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1.0 Introduction

1.1 Backaround

One important part of the Nation's commercial nuclear indusiry that is

yet to be fully established is a national low=-level waste management system.
Inclusive in this system are the institutions, actiﬁities. facilities,

and regulations, which are necessary to collect, handle, treat, transpore<,
“tore, and ultimataly dispose of low-level radioactive waste products.
Development of this kéy element in the industry was postponed fer years,
while efforts were concentrated in creating the nuclear-power electrical
generating system and its associated support facilities. Now the increas-
ing generation of low-level radioactive waste from an expanding nuciear
industry, coupled with recent events surrounding the uncertainties regara-
ing the disposition of adequate shallow-land burial sites, has created an

urgency to intensify cevelopment of & low-level waste management system.

Establishing a waste management system not only encompasses a technological
challenge, but significant social, political, and ethical guestions as

well, Resolution of problems surrounding such a system reguires no
breakthrough in nuclear physices nor even the development of a radically

new engineering technology. What is required is the application of reasoned
judgement in identifying and assessing the various facets of the problem.
Indispensable to the judgement and assessment activities for the planning and
deﬁign of methods and facilities that will be needed for low-level radio-
active waste management, is a technologically valid projection of the guan-
tities of radioactive wastes that will be generated by the commercial

nuclear industry and consigned to shallow-land burial sites.



The purpose of this study is to provide an analysis of projection trends
used in comprehensive forecasting of commercial shallow-land burial site
capacity for low-level radioactive wastes, to evaluate the reliability of
onclusions drawn by forecasters, and to access the Nuclear Regulatory

- Commission's need to take a more active role.

) 1.1.1 Current Disposal Site Status

\
|
The United States Government has been generatin: low-level radioactive
wastes in defense and other government programs, since the incesticn of
the nuclear weapons (Manhattan) project in World War [I. A1l these wastss,
along with those generated from minor commercial activities, were disposea
of at the Atomic Energy Commission (AEC) shallow-iand burial facilities or
by ocean disposed burial.* When it became apparent that commercial act-
R » ivities within the private sector would generate low-level radicactive
wastes in significant quantities, consideration was given to the possibility
of developing ccmmercial sites. After the detarmination was macz that sitas
| could te safely developed and operated by non-federal management, the AEC
announced a new regulatory policy.1 that stated commercial sites were to
be established on federal or state land, and operated by private firms

under Atomic Energy Commission or Agreement State license.

|

| The AEC licensed the first commercizlly-operated shallow-land burial site

\

| in 1962 at Beatty, Nevada. Since that date, commercial management expanced

i to include three private compuies operatine s.. sites, The sites are

*No licenses for sea disposal were issued after 1960, and the.U.S. dig- )
continued this method in 1970, following the recommendation of the Federai
- Council on Environmental Quality (CEQ).




located at Maxey Flats, Kentucky; ‘eatty, Nevada; Sheffield, I1linois;
Barnwell, South Carolina; West Valley, New York; and Richland, Washington
(Figure 1) The three companies licensed to operate the sites are U.S.
Ecology, Inc. (formerly Nuclear Engineering Company (NECO))at Washington,
Nevada, I1linois, and Kentucky; Chemical Nuclear System, Inc. at South

Carolina; and Nuclear Fuel Services at New York.

Five of the six sites are located in Agreement States and are regulated

by the States. However, the Nuclear Regulatory Commission licenses special
nuclear material (SNM) in the commercial sector which exceeds formula
quantities.* The burial site not located in an Agreement State is Sheffield,
i11inois, and it is regulated by the NRC although the State licenses and
controls activities at the site concerning naturally occurring and accele-
rator-produced radioisotopes (NARM) - not subject to NRC's control. A1l

the burial grounds are on state owned land with the exception of Hanford,
Washington. For all sites the state has commitments for assuring long-

term care and maintenance of the site, although responsibility for the

Hanford site will eventually revert to the Federal Government.

Of the six original sites, only those in Washington, Nevada, and South
Carolina, are presently operational and considered viable for disposal

operations (Table I).

The first to close was the burial site at West Valley, New York. The site

operator, Nuclear Fuel Services, voluntarily discontinued operations on

*Formula Quantity = 300g U-235, or 200g U-233, or 200g PU or any equi-
valent combination,






Year
Open tocation
1962 Beatty,
Nevada
1962 Maxey flats,
Fentucky
1963 West Villey,
Hew York
1965 Hanford,
Washington
1967 Sheftield,
Iinois
1971 Barnwell,
South
Carulina

Operator
N EO*

NECO

“‘s...

NECO

NECO

Chem-
Huc lear
Systems
Inc.

TABLE 1

COMMERCIAL LOW-LEVEL WASTE BURIAL GROUNDS

Originally

AtC

/ Kentucky

New York

AEC

AEC

South
Carolina

Nuclear Engineering Co., Inc. (NECO)

** HRC Vicenses only Special Huclear Material
A%*huclear Fuel Services (NFS)

Currently
Licensed by

State & NRC**

State

State

State & NRC**

NRC

State & NRC**

TRU
Accepted

<10 nanocuries/
gram

<10 nanocuries/
gram

0.1 gram PU/1L?
other elements,
yes

<10 nanocuries/
gram

<10 nanocuries/
gf“

<10 nanocuries/
gram

Operational
Status

Open

Closed

Dece!bor v,

1977
Closed

March 11,
lSTSn

Open

Closed
Harcg 8,
1979

Open

%Burial was suspended on December 27, 1977 due to leakage in trenches that resulted In on-site migration of

buried material

bﬂurval was suspended on March 11, 1975 due to secping water containing Lritium and ’OSl from two trench

caps

CBurial was suspended on April 8, 1979 due to fliling of available capacity



March 11, 1975, because water containing tritium and strontium-90 was

seeping from two of the trench caps.

The sacond burial site facility to discontinue operation was Maxey Flats,
Kentucky on December 27, 1977. Waste burial was temporarily banned by
state officials for a safety study after it was found that leakage in
trenches had resuited in some on-site migration of burial waste material.

The site was permanently closed in 1978,

The third site to close was Sheffield, I1linois on April 8, 1978. The
last available trench had been filled. The Nuclear Engineering Company
applied for a license for future burial space, and when hearings were
pending, the company decided to withdraw its application for expansion
and announced it was terminating its license to operate the facility.
Subsequentlythe Muclear Engineering Company was notified that Ticensees
cannot unilaterally relinquish their responsibility and the comparny

was ordered to maintain the site.

With the closing of three of the six sites, a severe regional imbalance
emerged from the locations of the remaining sites. This imbalance was
aggravated in 1979 when the Governors of Nevada and Washington, because
of various shipping and packaging irregularities, placed a temporary
embargo on waste acceptance with the opening and closing of sites. The
site at Beatty, Nevada closed for the first time on July 2, 1979 and re-
opened on July 24, 1979, and for the second time on October 23, 1979 re-
opening on December 10, 1979. The site at Richland, Washington only

closed once on October 4, 1979, reopening on November 19, 1979,



The Governor of Washington and the Governor of South Carclina also placac

a limit on waste volume to be accepied. South Carolina limiteg waste to
100,000 ft3 on October 1, 1981. Washing:on announced plans to exclude
all out-of-state waste with the exception of medical wasta after 1982, A

Stats initative passed in late 1980 moved this date up to July 1, 1981,

The U.S. Department of Justice filed =uit against the State's ban and a

subsequent Court ruling declare” the ban unconstitutional.*

The Governor of the State of Nevada attempted closing the Beatty site per-
manently when the site operators applied for a license renewal in 1980.
The State licensing board however aporoved renewing the license. That
decision is now undergoing additional State review (license is still in

effect and considered in a state of "Timely Renewal").

The present physical capacity of the three open sites is estimated to be

adequate to meet disposal requirements until 1985 (Table [I).

1.1.2 New Disposal Site Status

From 1962 until 1969, siting and location of new low-level radicactive

waste burial grounds was based mainly on initatives of private operators.
Site suitability ~as based on evaluation of individual radiation-safaty
merits, and licenses were issued or denied on that dasis. [n most instances
little consideration was given during licensing reviews to the actual need
for a burial ground in a specific region and at a specific time. In some

cases, siting was promoted by a state to provide capabilities chiefly or

-
United States of America vs State of Washington, et al., C-81-190,
June 30, 1881.



TABLE 11

STATUS OF LAND USAGE AND AVAILABILITY
AT COMMERCIAL BURIAL SITES®

o P08 | (retarea) | “hactarss) | - Coeararce)
West Valley, NY | Closed 8.9 5.8 b
Maxey Flacts, KY | Closed 102 66.8 ]
Sheffield, IL Closed 8.9 8.9 d
Barnwell, SC Open 104 9.2 64.8°
Richland, WA Open 40.5 2.0 38.5‘
Beatty, NV Open 32 7.3 11.3%

Total - 296 130 115

a. Source: U.S, Department of Energy. August 1980. Spent Fuel and
2 Proj ions. Report: URU-,/8.

OakRidge Operations Office, Oak Ridge, Tn.

b. Burial was suspended on March 11, 1975.
Cc. Burial was suspended on December 27, 1977.
d. Burial was suspended on April 8, 1979.

e. Expansion of this site is planned, although the area available has
not been determined.

f. The 40.5-hectare site is part of 405 hectares which the State has
leased from the Federal Government. The 264.5-hectare tract may be
availaple for future waste burial.

g. Approximately i62 hectares could be purchased and added to the site
if expansion were allowed.



exclusively for the state's nuclear industry.

With the passage of the National Environmental Policy Act in 1969 (NEPA)
(83 STAT 5841), NRC was required to use a cost/benefit analysis as a mech-
anism to consider the need for sites licensed and to consider alternative
licensing decisions. The states, under the terms of their agreements, were
not requiived to comply with NEPA, but in 1974, the Atomic Energy Commission
sent a letter to all Agreement States re,uesting that the national need for
burial grounds be considered to minimize environmental impacts and to con-

trol site proliferation. The states complied with the request.

The passage of NEPA also caused a wide range of Congressional, technical,
industrial, public, and government groups to give serious attention to

the disposal of low-level radioactive wastes by shallow-land burial and
radioactive waste management. In June 1974, the General Accounting Office
(GAQ) initizted a review of waste burial grounds and presented Congress
with a final report on January 12, 1976.2 The report addressed both
commercial burial grounds and technological practices, finding that:

® No systematic site selection process was practiced.

o Site criteria had not been established, and
characteristics at existing sites varied greatiy.

e Radiological problems had begun to deveiop at
some sites, and radicactivity migration had been
detected.

e Recordkeeping practices at disposal sites needed
improvement.

e There was slow progress in getting an Agreement
State licensee to implement effective corrective
action. o . '



Consequently, as a result of the 1976 GAO report, Congressional hear-
ings were held during February, March, and April 1976, by the Conser-
vation, Energy and Natural Resources Subcommittee on the House Committee
on Guvernment Operations. In House Report No. 94-1320.3 dated June 30,
1976, the Committee reported it found that management and rogulatory
responsibilities for low-level radiocactive waste disposal were dispersed
throughout the Federal and State governments and were without consistent
direction and coordination. In addition, it found that the performance
of existing disposal systems was not unifdrmly good and radicactive
waste migration had occurred. The Committee put forth seven recommend-
ations, and two of those rccommendations affected new siting and in-

ventory:

Recommendation (2): State-Federal authorities and
programs concerning site cperation
and financial and technical assis-
tance shouid be clarified and a
comprehensive policy developed.
Recommendation (4): Agencies should collect data on
radioactive wastes already disposed
and projected to be disposed.
The Subcommittee on Environment and Safety of the Joint Atomic Energy
Committee (JAEC) also held hearings in May 1976.% During the hearings
the Committee questioned whether the newly created NRC, in view of the
current problemz at the low-level radicactive waste sites, had control
over the activities of the Agreement States in the management of radic-
active wastes. The NRC testified that it was presently involved in a
reassessment of waste management issues, and described its plans to

review the Federal/State regulatory roles for low-level waste management



established under the Atomic Energy Commission.

In response to the GAQ report and the Congressional hearings, NRC estab-
lished a Task Force to review the Federal/State Program for regulation of
commercial low-level radicactive waste burial grounds. The Commission

issued its final report in January 1977.5

The increased attention on the low-level radioactive management issues
gave rise to three very distinct points of vie& in regard to regulating

commercial waste by December 1976:

A. Congressional Viewpoint

Congress strongly ieaned toward NRC exercising licensing
and regulatory authority over low-level radioactive

waste management rather than states. This recommendaticn
was based not so much on the states' ability to regulate,
as on the premise that low-level radioactive waste was

a national problem, requiring centralized control for
standards development, environmental assessment, licens-
ing, decommissioning, and long term care and maintenance.

B. States Viewpoint

States believed they have an important role in the licens-
ing of low-level radioactive waste burial grounds within
their own borders, since they have traditional responsi-
bility for assuring the health and safety of their citi-
zens (although opinions among State Officials varied as

to how a state should fulfill its responsibility).

