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EXECUTIVE SUMMARY

On December 19, 1985, the Congress of the United States passed Public
Law 99-240, "The Low-Level Radfoactive Waste Policy Amendments Act of 1985"
(the Act). The Act was signed into law on January 15, 1986. Under
paragraph 3(b)(1) of the Act (Appendix A), the Department of Energy has
responsibility for the disposal of the following:

*(A) ldw-level radfoactive waste owned or generated by the Department
of Energy; ' ‘

"(B) low-level radfoactive waste owned or generated by the United
States Navy as a result of the decommissioning of vessels of the
United States Navy; '

"(C) Yow-level radfoactive waste owned or generated by the Federal
Government as a result of any research, development, testing, or
production of any atomic weapon; and

~ "(D) any other low-level radioactive waste with concentrations of
radionuclides that exceed the 1imits established by the [Nuclear
Regulatory] Commission for Class C radfoactive waste [greater-than-
Class-C low-level waste), as defined by section 61.55 of title 10,
Code of Federal Regulations, &8s in effect on January 26, 1983."

Section (3)(b)(1)(D) fs a new responsibilfty of the Department of
Energy and together with Section 3(b)(3) (Appendix A) is the subject
- of this report, Section 3(b)(3) of the Act requires that:

"Not later than 12 months after the date of enactment of this Act, the
Secretary [of Energy] shall submit to the Congress a comprehensive
report setting forth the recommendations of the Secretary for ensuring
the safe disposal of all radfoactive waste designated a Federal
;es?ogsibility pursuant to subparagraph (b)(1)(D). Such report shall
nclude-- '

"(A) an identif cation of the radioactive waste involved,
including the source of such waste, and the volume,
concentration, and other relevant characteristics of such waste;

“(B) an identtfication of the Federal and nonfederal options for
disposal of such radioactive waste;

"(C) a description of the actions proposed to ensure the safe
disposal of such radiocactive waste; '

 "(D) a description of the projected costs of undertaking such
actfons; .

*(€) an {dentification of the options for ensuring that the
beneficiaries of the activities resultingvin the generation of
such radioactive wastes bear all reasonable costs of disposing of
such waste; and

“(F) an {dentification of an&'statutory authority required for
disposal of such waste.” |
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At this time there is an estimated total of 120 m3 of -
greater-than-Class-C (GTCC) low-level waste in storage. This small volume
of GTCC low-level waste {is bein? managed safely under the standards and
regulations of the Environmental Protection Agency and the Nuclear
Regulatory Commission. The issue, therefore, 1s not one of safety
considerations for continued storage of GTCC low-level waste, but of
ultimately providing for safe disposal of such wastey Through the year
2020, the estimated volume to be generated is 2000 m“., On an annual ,
basis this amount §s less than 0.1 percent of the current amounts of Class
- A, B, and C low-level waste shipped to commercially operated disposal
sites. However, the projected amounts of GTCC low-level waste are
uncertain at the present time, both because of regulatory uncertainties
affecting the definition of high-level radioactive waste and because of
the lack of availability of information on the volumes, sources, and
characteristics of current and projected GTCC low-level waste. These
uncertainties in the types and amounts of GTCC low-level waste prevent
a complete discussion of disposal options at this time, although we
do in this report discuss many of the issues relating to disposal of
GTCC low-level waste. Regulatory uncertainties surrounding NRC licensing
and EPA permitting of disposal facilities for GTCC low-level waste further
increase the difficulty of discussing and developing realistic disposal
options and attendant costs.

Regulatory actfons by NRC and EPA would alleviate the regulator
uncertainties affecting GTCC low-level waste types, volumes, disposa
licensing. and other waste management activities. Such actions would
genmit DOE to proceed with identification of disposal options and costs.
he needed regulatory actions include the following:

1. Promulgation of NRC licensing guidance for GTCC low-level waste
disposal facilities;

2. Promulgation of an EPA general environmental standard for disposal
of non-transuranic GTCC low-level waste;

3. A decision by NRC whether or not to proceed with definition of
high-level radioactive waste based on radionuclide concentrations
(such)a definition could change the definition of GTCC low-level
waste); o

4. (1f NRC decides to proceed with a concentration-based definition
of high-level waste)-- promulgation of the definition; and

6. Resolution of the inconsistencies between EPA and NRC regulations
for management of GTCC low-level radicactive waste that also
contains hazardous chemical waste. .

