavation and Waste Exhumation 

Wastes are exhumed by bulk excavation of the trench, using conventional 
commercially available equipment. Two exhumation cases are considered. One 

case utilizes a backhoe operating from above the trench. This permits most 

of the operating crew to be relatively remote from the exposed waste. The 
second case involves the use of a front-end loader operating from the floor 

of the trench, with the assistance of laborers who facilitate the grappling 
and excavation of large containers and loose waste. 

The type of waste handling required depends on the original packaging 
and on the length of time that the waste has been buried. Some waste is 
buried in large cement caissons or steel liners, or in large plywood boxes. 
If these large containers have remained intact, and have negligible surface 

contamination, they are removed from the trench with the aid of a crane and 
grappling hooks, wrapped in plastic, and placed on a flatbed truck for ship

ment. The bulk of the waste is assumed to be packaged in 208-~ steel drums. 
The condition of these drums depends mostly on the length of time that has 
elapsed since burial of the waste. If the drums are intact and in good 
physical condition, they are placed directly in an overpack for shipment. 
Waste in damaged drums and in plywood or fiberboard boxes, loose waste, and 
contaminated soil is packaged as described in the following paragraph. 

Loose waste and contaminated soil is fed into a large metal bin. The 
shipping container (a 1.2-m by 1.2-m by 1.8-m steel box for waste transported 
to deep geologic disposal or a comparably sized plywood box for waste destined 
for offsite shallow-land burial) is located below the bin and is filled from a 
vibrating hopper. As the shipping container is filled, it is physically 

vibrated to compact the waste. It is then removed from under the bin and the 

box lid is secured in place. 

The amount of contaminated soil present in the burial trench is a function 

of climate and soil conditions at the site, of procedures employed during waste 
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burial, and of the length of time that the waste has been buried. Because of 
the added time and cost of sorting the soil, it is assumed that all of the soil 
in the bottom 6.5 m of a trench is exhumed and packaged with the waste. The 
total volume of waste and soil packaged per trench is 12,200 m3. The savings 
in exhumation costs achieved by not sorting the uncontaminated soil is par

tially offset by an increase in pack~ging and shipping costs. 

A water spray is used during excavation operations to minimize the amount 
of dust in the air. Detergent is added to the water as a wetting agent to aid 
in soil penetration. All personnel operating within the trench area are 

dressed in launderable anti-contamination clothing (coveralls, shoecovers and 
gloves) and carry respirators. The use of respirators may be required during 
excavation operations to reduce the inhalation dose to workers from airborne 

radioactivity. 

Brief summaries of the two exhumation options are given below. Details 
are given in Section G.3 of Volume 2. 

11 .4.2.1 Excavation from Above the Trench 

In this option, most of the material removal and packaging operations are 

performed by personnel stationed above the trench at the level at which over
burden has been removed. Some support operations are performed by personnel 
stationed in the excavation area. 

Excavation is done by a large-capacity (2-m3) backhoe operated from above 

the excavation face. The backhoe is provided with a shielded, ventilated cab 

for operator protection. An auxiliary crane with hook, a lift truck, and an 
oxyacetylene welder are also operated at ground level above the trench. Two 
loading bins are located in the trench. Support operations in the trench are 
performed by an equipment operator and a laborer using a bulldozer. 

11.4.2.2 Excavation from Within the Trench 

In this option, all of the material removal and packaging operations are 
performed by personnel working in the excavation pit. The potential for 

personnel exposure is greater for this option than it is for the previously 
discussed option. 
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Excavation is done by a large-capacity (2-m 3 ) front-end loader. Two 

laborers suitably protected for radiation-zone work provide manual assistance 

in dislodging waste forms and in grappling onto waste packages. A bulldozer 

is used for support operations. An auxiliary crane with hook, a lift truck, 

and a welder are operated at ground level above the excavation to lift loaded 

waste containers from the pit, secure the lids on the containers, and place 

the containers on a tractor-trailer for shipment. 

11 .4.3 Packaging and Shipping of Retrieved Waste 

Packaging and shipping requirements for relocation of waste exhumed from 

a burial trench depend on the disposal option chosen. Three possible options 

are: 

• disposal offsite at a deep geologic disposal site 

• disposal offsite at a federal or other commercial shallow-land burial 

ground 

• disposal onsite in another burial trench. 

Locations for offsite disposal are assumed to be 2,400 km from the LLW burial 

ground. 

For deep geologic disposal the waste is assumed to be packaged in 1.2-m 

by 1.2-m by 1.8-m steel boxes and transported by exclusive-use van. Type B 

containers such as the Super Tiger are not required because of the relatively 
low specific-activity of the waste. However, in some cases, shielding is 

required for the shipment of high-dose-rate waste. It is postulated that 
about 2% of the waste will require transport in shielded Type B containers. 

For offsite shallow-land burial, the waste is assumed to be packaged in 
1.2-m by 1 .2-m by 1.8-m reinforced plywood boxes and transported by exclusive

use van. Special provision is made for packaging wastes requiring shielding. 

To compute the packaging and shipping costs detailed in Section 12, all 

of the waste is assumed to be packaged in 1.2-m by 1.2-m by 1 .8-m boxes, even 

though some of it is shipped directly in the container in which it is buried. 

This results in an overestimate of packaging and shipping costs. 
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All shipments offsite are made in accordance with DOT regulations pub

lished in 49 CFR, Parts 173 through 178, NRC regulations published in 10 CFR, 

Part 71, and Regulatory Guide 7 .1. 

For burial in another trench onsite, the waste is transported in 10 m3 

dump trucks. The bed of the dump truck is lined with nylon-reinforced plastic 

before the waste is loaded, and the plastic is folded over the top of the waste 

and sealed when the truck is full. The waste is then transported to the new 

trench and dumped, still wrapped in plastic. Water sprays are used to limit 

the amount of airborne contamination during truck loading and unloading opera

tions. 

11.4.4 Post-Excavation Operations 

The backfilling operation is similar to that discussed in Sections 11.2.7 

and 11.3.4. Approximately 12,000 m1 of borrow material are required, in addi

tion to the stockpiled overburden. It is assumed that such a quantity of 

borrow material is available within 8 km of the site. The borrow material is 

brought in by dump truck and dropped onto the floor of the trench, or physically 

run in by truck with a turnaround on the trench floor. Material delivered to 

the trench, plus the previously stockpiled overburden, is bulldozed into place 

and compacted with a roller. 

11.4.5 Work Schedule Estimates 

Work schedules for the completion of decommissioning activities related 

to the relocation of all the waste from a burial trench are shown in 

Figure 11.4-2 for the western site and Figure 11.4-3 for the eastern site. 
These work schedules are based on time requirements for waste relocation opera

tions shown in Table 11.4-l. Time requirements for waste relocation operations 
are based on operating crew requirements shown in Table 11.4-2. 

As in the case of other partial waste relocation operations, operating 
crews for relocation of all the waste from a burial trench are based on the 

number of personnel required for efficient performance of the work. No allow

ance is made for increases in crew sizes to limit worker exposure to radiation. 

Occupational exposure calculations summarized in Section 13.3 indicate that 
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Eastern Site 

11-46 



TABLE 11.4-1. Time Requirements for Relocation of all the Waste 
from a Burial Trench 

Time Reguirement in Working DaJ::s 
Excavation from Excavation from 

Above the Trench Within the Trench 

--~·Opera_tion __ _ 

Drill and Sample Cores(a) 

Remove Overburden 

Exhume & Package Waste 
Mobi1ize/Demobi1ize(b) 

Excavate 
Backfi 11 Trench 

Totals 

Western 
Site 

62 

3 

5 

57 

12 

139 

Eastern 
Site 

74 

4 

6 

69 

14 

167 

Western Eastern 
Site Site 

62 74 

3 4 

5 6 

42 50 

12 14 

124 148 

(a)Time requirements include one day each for mobilization and demobi
lization. 

(b)Mobilization/Demobilization includes all activities required to install 
the equipment prior to the start of operations and to decontaminate and 
remove the equipment after operations are completed. 

TABLE 11.4-2. Operating Crew Requirements for Relocation of all the Waste 
from a Burial Trench 

Operation 

Drill and Sample Cores 

Remove Overburden 

Exhume and Repackage Waste 
(2 crews) 

Backfill Trench 

Operating Crew 

Drilling Foreman 
laborer - 2 
Health Physics Technician 

Equipment Operator - 2 
Health Physics Technician 

Foreman - 2 
Equipment Operator - 8 
Truck Driver - 2 
laborer - 8 
Health Physics Technician - 2 

Foreman 
Equipment Operator - 4 
Truck Driver - 4 
laborer - 2 
Health Physics Technician 
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the number of workers required for waste relocation may need to be increased 

to keep individual occupational doses within the limits defined by regulations. 

Work schedules are shown for both the excavation option in which the 

bulk of the work is performed by personnel stationed above the trench and for 

the option in which all of the work is performed by personnel working in the 

excavation pit. Schedules are based on the assumpt~on that waste exhumation 

operations are performed by two crews working simultaneously. The crews start 

at either end of the trench and excavate toward the center. Excavation times 

are about 20% greater at the eastern site than they are at the western site, 

because of the greater possibility of inclement weather at the eastern site. 

Time requirements for excavation of a trench are calculated on the basis 

of excavation rates of 18 m'/hr per crew for excavation from above the trench 

and 24 m3jhr per crew for excavation from within the trench. Six hours of 

actual excavation are assumed to be performed during a normal working day. 

The time required to backfill an 

basis of a fill rate of 1,350 ml/day. 

excavated trench is calculated on the 

Some of the fi 11 is the overburden 

originally removed from the trench. Bottom-loading scrapers are used to 

return this material to the excavation site. Most of the fill consists of 

borrow that must be brought in by truck from an offsite location. 

Time requirements for the complete waste relocation operation at the 

western site are estimated at 28 weeks for excavation from above the trench 

and 25 weeks for excavation from VIi thin the trench. At the eastern site, the 

time requirements are 34 weeks and 30 weeks for the two options. 

ll .5 BURIAL GROUND STABILIZATION AND LONG-TERM CARE FOLLOWING 
PARTIAL WASTE RELOCATION 

In this study, methods and procedures for partial waste relocation are 

described for three specific cases: 

• relocation of high beta-gamma radioactivity waste from a slit trench 

• relocation of TRU-contaminated waste from a section of a burial trench 

• relocation of all of the waste from a burial trench. 
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In most 1nstances of burial ground decommissioning, it is assumed that selective 

exhumation of the waste from particular trenches is accompanied by measures 
designed to stabilize the entire burial ground. These activities are followed 

by a period of long-term care of the site. Procedures for site stabilization 

and long-term care are discussed in Section 10. 
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12.0 DECOMMISSIONING COSTS 

This section presents estimates of manpower requirements, equipment 
and material requirements, waste disposal requirements, and costs for decom

missioning the reference low-level waste (LLW) burial grounds. Cost estimates 
are made for stabilization, long-term care, and waste relocation. The costs 
are based on decommissioning procedures summarized in Sections 10 and 11 and 
developed in detail in Appendices F and G of Volume 2. Costs are included for 
support staff and decommissioning worker labor, equipment and materials, con
taminated waste management (packaging, transportation, and disposal), contrac

tor fees, utilities and other miscellaneous owner expenses, and specialty 
contractors. All costs are in 1978 dollars. 

The basic cost estimates presented in this section assume relatively 

efficient performance of the decommissioning activities. A 25% contingency 
is added to the cost estimate totals as an allowance for unforeseen problems 

or scheduling delays that may arise during decommissioning. The total costs 
presented are therefore believed to be representative of actual expenses 
that would be incurred to decommission the reference LLW burial grounds, using 
the methods described in this report. 

12.1 COST ESTIMATES FOR SITE/WASTE STABILIZATION ACTIVITIES 

The estimated costs for the six burial ground stabilization plans consid
ered in this study are summarized in Table 12.1-1. Stabilization is estimated 
to require from 10 to 36 weeks (plus an additional period for planning and 
preparation), and to cost from $0.5 million to $7.7 million, depending on the 
site and the stabilization plan chosen. 

The minimal plans assume that burial trenches are satisfactorily stabi
lized during site operations as they are filled. Therefore, cost estimates 
for the minimal plans include the costs of stabilization of trenches that were 
active during the final years of site operation plus the costs of remedial 

measures required to prepare an entire site for long-term care. Minimal plan 

stabilization procedures are performed by the site operator. 
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TABLE 12.1-l. Summary of Estimated Stabilization Costs 
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The modest and complex plans assume that stabilization of the entire site 

takes place when burial operations cease. Cost estimates for these plans 

assume that the site operator hires a contractor to decommission a site. 

Support staff manpower costs include planning and preparation costs. For 

the minimal plan, much of the documentation required for site decommissioning 

(e.g., the Master Decommissioning Plan) is completed at an early time during 

site operations. Therefore, staff requirements for planning and preparation 

are smaller for the minimal plan than they are for the modest or complex plans. 

Support staff requirements for the modest or complex plans are relatively 

inflexible to changes in project complexity, largely because of the planning 
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and preparation requirements. Thus, support staff costs do not increase at 

the same rate as overall project costs. Decommissioning worker labor, equip

ment, and materials requirements are more closely related to project complex

ity, and their costs generally increase at a rate similar to that of the 

overall costs. As a result, the percentage of overall cost attributable to 

manpower generally decreases (and the percentage attributable to equipment 

and materials increases) as project complexity increases. 

The complex plan for the eastern site is estimated to cost less than the 

complex plan for the western site. Two major factors influence the relative 

magnitudes of complex-plan cost estimates. First, both complex plans include 

an increase in the capping soil thickness over the trenches. For the western 

site, all of the backfill is assumed to be transported to the burial ground 

from an offsite location. For the eastern site, more than half of the required 

backfill is available onsite as a result of the construction of the peripheral 

drainage/diversion system. Thus, manpower and material requirements and costs 

for the capping thickness increase are calculated to be smaller for the east

ern site than they are for the western site. Second, both plans include instal

lation of a layer of asphalt over the burial trenches. For the complex plan 

at the western site, the asphalt is used to seal the subsurface rock layer. 

For the complex plan at the eastern site, the asphalt provides the subsurface 

hard layer. There are large uncertainties in the thicknesses of asphalt needed 

for these stabilization activities. Therefore, an asphalt layer thickness 

of 100 mm is assumed for both stabilization activities. If only half as much 

asphalt (i.e., 50 mm) were required to seal the rock layer at the western 

site, material costs for the complex plan at this site would decrease by about 

$1 million. Conversely, if an additional 50 mm (for a total thickness of 

150 mm) were required for the subsurface hard layer at the eastern site, 

material costs for the complex plan at this site would increase by about 

$1 million. 

12.1.1 Manpower Requirements and Costs for Stabilization 

Estimates are made of the work force required to plan and execute the 

stabilization activities described in Sections 10.3 and 10.4. These work force 
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estimates are used, together with the unit manpower costs given in Section H.l 

of Volume 2, to estimate stabilization manpower costs. The bases for these 

manpower costs are descr~bed in this section, and further details are pro

vided in Section H.2 of Volume 2. 