C. NRC Viewpoint

The Commission took a strong policy position, in regard

to develocping new low-level radioactive waste disposal
sites, based on the conclusions reached by the NRC Task
Force on raview of the Federal/State program for regu-
lation of commercial lecw-level radioactive waste burial
grounds. The Task Force found that the present system
for low-level radicactive waste management lacked national
organization and direction. The states, in discharging
their regulatory duties, have operated under difficult

11




circumstances, but have adequately protected the public
health and safety. There is no compelling health or
safety reison for reassertion of Federal control. However
the states do not have the resources to provide the needed
overall de P niza x ( y have the
obligation to find solutions to the national problem oOf
waste management. The development and implementation of such
& s a plan can be myre readily achieved if the NRC assumes regu-
- lator :ont ol (with state participation). The Task Force
\ /
‘ur.nof dentified th. need to investigate aiternative methods
N 1 4 2 A
for wast° disposal and %to develop ;tv.uar and Cr'_erva_ An
additional need was to better define capa cw'/ requireients on
a regional basis. The continued licensing of sha.. #=1and
burial sites prior to .he evaluation of alternative methods of
burial znd regional plinning, could result in site proliferation
& . L 4 = : - L - -
of what is .ess than c¢ptimum disposal method. The Task Force
- B B : 1 1 - o 1 |
estimated that the si» sites (all six were operational) would
provice sufficient caracity until 1990. lUntil a need to expand
capacity or a national low-level radioactive waste management
program has been estab'ished, licensing or additional low-level
waste disposal is unlileiy to be in the best public interest,
~
In 1977 two significant events toos place that directly inpacted new dis-
posal sites as well as recharting the direction of low-level radiocactive
waste management efforts. The first e:ent was the enactment of P.L. 95-110
repealing Chapter 17, of the Atomic Energy Act of 1954, thus abolishing
4 :
the Congressional Joint Atomic Energy Committee. With the disbanging oOf
Y
N, ok
- the JAEC, all functions and cversight responsibilities were reassi-~aed
4 3
to several Senate and House Committees effective September 20, 1977.
T . 1 1 : : .~ = . - - ~
These committees became actively involved with radioactive waste manage-
ment issues, and began to introduce numerous pieczs of legislation to
address the problem.
The second event was -he inauguration of Jimmy Carter in January 1977,
’ and the heainning of a new Presidential Administration. After taking
cffice, President Carter took 2 series of important actionsto address
nuclear issues. As part of the Natioral Energy Plan, he ordered a riyiew
. & 4 . -




of the U.S. nuclear waste management program Tl ed to the

T "

creatior internal uvepartment 0 ( task fTorce which carried

The report set forth preliminary views on key issues in the radioactive
waste management area, and highlighted the need to develop a national
nuclear waste management policy and in

1978, in response to the findin

agency Review Group (IRG) 0 e by October 1, 1978, recommenda-

y with respect

.o

of le supporting programs to implement

Task Force was chaired by the Energy

veé wasties.
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The DOE was directed a National Waste
Management Plan to be u 2d biannually that

to include plans for low-lev ioactive

The DOE and N
additional di
to assist sta
ties,;

C was directed, until such time as
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Legislation to assist states in managing commercial
low-level radicactive waste and the authority to
enter into regional organizations or compacts for
the operation of the sites was to be submitted to
Congress;

k with the states in their
commercial low-level

The DOE was dire
in their activit
sites for low-le
cycles; and

To involve all
responsibility

ct

b
< <. (D *% ¢t = O ¥

< ~H (0
< @
O

-~
=

waste Management
and the Secretary
in making and im
wastes. The SFC

active waste manageme

g
a
cu
i0d
5
n

e ) O
S WO
< N U
amw
-
o
'

3

o

-~y A - -~ 1M
«aY :CY ’\jﬂlﬂ’S:Y ation

gactive




is responsiblie for providing for
of capacity either within or o
disposal of low-level rad

within its borders;

radiocactive waste can
y managed on a region

be most safely and
basis

a s and

To carry out the policy, states may enter into
Congressionally approved state compacts.

Nuclear Regulatory Commission had completed its examination of
1
low-Tevel radioactive waste disposal,”” and issued
in support of siting and management technology

near-surface land burial : . Additionally, on Novemeber 7, 1979,

Commission Chairman, Joseph H al : ied before Congress in support

12

thrust for disposal responsibility.”"
The Commission felt that while Federal planning would reduce the possi-
bility of unnecessary disposal site proliferation,

accomplished by the States through compact arrangements on

pertTorm the

0

Low-Level Radiocactive Po
juidance in
requlat

interested

e only low-level




The SPC Presidential Task Force had compiled with the President's
directive to give low-level radicactive waste management early,

priority attention by passing the following resclutions, at the

beginning of its tenure:13

e Resolution 2-2: Every stare is responsible for the
disposal of low-level radicactive waste generated
within its boundaries, and states should enter
into compacts, as necessary, for carrying out
this responsibility.

e Resolution 4-15: Each state develop a comprehensive
plan for the management of its low-level waste
generated within its borders.

¢ Resolution 4-17: Host states or regional compacts
should be authorized by Federal statute to exclude
from their disposal sites waste generated outside
the state or the region.

o Resolution 4-21: The Atomic Energy Act be amended
to clarify NRC authority to enter into an agreement
with a state solely to authorize state reguiation
of the disposal of low-level radioactive waste.

e Resolution 4-20: Congress enact legislation to
ensure that Agreement States meet nationally uniform
minimum standards.

e Resolution 4-18: Congress authorize NRC and DOE to
provide technical and monetary support by the appro-
priate mechanisms to individu2l states for the
development of sites for regional use.

Passage of the Low-Level Radioactive Waste Policy Act (95 STAT 3347)
served as a catalyst for a number of states and regional organizaticns

to begin efforts to establish new sites:14

e Northwest Interstate Compact (Idaho, Washington)

® Southwestern States (Western Interstate Energy
Board)






generated and disposed of, at commercial shallow-land burial
through the year 2000. Generation forecast
analysis are comprehensive projections that combine data from both

and non-fuel cycle sources.

this study includes a thorough search of technical liter-

public domain to identify and investigate all radioactive

1
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e forecast projections. Studies specifically add ' selective

examined, but not included within t! cope of this

approach, meth-

the onset of this anaiysis, two objectives were
first objective was to e ine the basis for each forecast
determine whether or
data were available, to permit the forecasters ( valid conclusions
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13,

14.

15.

20

State Planning Council on Radioactive Waste Management. Interim
Report to the President. February 24, 1981,

State Planning Council on Radioartive Waste Management. Docket
Book: Sixth Meeting. June 8, 1981,

Kathleen Newsome-Schneider, Office of State Programs, U.S. Muclear
Requlatory Commission, personal telecommunication with J.G. Braun
U.S. MNuclear Regulatory Commission, Division of Waste Management,
June 1, 1981,
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solidated waste as originating
the broker's home office.

the past decade, there has been evidence of efforts to improve record-

)ing, for example:

The University of Colorado Medical Center found that
maintaining an accurate and current inventory of radio-
active nuclides was both difficult and tedious. In an

effort to keep pace with the ever-increasing use of radio-

active materials, & number of non-automated inventory
methoas were tried and found to be inadequate, and often
introduced additional complications. To help solve the
dilemma, the University invested in an automated digital
computer recordkeeping system. The introduction of this
computer recordkeeping system not only reduced the burden
of maintaining an accurate and curr inventory, bu
jnanticipated benefits, which contributed t¢
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isotope activity, volume,

proje spicuously i

pilation problems that occur with historic

the analytical or modeling complications that may result:

Information transfer errors from
manifest to inventory records for

Information transfer errors from inventory
records to computer cards.

Inaccurate information on the original shippin
jocuments (e.g. failure to identify the isotope
properly, failure to associate the ¢t isotope
in the shipment with the 1 ed ity ailure

list the complete 111s needed for inventory,
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data recoras.

Possibilit
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tracing of individual records through the shipping records to the
generator (a formidable task). The project concluded by recommend-
ing that about 15% should be added tc ail activities on the site to

accomodate for bad and missing records.

The secona use of an automated inventory reccrd system is the Sarnwell,
South Carolina site. The State Radiclogical Health Office reguires
the site operator transter a copy of the shipping manifest to the State

Office where it is transferred to an automated data systam.

The proposed Rule for low-level radiocactive waste shallow=lana burial
10 CFR 61 (46 FR 38081-38105) addresses many of the data record problems
encountered in the past. Improved methods for record keeping and mani-

fest reporting have been incorporated.

2.1 Statutory Mandates and Constraints

Low-level racicactive waste data collecting activities nistorically have

and this in turn has influenced forecasting and assessment capidbilities.
First by legislation, such as the Atomic Energy Act of 1954 and the
National Environmental Protection Act of 1263, impacting the stringent
requlatory and licensing data record reguirements placea on the private
sector. Second by legislation impacting the regulatory information
collection and paperwork burdens:

1) The Regulatory Flexibility Act of 1950 (P.L. 96-335)

obligating agencies to fit regulatory requirements

to the scale of the affected activity, and to lessen
the economic impact to smail business entities,

26
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been heavily influenced by Congressicnal statutory mandates and constraints



2)

The Paperwork Reduction Act of 1980 (P.L. 95-511)
tightening the oversight authority of the U.S.
Office of Management and Budget (OMB), and in-
creases the requirements of the clearance process
needed before information requests can be made

of the public.

And third by legislation impacting specialized data reports required by

Congress:

1)

The Hazardous Substances Releases, Liability,
Compensation Act of 1980 (P.L. 96-510) or Superfund
Act requiring EPA to conduct a study that will in-
clude an assessment of current and projected treat-
ment, storage, and disposal capacity needs and short
falls for hazardous waste (includes radioactive) by
management category on a state-by-state basis, and
an evaluation of the appropriateness of a regional
approach.

The Low-Level Radioactive Waste Policy Act of 1980
(P.L. 96-576) shifting disposal capacity responsibility
to the states (remaining under NRC regulation directly
or indirectly through the Agreement States Program),
and requires J0E t) prepare and submit to Congress and
to each state within 120 days a report on the disposal
capacity needed for present and future low-level radio-
active waste on a regicnal basis, and to include an
inventory of types and quantities of waste (DOE Report:
DOE/NE-Q015).

A1l developers involved in forecasting activities must take into consider-

ation, both the technological and administrative directives incorporated

in statutes affecting federal agencies, as well as the inherent problems

found in recordkeeping mathematical modeling, and statistical projections.

27
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3.0 Waste Projections

The essential elements of a satisfactorynaticnal low-level radioactive
waste management program are those that provide for:
a) Adeguate disposal capacity at the least environe
mental and social costs;
b) Well defined standards and regulations for dis-
posal (e.g. shallow-land burial: site selection,
operation, and long-term care); and
c¢) Caoability of those gerrnmental agencies naving
responsibility to implement the program.
The first stage in dealing with the deveiopment of a low-level radic-
active waste management program is a determination of the guantity of
waste generated, and where it is generated. The second stage is to de-
termine how it is disposed of: sewage disposal, effluent disposal, decay
disposal, or shallow-land burial disposal \Table III). And finally, the
third stage is to project the anticipated shallow-land disposal capacity

required on a national, regional, and state-by-state basisz.

In the face of rapidly changing technological, economic, and political
requirements, there has been a common and uncerstandable tendency to
concentrate on step three and disposal capacity for burial sites. This
tendency has increased with the development of both technical and admin-

istrative uncertainties surrounding the number of available sites.

The operational lifetim2 )f each site depends upon the rate at which

waste is received, site size, land availability for site expansion,
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operational practices, and institutional considerations. Fundamental
to exercising positive control over the lifatime, and timing and location
of disposal sites, is a projection of needed waste dispesal capacity on

a national and regional basis.

A number of “Selective” (addressing either the fuel cycie or non-fuel
cycle waste stream individually) and "ComprenensiQe" (addiessing a
combination of both the fuel cycle and non-fuel cycle waste streams)
forecasts have been deveioped. They vary consideranly as tc volume of
wastes expected and basic assumptions used. Further. they differ re-
garding the types and forms of wastes expected, assumptions regarging
waste treatment systems to be used at various facilities, and the sources

generating waste (i.e. power levels of reactors).

3.135elective Projections

Most low-level radioactive wastes are produced, as byproducts of the
various phases and fueling requirements, in the operation of commercial
nucliear power reactors. The fuel cycle waste stream has been the sub-
Ject of much research and scrutiny by various researches. Estimates of
waste generated has been primarily focused on high-level waste, with
cursory attention on low-ievel waste. These "subset"” inQestigatwons
for low-level waste are generally based on "guestimates". Only one
study was located that approached the subject in a systematic manner,
with low-level waste as the main topic, and addressed site capacity

forecasting needs:



Atomic Industrial Forum (AIF)

A Survey and Evaluation of Handling
and Uisposing of So0i1d Low-Level
Nuclear ruel Cycle Wastes

October 1976 (Appendix A)

The AIF study based its forecasting conclusions un a cumbination of

design and operating data, and a surQey.

Although less well known, a significant portion of the low-level radio-
actiQe wastes disposed of in this country are oroducts of the non-fuel
cycle waste stream. The source of these wastes are the possessors of
some 16,000+ licenses. These licenses are a heterogeneous mixture of
individuals and institutions in the commercial institutional, medical,

and industrial sector.

Albeit eQen with the large number of licenses, there has been almos” no
research regarding this type of waste. Just one two-part inVestigation

was located that assessed the subject:

T.J. Beck, et al.
Institutional Radioactive Wastes -
: Final rReport
Radiation Sarety Office
University of Maryland at Baltimore
Prepared for U.S. Nuclear Regulatory
Commission
Report: NUREG/CR=-1137
October 1979 (Appendix B)

The study conclusions and projections were formulated by using survey

data, manipulated by accepted methodologies, in combination with

characteristic correlation and beha?ior analysis. Results were calibrated

against a comprehensive study result performed by the Environmental

32
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Protection Agency (Appendix C).