This report responds to the requirements specified in Section 3(b)(3)
of the Act to the extent possible. DOE plans to carry out its
responsibility for safe disposal of GTCC low-level waste when disposal can
be implemented by ensuring that such waste in need of disposal is directed
to an appropriate facility, Federal or nonfederal, including those
administered by States or private entities. Until the time that GTCC
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Tow-leval waste can be disposed, DOE plans to accept such waste as
necessary, after adoption of appropriate waste acceptance criterfa, and

to safely manage such waste until disposal options are developed. Such
management may include storage and any required. treatment, packaging, and
transportation prior to disposal. OOE will develop appropriate procedures
related to this management and will assess appropriate fees for use of
these services.

DOE expects to have a program in place for accepting GTCC low-level
waste for storage within 2 years. In the interim, DOE will consider
requests for acceptance of GTCC low-level waste on a case-by-case basis.
Acceptance of GTCC waste will be contingent on the following:

1. The waste meets DOE acceptance criteria;

2. Generator makes advance arrangements, to facilitate DOE
planning; ' -

3. Adequate facilities are available or can be developed;
4, Contractual and financial arrangements can be accomplished;

5. A1l reasonable costs of storage, subsequent disposal, and
associated waste management services such as treatment and
transportation are borne by the beneficiaries of the activities
resulting in the generation of this waste;

6. Acceptance of the waste will not adversely affect any DOE
defense waste activities; and :

7. Appropriate Natfonal Environmeﬁtal Policy Act review is
completed.

DOE will make every effort to involve interested persons in {ts program
for acceptance and disposal of the GTCC low-level waste and will publish
guidelines for generators to use in requesting DOE acceptance of such waste.
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RECOMMENDATIONS FOR MANAGEMENT OF GREATER-THAN-CLASS-C
LON-LEVEL RADIOACTIVE WASTE

1. INTRODUCTION

On December 19, 1985, the Congress of the United States passed Public
Law 99-240, the "Low-Level Radioactive Waste Policy Amendments Act" (the
Act;. The Act was signed into law on January 15, 1986. Under paragraph
3(b)(1) of the Act, the Department of Energy has responsibility for the
disposal of the folloying:

"(A) low-level radfoactive waste owned or generated by the Department
of Energy;

“(B) low-level radioactive waste owned or generated-by the United
States Navy as a result of the decommissioning of vessels of the
United States Navy;

"(C) low-level radioactive waste owned or generated by the Federal
Government as a result of any research, development, testing, or
production of any atomic weapon; and _

"(D) any other low-level radioactive waste with concentrations of
radionuclides that exceed the 1imits established by the [Nuclear
Regulatory] Commission for Class C radioactive waste [greater-than-
Class-C low-level waste], as defined by section 61.55 of title 10,
Code of Federal Regulations, as in effect on January 26, 1983."

~Section (3)(b)(1)(D) 1s a new responsibility of the Department of
Energy and together with Sectfon 3(b)(3) 1s the subject of this report.
Section 3(b)(3) of the Act requires that:

“Not later than 12 months after the date of enactment of this Act,
the Secretary [of Energy] shall submit to the Congress a comprehensive
report setting forth the recommendations of the Secretary for ensuring.the
safe disposal of all radioactive waste designated a federal responsibility
pursuant to subparagraph (b)(1)(D). Such report shall include--

"(A) An {dentification of the radioactive waste 1nvoived. including the
source of such waste, and the volume, concentration, and other
relevant characteristics of such waste

"(B) An {dentification of the federal and nonfederal options for
disposal of such radioactive waste

"(C) A description of the actions proposed to ensure the safe disposal
of such radioactive waste : ' :

"(D) A description of the projected costs of undertaking such actions

“(E) An identification of the options for ensuring that the
beneficiaries of the activities resulting in the generation of such
radloactivo wastes bear all reasonable costs of disposing of such

~ wastes - ' :
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"(F) An fdentification of any statutory authority required for
disposal of such waste."