12.1.1.1 Manpower Requirements 

The decommissioning work force organizational chart for stabilization 

is shown in Figure 12.1-1. The work force is described in two parts: 1) 

the decommissioning support staff that plans, supervises, and provides 

support services for the stabilization activities, and 2) the decommissioning 

workers who perform the actual stabilization activities. The six general 

types of functions performed during stabilization are described briefly below: 

ENGINEER 

laiASSlGNED TO CREWS AS WORK SlTUAT\ON DEMANDS 

CONTRACTS AND 
ACCOUNTING SPEClALl ST 

EQUl PMENT OPERATORS(al 

TRUCK DRlVERS(a) 

LABORERSial 

FIGURE 12.1-1. Postulated Organizational Chart for Burial Ground 
Stabilization 
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Project Management. Their function is to prepare and implement the 

decommissioning plan in a safe and cost-effective manner. 

Quality Assurance (QA). Their function is to develop the QA plan and 

monitor the safety and performance of the decommissioning activities. 

Decommissioning Operations. Their function is to develop detailed decom

missioning plans, and carry out the actual decommissioning activities. 

Health and Safety Protection. Their function is to develop and imple

ment methods to ensure the protection of the health and safety of the public 

and the decommissioning workers. 

Security. Their function is to provide protection of the facility and 

the equipment from unauthorized access or use. 

Support Services. Their function is to provide accounting, procurement 

and stores, and secretarial and clerical services in support of the decommission

ing activities. 

Job description details for key individuals in the stabilization staff 

organization are given in Section H.2 of Volume 2, and are summarized briefly 

below. 

Project Engineer. This person is responsible for planning, coordinating, 

and carrying out the stabilization activities in a safe and cost-effective 

manner. 

Health and Safety Supervisor. This person is responsible for developing 

and implementing the industrial and radiation safety program. 

Security Force Supervisor. This person is responsible for site security. 

Contracts and Accounting Specialist. This person is responsible for pro

curements and disbursement of funds. 

Quality Assurance Engineer. This person develops and implements the QA 

plan to assure that decommissioning is performed in accordance with the decom

missioning plan and QA requirements. 

Planning Engineer. This person is responsible for planning and scheduling 

of activities. 
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Operations Supervisor. This person develops detailed activity procedures 

and specifications and, through the foremen, supervises the performance of 

the project. 

The actual stabilization activities are carried out by stabilization 

crews. These crews consist of a foreman, together with equipment operators, 

truck drivers, and laborers who are assigned to crews as the work situation 

demands. The duties and experience of the members of the basic stabilization 

crew are outlined below. 

Foreman. This person supervises the performance of all decommissioning 

activities. He coordinates with the engineering staff, through the operations 

supervisor, to plan and execute each day 1 s activities. He assembles the crew 

and equipment required to perform these activities and instructs the crew on 

the procedures and safety precautions to be followed. In some cases, the 

foreman is assumed to perform some decommissioning activities as well as super

vise other members of his crew (e.g., surveying). It is anticipated that the 

foreman has been employed in a similar position in previous projects comparable 

to stabilization, so that he has detailed knowledge and experience related to 

the work required. 

Equipment Operators, Truck Drivers, and Laborers. These people perform 

the bulk of the stabilization activities. They are assumed to possess the 

necessary skills for stabilization--either through past experience on similar 

projects or through specialized training prior to or during stabilization. 

Health Physics Technician. This person is added to the basic work crew 

as the work situation demands. He provides instruction in industrial and 

radiation safety precautions to be followed for each task and monitors com

pliance with written radiation work procedures. He performs on-the-job radi
ation measurements and has the authority to stop work if any potentially 

unsafe situations arise. 

The decommissioning support staff is assembled during the planning and 

preparation phase, prior to the start of actual stabilization activities. 

Initial management staff consists of the project engineer and the planning 

engineer. Other staff personnel are added as their services are required 
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during the planning and preparation phase. Planning and preparation activities 
take place during the final 18 months of burial ground operations. Therefore, 
support activities such as site security are available during planning and 

preparation as part of normal operations, and are not charged to decommission

ing. 

The decommissioning staff is generally sized and structured on a one

shift, 5-day week. Site security is carried out on a four-shift, 7-day week. 
To take into account inefficiencies inherent in the work tasks performed, man
power requirements are developed on the basis of reasonable worker time-eff

ciencies. 

Manpower requirements are generally greatest during the middle of stabili
zation, during the largest-scale operations. Staff size is estimated to be 
smaller during the preparatory activities and again during the final stabili

zation tasks. 

12.1.1 .2 Manpower Costs 

Estimated manpower requirements and associated costs are shown in 
Tables H.2-l and H.2-2 of Volume 2, and are summarized in Table 12.1-2. A 
total of from 6.2 to 17.0 man-years is estimated to be required for the support 
staff, depending on the stabilization plan considered, at an estimated labor 
cost of from $238,000 to $625,000. A total of from 1.5 to 23.1 man-years is 
estimated to be required for the decommissioning workers to perform the actual 
stabilization activities, at a labor cost of from $43,000 to $687,000. The 

total labor costs for stabilization are therefore estimated to range from about 
$281,000 to $1.3 million without contingencies, depending on the stabilization 
plan considered. 

It should be recognized that the completion of such activities occasion
ally takes longer than anticipated. Increased costs can often be offset by 
savings made through the rapid reduction of decommissioning personnel as soon 

as it is recognized that they can no longer be effectively utilized. The 
final stages of many activities, for example, can be accomplished by relatively 

small groups. 
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TABLE 12.1-2. Summary of Manpower Utilization and Costs for 
Stabilization 

Stabilization Plan Manpower Category Man-Years(a) 

Minimal Plan for Support Staff 6.16 
Western Site Decommissioning Workers l. 52 

Totals 7.68 

Modest Plan for Support Staff 15. 12 
Western Site Decommissioning Workers 9.40 --

Totals 24.52 

Complex Plan for Support Staff 16.75 
Western Site Decommissioning Workers 23.06 

Totals 39.81 

Minimal Plan for Support Staff 6.44 
Eastern Site Decommissioning Workers l. 98 

Totals 8.42 

Modest Plan for Support Staff 16.43 
Eastern Site Decommissioning Workers 16.75 

Totals 33.18 

Complex Plan for Support Staff 17. Ol 
Eastern Site Decommissioning Workers 20.10 --

Totals 37. ll 

(a)Number of figures shown is for computational accuracy only. 
(b)Contingency of 25% not included in these costs. 

Cost 
($ thousands)(a,b) 

237.7 

43.5 

281.2 

562.8 

288.1 

850.9 

615.9 

686.7 

l 302.6 

247. l 

56.3 

303.4 

605.9 

508.6 

114.5 

624.7 

609.2 

233.9 

12.1.2 Material and Equipment Requirements and Costs for Stabilization 

Estimates of material and equipment costs for the six stabilization 

plans considered in this study are shown in Table 12.1-3. Material and 

equipment requirements are based on stabilization procedures described in 

Sections 10.3 and 10.4 and details and assumptions given in Section H.2.2 of 

Volume 2. The costs are calculated on the basis of unit costs given in 

Section H.l. The total estimated cost for contractor equipment ranges from 
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TABLE 12.1-3. Estimated Material and Equipment Costs for 
Stabilization 

Stabilization Plan 

Minimal Plan for 
Western Site 

Modest Plan for 
Western Site 

Complex Plan for 
Western Site 

Minimal Plan for 
Eastern Site 

Modest Plan for 
Eastern Site 

Complex Plan for 
Eastern Site 

-~- _aap_i __ l_i~ t_i_~_!l~c_t_!_vJ..!y 

Trench Stabilization 

Repair Damaged Areas 

Revegetation/Vegetation Management 

Totals 

Site Preparation 

Capping Thickness Increase 

Revegetation/Vegetation Management 

Totals 

Site Preparation 

Rock Layer Emplacement 

Rock Layer Hard Topping 

Capping Thickness Increase 

Reveyeta t ion/Vegetation Management 

Totals 

Trench Stabilization 

Repair Damaged Areas 

Revegetation/Vegetation Management 

Tota 1 s 

Site Preparation 

Capping Thickness Increase 

Capping Drainage Improvement 

Capping Soil Properties Modifica-
tior~ 

Revegetation/Vegetation Ma r~agement 

Totals 

Site Preparation 

Hard Layer Emplacement 

Peri phera 1 Drainage/Divers ion 

Capping Thickness Increase 

Preparations for Sump Pumping 

Revegetation/Vegetation Management 

Totals 

(a)Number of figures shown is for computational accuracy 
(b)Contingency of 25% not included ir1 these costs. 
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Equipment C?sts 
(i thousands) a,b) 

Material Co~ts 
{$ thousands) a,b) 

16.8 30.0 

7.8 12.0 

3.8 15.3 

28.4 57 .3 

9.5 27.9 

277.8 622.0 

11.4 73.6 

298.7 723.5 

9.5 30.8 

288.2 933.0 

l 08.8 982 .0 

277.8 622.0 

11.4 78.6 

695.7 3 646.4 

16.8 30.0 

12.3 15.0 

3.8 16.3 

32.9 61 . 3 

14.0 33.8 

277 .8 622.0 

32.0 0. 0 

118.6 520.0 

11 .4 74.6 

453.8 250.4 

55.4 33.8 

124.5 800.0 

203.8 13.3 

161 .8 276.0 

5. 0 2.0 

11.4 80.6 ----

561 . 9 2 205.7 
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about $28,000 to $696,000, depending on the stabilization plan considered. 

The total cost for materials and expendable equipment ranges from about 

$57,000 to $3.65 million. The complex stabilization plan for the arid western 

site has the greatest material requirements and costs and, hence, the greatest 

equipment requirements and costs to move those materials into place. 

Contractor equipment costs are calculated on the basis of a monthly charge 

of 6% of the capital cost of the equipment. This charge is believed to be 

adequate to cover equipment depreciation, maintenance and operating expenses 

(e.g., fuel, lubrication, etc.), the cost of decontamination following use, 

and return on investment. 

Material and equipment costs vary with location, depending on local 

availability, transportation distances, and a variety of other factors. The 

costs used here are judged to be reasonable approximations of actual expenses 

that would be incurred for a project of this type and magnitude. 

12.1.3 Contractor Fees for Stabilization 

The contractor performing the stabilization is anticipated to receive 

payment consisting of reimbursement for expenses incurred (i.e., manpower, 

equipment, and material costs), together with a fee to provide a reasonable 

profit for his efforts. For this study, the contractor's fee is calculated 

on the basis of 8% of the expenses incurred. This rate is judged to be 

reasonable for the size and complexity of the decommissioning project. For 

the modest and complex stabilization plans, the contractor's fee is estimated 
to be in the range of about $150,000 to $450,000, depending on the plan 

considered. 

12.1.4 Miscellaneous Owner Expenses 

The site operator is expected to incur several miscellaneous expenses 

during stabilization. Estimates of these expenses are shown in Table 12.1-4. 

Utility costs during stabilization are estimated at $1000 per month, or 

$12,000 per year. Insurance coverage is anticipated to be limited to conven

tional property liability insurance, assumed to cost $2000 per year. Property 

taxes are estimated to be about $5000 per year. 
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TABLE 12.1-4. Estimated Miscellaneous Owner Expenses for Stabilization 

Western Site 

Utilities 

Insurance 

Taxes 

Totals 

Eastern Site 

Utilities 

Insurance 

Taxes 

Totals 

Cost in Thousands of 1978 Do11ars(a,b) 
Minimal Modest Complex 

Plan Plan Plan 

2.5 7.0 9.0 

l.O 2.0 2.0 

2.5 5.0 5.0 --
6.0 14.0 16.0 

3.0 8.0 9.0 

l.O 2.0 2.0 

2.5 5.0 5.0 

6.5 15. 0 16.0 

(a)Number of figures shown is for computational accuracy only. 
(b)Contingency of 25% not included in these costs. 

12.1.5 ~nvironmental Sample Analysis Costs 

Environmental sampling requirements during stabilization of the arid 

western site and the humid eastern site are given in Section 9.2. These 

requirements, together with the unit costs for environmental sample analyses 

given in Section H.l of Volume 2, are used to estimate sample analysis costs 

for the stabilization plans considered in this study. These costs for environ

mental services are shown in Table 12.1-5. Costs are only estimated for nor

mal sample analysis; costs for special analyses are not computed. 

12.1 . 6 Records Maintenance Costs 

Records maintenance costs during stabilization are estimated to be about 

$5000 per year. This cost includes the collection, indexing, filing, and 

storage of all site records. 
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TABLE 12.1-5. Estimated Costs of Environmental Analysis 
Services During Stabilization 
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12.2 COST ESTIMATES FOR LONG-TERM CARE ACTIVITIES 
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The estimated costs for the long-term care of a stabilized LLW burial 

ground, based on the stabilization plans considered in this study, are sum

marized in Table 12.2-1. A more detailed summary, giving annual costs itemized 

by cost categories, is shown in Table 12.2-2. These costs are based on the 
long-term care activities described in Section 10.6 and on the details presented 

in Section H.3 of Volume 2. 

A long-term care period of 200 years is assumed for this study. The 

annual costs of long-term care are anticipated to be greatest during the first 

two to three decades immediately following site stabilization. After this 
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airborne release. Estimates of accident frequency are given as high if the occur
rence of a release of similar magnitude is greater than 10-2, medium if between 
10- 2 and lo-s. and low if less than lo-s events per year. The accidents listed 

in Table 13.2-5 include postulated transportation accidents, and are listed in 
order of decreasing magnitude of airborne release. 

A summary of the 1-year dose and the 50-year committed dose equivalent to 
the maximum-exposed individual from accidental releases is given in Table 13.2-6. 
The accidents resulting in the ten highest doses to an organ of the maximum

exposed individual are listed. It should be noted that accidents involving 
TRU wastes lead to higher doses than accidents involving a large radioactivity 

release of average trench waste {inventory 3). The worst postulated accident 
is a severe transportation accident with a fire involving a TRU waste shipment. 
This accident has a low frequency of occurrence and results in a calculated 

50-year committed dose equivalent to bone of 4.6 rem. A high frequency accident 
that is well worth mentioning is the exhumation of undetected TRU waste. Burial 

records may prove to be inaccurate, and core drilling may not detect all TRU 

waste pockets. An unexpected TRU exhumation is calculated to result in a 
50-year committed dose equivalent to bone in the maximum-exposed individual of 

about 36 mrem. Thus, the consequences of this accident underline the need for 
accurate radiation monitoring methods during complete trench exhumation opera
tions. 