3.2Comorehensive Projections

Comprehensi&e projections addressing both the fuel cycle and non-fuel
cycle waste streams did not appear until 12 years after the first com-
mercial lTow-level radioactive waste site opened in 1962. Since that
time only three studies have attempted to provide an overall assessment:
o The Teknekron Study sponsored by the Nuclear
Reguiatory Commission (Appendix C)+

¢ The Holcomb Studies sponsored by the Zgviron-
mental Protection Agency (Apendix 0)<»9»%

e The NUS Study sponsored by the Department of
Energy (Appendix £)3
The Teknekron Study was aborted before completion because of contract
problems. A task report was completed outiining the computer model
characteristics available for use in anaiysis of the fuel cycle and

ncn-fuel cycie waste streams.

The £PA studies began in 1974 and were updated in 1978 and 1980. The
two updates were extensions of the original 1974 study based on acquir-

ing additic .l data on waste received at the sites.

The DOE studies by NUS were measurement studies with no projections until
J

the agency reevaluated the information for the Low-Level Radioactive Wasta
8

Poiicy Act Reoort™ in response to the Public Law 96-573. This report in-

cluded a projection based on the measurement study's conclusions.
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3.3Model Evaluations

An examination of forecasting approaches used in making comprenhensive
projections for 1ow-1eﬁel radicactive waste burial site capacity, reveals
that the trend is excusively an empirical relationsnip or "top down"

path., The general thrust of the initial modeling effort is made by first
determining the total low-level radicactive waste quantities buried at
each site, and then segregating these figures into fuel cycle and non-fuei
cycle waste stream categories. The primary data source is extrapolataa
historical information from shipping/burial site inventories, obtainea
from site operators or State Radiological Health Offices (through con-
tract agreement). For the fuel cycle waste stream, secondary data is
acguired from design and operating calculations, survey data, and electri-
cal energy forecast demands. Oue to the extreme lack of availability of
secondary sources for the non-fuel cycle waste stream, little if any addi-

tional information 1s acguired.

Once the data is gathered, the modeler organizes and tabulates it for use
in the forecasting model by first creating a measurement model. To anal.z2

the data, extrapolation methodology techniques are then applied.

With this method, the basic strategy is to find time series data that
are representative of the event to be forecast. The assumption made is
that future events will conform to these data. Sometimes the choice of

data is obvious and other times the data are not so obvious.

Modelers obtain data from one or more of the following sources:
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1) Historical Data: data for an event that is of
interest accumulated over 2 period of time.
Accuracy is affected by two major conditions:
a) accuracy of the data, and b} the extent to
which underlying conditions wiil change in the
future. Measurement error has a large impact
on projections. This measurement error is of
major importance because real world data are
often inaccurate.
2) Analogus Data: data that are from similar
situation calcularvions used as primary data or
factored into calcuiations.
3) Laboratory Simulated Data: data calculations
obtained from simulated testing in a labora-
tory environment.
4) Field Simulated Data: data calculations ob-
tained from field testing.
Historical data are useful for extrapolation if they are timely and accurate,
and if the underlying process is expected to be stable in the future. If
histor{cal data are not available, an analogous situation may be constructed
for analysis. If analogous data are not feasible, simulated data from
lzhoratory or field tests are appropriate for estimating current statuc or
making projections - simulated data however may be seriously influenced

by bias and therefore non-representati@e of actual situations.

Two major approaches are used in calibrating the data. The first appreoach
is exponential smoothing. This smoothing draws upon the philosophy of
decomposition whereby time series data are assumed to be made up of some
basic components such as aQerage. trend, periodicity, and error. Weight
is placed on the most recent data. Weight on earlier periods drops off

exponentially, so that the older the data, the less influence. Users of
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exponential smoothing often invest much time and energy in selecting the

optimal smoothing facturs.

The second approach is to run a regression using time as the incependent
variable. This method weights all the historical data equally and pro-
vides estimates of both current status and trend. The forecasting accur-
acy of regression against time is generally accepted to be slightly in-

ferior to that of exponential smoothing.

Current burial site capacity modeling trends indicate modeiers use an
amalgamated forecast, for calculating projections based on extrapolation
methodology and data source techniques to compute the calculations. To
arrive at a projection for fuel cycle wastes to the year 2000, annual
waste volumes are plotted on a linear scale vs power generating capacity
(in MW(e)) for a specified date-span increment. Using the least-squares
method of regression analysis, the calculations and plots are then pro-
jected to give a forecast. To enhance the usability of the forecast,
exponential smoothing is applied for Qariables that include operating
calculations from field data, design calculations from laboratory data,
and electrical energy forecast demands. Causal relationships have also
been hypothesized using license application data and U.S. population

figures (NUS Study). Moreover, calibrations reflecting national, regional,

or state profiles are often included for analysis on site capacity.

Non-fuel cycle waste values are calculated on the assumption they will
remain relatively constant through the year 2000. No smoothing is applied

when extending calculations over time.
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3.4 Model Limitations

Comparison of forecasting models «"th the available "real world" data,
disclosed ample evidence of the fundamental weaknesses and vulnerabilities
inherent in the methods used, the rererence system theory, and the low-
1e§e1 radioactiQe'waste data. With the exception of the mathematical
modeling techniques, flaws can be attributed, in part to the historical
deQelopment of waste forecasting, and to a greater extent, the complexity

of the behavior of the reference system.

From a historical standpoint, forecasts concentrated on wastes to be
generatad from the fuel cycle waste stream. They were originally developed
from desicn and minimal operating data (AIF Study). When the waste sites
began to exhibit technological problems and close down, environmental con-
cerns prompted a modeling shift to impacts of waste gquantity and actiQity
buried at the sites (EPA Studies). Concentration still remained on the
fuel cycle waste stream, in the belief that it was the more hazardous
threat, and greater amounts would be generated (based on projected electric
power demands). Non-fuel cycle waste was assumed to have minimal immed-

iate or long-term impacts.

With the closing of three of the six commercial burial sites and the
development of transportation problems (packaging and contamination), a
third modeling shift prompted focus on the gquantities and activities of
wastes shipped to the sites. Emphasis was also placed on state activities
(NUS Study). Periodic embargos by the states housing the three open sites,

and the national focus on the shortage of low-level radioactive waste
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burial capacity, prompted a fourth shift focusing on the guantity,activity,
and location of generated waste (DOE response to the Low-Level Radioactive
Waste Policy Act). Continuing change in world energy resource allocation
policies, the Three Mile Island (TMI) accident, chemical hazardous waste
concerns, and shifts in nuclear power policies, added emphasis to this

directional shift,

The first two modeling efforts concentrated on Descriptive Forecasting
Models for the purpose of characterizing the important features of the
existing burial sites, and to help in understanding the problems associ-
ated with them. They were primarily developed to aid in experimentation

and research.

The third modeling effort was not a Forecasting Model, but a Measurement
Model. It attempted to tabulate and quantify the waste buried at the

commercial sites.

The fourth and latest modeling effort however was a major change in
conceptual direction and effort. It focused on both a Prescriptive
Furecasting Model prescribing a solution to the problems, and a Normative
Forecasting Model identifying feasible and desirable regional configurations

of the problems, to serve as a goal or standard.

The complexity of the waste generation processes has great influence on
the déailability of data. Consequently to accommodate for the lack of
data, modelers haﬁe concentrated on optimization and simplification, in an

effort to offer a rational approach. They make essential distinctions by
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specifying desired relationships between manipulable means and obtainable
objectiQes. Their strength lies in the ability to make a little knowledge
go a long way, by combining an understanding of the constraints of the
situation with the ability to explore an environment constructively. Their
weakness lies in the tendency to make guite arbitrary decisions, on the
major factors and assumptions that support or will not support their model-
ing method choices. Moreo&er, in attempting to deal with these difficulties,
modelers themselQes act or the environment, thus becoming part of the prob-

lem with which they are attempting to cope.

A closer look at the technical complexity of the reference system readily
gives rise to an understanding of the modeling problems encountered by
modelers. For example, focus has been on wastes generated from nuclear
power reactors rather than cther entities in the nuclear industry, but

not all contributions from the fuel cycle waste stream are included.
Generally wastes from such sources as uranium conversion, fuel fabrication
facilities, and reprocessing are omitted. Design calculations are also
simplified as well as other causal variable factors influencing production,
e.g. load factors, startup difficulties, age, etc. In addition, estimated
or simplified data can be identified as having been used in design im-
proVements, better performance of waste systems, solidification operations,
incineration operations, packaging technigues, or burial of shield material.
In many cases the data required to factor in impacts of a causal variable
are unayailable. Changes in regulations or operating restrictions may

result in a significant impact that cannot be measured or factored into
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a torecast model (i.e. solidification of liguid waste, .

Iax zgdition, regqulation jurisciction and agency purpose play an extremely
imoc=tant role in modeling. The Huclear feculatory Lommission his
licensing jurisdiction, and therefore the cbility tc require licensees

to report data, either directly or indirectly thruugh the Agreement State
Program. The Department of Energy has research and development responsi-
bility. The split personality of data functions can namper acguisition

and influence modeling technigues.

Mode]ing techniques are alsc vuineradle to the iniluences anc (imitations
of other forecasts that have an impact on waste generation. 'Costu notable
are eneroy demand forecasts. They ara based on many facters, wncluding
consigeration of trends in economic condition;, population growth, and
industriai production. Present conditions for projecting demands are less
thar, ideal. FPreviously established trends-of-arowth indicators have been
undcrmined by changes in worid energy resource allocaticn policies, a
ganera, decline in the demand for energy, and instability in the financial
and capival structure. Projection of nuclear power grow’h beyond the point
of present commitments is ¢ifficult because of theses uncertainties. Esti-

mates of energy demand therefore can cover a wide rangz of conclusions.

3.5Model Applications

“odels are highiy depencent on their manrer of use and unda2rs-inging of
vhe user. Therefore, both bnilders and users of models must e carefyl
to be very axplicit about the assumptions and the inherent limitations

uv¥ the models. Failure to 'do so may result in a "meaningless forecasting



stastic" that is nething more than an advocate in technological guise,
used to legitimize assumptions that do not actually apply (particularly
if a descriptive model projection or measurement statistic is applies

to a prescriptive or normative projection praoblem,

It must be kept in mind that models are a technology based more on
personal ingenuity and the way things appear to be, than on scientific
discovery anc objective truth. They permit an efficient means of testing
the effects of various changes in assumptions and should be used as a
framework to acnieve reascnablieness and cunsistency. Systematic modeling
can help sort oyt the implications of “"what-if" classes of syrprises, and
thus can help to understand the extent of uncertainty. They portray the
possible, not necessarily the probable, and certainly not the inevitable.

No mogel exists which allows deveiopment of precise forecast projections.

Failure to apply forecast projections, within the boundaries of their

limitations, will convert theory inta action, increasing the uncertainty
surrcunding a problem rather than reducing it. Substantial evidence can
be identified to support a trend in this direction, for use of the pro-

jections from EPA anc DOE modeling forecasts.

3.5.1, EPA Studies
EPA studies were developed out of environmental concerns for the 3
of characterizing important features of the existing burial sites, and to
help in understanding the problems associated with them. The AIF study

was the only other effort to look at the problem,

a]
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Concentration by EPA was on a Descriptive Forecasting Model with emphasis
on the fuel cycle waste stream. Given that nearly all fuel cycle wastes,
with the exception of effluents (less than 1%) is shipped to a shallow-land
burial site for disposal, it is the most hazardous, and large increases in
the quantity were expected, the forecast model reference system was based
on the theory that all low-level radiocacti.e waste generated will be dis-

posed of in shallow-land burial sites.

When the modeler turned to the non-fuel cycle waste stream for inclusion

in the model, reference system calculations were based on the same theory
due to the lack of guantitative data., Tabulations were confined to limited
historical extrapolation of burial site records, and "guestimates" for per-
centages of waste attributed to medical, industrial, and institutional
sources (made by state radiological health offices in the states where the

sites are located).

With a few isolated exceptions, references to EPA's fuel cycle waste stream
projections are almost never used for any purpose other than research no-
tations. However that is not the case for non-fuel cycle waste stream pro-
Jections, particularly the percentages attributed to medical, industrial,

and institutional sources.

A fair number of references can be found within the public domain referring
to the source percentages, giving the impression that they are based on a
scientific finding. The most serious and far reaching use of the percentage

data however is in the University of Maryland Study, Institutional Radio-

active Wastes; the NUS State-By-State Measurement Model Study; and sub-




sequently incorporated in the DOE response to the Low-Level Radioactive
Waste Policy Act (based on the NUS Modei). All three studies factored
the EPA non-fuel cycle waste stream percentages into their assassments.
Use of the figures for any reason is highly questionable because:
1) The figures are subjective "questimates" obtained from
state radiological neaith offices in the states where
the sites are located, and
2) The reference system or universe theory used in the
mocei was overly simplistic of the real world, due to

the lack of available knowledge about the reference
system's causal variables (Figure 4).

3,5,2 US Study/DOE Study

The NUS easurement !Model was developed from concerns regarding packaging,
transportation, and the growing interast with commercial shallow-lang
burial sites. The stuay used the same data records (different source)

as the £PA models. The modeler however factored in a number of subjective
hypotheses among which included exponential smocthing of U.S. populaticn
figures and Ticensee data. Its basic purpose was to measure the amount

of commercial low-level radioactive waste shipped for purial on a state-

by-state basis.