The objective of this report is to respond to the above requirements
of the Act. :

Hereafter, the term "greater-than-Class-C 1ow-level waste" or "GTCC
Tow-level waste" is used to refer only to the waste newly defined as a
Federal Government responsibility by subparagraph 3(b)(1)(D) of the Act.

Background

Specific responsibility for disposal of GTCC low-level waste was first
assigned to the federal Government with the passage of the Act. Previously,
the 1980 Low-Level Radioactive Waste Policy Act (Public Law 96-573) had
assi?ned to the States responsibility to ensure disposal capacity for all
Tow-level waste, except certain federal low-level waste. The definition of
low-level radioactive waste given in Public Law 96-573 excluded transuranic

waste. -

In 1982, NRC promulgated 10 CFR Part 61, setting forth comprehensive
requlations for near-surface disposal facilities for certain "classes" of
radiocactive waste. The major portion of low=level radfcactive waste is
classified as Class A, Class B, or Class C under 10 CFR Part 61, based on
radionuciide concentrations sufitable for disposal within the upper 30 meters
of the earth's surface., Class C waste contains the highest radionuclide
concentrations permitted to be disposed of routinely by near-surface land
disposal methods,

Under 10 CFR Part 61, if waste is of higher concentration than
Class C, then it can be disposed in a near-surface facility only on a
case-by-case basis with the express permission of NRC or an Agreement State
that has authority to regulate disposal of such materfals., Limited
quantities of waste that would be considered greater-than-Class-C have
been disposed of at the three commernial low-level waste disposal
facilities that are currently operating.

The Act specifically assfgned continued responsibility for ensuring
disposal of Class A, B, and C low-level waste to the States. .
Responsibility for ensuring the safe disposal of GTCC low-level waste
not generated by DOE was assigned to the Federal Government.

12



2. IDENTIFICATION OF GREATER-THAN-CLASS-C LOW-LEVEL WASTE

Information on the volumes and characteristics of GTCC luw-level waste,
as well as appropriate Federal regulatory requirements, is needed to
determine and evaluate the options and costs for disposal of this type of
waste, This section summarizes the available information to date.

Much of the information on waste characteristics is based on data
contained in NRC's recent update of the 10 CFR Part 61 impacts analysis
.methodology, which in turn compiles data from many other sources
(USNRC 1986). - '

In addition, telephone interviews were conducted with 250 NRC and
Agreement-State 1icensees, not including utilities, selected from
groups identified as potential GTCC low-level waste generators (Table 1).
The purpose of the interviews was to determine which ganerators have such
waste in storage and the amounts of waste. Fuel testing and fuel
fabrication plants, sealed source manufacturers, carbon-14 users, waste
service companies, academic and medical {nstitutions, industrial research
‘and development facilities, and non-DOE federal agencies were interviewed
(Knecht 1986a, Knecht 1986b, Dressen 1986). The tlectric Power Research
Institute (EPRI) has performed a written survey of nuclear power plant
1icensees (Robinson 1986, Dalofsio 1986). The data from the telephone
interviews and preliminary data from the EPRI survey are incorporated
in this section, . ' :

A written survey of NRC and Agreement-State licensees identified as
potential generators of GTCC low-level waste has also recently been
completed by DOE's Energy Information Administration (EIA) to provide
information for a comprehensive data base on GTCC low-level waste. The
analysis and results of this survey will be available subsequent to
submission of this report. _

Definition of Grgafer-Than-Class-C Low=Level Waste

Regulatory Definition

The category of low-level radioactive wasty termed GTCC was first
defined with the issuance of 10 CFR Part 61, the NRC regulations for
near-surface disposal of low-level radioactive waste., Those regulations
define three classes of low-level waste (A, B, and C) that are suitable for
nedr-surface land disposal. If low-level waste contains higher
concentrations of the radionuclides for which Class C limits are specified
(1.e., s greater-than-Class-C), it may be disposed o’ in a near-surface
facility only with the express permission of NRC or an Agreement State.