13.2.3 Nonradiological Public Safety 

Since no major operations involving decontamination chemicals are planned, 
the spread of chemical pollutants from decommissioning operations is felt to 
be insignificant. Some of the waste in the trenches may be in a toxic chemi
cal form, however. little information is currently available on the hazardous 
chemical content of LLW waste trenches. The migration of hazardous chemicals 
in the environment is a very serious concern, as shown by recent events at 
chemical waste disposal sites. (lJ-l 5) It is beyond the scope of this study 

to attempt an environmental analysis of the impact of hazardous chemical 

migration from LLW burial trenches. Still, it is felt that such an analysis 

should be undertaken in the future to further understand the potential problems 

involved with decommissioning an LLW burial site. 
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Occupational safety impacts of decommissioning operations include esti
mates of the effects of both radiological and nonradiological events. This 

section summarizes occupational radiation doses and provides estimates of worker 

injuries and fatalities from industrial-type accidents. 

Radiation doses to decommissioning workers are based on external exposure 
rates calculated using the computer codes ISOSHLD(l 6•17 ) for non-TRU waste 
forms and PUSHLD(lB) for TRU waste forms. Manpower and time requirements 
used to calculate occupational doses are taken from the detailed work plans 
for site stabilization and waste relocation, summarized in Sections 10 and 11. 
Details of occupational dose calculations are found in Appendix I. 

13.3.1 Radiological Occupational Safety 

Occupational radiation doses include contributions from external 
to radioactivity and from inhalation of radioactive dust. Inhalation 

exposure 
doses to 

decommissioning workers are expected to be negligible for site stabilization 
and long-term care, since these operations do not normally involve direct contact 

with buried waste or contaminated soil. However, waste relocation operations 
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may involve the generation of dust containing radioactive particulates, and 

these operations could result in substantial inhalation doses. The waste relo

cation options described in Section 11 assume the use of respiratory equipment 

(bubble suits or face masks) to minimize inhalation doses from those operations 

having significant potential for the generation of airborne radioactivity. 

Estimated external occupational radiation doses are summarized in 

Table 13.3-1. For waste relocation, occupational dose data for waste exhuma

tion/packaging are shown separately from data for all other decommissioning 

operations, because most of the external dose to decommissioning workers is 

associated with the exhumation operation. An estimate of the average dose 

per decommissioning worker for each decommissioning option is shown in the 

table. This average is simply the total dose per option divided by the total 
number of workers involved. The average dose calculated in this manner does 

not account for cases where workers may overlap effort (i.e., a member of the 

core drilling crew may later become a member of the waste exhumation crew). 

The estimated average worker dose per quarter from external radiation is also 

given in the table, and is obtained by dividing the total average worker dose 

by the fractional quarters worked. 

The data in Table 13.3-l show that external exposure doses to decommission

ing workers from site stabilization and long-term care operations are expected 

to be small. However, waste exhumation can be a very costly operation in terms 

of external radiation exposure to decommissioning workers. The original work 

estimates made in Section 11 may have underestimated the number of workers that 

would be required for waste relocation operations, to keep individual occupa

tional doses within the limits defined by regulations. To lower the occupa
tional doses to a reasonable 2 rem/quarter, in keeping with ALARA principles, 

more than one worker would have to perform some of the tasks that are implicitly 

assigned to one individual in the operating crew estimates given in 

Tables 11.2-3, 11.3-3, and 11.4-2. 

The occupational doses shown in Table 13.3-1 do not include contributions 

from inhalation of airborne radioactivity. To demonstrate the importance of 

inhalation as an occupational exposure pathway, the following example calcula

tion is made of the total worker dose from both external radiation and inhala

tion for the case of exhumation of an entire burial trench. 
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TABLE 13.3-l. Summary of Occupational Da~e~ for 
Decommissioning OperationslaJ 

LLW Burial Ground 

Total Average Estimated 
Duration of Personnel Dose to a Average Quarterly 

Total Option/Operation Dose workyr Worker Oos? 
O~tion/O(!eration ~~sonnel (daysL_ ~.!:_~l- _____D:_e.ml_b_) - {!em[guarter) c) 

Waste Relocation(d) 

Slit Trench 
waste Exhumation/Packaging 6 72 35 
All Other Operations l1 80 0 

Totals IT ill 35 1.1 0.9 

TRU Waste Exhumation 
Waste Exhumation/Packaging 6 40 110 
All Other ~erations 18 35 1.3 

Totals 24 75 120 5 0 4.1 

One Complete Burial Trench 
Waste Exhumation/Packaging 11 41 150 
All Other Operations 19 81 11 

Totals 4T m 2~ 6.3 3.1 

Site Stabilization(e) 20 w 60 50 to 180 0.12 w .9 0.01 w 0. -0.05 

long-Term Care(e,f) 4 150 0.06 w 0. 27 o. 01 to 0.07 -0.01 

(a}The only exposure pathway considered is external exposure. 
(b)Values in this column are determined by dividing total doses by total personnel required, assuming that 

no worker performs more than one task. 
(c)The estimated average rem/quarter is obtained by dividing the average wor~er dose by the fractional 

quarters required. 
{d)Detailed dose information for waste relocation operations is found in Tables 1.2-l through 1.2-3 of 

Volume 2. 
(e)A range is shown, since the specific value is a function of the site and the plan used to stabilize 

the site. 
(f)Annual dose values are listed. 

Using ICRP methodology,(Jg) the weekly dose permitted to an organ of 

reference (Lx) for a worker exposed to both inhalation of airborne radionuclides 
and external gamma radiation sources can be allocated according to the following 
mathematical relationship: 

where: 

• 
• 

+ en ] 
(MPC)x a,n 

(13.1) 

the average permitted weekly dose to organ x, (rem) 

the external weekly gamma dose from the mixture of radionuclides, 

(rem) 
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C1 • the airborne concentration of radionuclide 1 in the mixture, 

( "Ci /m 3 ) 

(MPC)x • the maximum permissible concentration of radionuclide 1 in air 
a.t 

for organ x, ( "Ci jm3) 

C • the airborne concentration of radionuclide n in the mixture, 
n 

("Ci/m 3 ) 

(MPC)x • the maximum permissible concentration of radionuclide n in air a,n 
for organ x, ( "Ci jm3). 

Compliance with the weekly dose limit for situations involving both inhal
ation and external exposure can be demonstrated if the following condition is 

met for all organs of reference: 

+ ... + en ] < 1 
(MPC)~,n -

(13.2) 

In applying Equation 13.2 to the case of complete trench exhumation, ten 
radionuclides from reference radionuclide inventory 3 (Table I.4-3 of Appen-
dix I) are selected for analysis. The radionuclides selected comprise about 
95% of the radioactivity in inventory 3, as well as transuranic isotopes of 

biological concern. The air concentration in the work area is calculated using 
a localized mechanical mixing resuspension factor of 10-4 m-1. This is believed 

to be a realistically conservative average of the literature values summarized 
in Table 13.2-1. An effective depth of 0.01 m is assumed, and water sprays are 
assumed to reduce the air particulate concentration by a factor of 10. The 
resulting air concentration for the mixture is calculated to be 2.9 x 10- 7 

Ci/m 3 • The airborne concentration of each radionuclide is found using the 
concentration ratios from reference inventory 3. Airborne concentrations for 
individual radionuclides and ICRP values of the (MPC)a for total body, bone, 
and lung are listed in Table 13.3-2. 

The external weekly dose to the average worker during complete trench 

exhumation is found from Table 13.3-1 to be 0.25 rem/week. This value is close 

to weekly dose limits for workers in the nuclear industry, which are 0.1 rem/week 
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TABLE 13.3-2. Maximum Permissible Concentrat1o~s in Air 
for Total Body, Bone, and Lung a 
Airborne 

Concentra[i~n MPCa ().1Ci/cm 3 ) 

Radionuclide (pCi/cm 3 ) b Tota 1 Body Bone Lung (C) 

Do co 2.4 x 1 o-t o 4 ' ]Q-7 (d) 
9 ' 

10-') 

GlNi 1.9 x 1 o- 7 4 ' lo- 7 
6 ' 10- ~ 3 X 10- 7 

90Sr 3.0 X 1 Q- I 0 2 ' ]Q-~ 1 ' 
w-') 5 X lQ-'! 

12 91 5.9 X 1 o- l 3 2 ' 10- 7 2 ' 10• c I e I 7 X 1 Q- G 

l '7Cs 5. 5 X 1 o-" 6 ' 
10-s 2 x 1 o- 7 x 1 o- s 

238U 6.4 X 10-ll 
2 ' 

lQ-'} 6 ' 
w- 1 ,J 

' , o-' L 

2 JB Pu 2. 7 X 1 o-l l 1 ' 
]0- I I 2 X ] o- I) 3 ' 10-; l 

2 l 9pu 3. 8 X 1 o-: 2 1 ' 10- I I 2 X lQ-12 4 ' 10-11 

24 1 Pu 7. J X 1 o-J o 8 x 1 o- l o 9 X 10-; · 4 ' JO-B 

24 l Ani 2.3 X 1 o- 1 - 2 x w- ll 6 X 10- ·" ' 10-1 c 

(a)MPCa values are for a 40-hour work week and are from Reference 19. 
(b)Based on a total air concentration of 2.9 x lQ- 7 ,1Ci/cm 3 of 

reference radi onucl ide inventory 3. 
{c) Insoluble values are used. 
(d}No value is given in Reference 19. 
(e}Calculated from Total Body (MPC}a by multiplying by the ratio of 

acceptable dose limits (Total Body to Bone} and the ratio of organ 
mass (Bone to Total Body), and dividing by the ratio of the amount 
of material in bone to the material in total body. 

for total body, 0.56 rem/week for bone, and 0.30 rem/week for lung. (20) As 

discussed above, work procedures would need to be altered for this case to ensure 

radiological safety during this exhumation operation. However, in this example 

calculation 0.25 rem/week is used as the external dose for comparison with the 
inhalation dose to decommissioning workers. 

Using an average external dose value of 0.25 rem/week and the airborne 
concentration and (r~PC)a values from Table 13.3-2, weekly doses from trench 

exhumation are compared with weekly dose limits using Equation 13.2. The sum

mation of the ratios of air concentration to (MPC)a• the ratio of external 

dose to weekly organ dose limit, and the resulting organ dose criteria are 

given in Table 13.3-3. 

The organ dose criteria listed in Table 13.3-3 are all considerably greater 

than 1, indicating that exposure levels calculated for the average worker 

in this example are far too high. The most restrictive dose criterion is 

found for the bone, where the dose from inhalation and external exposure is 

about a factor of 31 times higher than the acceptable weekly dose. 
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TABLE 13.3-3. Occupational Dose Compliance Results for 
Complete Trench Exhumation 

Summation of the Ratio of Weeekly 
Ratios of Air External Dose to 

Concentration to Weekly Organ Dose Total Do(e 
Criteria a) Organ 

Tot a 1 Body 

Bone 

lungs 

(a)The total dose 
Equation 13.2. 
assured if the 

(MPC) Limit 

6.7 2.5 9.2 

31 0.45 31 

8.1 0.83 8.9 

criterion is the sum of the two terms of 
Compliance with occupational dose limits is 

total dose criterion is less than 1. 

The inhalation dose is the major contributor to the total dose criterion 

as shown by the data in Table 13.3-3. Calculation of the inhalation dose is 

highly dependent on the air concentration used. Since the resuspension model 

assumed for this example may either overestimate or underestimate site specific 

air concentrations, measurements of airborne radioactivity during waste exhuma
tion will be required. This example calculation demonstrates that inhalation 

may be an important occupational exposure pathway, and that several organs, 

besides total body, need to be considered when determining compliance with 

occupational limits. 

The results of this example calculation indicate that work conditions 

different from those considered in Section 11 may be required to reduce occu

pational exposure during waste relocation operations. The inhalation dose can 

be reduced by maintaining water sprays that are more effective than the ones 

assumed in this study, or by requiring the use of face masks or other respira
tory protection. For the example calculation, a reduction of the inhalation 

dose by a factor of 100 (by the use of face masks or more effective water 

sprays) would bring this dose into compliance with regulatory limits. However, 

the external dose would also need to be reduced. Some effective ways to reduce 

external exposure include reducing exposure times, adding shielding to equip

ment, and using remote operations. 
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13.3.2 Nonradiological Occupational Safety 

The potential exists for worker injuries and fatalities as a result of 
nonradiological accidents during decommissioning operations. As with any indus
trial operation, proper management and industrial safety practices during 

decommissioning can minimize the occurrence of worker accidents. Estimates of 

worker injuries and fatalities are based on data from the U.S. AEC for the 
period 1943-1970. (2l) Table 13.3-4 contains a listing of estimated worker 

injuries and fatalities for exhumation of: 1) a slit trench, 2) a package 
of TRU waste, and 3) one burial trench, for a range of work categories broken 
down by accident potential. (22 ) As shown in the table, about 4 x 10-2 worker 

injuries are expected while exhuming a slit trench, about 2 x 10- 2 injuries 
while removing a package of TRU waste, and about 8 x lo-z injuries while relo

cating an entire trench. In all cases, the probability for accidental death 
to a worker is low (<1.0 x lo- 3 ). 

Estimates of the numbers of injuries and fatalities to workers during site 
stabilization and long-term care are shown in Table 13.3-5. A range of casualty 
numbers is presented based on manpower requirements for the stabilization and 
long-term care plans described in Section 10. During site stabilization, the 
expected number of injuries is less than 4 x 10-1 and the expected number of 

fatalities is less than 2 x 10- 3 • During long-term care, the number of injuries 
expected annually is less than 4 x lo-z and the number of fatalities expected 

annually is less than 2 x l0- 4 • 

13.4 TRANSPORTATION SAFETY 

During waste relocation, radioactive material is exhumed from a burial 
trench and transported to a new disposal location. The new location may be 
another trench at the same burial ground or an offsite shallow-land or deep 
geologic disposal site. All waste shipments are assumed to be made by truck. 

The distance from a decommissioned burial ground to another shallow-land or 

deep geologic disposal site is assumed to be 2400 km. 
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TABLE 13.3-4. Estimated Occupational Lost-Time Injuries and Fatalities from 
Waste Relocation Operations 
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This section summarizes the radiological effects of routine transportation 

operations and the radiological and non-radiological impacts of transportation 
accidents. The analysis of transportation safety is based on shipment informa
tion for waste relocation summarized in Section H.4 of Volume 2. Assumptions 
that form the basis of the radiological portion of the safety analysis and 
calculational details are given in Sect1on 1.3 of Volume 2. 

13.4.1 Radiological Effects of Routine Transportation Operations 

Shipments of exhumed waste from the decommissioned burial ground are 
made in exclusive-use trucks. Department of Transportation (DOT) regulations( 23 ) 

set limits on radiation levels associated with radioactive material shipments. 
The method used to estimate radiation doses to transportation workers and the 
general public from routine transportation operations is based on that used in 
WASH-1238( 24 ) and in NUREG-0170. (25 ) 

Estimated direct radiation doses from routine truck transport of radio

active wastes from the decommissioned burial ground are given in Table 13.4-1. 
This table summarizes the information presented in Table 1.3-2 of Volume 2. 
Doses to the public are the same for shipments to both the deep geologic 
repository and an alternate shallow-land burial ground, since the shipping dis

tances are assumed to be the same. Onlookers include persons at truck stops 
and service attendants. Doses to the public are not calculated for onsite 
shipments, since these shipments do not use public highways. 