With the passage of the Low-Lavel Radioactive Policy Act in Decemper 1980,
the Jepartment of Energy was mandated to assist the states in assuming
responsibility for disposal capacity needed, for present and future low-
level radicactive waste on a regional basis, and was request in adgition,
to include an inventory of the types and guantities of waste. OOE com-

lied with the Low-Level Radioactive Waste Po icy Act Report: Respcnse
p

to Public Law 96-573. The Forecasting !fodel in this report was Dased on

the NUS State-8y-State Assessment of Low-Level Radiocactive Waste Shipped
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to Commercial Burial Grounds.6

quantitative data and extrapolation methods.
It was to serve the purpose of both a Prescriptive Forecasting Model to
prescribe a solution to the problem, and a Normative Forecasting Model to
identify a feasible and desirable configuration of the reference system

to serve as a goal or standard.

The problems to be solved were carefully and precisely defined by Congress:

1) How much low-level radioactive waste is presently
generated (quantity and activity)?

2) How much low-level radioactive waste is anticipated
to be generated in the future (quantity and activity)?

3) How much Tow-level radicactive waste generated is shipped
for burial in commercial shallow-land burial sites?

4) How much low-level radioactive waste is anticipated to
be shipped for burial in commercial shallow-land burial
sites?

5) Based on the guantity of expected low-level radioactive
waste generation, what is the regional distribution?

Albeit unintentionally, Congress was asking for an "Unknowable Statistic".
There are no aggregate data available on waste generation, only waste
shipped for burial. A1l fuel cycle and non-fuel cycle waste stream low-

level radioactive waste generated is not buried in commercial sites.

To gather and tabulate the data required, the Nuclear Regulatory Commission
would need to require statistical reporting, by its licensees, either direct-
ly or indirectly through the Agreement State Program. At the present time
regulations only require licensees to maintain records for inspection pur-

poses. Licensees are not required to submit periodic waste generation data.

i0 meet the Congressional mandate, the Department of Energy turned to the
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NUS Measurement Assessment of low-level radioactive waste shipped to
commercial burial grounds for quantitative data. Using an extrapolation
methodology, DOE prepared forecast projections for the response to P.L.
96-573. The accuracy of this forecast is seriously questionable because it:

1) Misrepresents the relationship of the reference system
to the forecasting problem.

2) Factors in U.S. population figures and licensee statis-
tics as a causal factor based on the opinion of the modeler.

3) OVersimplifies anticipated changes in the reference system.

4) Oversimplifies the complexity of the behavior of the re-
ference system.

The understandability and utility of the projections moreover are open

to great discussion.

Because of the gquestionable accuracy of the DOE projections, a number of
states have prepared independent evaluations. Of those currently avail-
able, the State of Kentucky found that NUS figures indicated an over
assessment of 55% waste attributed to be generated in that state. Further
review of the large discrepancy found that of the 3036.9 cubic feet over
assessment, 1619 cubic feet did not even travel on Kentucky highways.7
The State of Texas also found that they generated 40% lower than NUS

figures reflected, and the State of Minnesota 60% lower than reflected.8

Potential state compact groups are just beginning to encounter the data
problems. A recent example is the Coalition of Northeastern Governors'
Low-Level Radioactive Waste Policy Working Grqup (CONEG)._ This group has
analyzed the available data studies and found a dilemma in trying to re-
concile diffefences to make policy decisions.9 Six of the nine states are
non-Agreement States and have no jurisdictional ability to obtain licensee

data for clarifying differences.
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4,0 Common Data Bank

Accelerating demands for low-level radioactive waste generating data

and the lack of confidence with the currently availatle data have made it
urgently essential, that positive efforts toward the development of ime
proved assessment and forecasting methodologies, supported by an accurate,
comprenensive data bank, be promoted. Whereas the waste management regu-
lations will set forth performance criteria to be met by licensed facil-
ities, the licensing methodologies and data bases will provide technical
staff with the necsssary analytical and programmatic tools to evaiuate
proposed systems against the standards. Such a data bank Dy necessity
must provide directly acquired licensee data (generator ), under uniform

reporting conditions, to a controlled responsibility center.

The preparation of a data bank will Tikewise aid in providing information
to helop states in making waste management decisions, and individuals in
all phases of the industry, understand the impact of waste generation

on current waste management techniques, and for evaluation of aiternatives
to current waste management practices. For example, states and burial
site contractors should be cognizant of the actual volumes and types of
wastes axpected to be generated within individual state borders and from
what sources. Designers and engineers need pertinent information to
provide adequate waste processing and handling systems, and radiologists
need information to determine radiation exposure from handling waste.

4.1 Centralizea Data Bank

The need for a centralized data bank approach to handling low-level radio-
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active waste information is a natural evolution of the maturing of the

nuclear industry. An effective method of cataloging and assembling data

bank information is to identify, classify, and organize the information

into individual computerized data bases. Collectively the data bases

would provide a low-level radioactive waste inventory data bank covering:

a) Waste Generation Inventories: type, source (fuel cycle,

non-fuel cycle); amounts (curies, volumes, mass);
characteristics (physical form, chemical form, radio-
nuclide concentration, biological context); properties
(leach, thermal, structural, radiation, biodegradation
reactivity); treatment; reduction;

b) Waste Disposal Inventories: shallow-land burial,
backyard burial, sewage, effluents, common trash;

¢) Transportation Inventories.

Such data storage and retrieval systems would have the capability of pro-
viding a meaningful, consistent, quantifiable inventory or operational

data to permit enhanced:

a) Regulation and iicensing Assessment

e An accurate inventory of radionuclides and other
related toxic material generated (i.e. impact to
disposal).

o Identification of major generators of high specific
activity waste or radionuclides of concern (assess
that wastes are placed in a form and disposed of by
a method which assures adequate containment).

o ldentification of generators of large volumes of waste.
e Identification of waste reduction practices, in-

cineration, compaction, other (i.e. impact to
shallow-land burial site capacity).



e I[dentification of waste generators or shippers
who consistently violate regulations or disposal
site license conditions (i.e. increased inspection
and enfcorcement actions).

b) Mathematical Modeling and Analytical Assessment
e Projections of waste generated for:

shallow=land burial
sewage disposal
effluent release
backyarg burial
common trasn

e Use trends of a nuclide category: curie quartity,
volumes, weight, form, decay, treatment, disposal,
etc.

4,2Responsibility Center

Fundamental to the success of a data bank process is the need to centrally
organize the data required, so that there will be an orderly flow of
information on a continuing basis. A single, centralized responsibility
center is the ideal mode of operation, to effectiveiy maintain the dgata
bank and to provide information in a timely and expeditious manner. By
establishing a centralized responsibility center where all data is
housed, the data base collection and reporting would be consolidated to:

a) Avoid duplication of effort.

b} Guarantee data integrity preservation.

¢) Consistent data.

d) That undue burdens are not placed on the licensee
or other data sources.

Present demand for radioactive waste data indicates that a responsibility

50



center would have a ready clientele in federal government agencies, state
regulatory bodies and state government agencies, burial ground operators,
equipment developers, private industry, and educational institutions. The
benerits of a centralized data bank are numerous and far reaching, thus

Justifying the cost and effort required for its establishment.

4.3current Imoroved Data Collection Effort

Evelving out of tre Nuclear Regulatory Commission's regulatory development
program, and in response to the needs and reguests exorsssed by Congress,

the pubiic, the states, the industry, and other federal agencies, are a

number of efforts to move in the direction of improved data collection.

One effort now in progress is the development of contractual agreements
to obtain copies of low-level radioactive waste disposal records directly
from the sitz operators (i.2. Chem-Nuclear Corporation for the Barnwell,
South Carolina site) for the 1980, 1981, and 1982 calendar year. The

records will Se analyzed and organized into data bases.

A second and more far reaching effort is the promulgation of rules and
regulations governing licensing for land disposal of low-level radicactive
waste (Proposed 10 CFR 61) directly estabiishing reguirements for an
improved manifest tracking system (10 CFR 20.311 Proposed) that addresses
the needs for more complete information on the classification and charactar-
istics of wastes, for improved accountability of wastes, and to provide

a better data base of wastes shipped for shallow-land burial.
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4.4 Data Collection Innovation

Given the legislative mandates and constraints brougnt to bear on any
efforts to collect low-level radioactive waste generating data from
licensees, it would be prudent for the Nuclear Regulatory Commission
and other federal agencies to investigate innovative alternatives to
the prooiem. One such innovation the NRC could explore for example

is the record keeping and reporting requirements, for the United States
Population Census taken every 10 years. The cencus is designed such
that svery househcld is required to supply basic informaiion determined
to te necessary for the statistical abstract data bases. Seiectad at
rangom are a numoer of additional nhousenolds designed to supply answers

for further survey inquiries.

The NRC has the regulatory and statutory authority to develop a similar
system derived from generating licensees through recordkeeping and report-
ing requirements. The data acquired would provice a technical and
statistical data information bank on low-level radicactive waste generation,
while at the same time minimizing the burden to the licensees, if it wers
required at J-year or S-year intervals. Selectad licensees (i.e. large
voiume generators) could be required to provide information at snorter

intervals.

The Paperwork Reduction Act of 1980 (P.L. 95-511) gives the NRC the admin-
istrative statutory authority to implement such an innovation. A primary
emphasis of the Act is to eliminate duplicaticn on the part of both the

federal government and the private sector as well as the states. The




Office of Management and Budget (OMB) has the responsibility for
establishing a Federal Locator System (FILS) as the authoritative register

for all information collection requirements. It is to include:

e Directory of Information Sources
e Data Element Dictionary

¢ Information Referral Service

If it is found that two or more agencies need identical or similar data
to carry out their jurisdictional functions or statutory mandates, a
centrzl collection agency will be designated as the appropriate entity

to collect the data. Selection of the collection center responsibility
falls on the shoulders of the agencies involved. If an agreement cannot
be reached, OMB has the authority to make the determination. Each agency
is respons.ble fér reviewing and ensuring its information systems do not
overlap each other, or duplicate systems in other agencies. In addition,
each agency is also required to formulate plans for tabulating the infor-
mation it collects or is available to it, in a manner which will en4ance

its usefulness to other agencies and the public.

There presently is a duplication of information needs or requirements
for the Nuclear Regulatory Commission, the Department of Energy, the
Environmental Protection Agency, and the Department of Transportation
for low-level radioactive waste data. To satisfy these needs in a
weaningful and informative way, generating data obtained directly from

the licensee is required. Transportation manifests, burial site records,
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or state radiological health department records, are not acceptable
substitutes for certain types of data needs. Only the Nuclear Regulatory
Commission directly, or through the Agreement States Program, has reporting
requirement jurisdiction for the licensees. Thus efforts towards any in-

novation (i.e. periodic census) must be initiated with the NRC.



5,0 Evaluations and Conclusions

Although shallow-iand waste burial site demands have more visibly focusad
on the need for accurate data, the ever increasing use of nuclear energy
and radioactive isotopes in medical and industrial application, have also
demonstrated the need for a timely access to the most current information
about radicactive waste management activities. To fill this accelerating
data demand, there has been a common and understandable tendency to con-
centrate on readily available shipping and shallow-land burial site data
(1.e. state radiological office records, disposal site inventories, and
shipping manifests), to provide both burial site impact projections and
generation forecasts. Real time demands and statutory requirements have
forced empirical relationships to take precedent over a systematic scienti-
fic methodology, and to establish the information data bases required for
assessing low-level radioactive waste generation and its impacts on wasta

management activities.

A tacit finding of this study is that sufficient quantitative data are not
currently available to support valid conclusions about the quantities or
activity of low-level radicactive waste now generated or that may be
generated in the future. Modeling efforts to construct a statistical basis
for an examination of scientific relationships, cross-section trend ques-
tions, or ultimately site capacity impacts, are highly subjective and
difficult to evaluate. All projection conclusions based on such data are
open to serious question. Any attempt to utilize the information for

policy decision is analogous to tap dancing with flippers. Moreover,
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by continuing to make do with inadequate information, statistical problems
thus far encountered will be compounded and policy management activities

further handicapped.

Given this environment, the issues then are, what is the path of prudence,

ang what should be expected from institutions in light of this yncertainty.

5.11impact to State Role

Congrass, through the passage of the Low-Level Radioactive Waste olicy
Act of 1320, formally established disposal capacity as a state responsi-
bility either individually or regicnally. To meet the responsibility of

this mandate, states were confronted with thres choices:

1) Developing a state site within the State borders, or

2) Joining an interstate compact with other states in
the region, or

3) Stopping the generation of low-level radicactive waste
within 1ts borders.

The third option is the least desirable one, and more or less out of
the question or unrealistic. Regardless of general opinions on nuclear
power, significant quantities of low-level waste are generated in all
50 states by hospitals and clinics in therapeutic and diagnostic tech-
nigues, universities in research and teaching, and various kinds of
industries. For 2 state to stop producing these wastes, it would have
to forego the benefits arising from medical, research, and industrial
uses. In the 24 states possessing nuclear power reactors, it would be

shutting down operating electrical power generation.



Each state therefore musi make a feasibility determination regarding

option one, operating a single-state facility, or option two, entering

into a compact or regional facility arrangement. To make such a deter-

mination will require a major effort and commitment. There is no model

plan available for establishing a new low-level radioactive waste facility,

and existing sites were proposed and developed in an environmental, in-

stitutional, political, social, economic, and technical arena greatly

differing from that which exists today.