~ Thus, the Class C concentration 1imits in 10 CFR Pert 61.56 (shown in
Table 2) set a lower bound for low-level waste that is considered
greater-than-Class-C, It should be recognized that radionuclides other than
those shown in Table 2 may also be present in GTCC low-level waste. While
‘these other radionuclides are not considered in determining the degree of
fsolation required of the disposal technology, they may be of interest for
operational reasons. There is technically no upper 1imit on the :
concentrations of radionuciides in GTCC low-level waste, although all
low-level waste 1s defined by the Act to exclude spent nuclear fuel and
high-level waste. S '
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TABLE 1. NRC AND AGREEMENT STATE tICENSEES INTERVIEWED BY TELEPHONE

Identified
Number of Percent of
a Number Licensees Licensees
Type of Generator Interviewed in Group Interviewed
Fuel testing and 5 50 100
fabrication plants
Waste service companies 27 28b 96
Sealed source manufacturers 8l 198°¢ 41
Carbon-14 users 7 A 100
Universities and colleges 73 289° 25
(non-medical)
Med{cal institutions 22 529¢ 4
Industrial research and 21 263° 8
development
Federal agencies (non-D0E) 14 53¢ 26
TOTAL 250 1,372 1r

a. Nuclear utilities were not included in this survey.

b. Total number of NRC and Agreement State licensees.

c. Includes only those NRC and Agreement State licensees that are known or

expected to use radionuclides addressed by the Class C 1imits,




TABLE 2. NRC LIMITS FOR CLASS C LOW-LEVEL RADIOACTIVE WASTE®

. Long-Lived Radionuclides

Nuclide (half-life)® Concentration
" (curies/m3 )
Carbon-14 (5,730 yrs) ' 8
Carbon-14 1n activated metal 55,730 yrs) - 80
Nicke1-59 in activated metal (75,000 yrs) ' 220
Niobfum-94 in activated metal (20,000 yrs) | 0.2
Technet{um-99 (214,000 yrs; 3
lodine-129 (16,000,000 yrs B 0.08
gnanocuries[gram}
Alpha-emitting transuranics 100
(half-1ife greater tgan 5 yrs) '
Plutonium-241 (14 yrs) 3,500

Curfum-242 (162.8 days)d 20,000
Short-Lived Radionuclides

- Concentration

Nuclide (half-1ife)® (curies/m’)
Nickel1-63 (100 yrs) ~ 700
Nicke1-63 {n activated metal (100 yrs) 7,000
Strontium-90 (29 yrs) _ 7,000
Cestum-137 (30 yrs) 4,600

a. Limits are for single radionuclides; for mixtures of radionuclides
limits are obtained by a sum-of-fractions rule separately for long-1ived and
for short-l1ived radionuclides. The sum of fractfons for either short- or
long-1ived radionuclides {s determined by dividing each nuclide's '
concentration by its Class C 1imit and adding the resulting values. If the
- sum exceeds 1 for either short- or long-1ived radionuclides, the waste is
greater-than-Class-C.

b. Half-lives are from Lederer (1978).
c. Decays to a long-lived daughter product, neptunium237 (2,200,000 yrs),

d. Decays to long-lived daughter products, plutonium=-238 (90 yrs) and
uranium-234 (250,000 yrs).




The Nuclear Waste Policy Act (Section 2(12)) defines high-level
radfoactive waste as: :

(A) the highly radioactive material resulting from the reprocessing of
spent nuclear fuel, including 1iquid waste produced directly in
reprocessing and any solid material derived from such liquid

.waste that contains fission products in sufficient
concentrations; and

(B) .other highly radfoactive material that the Commission, consistent
with existing law, determines by rule requires permanent
isolation.