13.4.2 Radiological Effects of Postulated Transportation Accidents 

Estimated airborne release quantities, frequencies of occurrence, and 
maximum-exposed individual radiation doses from selected accidents involving 
truck shipment of wastes from a decommissioned burial ground are shown in 
Table 13.2-6. The radioactive inventories for the accidents shown in the 

table are reference inventory 3 (average burial trench waste) and reference 

inventory 4 (TRU waste). The 50-year committed dose equivalents to the bone 

of the maximum-exposed individual are estimated to be 4.6 rem for a severe 
accident involving TRU waste and 4.6 mrem for a minor accident involving TRU 

waste. A severe accident involving reference radionuclide inventory 3 is 

estimated to result in a 50-year committed dose equivalent to the bone of the 
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TABLE 13.4-l. Estimated Accumulated Radiation Doses 
from Routine Waste Shipments 

Ship01ent Ong1n 

Slit Trench 
'dest Site 

East S1te 

TRU Waste 

·~est Site 

East Site 

Complete Trench 

West S1te 

Cast S1te 

-;;;===---,==~'',;<"' --==== "MaXlinum-Exposed Pooulation Tr-ua· ·o·r·iver> Onlookers(b) 
I_n_d_ivjdual (rem)(a) (man rem) --~n_-_r!"~)_ (nan-rem) 

l.l • 10". 1.7 • 
1.1 ' 10"' 5.0 • 

u • 1 o· · l.f\ • 
I .2 • 1 o· 5. 5 • 

2.G • 1 o- 3 3 • 
1 ' • 10"', g_8 • 

IO"i 1.8 

10- ' 1.8 

10' 1. 0 

1 o- ; ? .n 

I 0~ 9. 9 

10: g_g 

• 10 

• w 

• l :J" 

• 1 o-' 

• 1 Ql 

• lO 

2 '~ ' l il 

2.0 x HI'} 

2.2 x w-
2.2 x 1o-: 

(.? X l Q 

2 2 X l 0 

(a)All shipments are assu1ned to follow the sam~ route; thereforr, the ··1aximu;1-exposed 
1ndividual along the route is exposed to all shipments. 

-:~:·cnlookers include ;Jersons at truck stops and service attendants 

maximum-exposed individual of only 0.08 mrem. A complete discussion of these 

and other transportation accidents is given in Section 1.3 of Volume 2. 

13.4.3 Nonradiological Transportation Safety 

For any transport operation, a potential exists for injury or death from 
transportation accidents. Table 13.4-2 contains injury and fatality estimates 

for transportation operations associated with slit trench, TRU waste, or entire 
trench exhumation. The number of casualties for each decommissioning mode is 
calculated by finding the product of the round-trip distance, the probability 
of accidents per vehicle kilometer, and the injuries or fatalities expected 

per accident. Distances traveled per shipment and the number of shipments for 
each mode are given in Table 1.3-1 of Volume 2. Expected frequencies of acci
dents are from Table 1.3-3. The expected numbers of injuries and fatalities 
per accident are from Reference 24 (Appendix C, Table 1). 

As shown in Table 13.4-2, the option of relocating an entire trench off
sHe could result in two to three nonradiological injuries. For no cases would 
a fatal injury be expected, and for the other options even the probability of 
nonfatal injury is slight. For all cases, resu1ts are identical for the 

western and eastern sites because the number of shipments and the shipment 
distances are assumed to be the same. 
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TABLE 13.4-2. Estimated Nonradiological Injuries and Fatalities from 
Transportation Accidents 

Probability (Accidents 
Estimated Nonradiological 

Waste Injuries Fatalities Round Trip Transportation Accidents 
Relocation Option per Vehicle km) per Accident per Accident Distance (km) _J_f!iuri es Fatalities 

TRU ~aste 1 . 1 x 1 o- 6 0. 51 0.03 4.8 X ]Q3 2.7 X J0- 3 1.6 X 10- 4 

Slit Trench ] . ] X ] Q-6 0. 51 0.03 4.3 X 10~ 2.4 X lQ-l 1.4xl0- 2 

Entire Trench {offsite) ] . ] X lQ- 6 0. 51 0.03 4.7 X 106 2.6 X 10° l.Sxl0- 1 

Entire Trench (onsite) 5.5 X ]0- 7 0. 51 0.03 1.2 X 10 3 3.4 x w-'· 2.0 X ]0-5 

Entire Trench (Backfill) 5.5 X lQ- 7 0. 51 0.03 4.5 X 10 3 1.3 X 10- 3 7.4 x w-~ 
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14.0 DISCUSSION OF RESULTS 

The results of this study to evaluate the technology, costs, and safety 

of decommissioning a low-level waste (LLW) burial ground are discussed in 
this section and are compared with results from other decommissioning studies 

on low-level waste burial grounds. 

14.1 RESULTS OF THIS STUDY 

Two decommissioning options are considered in this study: l) site stabili

zation with long-term care, and 2) waste relocation. 

Site stabilization involves the use of engineered procedures to reduce the 

rate and extent of radionuclide migration from buried wastes left in place after 
site closure. Site stabilization is followed by a period of long-term care during 

which administrative control of the site is maintained and surveillance and main

tenance procedures are performed to ensure the continued waste containment capa

bility of the site. long-term care continues until the radioactivity at the 

site has decayed to where the wastes no longer pose a significant radiological 

hazard. 

Waste relocation involves exhumation of the buried waste, repackaging it 

if necessary, and reburial at another waste disposal site or in another trench 

on the same site. For reasons discussed below, waste relocation would likely 

be considered only in situations where site stabilization and long-term care 

are not sufficient to ensure the capability of the site to provide adequate 
containment of the buried waste. 

Major conclusions from this study are listed below. Each of these conclu

sions is discussed in detail in the sections that follow. The conclusions are: 

1) Decommissioning of an LLW burial ground can be accomplished using currently 
available technology. 

2) Decommissioning costs are significantly higher for waste relocation than 

they are for site stabilization and long-term care. Waste management 

costs (costs of packaging, shipping, and disposal of the exhumed waste) 

are the controlling costs for waste relocation. 

14-1 



3) Site stabilization and long-term care of an LLW burial ground can be 

accomplished with no significant impact on the safety of the general 

public. The impact of waste relocation operations on the safety of 

the general public is estimated to be small. Site stabilization and 

long-term care operations result in modest radiation exposure of decom

missioning workers. However, waste relocation operations result in 

significant radiation exposure of decommissioning workers. 

4) Several improvements could be made in the design and operation of LLW 

burial grounds to facilitate decommissioning these facilities. 

5) Because of higher dollar costs and large occupational doses associated 

with waste relocation, the preferred mode for decommissipning an LLW burial 

ground is site stabilization with long-term care. Perhaps the only viable 

release option for existing sites that contain significant inventories 

of long-lived radioisotopes is conditional release with land use restric

tions and administrative control of the site. To permit unrestricted 

release following the decommissioning of future burial grounds, it may be 

necessary to limit the types and quantities of radionuclides buried at 

these sites. Limitation of the radionuclide content of LLW burial grounds 

is a condition that requires further study. 

14.1.1 Decommissioning Tech~ology 

A major conclusion from this study is that the technology exists for decom
missioning an LLW burial ground. Decommissioning can be accomplished using 

techniques and equipment that are in common industrial use. 

A variety of techniques exists for stabilizing a site against radionuclide 

transport mechanisms. These stabilization techniques are described and esti

mates of their effectiveness in dealing with specific transport mechanisms are 

given in Section 10. Effectiveness estimates are largely subjective and are 

based on engineering judgement. The ability of some stabilization techniques 

to provide the desired protection from potential transport mechanisms (e.g., 

techniques for erosion control, for vegetation management, or for reducing the 

contact of buried wastes by percolating water) has not yet been adequately 

demonstrated. Additional research on the adequacy and effectiveness of site 
stabilization procedures is needed. 
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The analysis of waste relocation from a single burial trench, presented 
in Section 11.4, is based on the use of conventional earthmoving equipment and 

techniques. The analysis assumes that TRU-contaminated waste has been located 
and selectively exhumed prior to the start of earthmoving operations. Therefore, 

a work enclosure is not postulated for this operation. This may oversimplify the 
problem of waste relocation from old trenches at existing sites. In some of 
these trenches, the distribution of TRU waste is diffuse and burial records are 

inaccurate and incomplete, thus making the location of TRU waste packages 

extremely difficult. In an extreme case of relocation of the waste from an old 
trench in which it is not possible to identify and selectively exhume the TRU 
waste, it might be necessary to utilize a work enclosure for the entire exhuma
tion operation, with workers wearing bubble suits. This could significantly 

prolong the time required to exhume the trench, resulting in an increase in 
radiation exposure to decommissioning workers and an increase in the dollar cost 
of waste relocation. 

14.1.2 Costs of Decommissioning 

For the plans evaluated in this study, stabilization of a site is estimated 
to cost from $0.5 million to $7.7 million in 1978 dollars, depending on the 

location of the burial ground and on the stabilization plan chosen. Long-term 

care costs are estimated to be about $100,000 annually, with higher annual costs 

during the first 2 or 3 decades after site stabilization because of greater 
environmental monitoring and site maintenance requirements during the years 
immediately following site closure. Total costs of site stabilization plus long
term care for 200 years are estimated to be in the range of $20 million to $30 
million in 1978 dollars. Costs of relocation of the waste from an entire burial 
ground are estimated to be in excess of $1.4 billion. Waste relocation costs 
are therefore about two orders of magnitude greater than the costs of site 
stabilization plus long-term care (for 200 years). 

Waste management costs (costs of packaging, shipping, and disposal of the 

exhumed waste) represent about 93% of the total cost of burial ground waste 
relocation. Some of the waste is assumed to be reburied at another shallow

land diposal site, with the remainder of the waste shipped to deep geologic 
disposal. Since a deep geologic waste repository has not operated in this 
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country, waste disposal charges for such a facility are speculative. Deep 

geologic disposal charges assumed in this and other studies are about one order 

of magnitude higher than charges for shallow-land burial. 

14.1.3 Public and Occupational Safety 

Because site stabilization does not involve direct contact with buried 

waste, the impact of normal stabilization activities on public safety is esti

mated to be insignificant. Decommissioning workers receive modest exposures 

to external radiation during site stabilization. 

Waste relocation is postulated to result in airborne releases of radio

activity, and radiation doses to the maxi1num-exposed individual and to the 

total population within 80 km of the reference site are calculated in this 

study for these postulated releases. Estimated doses to members of the public 

from complete trench exhumation are between 3 and 6 orders of magnitude greater 

than slit trench or TRU waste exhumation doses. (TRU waste exhumation is postu

lated to take place inside an enclosure designed to limit the spread of airborne 

contamination.) Exhumation of the waste from a single burial trench is estimated 

to result in a first-year dose to the bone of the maximum-exposed individual of 

about 12 mrem and a 50-year committed dose equivalent to the bone of the maximum

exposed individual of about 80 mrem. While these doses appear high, they are 

only a fraction of the doses that this same individual would receive from natural 

background radiation over the same time periods. Population dose calculations 

for complete trench exhumation reflect the same results as seen for the maximum

exposed individual with an estimated 50-year committed dose equivalent to the 

bone of about 70 man-rem. 

A wide spectrum of accidents, including both decommissioning and trans

portation accidents, is considered for the waste relocation cases analyzed 1n 

this study. Reasonable assumptions are made leading to estimated airborne 

releases of radioactivity and resulting radiation doses to the maximum-exposed 

individual. 

also made. 

An estimate of the frequency of occurrence of these accidents is 

Results shown in Table 13.2-6 indicate that some accidents, 

especially those postulated to occur during the transportation of exhumed waste, 

have the potential for resulting in a significant radiation dose to the maximum

exposed individual. 
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Occ~pational radiation doses from waste relocation operations include con

tributions from inhalation of radioactive dust and from external exposure to 

radioactivity. Relocation of the waste from an entire burial trench is an 

operation with a significant potential for the generation of airborne radio

activity. For this operation, an example calculation indicates that the 

inhalation dose is the major contributor to the total occupational radiation 

dose. The inhalation dose can be reduced by maintaining water sprays on the 

face of the excavation and by requiring the use of face masks or other respira

tory protection. Exhumation of TRU waste is also an operation with a signifi

cant potential for the generation of airborne radioactivity. In this study, 

bubble suits are assumed to be worn by all workers engaged in TRU waste exhuma

tion operations. 

External occupational doses are estimated to be about 35 man-rem for exhum

ation of high beta-gamma radioactivity waste from a slit trench, about 120 man

rem for exhumation of a package of TRU waste from a burial trench, and about 

260 man-rem for complete relocation of the waste from a burial trench. The 

high external radiation dose from TRU waste exhumation results from the fact 

that workers are confined within an excavation pit and 

gamma background from non-TRU waste exists 

work enclosure where a 

(principally from h°Co significant 

and 13 "~Cs). Because the work is performed inside an enclosure by workers wear-

1ng bubble suits, the work proceeds at a relatively slow pace, resulting in 

long periods of exposure. 

The number of workers assigned to operating crews for the waste relocation 

operations described in Tables 11.2-3, 11.3-3 and 11.4-2 is based solely on 

personnel requirements for efficient performance of the work. Estimates of 

the average worker dose per quarter indicate that using work requirements as 

the sole criterion for determining crew size results in an underestimate of 

the number of workers required. If individual occupational doses are to be 

kept within the limits defined by regulations, additional workers will be 

required. To limit occupational exposure, more than one individual would 

perform some of the tasks that are implicitly assigned to one person in the 
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operating crew estimates given in Section 11. The alternative would be to 

develop remote capabilities for the exhumation and repackaging of buried waste, 

with equipment operators working from shielded enclosures. 

14.1 .4 Facilitation of Decommissio~~ 

Several factors related to burial ground design and operation have a sig

nificant influence on decommissioning procedures and costs. Among the most 

important factors are site selection, trench design, waste segregation practices, 

and records management. 

Careful site selection allows reliable estimates to be made of decommis

sioning needs and facilitates the evaluation of the effectiveness of decommis

sioning activities. Geologic and hydrologic conditions at proposed sites should 

be simple enough to permit reliable estimates to be made of radionuclide residence 

times and of potential radionuclide migration pathways. Experience at existing 

commercial and DOE sites has demonstrated that care in site selection and in the 

location and design of burial trenches should substantially reduce the need for 

extensive trench repairs and site stabilization procedures, permitting the use 

of relatively simple and less costly decommissioning alternatives. 

Waste segregation is practiced to a degree at some existing burial grounds. 