Moreover, the quest to establish additional disposal capacity has come at

a time of heightened public concern about the construction of facilities

designed to handle or process any wastes that could be termed hazardous.

This is further intensified by the Reagan Administration's budget cuts,

. and the massive impacts they are having on the state budgets and their

ability to allocate priorities to increasingly diminishing resources. An

error in choice of option (single-state or regional compact) could have

disastrous results that are irreversible and long lasting. Therefore, the

final decision must be carefully reviewed and considered before a final

choice is made.

The first stage in assessing the current state disposal requirement is

to establish:

e Current quantities of waste generated and who
the generators are;

® Anticipated guantities of waste to be generated and
potential generators;




e Radionuclide content and waste types;

e Packaging and shielding requirements:
¢ Interim storage capabilities;

® Waste reduction and processing processes.

The next step is to address specific issues impacting administration,
organization, and resources regarding the state's environmental, institu-
tional, politicail, social, economic, and technological concerns and

responsibilities. The final stage is to make an option choice.

Fundamental to this whole process is knowing How much? Who? and Where?

The only currently available data are burial site and transportation site
records found in the forecasting studies. They are not suitable to support
the option decisions of a state, and all attempts to do so may have di-
sastrous results. Given the nature of nuclear technology, state expertise
in such matters, and state tendencies to defer to federal expertise, there

is a serious potential for a trend in this direction.

5,2impact to Commission Role

Congress, by statutory mandate, declared that the Nuclear Regulatory
Commission is responsible for the protection of the public health and
safety, and the environment in regard to the possession and use of
radicactive materials. The Commission exercises its low-level radio=-
active waste management responsibilities throuch the requlation and
licensing process either directly or indirectly through the Agreement

State Program. The Low-Level Radioactive Waste Policy Act of 1980 has



not pre-empted or diminished that responsibility, nor have efforts to
enact regulatory reforms. Congress has on a number of occasions re-
affirmed its support for "prompt and efficient" issuance of regulations
for hazardous chemical wastes and radiocactive wastes. Burdens to the

licensee are not to displace health and safety issues.l

Increased responsibility for both the states and the Ccmmission prompted
the undertaking of a number of studies looking at effective, radicactive
waste management roles. Of notable mention is the General Accounting

2 It concluded that effective

Office (GAQ) report issued in March 1980.
waste management is the development of policies and practices used in
nuclear science and technology for the control, measurement, handling,

and processing of nuclear waste materials or waste material contaminated
with radicactivity. Measurement includes the analytical and statistical
methods required to account for the amounts of radioactive waste generated,

handled, stored, or disposed of.

If further determined that the Commission and the states knew who the
shippers of low-level radioactive waste are, but not the generators,

or:

e The amounts and types of waste currently generated, or
® A realistic estimate of the projected amounts and types
of waste expected to be generated.
The General Accounting Office's determination was supported by the NRC's

Advisory Committee on Reactor Safeguards (ACRS) in a recent report3 to the
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Chairman addressing the 10 CFR 61 Proposed Rule for Licensing Requirements
for Land Disposal of Radioactive Waste. The Committee indicated that

the proposed rule "revealed certain deficiencies in data, particularly
with respect tc the compilation of detailed inventories on the quantities
and specific radionuclide concentrations... such data is essential if the
NRC staff is to have a clear understanding of current practices, and if
they are to be able to ascertain the impact of various regulatory actions,
particularly the influence of the establishment of "de minimus“* concen-
trations for selected radionuclides in specified types of wastes. Such
information is also essential in order to assess the impact of various
restrictions of the types of wastes acceptable for disposal in a given

site”,

With a data capability impediment, the Commission's activity arena is
“reactionary" rather than "prepared" or "anticipatory”. This in turn
places the Commission in a vuinerable posture, that gives rise to weak

support for, or inability to perform:

e evaluation of lTicensing requiatory management,

* In a recent rule change affecting "de minimus” concentrations of hydro-
gen-3 and carbon-14, the exact volume of waste was unknown, the NRC there-
fore prepared a cost/benefit statement based on a survey of large waste
generating institutions, believed to account for Zlﬁbof biciogical wastes
in the U.S., and the estimated volumes of scintillation counting media
evidenced on the number of vials estimated to be manufactured per year

in the U.S. (10 CFR 20.306).



® assessment of license applications,

e regulatory development justifications,
@ waste generation assessments,

® waste projection assessments, and

e determination of adequate additional

disposal capacity ana location of new
shallow-land burial sites.

5.3 Reccmmended Commission Activity

Embodied in the statutory mandates of the Atomic Znergy Act of 1954,

the National Znvironmental Protection Act of 1968, anc¢ the recently
passed Low-Level Radioactive Waste Policy Act of 1980 is the recognition
that there will always be a federal presence in matters that affect
radicactive materials. In addition, there is the recognition that states
neeg to take greater responsibility in matters regarding radiocactive
materials (Agreement State Program and disposal capacity responsibility
for low-level waste). Recognition for greater state responsibility

however, in no way negates or pre-empts a strong federal presence.

All major shifts in radioactive materials responsibility concerning
state/federal relationships, necessitate by their nature, an evoluticn

of new and often innovative roles. Shifts from federal to state levels of
responsibility alwéys place a greater burden on the Commission, to recog-
nize the unique transititonal needs of the states and to provide develop-

mental aid.

The necessity for the Commission to take an active rcle with the transi-
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tional needs of the states is more than evident, with the shift in re-
sponsibility brought about by the passage of the Low-Level Radicactive
Waste Policy Act of 1980. In upholding the framework of that Act, a
prudent role for the Commission is to support states in planning for low-
level radioactive waste management and in implementing those plans through

a regulation and licensing process.

Because jurisdictional regulatory responsibility for maintaining waste
management licensing records lies with the Nuclear Regulatory Commission,
a key support function germane to that role is to provide an accurate
census of waste generation, to aid in establishing a basisfor sound waste
management planning for both the states and the Commission. The following
recommendations are set forth in support of carrying out such a support
function: '
1) Build the Commission's lona-term capability
through a series of analytical and technical
data bank building activities.

a. Sensitivity Assessment Activities:

e Determine the current automated reporting
capabilities of material and facility licensees.

o Determine the current automated reporting
capabilities of state radiological heailth
offices in Agreement and Non-Agreement States.

e Determine the census reporting impact to
licensees generating.large voiumes Cr large
amounts of radioactivity tor the fuel and
non-fuel cycle waste streams.

e Determine the census reporting impact to
licensees generating small volumes or small
amounts of radioactivity for the fuel cycle
and non-fuel cycle waste streams.



b. Census Activities:

o Acquire a low-level radioactive waste census
of all material and facility licensee generation
data to establish a "Base Year" Census.

Acquire a low-level radioactive waste census
of large generator data (volume and activity)
to establish a "Yearly" Census.

Acguire a low-level radioactive waste census

of all material and facility licensee generation
data every three (or five) years, to establish

a series of time periods for “Cross-Study"
Census and comparative trend modeling.

Establish a Central Collection Center responsibility
for the Commission with inter-agency and intra-agency
participation and support.

a. Establish common data base needs for administrative
and technical functions that include:

® Waste Generation Inventories: type, source
(fuel cycle, non-fuel cycle), amounts (curies,
volumes, mass), characteristics (physical form,
chemical form, radionuclide concentration, bio-
logical context), properties (leach, thermal,
structural, radiation, biodegration, reactivity),
treatment/reduction;

® Waste Disposal Inventories: shallow-land burial,
backyard burial, sewage, effluents, common trash;

e Transportation Inventories.

b. Establish a basis for shared inter-agency financial
responsibility.

Design (in incremental stages) an automated Common Data
Bank System based on inter-agency and intra-agency
requirerents.
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APPENDI X

A Survey and Evaluation of Handline i Disposing of Solid

JU i
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Low-Level Nuclear

The MUS Corporation was commissi n 1975 by the Atomic Industrial
Forum (AIF) to perform a study to identify the types quantities of
solid radioactive wastes for each portion of the nucle fuel cycle.
Information for the [ s based on actual operational data and
i1ity designs. The sources, types, and amounts of solid radioactive

1

te were ie and the cumulative volume was projected to the year

r -

)btain the data (Table A-I through A-VII) needed for this study,
questionnaires were developed and sent to eight fuel fabrication facili-
ties, thirty-nine reactor sites, d six commercial waste dis
The questionnaires were designed to document information on radioactive
waste system equipment and operation

met hnd nackaainn nerconnel
. ethods ) i \ pers ne

posures associated with radioactive waste proc d handling, annual

waste volume generation, and waste disj al met ; addition,
were made to several power reactors, two
the interim transuranic storage areas, to review present methods
Five architect-engineering firms were
viewed on designs for present and future radioactiv
vailable by the
agencies with authority over those

tional information was obtained from qovernment reports,
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TABLE A-1
——— e
SUMMARY OF LWR RADWASTE VOLUMES FROM SEMIANNUAL REPORTS
Pant o Annual Volumes of Radwaste Shioped Cubie Feet

Sete. 1968 1969 1970 wn w2 w7 1974
! 7 800 Ja00 9 600 1% 000 20 000 17 80G 18 500

2 1800 4 800 3800 4 500 7 800 4 300 19.0001'>'
3 500 00 1 500 800 1400 4 000 2 400
4 1100 900 300 500 3300 6 900 15 700
L] i 500 900 900 1.500 29 000 400 1.400
L) 400 0 1400 2400 2100 3.100 1 800
7 400 2900 2100 3.700 6.700 5 600 7.200
L] 500 600 700 0 900 9000 1.500
Tots 1 8 17 000 14,200 21.000 28 500 73.200 51 600 $7.500
9 7 700 10 900 26 600 29400 42700
0 1100 12,900 15 100 19 200 15 900
" 1,800 24 800 12 500 7000 9700
12 13200 19700 18 5u0 40 000 42.000
Totel 912 25 800 68 300 3120 9% 600 111,300
13 200 2 500 10 200 13000
4 6.000 6 600 4 600 29 400
L] 10 990 6.300 7 400 9400
6 2760 6 800 10 400 4700
"7 2100 36 900 36 200 40 200
Total 1317 23500 59100 72 %00 9% 700
L] 17 000 36.200 37 600
9 300 4500 131900
20 100 8200 15 900
n 0 1 400 $ 800
2 5000 6,600 71000
23 5 600 12,900 44100
i 2400 1.700 14 300
Tow 1824 30 400 78 500 113 400
bs ] 9.300 32100
% 20.300 58 600
” 1 800 11400
8 1.100 18.000
Tow 3528 32.300 120 100
by ] 14,100
30 0
n 4400
» 11.300
13 7100
k7] 13400
% 4 800
Totst 2938 $5,100
Tote 136 12000 vA.L00 46 800 120 300 2.5.000 130 400 §74 100
v Y MWe a8 18 108 145 178 1687 2

1975

9.900

15,500
100

19.200
8 000

13 600

4 800
36100
4 80O
5600
22 500

13600
14 060
15 500
5700

18 500
1500

24 000
29.000
12 300
11,900

$.200
5 o0
§.300
2300

I8

NOTES (sl Velumes tar 1975 incluae Jan - june shipments onty On he svecage reacion olanty i 407, of ew waste

Suning et penod
Bl Volume n ppemiheves sstimated from partiai data

*Source: AlF Study
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: TABLE A-V]

SUMMARY OF ANNUAL BWR RADWASTE VOLUMES BY TYPE
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TABLE A-VII

SUMMARY OF ANNUAL PWR RADWASTE VOLUMES BY TYPE
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technical reports, and reactor plant dockets.

A. Fuel Cycle Wastes

The study concentrated on summarizing the amount of wastes expected to
be produced and buried from light water reactor facilities to the year

2000 under varying conditions (e.g. alternative processing methods).

The forecasters expected that during this century no large (1000 MWe
or larger) plants would be decommissioned. Some smaller (50-500 Mwe)
reactors may be decommissioned, but this waste would only slightly
affect the waste volume buried for any one particular year of decom-
missioning. For the study, it was assumed that one plant is decom-
missioned in each 5-year period from 1985 to 2000, and that 540,000

ft3 of radioactive waste is generated during each decommissioning,

B. Other Fuel Cycle Wastes

Uranium fuel fabrication wastes were calculated beginning one year

before startup of a power reactor and continuing throughout the life

of the facility., Wastes were assumed to be accumulated and shipped
on an annual basis, starting the year the reactor begins operation.
[t was further assumed that there was no backlog. The fabrication
load was based on the fresh fuel fabrication load projected by the

Department of Energy:

a) U0, fabr1cat13n averages 9.2 ft3/MTM (equivalent
to 275-350 ft< per 1000 MWe LWR)

b) MOx fabrication averages 10.3 ft3 (equivalent to
300-400 ft3 per 1000 MWe LWR)
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Spent fuel reprocessing wastes were projected on anticipated volumes

based on the Department of Energy's "moderate-low" growth case for

commercial nuclear power. It was expected that of the total amount
of radioactive waste generated, the annual spent fuel from a 1000

3

MWe LRW is 3100 to 3300 ft.S. 3

Of this total, approximately 2250 ft.
is assumed to be non-transuranic contaminated waste, which can be

delivered to a commercial burial site for disposal.