Uncertainty as to the volumes and characteristics of GTCC low-level
waste is created by the fact that tiie definition of high-level waste may
change significantly in the next few years. NRC has for several years
contemplated a rulemaking to redefine high-level waste based on radionuclide
concentrations, in addition to source (i.e., reprocessin? of spent fuel).
Such a rulemaking would set an upper bound for GTCC low-level waste that is
based on concentration 1imits for specific radionuclides, as 1s now the case
for the lower bound. Absent such a NRC definition.of high-level waste,
it is impossible to project volumes and characteristics of GTCC low-level
waste that are meaningful for the purpose of selecting disposal options
and determining costs.

The uncertainty about the types of waste included in the . '
greater-than-Class-C category affects the selection at this time of disposal
technologies that would match the waste characteristics. Selection of
disposal technologies will, in turn, affect the costs of disposal. For
example, if a large part of the cost of disposal is fixed capital
fnvestment, smaller waste volumes may mean much higher costs per unit volume
of waste. The more capital-intensive the disposal technology that is used,
the greater the effect changing volumes are likely to have on the unit price
that has to be charged for disposal.

. Pending resolution of the definition of the upper bound for GTCC
low-level waste, the working definition of GTCC Tow-lavel waste used in this
report includes all low-level wastes that (a) exceed the Class C limits,
(b? are not within the existing legal definition of high-level waste,

(c) are not spent fuel or spent fuel hardware, (d) are not owned or
generated by the Department of Energy, (e) are not owned or generated

by the United States Navy as a result of the decomissioning of vessels
of the United States Navy, and (f) are not owned or genera‘ed by the
Federal Government as a result of any research, development, testing,

- or production of any atomic weapon. This approach is expected to
describe the most 1ikely total amount of GTCC low-level waste for which
responsibility for disgosal was assigned to the Federal Government by the
Act. As noted above, however, the anticipated NRC high-level waste
definfition could substantially change the total amount of projected GTCC
Tow-level waste. ‘ '
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Categorfes of GTCC Low-Level Waste
There are three categories of GTCC low-level waste, as follows:

1. Long-lived waste with radionuclide concentrations that exceed only
the 10 CFR Part 61 Class limits for Yong-1ived radionuclides such
as carbon-14, nickel-59, niobium-94, technetium-99, {odine~129,
and transuranic radionuclides with half-1ives greater than §
years (Table 2);

2. High-activity, shorter-1ived waste with radionuclide
concentrations that exceed only the 10 CFR Part 61 Class C limits
for short-lived radionuciides such as nickel-63, strontium-90,
and cesfum-137 (Table 2);

3. long-lived waste with high shorter-1{ved activity. Such waste
contains radionuclide concentrations that exceed the 10 CFR
Part 61 Class C 1imits for both short~ and long-11ived
radionuclides. '

Figure 1 11lustrates the relative differences in the periods of time
required for some of the long-1ived and short-1ived radionuclides contained
fn GTCC low-level waste to decay.

Mixed Waste

Some GTCC low-level waste {is also defined as "mixed waste." Mixed
waste {s radioactive waste that is also classified as hazardous waste under’
the definitions of the Resource Conservation and Recovery Act (RCRA) and
40 CFR Part 261. The unique concern with mixed waste is that it is both
chemically and radfologically hazardous. _

Recent 1nvesi19ations by Brookhaven National Laboratory (Bowerman 1985)
have found the following three major categories of mixed waste:

1. Waste containing organic solvents, disposed by all types of
generators;

2. Waste containing lead metal, {.e., discarded shielding or lead
containers; and

- 3. Waste containing chromates, {.e., nuclear power plant.
decontamination waste containing dichromates and waste from
glg?ggp of cooling water in which chromates are used as corrosion

h tors . .