Wastes could be segregated according to half life or potential hazard (i.e., TRU 

content or high total or specific radioactivity). Segregation of long-lived 

and/or hazardous wastes could significantly reduce the magnitude and cost of 
the decommissioning effort by making it possible to restrict certain decommis

sioning procedures to specific areas of the burial ground where such wastes are 

buried. Engineered storage could be provided for wastes likely to require relo

cation at some future time. 

Burial ground records include the operating history of the site, radio

nuclide inventory data, and environmental surveillance data. These records 

provide an important tool for planning and carrying out decommissioning opera

tions. The importance of accuracy and completeness of burial ground records 

cannot be overemphasized. Records should be preserved in such a way that they 

are available for the entire period of administrative control of the site and 

should be in a form that facilitates processing by automatic data processing 
equipment. 
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14.2 COMPARISON WITH OTHER STUDIES 

Studies have been made at both Morehead {Maxey Flats), Kentucky, and 
West Valley, New York, to determine the costs of decommissioning and long

term care of the commercial LLW burial grounds at these sites. Cost data from 

the Maxey Flats and West Valley studies are summarized in this section and 

compared with cost data from this (PNL) study. 

14.2.1 Morehead, Kentucky 

A recent news release(l) states that a Kentucky state advisory committee 

estimates that maintenance costs at the Morehead (Maxey Flats) site could run 
as high as $350,000 per year. The site occupies about 134 hectares in eastern 

Kentucky. No information is given in the news release about the nature of 
the maintenance activities planned for the site. 

is the pumping of water from some of the burial 
of this water through an evaporator system. 

14.2.2 West Valley, New York 

However, one ongoing activity 
trenches and the processing 

In February, 1978, the Congress of the United States instructed the Depart

ment of Energy to conduct a study of options for the future of the Western 

New York Nuclear Service Center at West Valley, New York. The published results 
of this study{ 2) include recommended options for the New York state-licensed 

burial grounds that were operated by Nuclear Fuel Services, Inc. on 8.9 

hectares of the West Valley site. The two options considered for the LLW 
burial ground are 1) extended care, and 2) exhumation and shipment of the 
waste to a federal repository. 

The extended-care option for West Valley involves the permanent closing 

of the burial area and provisions for the monitoring and maintenance necessary 
for the long-term protection of the public. A confirmatory assessment of site 
conditions would be performed to assure erosion stability, radioactivity 
retention, and water infiltration resistance. Security procedures would be 

limited to provision and maintenance of a perimeter barrier consisting of a 
2.4-m-high chain-link fence topped with barbed wire. Trench water, ground 

water, soil, and vegetation would be sampled on a quarterly basis and analyzed 

for gross alpha, gross beta, and gross gamma activity. Monthly inspections 
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would be made of the area to detect any intrusion, eros1on, or subsidence. 

Eroded areas and depressions resulting from subsidence would be filled with 

soil during these inspections and the vegetative cover restored. The vegeta

tive cover would be mowed three times annually to prevent the growth of large 

plants whose roots might reach the wastes. Costs for this extended-care option 

would be limited to those associated with installation of the additional 

fencing and with site monitoring, maintenance, and surveillance. The initial 

site suitability studies and the fence are estimated to cost about $110,000. 

Monitoring, maintenance, and surveillance costs, including the amortized cost 

of replacing the fence every 15 years, are estimated to be about $40,000 per 

year. 

The exhumation option at West Valley would begin with a detailed survey of 

the site, which would include a record S<'il.rch and a program of core sampling 

to identify potential radiolouical and nonradiological hazards. Large-scale 

retrieval equipment would be used for the actual exhumation. Uncontaminated 

soil would be removed to within about 0.5 m of the top of the wastes, and the 

wastes would be exhumed in bulk. Drums and boxes would not be handled indi

vidually but would be placed in 5.6-m 1 liners, along with loose waste, contami

nated soil, and wastes generated by the retrieval operations. All exhumation 

procedut·es would be performed within a mobile double-walled building. Exhumed 

wastes (about 164,000 ~ 3 ) would be transported by rail in reusable overpacks 

to a federal repository 4,800 km distant. Disposal costs are based on deep 

geologic disposal of low-level transuranic wastes. 

The total time required for waste relocation operations, including plan

ning and procurement, site characterization, and waste exhumation, is esti

mated to be obout 10 years. The total cost of waste exhumation at the West 

Valley site is estimated to be about $570 million. About 93% of this cost 

is associated with the transport and disposal at a federal repository of the 

exhumed waste. A cost summary is presented in Table 14.2-1. 

14.2.3 Comparison of Costs 

Care must be exercised in comparing decommissioning cost estimates from 

this PNL study with the cost estirrv1tes from the Morehead and West Valley 
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TABLE 14.2-1. Summary Cost Estimate for Exhumation of the 
State-licensed Burial Ground at West Valley 
(from Reference 2) 

Item 

Preliminary Requirements 

Records Review 
Trench Surveys 

Engineering and Design 
Capital 

Facilities 

Equipment 

Operations 
Labor and Equipment 
Fuel 

Waste Transport 
Waste Disposal 
Facility Decommissioning 

Total(b) 

(a)Costs are in 1978 dollars. 

Cost ($ millions)(a) 

0.4 

1.9 

1.6 

31.8 

115.8 
416. 1 
( <0. 1 ) 

570 

(b)Total rounded to two significant figures. 

studies. Because of differences in site characteristics and in decommissioning 
objectives and procedures, a direct comparison is not possible. 

On a unit cost basis, the initial site stabilization cost for the West 

Valley site is estimated to be about $12,000/ha. Stabilization costs for the 
PNL study for the eastern reference site range from about $7,000/ha for the 

minimal plan that assumes stabilization of burial trenches as they are filled 
to about $56,000/ha for the modest plan and $80,000/ha for the complex plan. 
The modest and complex stabilization plans for the PNL study require consider
ably more decommissioning activity than that described in Reference 2 for the 
West Valley site. 
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Annual costs of long-term care are estimated to be about $2,000/ha for 

Morehead, about $4,500/ha for West Valley, and to range from about $1,900/ha 

to $5,200/ha for the eastern reference site of the PNL study (depending on 
the prior stabilization option and on the elapsed time since site closure). 

Waste relocation costs are estimated at about $63 million/ha for the 
West Valley study and at about $28 million/ha for the PNL study. Both the 
West Valley study and the PNL study conclude that waste management (packaging, 

shipment and disposal of exhumed waste) is the cost-controlling factor in 

estimating the total cost of waste relocation from an LLW burial ground. 

Both the PNL study and other studies have shown that the costs, in both 

dollars and occupational exposure, are significantly higher for waste relocation 
than they are for site stabilization and long-term care. A report by the 
Committee on Radioactive Waste Management of the National Academy of Sciences( 3) 

has warned that waste exhumation is a difficult and costly operation, and that 

the exhumation of wastes not originally buried with intent of later retrieval 
might be more hazardous to man and to the environment than if the wastes were 
left in place. Waste relocation would therefore likely be considered only in 

situations where other decommissioning procedures are not adequate to assure 
that future risk from the burial ground is within acceptable bounds. 
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15.0 DESIGN CONSIDERAT!Oi~S, OPERATING PRACTICES, AND 

RESEARCH NEEDS TO FACILITATE DECO:~IHSS!ONING 

Several factors that would facilitate the decommissioning of low-level 

waste (LLW) burial grounds are considered in this section. These factors can 

be conveniently grouped into three categories: l) design considerations, 

2) operating practices, and 3) research needs. 

Design considerations, discussed in Section 15.1, include procedures for 

site selection and criteria for the design and construction of burial trenches. 

Operating practices, discussed in Section 15.2, refer to waste form and 

packaging requirements, waste burial practices, and records maintenance proce

dures. 

Research needs, discussed in Section 15.3, refer to technical issues that 

require attention to ensure that LLW burial sites are properly decommissioned. 

A recent Department of Energy (DOE) report(l) outlines research needs in several 

areas where investigations could improve the operational and oost-operational 

characteristics of existing and future LLW burial grounds. The discussion of 

research needs in Section 15.3 is confined to two broad areas where additional 

research caul d faci 1 i tate the decommi ss i ani ng of LU~ buri a 1 grounds. These 

areas (which overlap to some extent the research areas discussed in Reference 1) 

are 1) site/waste stabilization procedures. and 2) modeling techniques used to 

predict release conditions for LL~J burial grounds after burial operations cease. 

15.1 DESIGN CONSIDERATIONS 

Design considerations to facilitate decommissioning include criteria for 

site selection and for the design and construction of burial trenches. 

Site selection refers to measures to ensure that a burial site meets pre

scribed geologic, hydrologic, and demographic criteria. Several recent reports 
on LU~ burial grounds have included discussions of burial ground siting. (2-4) 

Careful site selection allows reliable estimates to be made of decommissioning 

needs and facilitates the evaluation of the effectiveness of decommissioning 

activities. Geologic and hydrologic conditions at a proposed site should be 
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simple enough to permit reliable estimates to be made of radionuclide residence 

ti~es and of potential radionuclide migration pathways. If water is a potentially 

significant radionuclide transport mechanism, the burial zone should be separa

ted from zones through which water can move with relative ease (e.g., sand 

lenses or fractured bedrock) by an interval of geologic deposits sufficient 

to prevent significant migration of radionuclides into these more porous zones. 

The demography and the projected land use of the area around a site should be 

carefully considered in the site selection process to ensure reliable estimates 

of potential radiation doses to the population in the vicinity of the site. 

Several existing LLW burial grounds have not proven totally effective in 

waste containment. (S, 6) Efforts have been initiated to develop conceptual 

designs for burial trenches that would improve the waste containment capability 
of these structures. (l •7•8) These efforts include the design of trench caps 

to minimize the infiltration of moisture into trenches and the design of sur

face and subsurface diversion systems to drain water away from buried wastes. 

Care in the design and construction of burial trenches should improve their 

waste containment capability, thereby substantially reducing the need for costly 

trench repairs and stabilization procedures when a site is closed. 

15.2 OPERATING PRACTICES 

Some operating practices at LLW burial grounds that might reduce the 

requirements for decommissioning at the time of facility shutdown are discussed 
in References 1, 4, and 8 through 10. Operating practices to facilitate decom

missioning include waste-form and packaging considerations, waste burial practices, 

and records maintenance procedures. 

Waste-form and packaging considerations important to decommissioning include 

the standardization of waste form and packaging requirements for buried wastes, 

the compaction of wastes prior to burial, and the chemical immobilization of 

complexing agents. Standardization of waste forms and packages would facilitate 

the placement of waste in a burial trench. This could have several desirable 

consequences, including 1) reduction of void spaces, with consequent reduction 
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in subsidence rates, 2) aid in future relocation of waste, should this be 

necessary, and 3) possible simplification of waste migration analysis. Com

paction of wastes prior to burial could reduce the incidence of trench cap sub

sidence. Chemical immobilization of complexing agents could reduce radionuclide 

migration rates. 

Two important related burial practices that could significantly affect 

decommissioning requirements and influence land use decisions following site 

closure are waste segregation and the use of engineered storage. Waste segre

gation is already practiced to a degree at some existing burial grounds. Radio

active wastes could be segregated according to half-life, so that those wastes 

with long decay periods (e.g., greater than 30 years) are not intermingled with 

short-half-life materials. Wastes requiring special handling (e.9., wastes with 

high TRU content or high radioactivity sources) could also be segregated from 

other wases. In conjunction with these segregation requirements, it would be 

necessary for a site operator to reject shipments that are not properly iden

tified. Segregation of long-lived and/or hazardous wastes could significantly 

reduce the magnitude and cost of decommissioning by making it possible to lir:1it 

certain decommissioning procedures to those specific areas of the burial ground 

where such wastes are buried. 

Some wastes may require relocation at a future time. Engineered storage 

(either above or below ground) could be provided for these wastes. Burial 

would be restricted to wastes whose radioactive content would not be of concern 

after an extended period (e.g., 200 years) of administrative site control. 

Burial ground records can be conveniently classified into three categories: 

l. burial ground operating history 

2. radionuclide inventory data 

3. environmental surveillance data. 

Records in these categories provide information essential to planning and imple

menting site decommissioning and long-term care activities. 
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The burial ground operating history includes information about periodic 

site inspections. maintenance activities, and stabilization activities during 

the operating lifetime of a site. All stabilization procedures should be care

fully documented. Radionuclide inventory data include information about quanti

ties, forms, and locations of radioactive waste buried at the site. Environ

mental surveillance data include information about sampling locations and fre

quencies, analyses of environmental samples, and data evaluation to determine 

the adequacy and effectiveness of confinement systems or to demonstrate com

pliance with applicable regulations concerning releases to the environment. 

The importance of accuracy and completeness of burial ground records as an 

aid to the planning and performance of burial ground decommissioning cannot be 

overemphasized. Guidance for improving the content and quality of burial ground 

records is contained in References 3 and 11. Recommendations include: 

1. Duplicate records should be made and filed with more than one record 

bank. 

2. Records should be of a form that can be handled by automatic data proces

sing equipment. 

3. All burial grounds should adopt a uniform records format. 

4. Records must be available for the length of time that a burial ground will 

require human attention. 

The U.S. Nuclear Regulatory Commission (NRC) has recently prepared a Low

Level Waste Branch Position titled "Lmi/-Level \~aste Burial Ground Site Closure 

and Stabilization."(lZ) The Branch Position describes performance objectives 

that should be met by a site operator to prepare a site for transfer to a custo

dial government agency. These performance objectives include the following pro

visions: 

• eliminate the potential for erosion or loss of site or trench integrity 

due to factors such as ground water, surface water, wind, subsidence, 

and frost action 

• demonstrate that the rate of release of radionuclides through the air and 

ground or surface water pathways are at or below acceptable levels 
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• render a site suitable for surface activities during custodial care 

• stabilize the site in a manner to minimize environmental monitoring 

requirements and to eliminate the need for active water ~anagement measures 

• compile and transfer to the custodial agency complete records of site 

maintenance and stabilization activities, trench elevations and locations, 

trench inventories, and monitoring data obtained during the operating phase 

of the site 

e document arrangements for the orderly transfer of site control to the 

government custodian for long-term care. 

With these performance objectives as a basis, it is anticipated that a site 

operator will take appropriate measures during the operating lifetime of the 

burial ground to minimize the need for extensive decom~issioning procedures 

when waste burial operations cease. 

15.3 RESEARCH NEEDS 

Several technical issues require attention to ensure the proper decommis

sioning of LU~ burial grounds after waste disposal operations cease. In this 

section, research needs related to site/waste stabilization techniques and to 

the improvement and verification of models used to define release conditions 

for a decommissioned site are described. 

Existing commercial burial grounds, some of which may require decommission

ing in the near future, provide an excellent arena for research to improve the 

technical information base regarding decommissioning. The development of con

fidence in engineering techniques for burial ground stabilization and the vali

dation of pathway analysis models could lead to the possible future release of 

these sites on a conditional or unrestricted use basis. 