Wastes from the fuel cycle that were not included in the analysis

were:

1) High Temperature Gas Cooled Reactor Wastes (HTGR)
There was only one HIGR reactor operating and
. no new HTGR reactors under construction. Waste
from the one operatoring reactor was estimated to
account for less than 6% of the total installed
" nuclear capacity and negligible, and therefore not
included in the projections.

2) Fast Breeder Reactor Wastes -
txcept for demonstration facilities, breeder wastes
were considered not to be significant before the
end of the century, and would account for less than
3% of the installed capacity, and therefore not in-
cluded in the projections.

C. Non-Fuel Cycle Waste

Burial site records were used to prepare non-fuel cycle estimates for
~ forecasting. Forecasters compiled the data from 1963 to 1974 inventor-

6 £43

ies, and estimated that approximately 1 x 10 . was disposed of
annually at commercial shallow-land burial sites. It was then postu-
lated that this value would remain relatively constant through the

year 2000.
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D. Regional Waste

From the available information, AIR determined that approximately 70%

of the burial site acreage was located at eastern sites, 30% in the west,
and that projected growth rates for nuclear power indicated that 90% of
the total would be located in the eastern half of the United States.
Therefore, more waste will be generated near eastern burial sites, and
those sites will be filled before the western sites. Ninety-three percent
of the expansion acreage is in the west, therefore expansion of the total
number of possible acreage would not alleviate the problems anticipated

in the waste. A likely result is that eastern nuclear power plants will
ship their waste to non-eastern sites, and increased transportation costs
will be incurred. The ratio of east to west is approximately 90%
generation in the east to a 10% generation in the west. Regional boundaries

were not delinated in this study.

E. Forecasting Methodology Projection Elements

Table A-VIII provides an analysis of the low-level radioactive waste pro-

Jection elements found in this study.

F. Forecasting Methodology Assumptions

By nature, employing a combination of statistical, engineering, and design
methodologies to formulate shallow-land burial site capacity projections
necessitates utilizing a number of assumptions to smooth out irregularties
and weaknesses. The following major assumptions were used to arrive at

the study's conclusions:
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TABLE A-VII]

A0s-LEVEL SADIOACTIVE WwASTE PROJFCTION (LEMINTS
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A1l reactors eventually reach a “steady-state"

level of waste disposal. This value was obtained

by assuming a 10-year leveling-off period and the
waste build-up follows an exponential function.

The resulting curves gave estimates of 55 ft3/yr/Mi(e)
for boiling water reactor's (BWR), and 40 ft3/yr/Md(e)
for pressure water reactors (PWR).

The 8 reactors on line grior to 1970 do not use the
latest processes to treat waste, but were assumed
not to have a great impact due to size, etc.

Major abnormal occurrences experienced by reactors
(e.g. condenser leakage, steam generator leakage,
fuel leaks, waste sys*em malfunctions) were assumed
to be an accepted input to the waste streams and
were included in the study.

Values used were considered to be representative
of current technology (demonstrated and used in
operating reactors vs design).

Annual waste value figures reported to the NRC on a
semi-annual basis, and data obtained in the AIF
survey was correct with little deviation.

Data on the usable shallow-land burial site acreage
and the amount of land that has been filled is
valid and correct.

Sources that were assumed to be negligible and
not included were: high-temperature gas cooled
reactor wastes and fast breeder reactor waste.

Government installation and operations waste (e.g.
government hospitals, research facilities) was
assumed to remain constant.

One reactor would be decommissioned during each S-year
period from 1985 to 2000 and 540,000 ft3 of waste will
be generated per reactor.

Non-fuel cycle waste volumes as reflected in disposal
site records will remain constant through the year
2000.

Trench dimensions do not vary significantly from
site-to-site.
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e Sites are geolcqgi:ally suitable for the purpose of
shallow-land burial.

e Sites will remain in full operation until filled to
capacity.

e All packaging is uniform, full and to specifications.
e All packages are buried uniformiy.
e There will be no changes tc waste burial practices.

o Capacity of the site will remain constant with no
increase or decrease.
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e There will be no changes to the site license requirements.

e There will be no changes to regulations or public laws.

G. Forecasting Methodology Conclusions

The study concludes that existing burial sites (based on a moderate
growth rate) will be.filled by 1988, 1992 if alternative volume reduction
methods are initiated in future reactor plants, and 2000 if alternative
methods are initiated and backfitted to existing plants (Table A-IX,
Figure A-1 and A-2). Possibly as early as 1980 waste volumes will exceed
handling capabilities, and that as eastern sites fill up, radioactive
wastes generated in the east will have to be shipped long distances to

western sites.

In regard to light water reactors (LWR) specifically, the study concluded
that LWR's will generate 89% of the total volume of wastes through 1990,
and that 95% of the waste shipped from LWR's is low specific activity
waste (1-1/2 - 3 times higher than design values indicated). One per cent
of the cumulative waste buried in commercial sites will come from fuel

fabrication and reprocessing facilities. Further, that waste volume could
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TOTAL ACCUMULATED WASTE VOLUME X 1068 13

FIGURE A-1"
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be reduced by a factor of 2.5 - 8.0 using currently available, economically
feasible reduction processes. The study also recommended that a compre-
hensive program be undertaken to minimize volumes of waste, that economic
alternatives to present radioactive wastes reduction methods be developed,

and the onsite storage and disposal of LWR waste be considered.



APPENDIX 8

Institutional Radoactive Wastes - 1977

The Muclear Regulatory commission contracted with the University of
Maryland to conduct a selective study of institutional radiocactive
wastes in 1975, and a follow-up survey in 1977. The primary objective
of the study was to characterize, as much as possible, the radioactive
wastes shipped for commercial burial, and to obtain some insight into

the relationship between use and waste production.

Six hundred and fifty?nine questionnaires were mailed and final analysis
' was based on 340 coded responses. To obtain response rates for extra-
polation, respondents were broken down by entity combination and compared
to the same breakdown of total population. Because of the frequent con-
solidation of responses and the nature of the data, certain simpiifying
assumptions were used in actual analysis. Data were manipulated by the
use of a packaged computer program: Statistical Package for the Social
Sciences (SPSS). Limitations in data were supplemented by subjecting
the information to general characteristic correlation and behavorial
analysis. Suggested aggregate conclusions were calibrated against the

estimates found in the EPA study: A Summary of Low-Level Radicactive Waste

Buried at Commercial Sites Between 1962-1973, with Projections to the Year

” 2000, *

*EPA used State Padiological Health Offices non-fuel cycle estimateg for
calculating the percentages of waste volumes produced for institutional,
medical and industrial waste.



Conclusions reached in the survey study indicated that the survey
population of large medical and academic licensees shipped an estimated
7.771m3 of low-level radioactive waste for burial in 1977. Approximately
% of the waste volume was ascribed to purely medical sources, 79% to
sources conducting biological research and 14% to other academic sources.
The estimated total activity shipped by the population in 1977 was 1,688

Ci, of which 81% was 3. Approximately 540 Ci of °

H was shipped as
depleted tritium targets for neutron generators. lMuch of the rest was

in the form of labeled compounds or labeling reagents used in biological
research, It was further found that the fastest growing waste form pro-
duced by the population is waste liquid scintillation vials which have
undergone a 60% increase in volume since 1975. It was further found that
the waste volume produced by the population appears to be increasing

linearly, at approximately the same rate as low-level radiocactive waste

in general.
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APPENDIX C

Teknekron Radioactive Waste Management Study

The MNuclear Regulatory Commission contracted with Teknekron, Inc. of
Washington, D.C. to provide a modularized, integrated computer model for
projecting the quantities, physical characterispics, and associated
storage/disoosal costs of both fuel cycle and nonfuel cycle commercial
radioactive wastes. The projections were to be made on an annual basis

with national and regional forecasts to the year 2000.

The preferred approach was not %o build a new model, but rather to modify
and enhance an existinyg computer program. The final computer model
design was to emphasize flexibility so that new waste treatment and
storage technologies could be considered, revised regional definitions
could be employed, and other parameters designed so that variations could

be exercised without requ:iring program modifications.

Task 1 of the project consisted of a literature search to identify docu-
mentation on existing models (nonproprietary) that have been used for
projections of radioactive waste quantities and characteristics, and to
become familiar with existing projection methodologies that could be

considered as possible starting points.

Six fuel cycle models with characteristics that broadly satisfied NRC's
requirements were identified as candidates for e amination: NUFUEL, ENFORM,
ORSAC, KWIKPLAN, FLYER, and ALPS. Each was reviewed in considerable de-

tail using available documents; the individuals responsible for the



86

most recent versions were also contacted directly. A Reference Table
Summary of the information obtained during the documentation review was
prepared to identify the capability and limitation parameters of each

mode.

Models for non-fuel cycle wastes (medical, academic, research) were
found to be virtually nonexistant. Teknekron anticipated that a pro-
cedure involving extrapolation of past experience in the generation and

storage of radioactive wastes would be adopted to yield a projection.

The Task 1 Final Report, as a result of this survey, recommended that
NUFUEL be used as a starting point for the development of the NRC \laste
Projection Model. The recommendation was based on the acceptance of
NUFUEL as a fuel cycle projection model, its capabilities to analyze
fuel cycle flows on a regional basis, its modular design, and other

favorable attributes.

Subsequently, contract problems developed and Teknekron, Inc. never

completed developing a computer model for NRC.



APPENDIX D

Environmental Protection Agency Studies

In 1971 the Environmental Protection Agency contracted with the state
radiological health office, in each of the six states containing low-
level radioactive waste disposal sites for commercial waste, to provide
them with site inventory data. The inventory data was to include type

and quantities of byproduct material, source material, special nuclear
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material, and 1iquid waste, buried from the time the site began operation.

The data submitted by the states was taken from periodic reports prepared
and submitted by the companies operating the burial sites to meet state
reporting requirements. The companies tabulated the waste burial data
from shipping records prépared by the facilities shipping waste to the
burial site. Information supplied enabled EPA to construct a year-by-
year annual and cumulative total inventory comparison in addition to a
site-by-site comparison (Tables D-I through D-V show EPA's comparison

data.

EPA began the initial contractual arrangement as part of its program to
formulate federal radiation protection guidance, general environmental
standards, and environmental regulations. As part of the technical basis
for the supporting documentation, inventory data and projections were
needed to indicate the sources and quantities of buried radiocactive
materials, so the potential impact of shallow land burial disposal

could be assessed.

The first forecast was issued in 1974 using inventory data between 1962



TABLE D-JA

3
EPA DEVELOPMENTAL INVENTORY DATA FOR WASTE vOLUES (m)

Burial Site
National National
South i

Year Kentuchy Nevada Carclfna  11)inots  New Yors  Washington ”t:::l c_t:ul“"
1962 1,861
1963 2,206  3.512 522 ::::ll) “:;
1964 1.872 2,836 6,288 13,096 21,197
195 5.051 1,988 ony 68 13.12¢ 3321
1966  €.556 1,53 4597 2,402 16,188 50,569
1967 7,820 3,206 2.527 4 06 870 19,365 69,878
1368 8,17 3,57 2. 13 4,508 669 19,640 89
199 10,383 4,282 2.012 a20¢ a6 21,359 ncim
1970 12,520 &3 2.82% 5,096 423 4,995 135,872
1971 13011 2,58 Lin 4,430 5,362 s8a 2.302 165,178
1972 15,577 4,301 3,787 €956 7,084 554 37,209 202.4N
1973 10,072 4.0%  15.839 8.52¢ 7,497 1,01 041 249,514
1974 8,897 4,008 18,248 12,373 8,574 1,411 53
1976 17,109 4,943 18,072 16,116 1.889(c) 1,500 37,625 ﬁﬁ:
1976 13,783 1,864 40,227  13.480  Closes 2.867 M.221 434,966
1977 423(a) 4,742 46,563 17,643 Closee 2,718 72,089 507.086
197 Closes 8,827  61.566 10200} Closea 7.422 71917 584,972
Total 135,287 67,365 205439 86,701 66,521 23,658 586,972

*waste facility operatir reports submitted to State Radiation offices based on shipping recoros
of facilities snipping radicactive waste to Commercial low-ieve! waste Durial sites.

Burial was suspended on Dec. 27, 1977.

..
b. Burtal was suspended on Apr. 8, 1978,
. Burval was suspended on Mar. 11, 1975

TABLE D-1IA

£PA DEVELOPMENTAL INVENTORY DATA  FOR BY-PRODUCT WATERIAL ()

Burial Site

National National

South ” annua | cumylative

Tear Kentucky Nevads Carolina  lllinois New Yors  washington total total
1962

1961 22,556 5,69 1.3 29,618 29,618
1964 197,218 6,477 11,358 165,050 194 668
1965 63,828 §, 317 21,518 182 91,864 286,532
1966 2,797 11,97¢ 41,056 1,006 106,773 393,308
1967 3.2 10,694 1.850 51,23 5,178 96,624 487,929
1968 45,578 6,808 2,381 §1.67% 10,23 116,772 604,701
1963 11,028 9,761 2.192 23,264 §5,964 122,209 726,910
1970 56,969 12,304 5,407 38,291 §2,520 163,811 890,721
is7l 10,147 4,316 4,151 7.89% 42,458 23,916 78; 683 1,883,604
912 217,150 £.228 97 4,857 61,208 31,809 321,449 2,005,083
1973 123,779 5,704 42,500 1,834 170,582 $7.637 402,306  2,407.45%
197 143,656 23,90¢ 329,042 3,229 §5,529 12,11 Sew,i34 2,975.59)
1978 289,751 18,288 17,428 6,103 10,273 (e} 113,344 455,284 3,430,877
1976 211,356 4,483 90,304 7,744 Closea 104,306 418,103 2,848 960
1977 267,063 (a) 22,818 196,365 11.147 Closes 7,465 696,856 4,547 863
1978 Closes 5,685 652,061 2,547 (b) Closes 235,548 895,881  5,44) 877
Jotal 2,406,288 160,619 1,526,749 60,206 §77.778 711,837 £,833.677

*Plytonun-218 was subtracted from figures in the COlumA. Wew 'oOrk resorts PFy-238 as
Dyproguct matertal instead of special nucieer material, wnereas the otrer states report Pu-I16
as special nuclear matertal.