GTCC Yow-level waste could include all three categories. Considerable
overall uncertainty about the hazardous constituents in GTCC low-level waste
exists at the present time. The EIA waste generator survey is investigating
this question,
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Figure 1.

Typical decay curves for short- and long-lived radionuclides.



Overviey'of Greater-than-Class-C Low-Level Waste Types and Quantities

There are four major categories of generators and/or users of
radioactive materials that yield GTCC low-level waste. They include the

following:
1. Nuclear utilities;

2. Nuclear fuel testing and burnup evaluation facilities;
3. Sealed source manufacturers and users; and

4. Miscellaneous other entities that produce and use radioactive
materials containing the Class C l1imited radionuclides for
academic, medical, and industrial research, development, and
other applications.

Table 3 summarizes the information currently available on the volume of
GTCC low-level waste in storage and the volume of waste projected to be
generated through the year 2020. Detailed descriptions of each of the
specific waste types are provided in Appendix B. GTCC waste types are
generally similar to those in Class A, B, and C low-level waste.

Currently, there is an estimated total of 120 m3 (4,200 fta) of
GTCC low-level waste in storage, Thus, most GTCC low-level waste 1s yet to
be generated., The estimaSed volume to be generat’d by the yqar 2020 is
about 2,000 m* (71,000 ft~) or an average of 59 m° (2,100 ft°) per
year. Ffor comparison (Figure 2), this annual avera?ed yearly production is
less than 0.1 percent of the current annual generation rate for Class A, B,
and C low-level wagte shipped for commercial disposal, which 1s about 75,000
m> (2.7 million ft°) per year. Commercially operated low-level waste
disposal facilities routinely receivs and dispose of §n average annual
volume of approximately (a) 34 000 m> (1.2 miglion ft°) at Barnwell,
South Carolina,,(b) 39,600 §° (1.4 mil1fon ft>) at Richland, Washington,
and (c) 1,400 m~ (50,000 ft”) at Beatty, Nevada (USDOE 1986a).

: Figure 3 11lustrates projected total generation of GTCC low-level waste
through the year 2020, As shown, volumes will be generated somewhat
intermittently., There will be a slightly larger volume initially,
representing the backlog of waste stored onsite by generators. A small
volume of waste will be generated at a relatively constant rate from sealed
source manufacturing, radioisotope use, and operations of nuclear power
plants and fuel testing labs. Small variations in waste generation rates
will occur from year to ﬁear. as non-power plant facilities are
deconmissioned, After the year 2000, significant increases in waste
generation rates are expected as nuclear power plants are decommissioned,
with a major peak occurrin? about 2014, or later. This result {is based
on the assumption that nuciear power plants have a useful lifetime of
approximately 40 years, : .



Over half of the projected GTCC low-level waste will be classified as
such primarily because of high concentrations of short-1ived radionuclides,
while the remainder will qualify as GTCC low-level waste primarily because
of long-1ived radionuclides. This breakdown suggests that different
disposal methods may be appropriate for various subcategories of GTCC
low-level waste, depending on their radionuclide content.
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TASLE 3. GREATER-THAR-CLASS-C LOM-LEVEL MASTE CHARACTERISTICS

‘ Total
Estimated Projected
Yolume Yolume by
in Storage 2.0320
Maste Source Physical Form {=*) {»>) Mized Waste Primary lsotopes of Concern for Disposal
UTILITIES .
Operations Activated metals, 552 210 Some Ni-59, N1-63, Kb-94, TRU
. instruments, filters, . :
foa exchange reting
sludges ’
‘Decommissioning Activated metals == 1,2000  Some ni-63, Nb-94, N1-59
55 1,410
FUEL TESTING LASS . :
Burawp Labd Solidified liguids, <294 754 Some ™Y, Sr-90
Operation metal cwttings,
glassware, equipment
Surnwp Lad Solidified 1iquids, - s4d.¢  Some TRY, Sr-90
Decommissioning - setals, glassware,
equipment —_ —_—
<29 130 -
© Nanwfactewrer Trash, setal, foils 309 9se Sose An-241, Cs-137, Sr-90, C-14, P
QOperations . .
Manufacturer Trash, setal, foils - 2700 Some An-241, C3-137, $r-90,.C-14, Pu
Mssio-_!-g
Sowrces Designated  Sealed sources <19 aef o Aw-241, Cs-137, Pu-238, Pu-239
as Maste . — —_—
%] 370
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TABLE 3. “coatimved)