15.3.1 Site/Waste Stabilization 

Engineered techniques for the stabilization of LU~ burial grounds are 

described in Section 10.1.2. Site/waste stabilization plans that incorporate 

these techniques are described in Section 10.3 for the reference western site 
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and in Section 10.4 for the reference eastern site. The selection of appro

priate techniques for burial ground stabilization involves a consideration of 

many factors including site characteristics, operating practices during waste 

disposal operations, and the effectiveness and cost of specific techniques. 

r·1any site/waste stabilization techniques are still in the developmental 

stage. Research is needed to assess the effectiveness of candidate techniques, 

to determine their useful lifetimes, and to evaluate costs of implementation 

and maintenance. Some information about specific stabilization procedures is 

available. (g) However, much of the analysis of Section 10 is based on engineer

ing judgement. Further research must be performed to develop confidence in the 

use of engineered procedures for burial ground stabilization. Examples of needed 

research in the areas of site revegetation and of surface and subsurface barriers 

are described below. 

Revegetation of tailings piles, strip-mined areas, and waste burial sites 

is a cor:1mon technique for erosion control. Studies have been reported of methods 

for establishing vegetative cover to aid in the reclamation of nonradioactive 

mineral ore waste heaps. (13 •14 ) Research on the revegetation of LLW bur·ial 

sites has also been reported. (lS,l 6) 

Objectives of desirable revegetation methodologies for which additional 

information is needed include: 

o Selection of appropriate species and development of methods for the rapid 

revegetation of distur~cd land surfaces to minimize vlind/water erosion. 

• Selection of vegetation species that maximize near-surface soil moisture 

utilization, thus reducing moisture seepage into burial zones. 

• Selection of shallow-rooted species to minimize biological uptake of radio

active contaminants. 

• Establishment of a plant cover that is capu.ble of long-term survival with 

a minimum of anticipated maintenance within the range of environmental 

conditions anticipated at the site which might include drought, fire, and 

known plant disectses. 
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Field studies of revegetation are needed for a range of climatic conditions and 

soil properties. Long-range considerations such as plant succession must be 

examined to evaluate the possible importance of such problems as deep-rooted 

plant species invading a burial site with subsequent uptake and transfer of 

radionuclides to the bioshere. 

Surface or subsurface barriers (rock, asphalt, bentonite clay, etc.) 

represent a technique to prevent plant and animal intrusion and to control the 

infiltration of moisture into burial trenches. The use of surface and subsur

face barriers is a well-developed technology for many industrial and agricul

tural applications such as industrial effluent containment, seepage control, 

and moisture conservation. However, the application of this technology to 
long-term waste management is difficult because of the many unique, and some

times conflicting, requirements for burial ground stabilization. Barriers must 

be effective in controlling the penetration of plant roots and animals into 

contaminated zones. They must also be effective in controlling the movement 

of soil moisture. They should have a long life and require a minimum of main

tenance. They should perform within design specifications for the complete 

range of environmental conditions anticipated at the site. Barrier flexibility 

requirements related to compaction and settling of the waste and cover materials 

must be defined. The optimum degree of waste compaction and surface seal com

paction should be established. Potential advantages and disadvantages of placing 

the barrier at or below the land surface should be explored. 

An example of research to determine the capabilities and limitations of a 

particular type of engineered surface barrier is the study of the suitability 
of bentonite clay to prevent the infiltration of rainwater into buried waste. (ll) 

The study concluded that a l-inch-thick layer of bentonite significantly reduced 
the infiltration of rain~t1ater into the test area. To protect the layer from 

excessive drying and cracking, a 2-ft-thick soil cover was required. The sub
surface bentonite layer has little resistance to penetration by plant roots, 

hence it is not an effective biobarrier. 

Properly placed deflectors may be useful in directing surface and/or ground

water flow. Engineered structures have been used for this purpose at the LU~ 
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burial grounds at Oak Ridge National Laboratory in Tennessee. (lO) \~here the use 

of deflectors is contemplated, site-specific studies will be required to address 

such factors as optimum materials for construction, curtain shape, and curtain 

placement for various waste burial configurations. Methods of directing ground 

water by use of physical entities such as secondary trenches need to be explored. 

Pipe drain networks designed to direct water flow do~om and away from buried radio

active waste should be investigated. 

A comparative investigation of the relation between burial site character

istics and waste containment is not known to be underway at present. The 

results of corrective actions taken in the past to prevent loss of buried con

taminants should be analyzed and incorporated into future studies of the 

effectiveness and cost of erosion and intrusion control barriers. 

Results of research into burial ground stabilization techniques have appli

cability both to the decommissioning of existing LLI~ burial sites and to the 

design of future sites. 

15.3.2 ~1odels for Analysis of Radionuclide Transport 

Since the late 1960s, mathematical models have been used to predict radio

nuclide transport in hydrologic systems. The radionuclide transport models 

used to develop release conditions for LLW burial grounds are described in 

Sections 8.1.2, 8.4, and C.2.4. The modeling analysis of Section 8 uses state

of-the-art methodology to predict radionuclide migration via ground and surface 
water pathways and to estimate doses to a maximum-ex~osed individual from radio
activity leached from an LLW burial ground. 

Uncertainties in pathway modeling, described in Section 8.1.2, point to the 

need for additional research in this area. t,1odels need to be upgraded and veri
fied, and more realistic values for the parameters used with the models (e.g., 

distribution coefficients, leach times, etc.) need to be determined. Research 

to improve and verify the models is discussed in this section. Research to pro

vide better values for model parameters is described in the following section. 

Research needs related to the development of models for predicting radio

nuclide migration from LLW burial grounds via water pathways can be summarized 

as follows: 
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1. Development of more realistic transport models for evaluating radionuclide 

migration via the groundwater pathway 

2. Development of transport models for overland flow 

3. Verification of models by comparison of predicted values with experimental 

results for real sites. 

To mathematically simulate radionuclide transport by ground water through 

a geologic medium, certain assumptions are made. These assumptions, which ~ake 

the problem tractable to mathematical analysis, often oversimplify the models 

and may lead to erroneous results. f·1odel ing assumptions relate qenerally to 

the homogeneity of the medium and to the rates at which reactions occur within 

the medium. The assumPtions usually include the following: 

1. the geologic formation can be represented as a continuous, homogeneous 

medium 

2. the medium is saturated with water 

3. exchange reactions of nuclides between the geologic medium and the solution 
are reversible 

4. nuclide-medium reactions are instantaneous so that equilibrium of the 

nuclide between solution and geologic medium is locally maintained within 

the medium 

5. the concentration of each nuclide is sufficiently small that nuclides 

react independently of each other and do not affect the macroscopic pro

perties of the solution. 

Given these simplifying assumptions, nuclides are expected to migrate through 

the medium with a well-defined velocity. Dispersion is accounted for by a 

single dispersion coefficient that results in a Gaussian distribution in the 

concentration of radioactive material with time at a given point in the medium. 

An experimental program developed at the Argonne ~~ational Laboratory(lS) 

has provided some information on the migration behavior of nuclides in aqueous 

solution-rock systems and has tested some of the simplifying assumptions of 

current radionuclide migration models. The program utilized three types of 
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experiments: column infiltration, static absorption and desorption, and batch 

partitioning. The conclusion of the Argonne study was that the observed behavior 
of migrating nuclides in these experiments could not be accurately described by 
models that predict a single migration rate based on simple absorption properties 

and local chemical equilibrium. A dispersive model of fluid flow was needed to 
accurately characterize the skewed distribution of migrating nuclides observed 

in the column-distribution experiments. Static absorption experiments indicated 
that the reaction rates of nuclides in solutions and rocks vary greatly for 

different rock-nuclide systems. Therefore, for a solution containing several 
nuclides and moving through rock, conditions of local equilibrium may exist for 

some nuclides and not for others. Thus, models of nuclide migration need to 
provide for the rea·ction rates of individual nuclides. 

The chemical mechanisms involved in groundwater transport of radionuclides 

are a function of the chemical form of the waste, the groundwater quality, and 
the mineralogy of the geologic formation through which transport is occurring. 
In addition, radionuclide movement is strongly influenced by the degree of ~o-tater 

saturation in the flow system and by whether the flow is homogeneous or 1s occur
ring primarily in fractures. Thus, the transport of radioactivity away from a 
burial ground is affected by many site-specific factors that are difficult to 

model. 

r1easurements at the LLW burial grounds at Oak Ridge National Laboratory(lg) 

indicate that in some instances of radionuclide migration there is a much greater 
and more rapid movement of radioactivity away from burial trenches than is pre
dicted on the basis of a simple migration model. Possible reasons for an observed 
rate of radionuclide migration greater than the predicted rate include: 1) lack 
of contact of radionuclides in water flowing in a fracture with the soil or rock 
formation (water in the central portion of the opening does not interact with 
the shale walls of the fracture), 2) the presence in the soil of competing cations 
that fill adsorption sites that might otherwise be available for radionuclide 

adsorption, 3) the presence in the waste of chelating agents that form complexes 

with the radionuclides and increase the mobility of these ions, and 4) chemical 
reactions that change the oxidation state of an ion, thereby changing its 

mobility. 
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There are no well-established models for treating overland flow. For this 
study, the ~1MT model (20) was used with conservative assumptions about leach 
times, flow paths, and sorption of radionuclides onto the ground surface. (See 

Section C.2.4.1 for details.) Because of the possibility of an unusually heavy 

rainfall inundating a burial site and leaching radionuclides from the buried 

waste, a model is needed that realistically treats the problems of overland flow. 

Little attention has been given to the verification of transport models 
by field tests at existing sites. In part, this is because of the lack of an 
appropriate experimental apparatus for monitoring waste burial sites to assess 

the influence of environmental factors on radionuclide migration rates. Some 
beginning steps have recently been taken to correct this deficiency. A pro-
gram is underway at Pacific Northwest Laboratory to develop geohydrologic moni
toring systems to evaluate burial sites located in arid regions. (2l) A field 

test facility has been designed and constructed to assess the migration of radio
nuclides and water in the partially saturated groundwater zone of arid shallow
land radioactive waste burial sites. The project has developed new monitoring 

devices to determine mass balance and energy transfer in addition to integra
ting existing monitoring components into an overall monitoring system. The 

test facility is used as a source of information to verify predictions of water 
and radionuclide transport through the geologic media pathway. 

15.3.3 Transport f1odel Parameters 

large uncertainties exist in the values of some parameters such as soil per
meability, dispersion coefficients, distribution coefficients, and leach rates 

used in current models to simulate radionuclide migration via the groundwater 
path1t1ay. Examples of the range of values reported in the literature for some 
of these parameters are given in Section C.2.4.1 of Appendix C. Because of 
these uncertainties, an attempt was made to use conservative parameter values 
in the analysis of burial ground release conditions described in Section 8. 
Examples of research needs to reduce the uncertainties in transport model para

meter values are given below. 

Research is needed to identify and quantify differences between field and 
laboratory measured values of distribution coefficients. Because of the difficulty 
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of field measurement of Kd' values determined by laboratory measurements 

are normally used in models to calculate the groundwater transport of radio

nuclides. However, the application of laboratory measurements to field situations 

is of questionable validity. Measured values of the distribution coefficient 

depend strongly on the physical and chemical conditions of measurement. Among 

other variables, soil type, nature of the solution, and chemical form of the 

radioactive species are important. Several authors( 22 - 24 ) have emphasized the 

importance of actual field measurements to verify the values of distribution 

coefficients used in radionuclide transport modeling. 

In a cooperative program with the NRC and the U.S. Geological Survey, Brook

haven National Laboratory is conducting a study( 22 ) to characterize the waters 

that accumulate in trenches and wells at commercially operated low-level radio
active waste disposal sites. Work in progress or planned for this investigation 

includes the measurement of Kd dependencies on actual trench water and burial 

ground soils. The Brookhaven work on the migration of radionuclides is an 

example of the kind of site-related research needed to characterize the para

meters that affect rates of radionuclide migration from burial grounds. 

A study was performed at Los Alamos Scientific Laboratory( 23 ) to obtain 

information on radionuclide retention and migration in soils as a function 

of soil type and radionuclide species. The study showed that the Kd value 1s 

a function not only of soil type but also of the physical form and chemical 
species of the migrating radionuclide and of the solid-to-liquid ratio in the 

medium through which material is moving. In using laboratory values of Kd' 

the assumption is made that the value of the distribution coefficient is 

independent of the solid-to-liquid ratio. In practice, however, equilibrium 
is rarely attained in an environmental system. Evidence suggests that Kd is 
not independent of the solid-to-liquid ratio. (23 ) This has profound impact 

when measuring Kd in the laboratory using a 2-part liquid to 1-part solid 

ratio and then applying that data to a system of water flow in a similar soil 

or geologic medium where the effective water-to-soil ratio may be 1 to 100. 

Research is needed to determine the effect of complexing agents on the 

modification and transport of radionuclides from LLW burial grounds. Studies 
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of the migration of radioactivity from seepage pits and burial trenches at 
the Oak Ridge National Laboratory( 2S) have indicated that ethylenediaminetetra

acetic acid (EDTA) is forming complexes with 60 co and causing the migration 
of this radionuclide from disposal facilities. The studies indicate that 
Kd values for 60co in Conesauga shale may be reduced by 3 or 4 orders of ma~
nitude as a result of the complexing action of EDTA. Because it forms extremely 

strong complexes with rare earths and actinides, EDTA or similar chelates may 
also be contributing to the mobilization of these radionculides from other LLW 
burial sites throughout the country. 

Large quantities of organic wastes (e.g .• scintillation liquids, solvents, 
and liquids used for decontamination) are disposed of in shallow-land burial 

grounds. t-1any of these organic chemicals are complexing agents that can affect 

the leachability, solubility, and movement of radionuclides. Literature and 
field surveys should be undertaken to determine the types and quantities of 
complexing agents that are disposed of in LLW burial grounds and to identify 

and assay the species of radionuclide complexes present in trench leachates. 
(Some research on organic complexes in trench leachates is being performed in 
the Brookhaven study described in Reference 22.) 

Research is needed to determine leach rates for specific radionuclides 
under field conditions. Published leach rate data come mainly from laboratory 
experiments in which small samples are leached by distilled water or by actual 

or simulated disposal environmental water. Leach rates should be examined with 
respect to variability with soil type. leaching water, chemical and physical 

form of the buried radionuclides, and the effect of containers on reducing or 
delaying leaching. The effect of leach rates on radioactivity concentrations 
in ground and surface water in the vicinity of a burial ground is much greater 
for radionuclides with short half lives than it is for radionuclides with long 
half 1 i ves. ( 24 ) 

Research is needed to determine the effects of soil microorganisms on the 
transport of radionuclides. Soil microbes may act either to enhance or to 

retard the mobility of radionuclides in buried waste. The organisms are known 

to solubilize various chemical elements in the soil by the production of 
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organic and mineral acids and other byproducts that may form complexes with 

radionuclides or may alter the chemical conditions of the solution, such as 

pH, which affect solubility. Conversely, microorganisms may degrade organic 

material, reducing organo-radionuclide complexes and retarding the migration of 

the radionuclides. Very little information has been reported about the effects 

of soil microorganisms on the transport of radionuclides. This subject needs 

further investigation. 
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16.0 GLOSSARY 

Abbreviations, terms, definitions, and symbols directly related to burial 

ground decommissioning (including site/waste stabilization, waste relocation, 
and long-term care activities) are defined and explained in this section. The 

section is divided into two parts, with the first part containing abbrevia

tions and symbols, and the second part containing terms and definitions 

(inc 1 ud i ng those used in s pee i a 1 context for this study) . Corman terms covered 

adequately in standard dictionaries are not included. 