**vaste facility sperator repcrts submitted to State Ractation offices dasec on IMIDDING recores
2f facilities snippIng rag10active waste to Commercial lowsleve! waste durial sites.

&. Burtal was suspended on Dec. 1977,

27,
©. Ourisl was suspended on Apr. 8, 1978,
c. Burtal was suspendee on Mar. 11, 1975,

A
Table comnilations ‘rom EPA data.



TABLE D-111"

£PA DEVELOPYENTAL INVENTORY OATA FOR SOURCE MATFRIAL (kg)

Burtal Site

National Naticna!

South annual cunuiative
Year Kentucky  Mevads Caroline 111incis  Wew York  washingtonm _total total
1962 29¢ 296 296
1963 5,210 a2 7,582 13,264 13,560
1964 5,55 p )Y 10,068 15,993 29,583
1965 568 236 22,220 i 23,028 §2,578
1960 690 9 38,32¢ Fi3) 19,359 91,937
1967 5,677 348 3,920 20,278 1 30,229 122,108
1968 6,247 1,043 8,708 6,461 3 22,459 164 62¢
1969 2,554 2% 6,14 80,014 L] 39,281 213,906
1970 7,218 23 2,004 3,720 u 41,29 78,202
1971 5.735 428 12,546 22 51,455 607 70,983 346,185
1972 8,2%8 9.342 1,606 1,59 72,543 3,110 98,455 444 580
1973 9,340 11,460 45,305 2,409 4,107 2,245 114,866 $59,506
1974 13,117 .17 26,961 13,914 61,703 20 126,432 684,938
1975 82,52 1,428 40,375 35,950 16,253 (b) 2as 176,752 861,65
1976 75,344 §,000 24,398 1,854 Closec 5,011 114,204 975,89
18 244 297 (a) 10,634 166,965 184,814 Closes 2,783 365,463 1341287
1578 Closed 77,647 804,670 2,121 (c) Closes 5,264 889,702 2,231,089
Total 228,970 129,094 1,122,823 267,843 462,720 19,603 2,231,089

*Naste fac!lity operator reports submitted to State Raaiation offices dased on shipping records
of facilities shippIng racicactive waste to Lommercial low-'evel waste bdurial sites.

4. Burtal was suspended on Dec. 27, 1977.

B. Burial was suspended on Apr. 8, 1973,
C. Burta) was suspenced on HMar. i1, 1975,

TABLE D-IVA

EPA JEVELOPMENTAL INVENIURY DATA FOR SPECIAL WUCLEAR MATERIAL (g)

Surial Site

National Kational

South . annual i
Year Kentucky Nevada Caoling [11inois New Yore  Washinaten total “‘:o::;"
1962 s ne 3
19
1962 959 41,204 952 43,218 43,504
1564 1,7 172,030 3,213 187,073 230:20.’
1965 4,261 34,752 2,433 3 360,459 §72.086
%9“ '7.“2 5,872 4599 1,818 19,781 551 .817
1967 14,842 22,682 1,238 J, a8 « 42,170 613,987
1968 17.m 8,602 1,75¢ 2,048 <l 30172 864 .5
199 31506 5,006 3,863 3,301 2 O BTN
:97~‘. 47.?&2 7. 708 $,649 3,273 200 69,392 81,228
iMm 7,710 57 13,220 3,30 4,316 18 101,512 882,75
'1972 ‘1,443 a.an 46,718 $,698 7,321 832 153,389 1,036.12
1973 46 248 15,164 99,800 8,128 7.710 6,558 181,607  [,217,73%
1978 23,850 16,954 110, sae &, 144 2,986 5,084 167,662 .385.¢cE
?975 25.6%0 29,278 7€.,38) §,28% 1,480 (¢} 18,978 187,451 l.SlZ:EH
?’76 27,402 2,09 122.261 1,73 Closes 24,2728 177,947 1,720,806
13244 37.87! fel 4,597 183,281 5,310 Closes 25,927 286,973 1,967,079
1978 Closee 7,673 220,900 2.134 (b) Closes 18,312 209,019 2.218,79¢
Total 43} 487 695.939 873,577 §7,083 $6,798 101,547 2,216 .79

“Plutoniun-238 was s0ded to the figures suoplies Oy New York State.

"*waste fact)ity operator reports submitted o State Zagiation offices dased on shipping recorss
of faciitties shipping radioactive waste to Commercial low-ieve: waste Surtal sites.

4. Buriai eas susoenaed on Uec. 27, 1877,
5. Lurial was suspended on Apr. &, 1378,
€. Surial was suspenced on flar. 11, 197§,

ATable compilations from EPA data.
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and 1973, A second forecast was issued in 1978 as an update using
inventory data between 1962 and 1976, and a third update was issued in

June 1980 using inventory data between 1962 and 1978.

The first two forecasts (1974, 1978) were somewhat similar in outlook
although they differed in actual forecast conclusions. The closure of
three of the six sites, and changes in site operations and regulations
dramatically impacted the 1980 forecast update. Moreover, less opti-
mistic projections for the development of the nuclear power industry
led to decreased volume predictions, and necessitated further revisions

in the available burial capacity forecasts.

A. Fuel Cycle Waste

The 1974 forecast for fuel cycle waste represented the estimated amount
anticipated, based on extrapolated data from the national annual volume
buried at commercial sites between 1963 and 1973, rather than on nuclear
power growth projections and extrapolated historical data. After this
report was issued EPA developed a new basis for projection the expected

volume of fuel cycle waste.

For this basis the annual waste volumes from reactor operations were
plotted on a linear scale vs the power-generating capacity (in MMW(e))

of nuclear power plants for a given span of time. A line was fitted using
the least-squares technique. This line then described the relationship
between waste volume and power-plant capacity based on historical infor-
mation. The linear description oversimplified many of the factors in-

fluencing waste production (e.g., type of light-water reactor (LWR),
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load factors, startup difficulties, and backfitting of gaseous and
liquid radwaste systems), however EPA felt it provided a valid basis
for forecasting. Assuming that a linear fit was adequate for the pur-
pose of prediction, annual voiumes of reactor waste were estimated as

a function of installed generating capacity:

Reactor Wastes = 0.48 m3 x cummulative Mi (e)

Md(e) @ YR

B. Other Fuel Cycle Waste

To determine the contribution from other fuel cycle wastes (uranium con-
version and fuel fabrication), EPA took the estimate for all fuel cycle
wastes, and subtracted the preliminary reactor operating data for waste
shipped to commercial facilities. It was then assumed that the difference

between these two figures constitutéd the other fuel cycle wastes.

The uncertainties surrounding reprocessing prevented developing any basis
for waste volume projections. Therefore this aspect was not factored in

to the forecast.

C. Non-fuel Cycle Waste

During the time period EPA made their projections, information describing
the volume and curi activity from non-fuel sources was not compiled in a
single document or reference source. As a result, the agency requested the
State Radiological Health Office in each state to determine the percentages
of uncompacted waste from non-fuel cycle sources. These figures are as

follows:



1979-1980 1981-1390 1991-2000

447 27% 14%

It was assumed that the waste volume from the non-fuel cycle source
represented a constant addition to the waste generated by the fuel

cycle source, and a basis for forecasting.

0f the total waste volume, it was further estimated that approximately
30% was produced by sources related to medicine or medical sources,

and 10% was generated by universities and industries.

D. Regional Waste

In 1974, the location of the six commercially operated burial sites for
low-level waste enabled EFA to develop geographic regions as a projection
factor for forecasting. While the original investment decisions on these
sites were not based on any fofﬁa] plan, the resulting distribution of
facilities approximated a regional system of low-level waste disposal

sites:

West Valley, New York Northeastern Region
Maxey Flats, Kentucky Middle Atlantic Region
Barnwell, South Carolina Southern Region
Sheffield, I1linois Midwestern Region
Beatty, Nevada Southwestern Region
Richland, Washington Northwestern Region

This provided an easy incentive to begin relating data to generation by

region, available capacity, and operational life of the site.
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The EPA 1974 forecast was the first attempt to relate national projection
figures to the regional needs of the continental United States. Forecasts
were based on burial record data for both non-fuel cycle and fuel cycle

wastes, and on the electric power projections for future fuel cycle wastes.

To arrive at a forecast, EPA made the following assumptions:

a) The continental U.S. was divided into six geographic
regions based on the location of the six commercial
sites. The boundaries are hypothetical and the
calculation and assumptions made did not have any
political or reguiatory significance.

b) It was assumed that the nuclear facilities within
the region would send their r-adioactive waste to
the regional burial grounds.

¢) It was also assumed that the nuclear plants planned
beyond 1985 Atomic Energy Commission projections
would not significantly affect the relative regional
power generating capacities.

d) In allocating the national annual volume of waste,
the nuclear power electrical capacity within the region
was used as the basis for the regional share of fuel
cycle wastes.

e) Equal geographical distribution was assumed for non-
fuel cycle wastes.

f) Existing sites would not be enlarged.
g) No new sites would be established.

In 1975 the first of three site closings took place.* This action nega-

*Burial was suspended at West Valley, Nsw York on March 11, 1975 due to
seeping water containing tritium and SR O from two trench caps. Burial
was suspended at Maxey Flats, Kentucky on December 27, 1977 due to leakage
in trenches that resulted in onsite migration of burial material. Burial
was suspended at Sheffield, I1linois on April 8, 1975 due to filling of
available capacity.
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tively impacted further regional forecasting by EPA. Figure D-1 illus-
trates the EPA geographic regional distribution, and Table D-V presents

EPA's regional forecast to the year 2000.

E. Forecasting Methodology Projection Elements

Table D-VI provides an analysis of the basic low-level radioactive waste
projection elements found in all three EPA studies. The general approach
and method were found to be consistent throughout the originai study and
the two subsequent updates. EPA currently has no plans and has made no

budget allocations for a third update.*

F. Forecasting Methodology Assumptions

Although there have been previous speculation on radicactive waste to be
generated, with regard to selective aspects of the problem, EPA was the
first to correlate fuel cycle and non-fuel cycle radioactive waste infor-

mation to the available capacity of the commercial waste sites.

Operating data as well as burial volume data had an impact on the basic
assumptions used in calculating the forecasts. For example, the assumption
used for a standard burial trench capacity in the 1974 and 1978 studies,
and the 1980 study remained the same for trench size, but differed in total

~burial volume projections. A standard trench was issumed to be 300 feet

*W.H. Holcomb, U.S. Environmental Protection Agency, personal tele-
communication with J.G. Braun, U.S. Nuclear Regulatory Commission,
Division of Waste Management, March 10, 1991.



FIGURE D-1

£PA GEOGRAPMIC REGIONS FOR LOW-LEVEL RADIOACTIVE WASTE DI1SPOSA®

L, 139

Northeastern Region: west vailey, N.Y.
Migcle Atlantic Region: Maxey Flats, fy
Southern degion: Sarnwel), 5.0,

Miowasiern Region: Sneffieic,
Southwestern Region: 22271y, Nev.
NOrthwestiern Region: (Hanford) Sir

- - \f*

£PA 1974 ESTIMATED CUMULATIVE VOLUME OF WASTE GENERATED IN EACH REGION THROUGH THE ¥4 AR INDICATED

fegion volume'

1973° 1978¢ 1980° 19%0° 2000°
Northeastern (west Valley, N v ) 2,0 2.9 6.4 17.4 il ¢
Migale Atlantic (Maxey Flats Xy 1.4 -~ 5 7.9 1.9 13¢.9
Southern (Barnwei!, 5.C.) 8 Li 5.1 1.1 209.1
Migwestern (Sheffiela, 1) .0 1.4 LIS 19.5 238.5
Southwestern (Beatty, Nev ) 1.5 .3 4 i6.1 2.1
Northwestern (Richland, wa) $ 7 2.7 13.7 9.7

0
-
-

Mational Cumyiative Total

*voiume is measures in 10% cubic feet
°:tumoc from burtgl site snIdping data
“Calculated using the partitioning of waste Dased upon cumulative volume up to 1972

* Source: EPA Studies
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long (91m) x 40 feet wide (12.2m) x 20 feet deep (6.2m), 240,000 feetsd

(6800m°) with 20 feet (6.1m) of spacing between trenches. The burial

volume projections were:

a)

b)

1978 and 1973 Volume Projection: 143,000 ft per
trench assuming that the top meter of the trench
depth will not be used and that a 30% void space
will exist for each trench.

1980 Volume Projection: 3460m3 per trench assuming that
the top meter of the trench will not be used and a
40% void space will exist fore each trench.

The adjusted data projections in the 1980 report were based on the State

of Nevada's Division of Health technical recummendation that trench void

space be increased by 10% with a 60% utilization factor rather than a

70% utilization factor.
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Because information was basically empirical in nature, a number of general

suppositions were necessary to speculate on expected impacts. Those

assumpticns were as follows:

A "steady-state environment" will continue to prevail.