Total
Estimated  Profected
‘ Yolume Volwme by
in Storage 2020 .
Waste Source Physical Fora ( (») Mized Waste Primary Isotopes of Concern for Disposal
. OTHER
Carbon-14 Solidified process 19 9sd Some c-14
Users Viguids _
Test and Research Activated setals <1d <id "o c-14
Reactors
Other Sofl, trash - 149 Unknown An-241
Y4 <110
TOTAL <120 2,020
Aver, L
59 a/yr
(2,100 fe3ryr)

a. Based om prelisinary data from a survey of suclear utilities conducted by the Electric Power I!csemﬁ Institute {Robinson

1986, Daloisio 1906).

b. Dboes mot include 255 =3 of speat fuel hardware in storage and 4,200 to 7,000 @3 projected by 2020.
c. MNighly mn volemi; assumes no relicensing and femediate dismantling.
d:. Based on telephone interviews of Vicensees conducted by £6 G Idaho, Isc. (Knecht 1986a, Knecht 1986b, Dressen 1986).
e. Based on MRC data (USIC 1996). |
f. Average size of sealed sowrce is 0.000005 =3 (0.00017 ft3).
9. Sased on MRC cstintes (USIRC 1986).
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3. REGULATORY NEEDS AND LEGISLATIVE AUTHORITIES

This section examines existing federal legislaxion, regulations and
authorities for the mana?ement of GTCC low-level waste and {dentifies one
need for additional regulatory guidance. Several issues are {dentified
that preclude recommendation of specific disposal options at this time,
This section provides the basis, in part, for the actions proposed in
Section 4.

Regu1atory Needs

~ Several regulatory uncertainties preclude {dentification of feasible
federal and nonfederal GTCC low-level waste disposal options and costs at
this time. The most important of the regulatory uncertajnties is the
potentfal change to the definition of GTCC low-level waste that would result
from an anticipated NRC regulatory definition of lower-bound radionuclide
concentration 1imits for high-level waste, as discussed previously. The
additional uncertainties are described below,

EPA Waste Disposal Standard

For several years, EPA has been developing environmental protection
standards for radioactive waste. A standard (40 CFR Part 191) for disposal
of spent fuel, high-level, and transuranic wastes was issued in 1985, This
standard defines transuranic waste (Part 191.02 (1)) as: "waste containing
more than 100 nanocuries of alpha-emitting transuranic {sotopes with
nalf-1ives greater than 20 ycars per yram of waste, except for...wastes that
the Department has dctermined, with the concurrence of the Administrator, Mo
not need the degree of isolation required by this part or...wastes that tHe
Commission has approved for disposal on a case-by-case basis in accerdance
with 10 CFR Part 61."

Work is underway on an EPA standard for disposal of low-level waste.
This standard will cover all low-level waste, including GTCC, but excluding
the transuranic waste covervd by 40 CFR Part 191. Such a standard covering
nontransuranic GTCC low-level waste would assist development of NRC-licensed
disposal capability for GTCC low-level waste, and would enhance confidence
in the technical disposal planning and 1icensing decisions.