16.1 ABBREVIATIONS AND SYI·1BOLS 

Abbreviations 

AEC 
A LARA 
ANSI 
ASWS 
BWR 
CFR 
Ci 

OF 
DOE 
DOT 
DPM 
EPA 
EI<R 
FSAR 
HEPA 
HP 

HVAC 
!DR 
!NEL 

Atomic Energy Commission 
As Low As is Reasonably Achievable(a) 

American National Standards Institute 

Air-Support Weather Shield 

Boiling Water Reactor 
Code of Federal Regulations(a) 
Curie(a) 

Decontamination Factor(a) 

Department of Energy 

Department of Transportation 
Disintegrations per t~inute(a) 
Environmental Protection Agency 
Early Waste Retrieval 

Final Safety Analysis Report 
High Efficiency Particulate Air (filters)(a) 
Health Physicist(a) 

Heating, Ventilation and Air Conditioning 

Initial Drum Retrieval 

Idaho National Engineering Laboratory 

{a)See Section 16.2 for additional information or explanation. 
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KDHR 
LASL 

LLW 

LWR 

mR 
mrad 

mrem 
MPC 

MT 
NRC 

ORNL 

PVC 
PWR 

Q.A. 

Q.C. 
R 

rad 
rem 

RSR 
SNM 

SRL 
TLD 
TRU 

Symbols 

Kentucky Department for Human Resources 

los Alamos Scientific Laboratory 
Low-Level Waste 
Light ~Jater Reactor 

Milliroentgen, see roentgen 

Millirad, see rad 

Millirem, see rem 
Maximum Permissible Concentration{a) 
Metric Ton(a) 

Nuclear Regulatory Commission 

Oak Ridge National Laboratory 

Polyvinyl Chloride 

Pressurized Water Reactor 
Quality Assurance(a) 

Quality Control(a) 
Roentgen (a) 

Radiation Absorbed Dose(a) 

Roentgen Equivalent tlan(a) 

Radioactive Shipment Record 
Special Nuclear Material(a) 

Savannah River Laboratory 
Thermoluminescent Dosimeter(a) 
Transuranic(a) 

a Alpha Radiation(a) 
S Beta Radiation(a) 
y Gamma Radiation(a) 

x Chi, Concentration, pCi/m 3 

Q Released Quantity of Radioactive t~aterial, Ci 

Q' Release Rate of Radioactive Material, Ci/sec 

X/Q' Chi-bar/Q prime, normalized annual average air concentration 

(pCi/m3 per Ci/sec released, also written secfm3). Also called 

the annual average atmospheric dilution factor. 

(a)See Section 16.2 for additional information or explanation. 
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16.2 GLOSSARY DEFINITIONS 

Actinides: 

Activity: 

Adsorption: 

Airborne Radioactive 
Material: 

ALARA: 

Alpha Decay: 

Alpha Particle: 

Aquifer: 

Atomic Number (Z): 

Background: 

Bentonite: 

A series of heavy radioactive metallic elements of 
increasing atomic number (Z) beginning with actinium 
(89) or thorium (90) through element hahnium of atomic 
number 105. 

See Radioactivity. 

Adhesion of ions or molecules to the surface of 
liquids or solid bodies with which they come in 
contact, adhering to a surface. 

Radioactive particulates, mists, fumes, and/or gases 
in air. 

A philosophy to maintain exposure to radiation As 
~ow As is Keasonably ~~hievable. 

Radioactive decay in which an alpha particle is 
emitted. This transformation lowers the atomic 
number of the nucleus by two and its mass number 
by four. 

A positively charged particle emitted by certain 
radioactive materials. It is made up of two neutrons 
and two protons; hence it is identical with the 
nucleus of a helium atom. It is the least penetra
ting of the three common types of radiation (alpha, 
beta, and gamma) emitted by radioactive material. 

A subsurface formation containing sufficient saturated 
permeable material to yield significant quantities 
of water. 

The number of protons in the nucleus of an atom; 
also its positive charge. Each chemical element 
has its characteristic atomic number, and the 
atomic numbers of the known elements form a com
plete series from 1 (hydrogen) through 105 (hahnium). 

That level of radioactivity from sources existing 
without the presence of a nuclear plant, including 
nonplant-related sources, such as might result 
from atmospheric weapons testing. 

A porous clay, produced by the natural decomposition 
of volcanic ash, that is able to absorb much water and 
swell greatly as a result. 
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Beta Decay: 

Beta Particle: 

Burial Grounds: 

Byproduct Material: 

Caisson: 

Cask: 

Chemical Limits: 

Code of Federal 
Regulations (CFR): 

Complexing Agent: 

Contamination: 

Radioactive decay in which a beta particle is emitted 
or in which an orbital electron capture occurs. 

An electron, of either positive or negative charge, 
that has been emitted by an atomic nucleus in a 
nuclear transformation. 

An area specifically designated for the subsurface 
disposal of solid radioactive waste. A burial 
ground is used to temporarily isolate the waste from 
man's environment. 

Any radioactive material (except source material and 
special nuclear material) obtained during the pro
duction or use of source or special nuclear material. 
Byproduct material includes fission products and 
other radioisotopes. 

A vertically oriented cylindrical structure used for 
the subsurface disposal or storage of materials. 

A heavily shielded shipping container for radioactive 
materials. Some casks weigh as much as 100 metric 
tons. 

Maximum concentrations or quantities imposed upon 
chemical releases to the environment in gaseous 
or liquid effluents discharged from a facility, and 
consistent with known air or water quality standards. 

The Code of Federal Regulations is a documentation 
of the general rules by the Executive departments 
and agencies of the federal government. The Code 
is divided into 50 titles that represent broad 
areas subject to Federal regulation. Each title 
is divided into Chapters that usually bear the 
name of the issuing agency. Each Chapter is further 
subdivided into Parts covering specific regulatory 
areas. 

A substance, usually organic, that forms compounds 
with radioactive material leached from buried waste. 
The usual end result of the complexing process is 
to increase the mobility of the radioactive material 
leached from the waste. 

Undesired materials that have been deposited on 
the surfaces of, or are internally ingrained into, 
structures or equipment, or that have been mixed 
with another material. 
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Convection: 

Curie: 

Custodial Safe 
Storage: 

The movement of a fluid with respect to a porous medium. 
This movement is due to pressure differentials within 
the fluid, or to temperature differences at two points 
in the medium. 

A special unit of radioactivity. One curie equals 
3. 7 x 1010 nuclear transformations per second. (Abbre
viated Ci.) Several fractions of the curie are in common 
usage: 

• Millicurie. One-thousandth of a curie. Abbreviated 
mCi (3.7 x 10 7 d/s). 

• Microcurie. One-millionth of a curie. Abbreviated 
,,c; (3.7 x 104 d/s). 

• Nanocurie. One-billionth of a curie. Abbreviated 
nCi (37 d/s). 

• Picocurie. One-millionth of a microcurie. Abbreviated 
pCi; replaces the term ""Ci (0.037 d/s). 

A minimum cleanup and decontamination effort is made 
initially, followed by a period of interim care with 
the active protection systems (i.e., ventilation, utilities, 
fire) kept in service. The site is secured by physical 
barriers and by guards against intrusion. Use of the 
facility and site is limited to nuclear activities. 

Decay, Radioactive: A spontaneous nuclear transformation in which a particle, 
gamma radiation, or x-ray radiation are emitted. 

Decommissioning: 

Decontamination: 

Decontamination 
Factor (DF): 

De minimus Level: 

Preparations taken for retirement from active service of 
nuclear facilities, accompanied by the execution of 
program to reduce or stabilize radioactive contamination. 
The objective of decommissioning is to place the facility 
in such a condition that future risk to public safety 
from the facility is within acceptable bounds. 

Those activities employed to reduce the levels of contami
nation in or on structures, equipment, and materials. 

The ratio of the initial concentration of an undesired 
material to the final concentration resulting from a 
treatment process. The term may also be used as a ratio 
of quantities. 

That level of contamination that is acceptable for unre
stricted public use or access. 
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Design Basis: 
Accident: 

Discount Rate: 

Disintegration, 
Nuclear: 

Dismantlement: 

A postulated accident believed to have the most 
severe expected impacts on a facility. It is used 
as the basis for safety analysis and structural 
design. 

The rate of return on capital that could have been 
realized in alternative investments, if the money 
were not committed to the plan being evaluated (i.e., 
the opportunity costs of alternative investments). 
This cost is equivalent to the weighted averaqe cost 
of capital. 

The transformation of the nucleus of an atom from 
one element to another, characterized by a definite 
half life and the emission of particles or radiation. 

Those actions required to disassemble and remove 
sufficient radioactive or contaminated materials from 
the facility and site, to permlt release of the 
property for unrestricted use. 

Dispersion: A process of mixing one material within a larger 
quantity of another. For example, the mixing of 
material released to the atmosphere with air causes 
a reduction in concentration with distance from 
the source. 

Dispersion Coefficient: The dispersion coefficient is a measure of the move
ment of a containant with respect to the fluid as 

Disposal: 

Disposition Criteria: 

it moves with the fluid through a porous medium. 
This coefficient takes into account movement as a 
result of spatial gradients, pore-water velocity 
distribution within the medium, eddy currents, and 
molecular diffusion. 

The disposition of materials v1ith the intent that 
they will not enter man's environment in sufficient 
amounts to cause a significant health hazard. 

For building or sites with surface deposits, the 
disposition criteria are the residual rddioactive 
contamination levels acceptable for public use of 
the decommissioned facility. For a burial ground 
where subsurface radioactive inventories remain, the 
disposition criteria consist of a combination of 
waste relocation requirements, stabilization techni
ques, institutional controls, and property-use 
restrictions for the general public. The accepta
bility of disposition criteria are determined based 
on a maximum annual dose 1 imit. 
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Distribution Coef
ficient (kd): 

Dose, Absorbed: 

Dose, Equivalent: 

Dose, Occupational: 

Dose Rate: 

Dosimeter: 

Enrichment: 

Entombment: 

Environmental 
Survei 11 ance: 

Evapotranspiration: 

Distribution coefficient is a measure of the reaction 
between a particular contaminant and the chemical 
properties of the porous medium and the fluid. In 
this study, it is taken as the proportionality constant 
between the concentration of the sorbed contaminant 
on the solid phase (the porous medium) and the con
centration in the fluid at equilibrium. It is expres
sed in units of mt/g. 

The mean energy imparted to matter by ionizing radiation 
per unit mass of irradiated material at the place of 
interest. The unit of absorbed dose is the rad. One 
rad equals 0.01 joules/kilogram in any medium (100 
ergs per gram). 

Expresses the amount of radiation that is effective 
in the human body, expressed in rems. Modifying 
factors associated with human tissue and body are 
considered. Equivalent dose is the product of 
absorbed dose multiplied by a quality factor multiplied 
by a distribution factor. Referred to as Dose in 
this report. 

An individual's exposure to radiation as a 
result of his employment, expressed in rems. 

The radiation dose delivered per unit time and 
measured, for instance, in rems per hour. 

A device, such as a film badge or ionization chamber, 
that measures radiation dose. 

The ratio (usually expressed as a percentage) of 
fissile isotope to the total amount of the element 
(e.g., the% of 235 U in uranium.) 

The encasement of radioactive materials in concrete 
or other structural materials sufficiently strong 
and durable to assure retention of the radioactivity 
until it has decayed to levels that permit uncon
ditional release of the site. 

A program to monitor the impact of discharges from 
industrial operations on the surrounding region. As 
used in this study, it is the program to monitor 
the extent and consequences of releases of radio
activity from a burial ground. 

The loss of water from the ground by both evaporation 
from the soil and from the surfaces of vegetation. 
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Exhumation: 

Exposure: 

Facility: 

Fission: 

Fission Products: 

Food Chain: 

Fuel Cycle: 

Fuel Element: 

Gamma Rays: 

The process of removing buried waste from the 
earth by digging. 

A measure of the ionization produced in air by x-ray 
or gamma radiation. It is the sum of the electrical 
charges on all ions of one sign produced in air when 
all electrons liberated by photons in a volume element 
of air are completely stopped in air, divided by the 
mass of air in the volume element. The special unit 
of exposure is the roentgen. (See Roentgen.) 

A burial site with its complex of trenches and 
equipment. 

The splitting of a heavy atomic nucleus into two 
lighter parts (atomic nuclides 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 it is 
caused by nuclear absorption of gamma rays, neutrons, 
or other particles. 

The lighter atomic nuclides (fission fragments) 
formed by the fission of heavy atoms. It also 
refers to the nuclides formed by the fission 
fragments' radioactive decay. 

The pathways by which any material (such as radio
active material from fallout) passes through man's 
environment through edible plants and/or animals 
to man. 

The series of steps involved in supplying fuel for 
nuclear power reactors and handling the spent fuel 
and the radioactive waste, including transportation. 

Head end: Mining, milling, conversion, enrichment, 
and fabrication of fuel. 

Back end: Includes reactors, spent fuel storage, 
spent fuel reprocessing, mixed-oxide fuel fabri
cation, and waste management. 

A rod, tube, or other form into which nuclear 
fuel is fabricated for use 1n a reactor. 

Short-wavelength electromagnetic radiation. Gamma 
radiation frequently accompanies alpha and beta 
emissions and always accompanies fission. Gamma 
rays are best stopped or shielded against by dense 
materials such as lead or uranium. These rays usually 
originate from within the nucleus of the atom. 

16-8 



Glaciofluvial Deposit: 

Greenhouse: 

Ground Water: 

Half Life 
Biological: 

Half Life, 
Effective: 

Half Life, 
Radioactive: 

Health Physicist: 

Heavy Metal: 

High Efficiency Par
ticulate Air Filter 
(HEPA) 

Hot Spots: 

Hydraulic Gradient: 

Hydrology: 

Sediment deposited from a river fed by a glacier. 

In nuclear terms, a temporary structure, frequently 
constructed of wood and plastic film, used to provide 
a confinement barrier between a radioactive work area 
and a nonradioactive area. 

Water that exists or flows below the surface (within 
the zone of saturation). 

The time required for a biological system, such as a 
man or animal, to eliminate by natural processes half 
the amount of a substance that has been absorbed by 
it. 