Sites are geologically suitable for the purpose of
shallow-land burial.

Sites will remain in full operation until filled to
capacity.

All packaging is uniform, full and to specification.
A1l packages are buried uniformly,
There will be no changes to waste burial practices.

Capacity of the site will remain constant with no
increase or decrease,



e Operational 1ife of the site will not increase or
decrease for any reason.

o Size of the site will not increase or decrease.
® No additional sites will be created.*

e daste receipt is recorded as originating from
the state in which it was generated.

e There will be no changes in waste generation
characteristics.

e Uniform record keeping is practiced at all sites.
e Inventory records are valid and accurate.

e Planned nuclear electric power plant projections
will not significantly affect the relative regional
power capacity.

o Fuel cycle wastes are from once-through cycle with
the annual waste volumes from reactor operation
plotted on a linear scale vs the power-generating
capacity.

e Waste has not undergone volume reduction (compaction/
incineration).

e There will be no changes to the site license requirements.

o There will be no changes to regulations or public laws.

G. EPA Forecasting Methodology Conclusions

The 1974 report served as a vehicle to:

a) present accumulated inventory data for radioactive

*Until mid-1979 the !RC viewpoint on licensing new sites was that it
would be unadvisable for any new shallow-land burial facilities to be
lTicensed unless an "urgent reed" was identified - NRC Task Force Report
on Review of the Federal/State Program for Requlation of Commercial Low-
Level Radinactive Waste Burial Grounds, Report - , Marc .
The temporary closure of burial sites by the Governor of Washington and
Nevada, and the limiting of waste volume accepted by the Governor of
South Carolina and the Governor of Washington (South Carolina's limit

on waste receipts will be reduced to 100,0003 a month by October 1981)
necessitated a change in the NRC viewpoint,
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waste buried at commercial facilities;

point out some of the more obvious trends; and

¢) focus attention on the possible magnitude of
future low-level radioactive waste aisposal
problems associated with commercial shallow-
burial sites.
The 1978 and 1980 reports updated the inventory data for radioactive
waste buried at commercial facilities, and adjusted future site capacity
impact estimates. Table D-VII presents a site capacity comparison of

prediction data, and Table D-VIII presents a comparison breakdown of

fuel cycle and non-fuel cycle wastes for annual volumes.

Originally it was believed that the total annual volume of radioactive
waste received at commercial burial sites was growing at an exponential
rate. EPA devised an exponential projection to the year 2000 by drawing
a straight line through the data points representing the early years of
commercial waste burial. Figure D-2 is a graphic comparison of the 1974,
1977, and 1979 exponential data forecasts. This comparison pointedly

illustrates the considerable decline in radioactive waste predicted.

Interpretation of inventory data, and the assumptions, estimates, and
projections, made about existing burial facilities by EPA indicated that

for:

a) 1974

1) The volume and quantity of low-level waste
was growing rapidly.



TABLE D-VIT
EPA PROJECTED CAPACITIES OF EXISTING LOW-LEVEL WASTE COMMERCIAL BURIAL SITES »
Possible Numer oib Tetal Burial Date Current
Burfal Site Size (ha) Standard Treaches Capacity (10° m*) Capacity Exhausted

77 1979 1974¢ 1977 1978 1974 nn" 1977¢

h

Year of Forecast: 1974" 1977 1979 1974 )

West Valley, N.Y. 22 8.9 8.9 50 50 0 7.2x10% 0.20 Closed 1981 N/P N/P
Maxey Flats, Ky. 330 1020 102.0 750 580 @ 1.1x10% 2.20° Closed' 1998 WP NP
Barnwell, S.C. 270 119.0 1100 614 604 604 B8.8x107 2.40 240 1993 N/P N/P
Sheffield, 111, 22 89 8.9 50 50 0 7.2x10% 0.20 Closed” 1981 N/P N/P
Beatty, Nev. 80 32.0 320 182 179 179 2.6x107 0. 7" 0.60 1992 N/P N/P
Richland, Wa. 100 4, 0 400 227 223 223 3.2x107 0.91 091 1994 N/P N/P

6.70 3.9

(4.60)9

ASize is by Acre

hlhese numbers may differ from site plot plans in which trenches may not be of the standard type

“Current burial capacity as of 1974

deusled year projections were not provided

“Reflects the possibilily that the site may have a 50% lower capacity than first projected

'lho Nevada Division of Mealth recommends a utilization factor of 0.6, which reduces the 0.74 to 0. 47

Y1he figure is a revised total reflecting the reduced capacity estimates for Maxey Flats and Beatty

"lurhl was suspended on March 11, 1975 due to seeping water containing tritium and ”Sl from two trench caps

’Durial was suspended on December 27, 1977 due to leakage in trenches that resulted in on-site migration of
burial material

Jlurlﬂ was suspended on April 8, 1979 due to filling of avallable capacity

*Table compilations from EPA data.

00l
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10

10

10

10

wi t 4t 11111
1960 1970 1980 1990 2000

EPA FORECASTED TOTAL AVERAGE ANNUAL VOLUME OF LOW.LEVEL WASTE 1::5 oy W

Year of Forecast 1976 - 1980 1981 - 1990 1991 - 2000
1y72¢ 3.600 18.500 79.000
1977 0.102 0.410 2.2
1979 0.009 0.187 9.231

."'W'“ are ;qu" e

*Table compilations from EPA data.



2)

b) 1978
1)

2)

c) 1980

3)

If no changes to present practices or trends
occur, two sites will be closed by 1985 (West
Valley, Sheffield) and all six sites by 1998.

If the sites were filled on the basis of load
shifting to the other burial sites as each

site reached its capacity, then the last closure
would be 1992.

The volume and quantity of low-level waste was
growing rapidly.

If no changes to present practices or trends occur,
the last site will be filled by 1992.

The volume and quantity of low-level waste is
continuing to increase each year.

The rate of waste generation appears to be slowing
down .

If no changes to present practices or trends occur,
the last site will be filled by mid-1990's -
uncertainties surrounding the burial sites limit
this projection and all commercial sites could be
filled by mid-1980's.

Other trends and observations made by EPA were:

a) Relating radioactivity buried is difficult since the
activity concentrations in the waste depends upon the
originating source and use of radivactive material at
the source.

b) Sites were initially established to receive non-fuel
cycle wastes (medical, research, industrial) and have

been

increasingly used for a growing nuclear electric

power industry.

/ ¢} Growth of the nuclear electric power industry will
continue to dramatically increase fuel cycle wastes
until they surpass non-fuel cycle wastes by large
percentages (1980 - 56%, 2000 - 86%).
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d)

e)

f)

)

h)

i)

J)

104

Nuclear electric power growth can be correlated and
reflected in the rate of fuel cycie low-level waste
growth increases at the burial sites.

As a consequence of recalculated nuclear electric
power generating projections, waste volume projections
through the year 2000 have been slowing down.

Changes in licensing requirements and requlations signi-
ficantly impact inventories (1972 requirement for
solidification of liquid waste prior to shipment and
1974 exclusion of TRU wastes if it exceeds 10 nCi/qg).

A redistribution of wastes has resulted from the closing
of three commercial burial sites.

[f operational problems occur at a burial site, little
flexibility exists for managing low-level waste for the
next 10-20 years, therefore new burial sites must be
established soon to insure health, safety, and environ-
mental protection.

The life of the burial sites can be extended by reducing
the volume of estimated wastes through volume reduction
(compaction, incineration) - if compaction is practiced
(possible reduction of 3 to 5) the last site will be

filled by the year 2000.

A more detailed analysis of low-level waste is needed to:

e identify suitable new sites;

o improve low-level radioactive waste volume projections;
e determine accurate capacity of burial sites; and

® characterize wastes generated by decommissioning of
nuclear facilities.

Projections need to be revised in the near future because of:

® uncertainties in uranium conversion, fuel cycle
fabrication and fuel reprocessing; and

¢ continued decrease and rescheduling in the rate of
the nuclear electric power industry.



APPENDIX E

NUS State-by-State Assessment of Low-Level Radioactive
Naste Shipped to Commercial Burial Grounds

In 1978 and 1979 the trend toward declining burial space with increasing
waste volume; combined with the problems of establishing new burial
grounds; and the temporary closing of two of the three open sites and
reduced volume at the third; demonstrated a need to better characterize
commercial low-level radioactive waste. The Department of Enerqy recog-
nizing the need for better characterization, contracted with the NUS
Corporation, to provide a state-by-state assessment of radioactive waste

shipped to commercial burial grounds report.

NUS first obtained site inventory data directly from the commercial
burial site operators. The commercial burial site companies in turn
had tabulated the waste burial data from shipping records by the facili-

ties shipping waste to th. burial sites.

NUS, in addition, also obtained existing published data (e.g. MRC & DOE
records and reports), and reports that could be interpolated from a

national to a state basis (i.e. Institutional Radioactive lastes, NRC

Report NUREG/CR-0028, University of Maryland, Radiation Safety Office;

October 1379). They were used as part of the basis for the assessment.

Because the aforementioned data sources did not fully characterize the
waste volumes, waste volumes classified as industrial source needed
to be apportioned for each state. To calculate this, the remaining

volume was spread over the United States, in proportion to the population
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for the Agreement States, and by ratio of the number of state licensees

to the total NRC industrial licensees for the non-Agreement States.

A preliminary report was issued in 1979 and a full update assessment
report in November 1980. The final report provided a national profile,
a site profile, and profiles by category: government, fuel cycle, non-
fuel cycle with an institutional and industrial breakdown for all 50

states.

A. Fuel Cycle Waste

To assess the amount of fuel cycle waste, MNUS obtained summary infor-
mation on commercial nuclear powerplant wastas from semiannual reports
submitted to NRC. 1979 calendar year data was used where available.
When reported data was not available, NUS communicated directly with
the utility. Where the data reported by utilities orovided only the
overall quantity and radioactivity, tables were devised to provide the
breakdown. These tables were based on the average waste generation

rates established in the report: Waste Inventory Report for Reactor and

Fuel-Fabrication Facility Waste.

8. Non-Fuel Cycle Waste

when this report was compiled, there were no quantitative reports in the

public domain on the specific volumes and activities from the industrial

and institutional sectors. The public record data for commercial nuclear

power plants and for a major portion of the government waste allowed MNUS

to compile by differences the institutional and industrial volume and

radioactivity. Factored into the final estimates were data extrapolation

from secondary sources.
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C. Sovernment Waste

The DOE SWIMS Report (Solid Waste Information Management System -

Actual Solid Wastes Generated for Fiscal Year 1979) summarizes the

quantities of reported solid radioactive wastes generated by government
installations. NUS extracted data on low-level radicactive waste sent
to commercial burial grounds and excluded all other information. [lata
included records from the U.S5. Navy nuclear-powered ships and their
support facilities, but excluded data from other military departments
(e.g. Army and Air Force). Waste from these other military commands
does not constitute a significant volume of waste and therefore NUS
included the information in the industrial and institutional sector of

the report.

D. State-by-State Waste

NUS obtained the volume and curie values given for each state directly from
the commercial burial site operators. The total for each state was the

sum of the volume and radioactivity by burial site. The report noted that
for some states, the amount of waste which is in the institutional/in-
dustrial category may not represent the actual volume generated by firms

in that state. Burial ground records list volumes from broker companies

by the state of the home office (broker companies collect material from
several states and repackage or consolidate shipments under one radioactive

shipping record).

E. Assessment Methodology Elements

Table E-1 provides an analysis of the low-level radicactive waste assess-
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ment elements found in the 1980 report. NUS currently is prer ring

a 1981 report to be released later this year.*

F. Assessment Methodoloqy Conclusions

Table E-II presents the NUS assessment conclusions. The report presents
as a hypothetical scenario of possible lTow-level commercial radioactive
waste distribution disposed of by shallow land burial. It is valid only
to the extent the reader supports the author's methodology, and to

the extent the reader understands the limitations built into the data.
It in no way projects a forecast for future waste or impact to site

capacity.

*Edward Jennrich, EG&G, Idahl, personal telecommunication with J.G. Braun,
Division of Waste Management, U.S. Nuclear Requlatory Commission, April 17,
1981,
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* fstimated Total Slate Radiomctivity
e
* Total uumber of (avermment/¥w{litary
* Navvi sastes from the fState
e Total Volume 3°) of State sastes
Oisooses of it 3 Lommercial site
o Total Radioactivity ‘il of State
rastes Disoosec of 3t 5 Commercial
Site
® 1979 waste Uistribution Comsmarison for
all 50 States 2
® 1378 waste iolure ‘& | Comparison for all
50 States

JGB/81

*Cuilbeault, 5.0. mhe 1873 State-bv-icate Assessment of Low-Level
ls:».enn Naste chipec o LOmMercia. 5ufis. .rouncs, Aeport VUSe

v vesper . « rrepared *y NUS Corporation for is & G Idahe,
Ine., U.5.008 Subcontract: «-5.08, Task 23,

'umzu information concerning non-fuel .ycle low-level radiocactive
wAATE IS Unaval.acie at this Time due 'o reportirg sethods used for
shipping sanifests and cubsequertly for site inventory.

‘lnuu total volumes cf fuel cycle wastes are calcul.ted by using a
List of nuclesr electric power plants in cperation, under cemetruction,
and projected on order)
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