The time required for a radionuclide contained in a 
biological system, such as a man or animal, to reduce 
its radioactivity by half as a combined result of 
radioactivity decay and biological elimination. 

The time in which half the atoms of a particular 
radioactive substance disintegrate to another nuclear 
form. Each radionuclide has a unique half life. 
Measured half lives vary from millionths of a second 
to billions of years. 

A person trained to perform radiation surveys, over
see radiation monitoring, estimate the degree of 
radiation hazard, and advise on operating procedures 
for minimizing radiation exposures. 

Jargon used in reference to metals with atomic numbers 
of 90 and greater. It usually refers to nuclear fissile 
or fertile fuels such as thorium, uranium, and plutonium. 

An air filter capable of removing at least 99.97% of 
the particulate material in an air stream. 

Areas of radioactive contamination higher than average. 

The slope of a water table, found by determining the 
difference in height between two points and dividing 
by the horizontal distance between them. 

The science dealing with the waters of the earth, 
their distribution on the surface and underground, 
and the cycle involving precipitation, flow to the 
seas, evaporation, etc. 
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Immobilization: 

Interim Storage: 

Intrusion Alarm: 

Ion Exchange: 

Leachability: 

Leachate: 

Licensed t~aterial: 

Loess: 

Long-Lived Nuclides: 

Long-Term Care: 

Treatment and/or emplacement of material (e.g., radio
active contamination) so as to impede its movement. 

Storage operations for which a) monitoring and human 
control are provided and b) subsequent action including 
final disposition is expected. 

Concepts for interim storage include bulk or compart
mented storage of solid, liquid and gaseous wastes 
or otber materials. 

A means of detecting intrusion of individuals into 
a protected area utilizing an electromechanical, 
electro-optical, electronic, mechanical or similar 
device with a visible or audible alarm signal. 

A chemical process involving the selective absor
ption or desorption of various chemical ions in a 
solution onto a solid material, usually a plastic 
or resin. The process is used to separate and 
purify chemicals, such as fission products from 
plutonium or "hardness" from water (i.e., water soft
ening). 

The susceptibility of the conditioned waste form to 
the removal of soluble constituents by water. These 
can be both radioactive nuclides and also nonradio
ac~ive constituents that form a part of the basic 
structure of the waste form. 

The solution or product obtained from leaching. 

Nuclear source material, special nuclear material, 
or nuclear byproduct material received, possessed, 
used, or transferred under a license issued by the 
Nuclear Regulatory Commission. 

Wind-deposited silt, usually accompanied by some 
clay and some fine sand. 

For this study, radioactive isotopes with long half 
lives typically taken to be greater than about ten 
years. Most nuclides of interest to waste management 
have half lives on the order of one year to millions 
of years. 

Refers to the period following termination Of burial 
operations during which institutional control of 
the site is maintained. Activities performed during 
this period include environmental monitoring and routine 
surveillance and maintenance of the site. 
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t'1an-rem: 

[~ass Number: 

t~ax imum-Exposed 
Individual: 

Maximum Permissible 
Concentration {t-IPC): 

r;etric Ton (rH): 

Monitoring: 

Normal Operating 
Conditions: 

Nuclear Reaction: 

Dffsite: 

Ons ite: 

Overpack: 

Package: 

Packaging: 

A measure of radiation dose. To calculate radiation 
dose to the population, the dose equivalent in rem 
received by each person in the population is summed. 

The number of nucleons (protons and neutrons) in 
the nucleus of an atom. (Symbol: A). 

The hypothetical member of the public who receives 
the maximum radiation dose to an organ of reference. 
For the common case where exposures from airborne 
radionuclides result in the highest radiation exposure, 
this individual resides at the location of the 
highest airborne radionuclide concentration and eats 
food grown at that location. 

The average concentration of a radionuclide in air or 
water to which an individual may be continuously 
exposed without exceeding an established standard of 
radiation dose limitation. 

1000 kilograms, or 2205 pounds. 

Making measurements or observations for recogn1z1ng 
the status or adequacy of, or significant changes in, 
conditions or performance of a facility or area. 

Operation (including startup, shutdown, and maintenance) 
of systems within the normal range of facility opera
ting parameters. 

A reaction involving a change in an atomic nucleus, 
such as fission, fusion, particle capture, or radio
active decay. 

Beyond the boundary line marking the limits of site 
property. 

Within the boundary line marking the limits of site 
property. 

Secondary (or additional) external containment or 
cushioning for packaged materials. 

The packaging plus the contents of radioactive 
materials. 

The assembly of radioactive material in one or more 
containers and other components necessary to assure 
compliance with prescribed regulations. 
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Perched Water: 

Permeability: 

Porosity: 

Possession-only 
License: 

Subsurface water existing or trapped in a restricted 
aquifer above the active water table. 

The capacity of a medium for transmitting a fluid. 

The ratio of the aggregate volume of interstices in a 
rock soil to its total volume. 

A license issued to a nuclear facility owner by the 
NRC entitling the licensee to own a facility containing 
nuclear materials but not to operate it. 

Present Value of Money: The present value of a future stream of costs or 
payments is the present investment necessary to secure 
or yield the future stream of payments, with compound 
interest at a given discount or interest rate. 

Protective Clothing: Special clothing worn by a person in a radioactively 
contaminated area to minimize the potential for 
contamination of his body or personal clothing. 

Protective Survey: An evaluation of the radiation and its hazards inci
dental to the production, use, or existence of radio
active materials. It normally includes a physical 
survey of the arrangement and use of equipment and 
measurements of the radiation dose rates under expected 
conditions of use. Also called protection survey. 

Quality Assurance: The systematic actions necessary to provide adequate 
confidence that a material, component, system, 
process, or facility performs satisfactorily, or 
as planned, in service. 

Quality Control: The quality assurance actions that control the 
attributes of the material, process, component, 
system, or facility in accordance with predetermined 
quality requirements. 

Rad: A unit of absorbed dose. The energy imparted to 
matter by ionizing radiation per unit mass of 
irradiated material at the place of interest. One 
rad equals 0.01 joule/kilogram of absorbing material. 

Radiation: l) The emission and propagation of radiant energy: 
for instance, the emission and propagation of electro
magnetic waves, or of sound and elastic waves. 2) 
The energy propagated through space or through a 
material medium: for example, energy in the form 
of alpha, beta, and gamma emissions from radioactive 
nuclei. 
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Radiation Area: 

Radiation Background: 

Radiation, 
Leakage (Direct): 

Radioactive 
Haterial: 

Radioactive Series: 

Radioactivity: 

Radiological 
Protection: 

Regulatory 
Guides: 

Release Agent: 

Any area, accessible to personnel, in which there 
exists radiation at such levels that a major portion 
of the body could receive in any one hour a dose in 
excess of 5 millirem, or in any 5 consecutive days 
a dose in excess of 100 millirems. (See 10 CFR 20.202.) 

See background. 

All radiation coming from a source housing except 
the useful beam. 

Any material or combination of materials which 
spontaneously emit ionizing radiation and which has 
a specific radioactivity in excess of 0.002 micro
curies per gram of material. (See 40 CFR l73.389(e).) 

A succession of nuclides, each of which transforms 
by radioactive disintegration into the next until 
a stable nonradioactive nuclide results. The first 
member is called the "parent," the intermediate mem
bers are called "daughters," and the final stable 
member is called the "end product." 

The property of certain nuclides of spontaneously 
emitting particles or electromagnetic radiation or of 
undergoing spontaneous fission. The quantity of 
radioactivity, usually shortened to "activity," is 
the number of nuclear transformations occurring in a 
given quantity of material per unit time. 

Protection against the effects of internal and exter
nal exposure to radiation and radioactive materials. 

Regulatory Guides are issued by the NRC to describe 
and make available to the public methods acceptable 
to the NRC staff for implementing specific parts of 
the NRC's regulations, to delineate techniques used 
by the staff in evaluating specific problems or pos
tulated accidents, or to provide other guidance to 
applicants for nuclear operations. Guides are not 
substitutes for regulations, and compliance with 
them is not explicitly required. Methods and solu
tions different from those set out in the guides may 
be acceptable if they provide a basis for the findings 
requisite to the issuance or continuance of a permit 
or license by the NRC. 

The first in any series of radionuclide transport 
mechanisms, acting at the point of radionuclide 
release from a burial trench, initiating the release. 
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Rem: 

Reporting Levels: 

Repository (Federal): 

Restricted Area: 

Roentgen: 

Safe Storage: 

Saturated Zone: 

Security Officer: 

Shield: 

A unit of radiation dose equivalence. The radiation 
dose equivalence in rems is numerically equal to the 
absorbed dose in rads multiplied by the quality 
factor, the distribution factor, and any other necessary 
modifying factors. 

Those levels or parameters called out in the Environ
mental Technical Specifications, the Decommissioning 
Order, and/ or the Possession-Only License that do 
not limit decommissioning activities, but that may 
indicate a measurable impact on the environment. 

A site owned and operated by the federal government 
for long-term storage or disposal of radioactive 
materials. 

Any area to which access is controlled for protection 
of individuals from exposure to radiation and radio
active materials. 

A unit of exposure to ionizing radiation. It is that 
amount of gamma or x-rays required to produce ions 
carrying one electrostatic unit of electrical charge 
(either positive or negative) in one cubic centimeter 
of dry air under standard conditions. One roentgen 
equals 2.58 x 10- 4 coulombs per kilogram of air. (See 
also Exposure.) 

Those actions required to place and maintain a nuclear 
facility in a condition such that future risk from the 
facility to public safety is within acceptable 
bounds, so that the facility can be safely stored for 
the time desired. 

The subsurface zone in which all of the interconnecting 
interstices(void spaces or pores) are filled with 
water. 

A guard or watchman whose primary duty is the pro
tection of material and property. 

A body of material used to reduce the passage of 
particles or electromagnetic radiation. A shield may 
be designated according to what it is intended to 
absorb (as a gamma ray shield or neutron shield), 
or according to the kind of protection it is intended 
to give (as a background or thermal shield). 

It may be required for the safety of personnel, or 
to reduce radiation enough to allow use of counting 
instruments for research or for locating contamination 
or airborne radioactivity. 
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Short-Lived 
Radionuclides: 

Shutdown: 

Silt: 

Site: 

Site/Waste Stabiliza
tion: 

Solid Radioactive 
Waste: 

Sorption: 

Source Material: 

Special Nuclear 
Material (SI<M): 

Spent Resin: 

Subsidence: 

Surface Contamination: 

For this study, those radioactive isotopes with half 
lives less than about 10 years. 

The time during which a facility is not 1n productive 
operation. 

Sediment particles having diameters larger than 4 microns 
and smaller than 0.0625 mm (about the lower limit 
of visibility of individual particles with the unaided 
eye). 

The geographic area upon which the facility is located 
that is subject to controlled public access by the 
facility licensee (includes the restricted area as 
designated in the NRC license). 

The use of engineered procedures to reduce the 
mobility of buried waste and to protect the waste 
from the effects of potential release agents. 

Material that is essentially solid and dry, but may 
contain sorbed radioactive fluids in sufficiently 
small amounts as to be immobile. 

A general term used to encompass the processes of 
absorption, adsorption, ion exchange, ion retardation, 
chemisorption, and dialysis. 

Thorium, natural or depleted uranium, or any combina
tion thereof. Source material does not include 
special nuclear material. 

Plutonium, 23 3U, uranium containing more than the 
natural abundance of the isotope 235 or any material 
artificially enriched with the foregoing substances. 
SNM does not include source material. 

The waste ion-exchange resin used to treat liquid 
streams. The spent resin is generally composed of 
styrene copolymers in bead or powdered form. 

A sinking or collapse of the trench cap or ground 
surface, which may expose buried waste materials or 
contaminated soil. 

The result of the deposition and attachment of 
foreign materials to a surface. 
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Surveillance: 

Survey: 

T echn i ca 1 
Specifications: 

Thermo 1 umi nescen t 
Dosimeter: 

Ti 11 : 

Transuranic Ele
ments: 

Transuranic 
Waste: 

Vadose Zone: 

Waste Management: 

Waste Relocation: 

Wastes, Radio
active: 

Those activities necessary to ensure that the site remains 
in a safe condition (including inspection and monitoring 
of the site, maintenance of access barriers to radio
active materials left on the site, and prevention of 
activities on the site that might impair these barriers). 

An evaluation of the radiation hazards incidental to the 
production, use, release, disposal, or presence of radio
active materials or other sources of radiation under a 
specific set of conditions. 

Requirements and limits that encompass nuclear safety 
but are simplified to facilitate use by plant operation 
and maintenance personnel. They are prepared in accor
dance with the requirement of 10 CFR 50.36, and are 
incorporated by reference into the Operating license 
issued by the NRC. 

A chip of semiconducting material used to measure radiation 
doses. Absorption of energy from radiation excites the 
atoms in the material, resulting in the creation of free 
electrons and holes. Heating the crystal releases the 
excitation energy as light. The total amount of light 
emitted when the material is heated is proportional to 
the amount of energy absorbed from the radiation. 

Nonsorted glacial drift. 

Elements with atomic number (Z number) greater than 92. 

Any waste material measured or assumed to contain more 
than a specified concentration (i.e., proposed as 10 
nanocuries of alpha emitters per gram of waste, or more 
presently proposed as 100 nanocuries 239Pu/cm3 of waste 
of transuranic elements. 

The unsaturated region of soil between the ground surface 
and the water table. 

The planning and execution of essential functions related 
to radioactive waste {i.e., treatment, packaging, interim 
storage, transportation and disposal). 

The exhumation of buried waste, repackaging of the waste 
if necessary, and reburial of the waste at another reposi
tory or in another trench on the same site. 

Equipment and materials (from nuclear operations) that 
are radioactive and have no further known use. 
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Wastes, Low-Level: 

Wastes, High-Level: 

Wastes, Intermediate
Level: 

Water Table: 

X-ray: 

Wastes containing types and concentrations of radio
activity such that little or no shielding to minimize 
personnel exposure is required. 

Wastes resulting from the operation of the first cycle 
solvent extraction system, or equivalent, in a facility 
for reprocessing irradiated reactor fuels. (See 
10 CFR 50, App F.Z.) The term is also applied gener
ally to radioactive wastes of other origins, where 
the rate of heat evolution becomes of concern in 
waste disposal or the external radiation dose rates 
are extremely high. 

All other radioactive wastes (other than low- and 
high-level wastes as defined above). 

The upper boundary of an unconfined aquifer 
below which saturated ground water occurs. Defined 
by the levels at which water stands in wells that 
barely penetrate the aquifer. 

A penetrating form of electromagnetic radiation 
emitted either when the inner orbital electrons 
of an excited atom return to their normal state 
(characteristic x-rays) or when a metal target 
is bombarded with high speed electrons. X-rays are 
always non-nuclear in origin; i.e., they originate 
external to the nucleus of the atom. 
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