NRC Licensing Guidance

The Act [Section 3(b)(2)] requires that ™A1l radioactive waste
designated a Federal responsibility...that results from activities licensed
by the Nuclear Regulatory Commission under the Atomic Energy Act of 1954, as
amended, shal! be disposed in a facility 1icensed by the Nuclear Regulatory
Commission thut the Commission determines 1s adequate to protect the public
health and safety.” NRC's 10 CFR Part 61 sets forth performance ob{ectives

for low-level waste disposal that are applicable to all methods of land
dis?osal, ex luding geologic repositories, and for all low-level waste,
excluding transuranic waste., Technical criteria are also promulgated in 10
CFR Part 61, but are specific only to disposal of Class A, B, and C wastes
at depths within 30 meters of the surface. '




Technical criteria for facilities usin? disposal methods specific to
GTCC low-level waste are not currently avaflable, Performance objectives
and technical criteria for those wastes exceedin* transuranic waste 1imits,
which also fall into the current definition of GTCC low-level waste, are
needed as well. Development of such specific criteria will be required for
site and technology selection and preparation of a license application.

.n1xéd Waste Requirements

Mixed waste {s defined by the NRC as "materials that are both hazardous
waste &s defined under 40 CFR Part 261 and low-level radioactive waste
according to 10 CFR Part 61" (Bowerman 1985) and may be regulated by

a; NRC as part of its historic responsibility for radioactive waste,

b) EPA under its responsibility for hazardous waste regulation assigned
by the Resource Conservation and Recovery Act (RCRA), (c) the States,
under EPA-delegated authority over the hazardous waste portions of mixed
waste (USEPA 1986), or (d) a combination of the three,

Clarification of the regulatory responsidbilities of NRC, EPA, and the
States with regard to the DOt-generated mixed GTCC low-level waste {is
needed. Such clar{fication will enable disposal planning that fully
complies with regulatory requirements for facility design, operations,
monitoring, and other factors. -

Resolution of these regulatory disparities 1s essential to storage,
treatment and disposal planning for mixed GTCC low-level waste, to ensure
that facilities can be operated in complfance with the relevant KiC, EPA,
and State requirements. DOE is communicating and working with NRC and
EPA on this {ssue.

Legislative Authorities

The Act [Section 3(b)(1)] provides that "the Federal Government shall
be responsible for the disposal of [GTCC low-level wastel." A question {s
whether the Act actually designates DOE as the responsible Federal agency
for assuring safe disposal of GTCC low-level waste, This is presumed,
since this section of the Act also 1ists as federal responsibilities
three other categories of low-level radioactive waste all within DOE's
existing responsibility; Section 3(b)(3) requires the Secretary
to submit the report on waste above Class C; and section 3(b)(4)
agpears to assume that DOE s the responsible agency. since 1t prohibits
the "Secretary [of Energy]* from disposing of the subject waste until 90

days after providing Congress with the requisite report, While DOE
recognizes that the Act {s not explicit on this point, DOE considers
that -- based on the entire context of the Act -- DOE 1s the agency
responsible for disposal. Accordingly, no additional legislative
author{zation 1s required at this time. ,




4. PROPOSED ACTIONS TO ENSURE THE SAFE MANAGEMENT
OF GREATER-THAN-CLASS-C LOW-LEVEL WASTE

Backqround for Proposed Actions

The relatively small volume of GTCC Tow-level waste that currently
exists {s being stored and controlled in a safe manner under the
regulatfons of the Environmental Protection Agency and the Nuclear
Regulatory Commission. Long-term storage of this type of waste {is
possible but subject to increasing costs and risks of future safety
problems. The policy established by the Low-Level Radioactive Waste
Policy Act (1980) and again stated in the Low-Level Radioactive Waste
Policy Amendments Act of 1985 {s that low-level radioactive waste should
be disposed. Long-term storage of this waste was not addressed by
either of these laws. - - '

The goal of this report, as assigned in Section 3(b)(3) of the
Act, s to make recommendations that ensure the safe disposal of GTCC
low-level waste. In a preliminary analysis of the safety, licensability,
feasibility, cost, and schedule implications of a range of federal and
nonfederal options for such disposal, the Department {dentified
several factors that make it impossible to recommend specific federal or
?o?{ed:ral disposal options at this time. These factors include the
ollowing: E

1. Addit{onal re?ulatory guidance necessary to evaluate and select
alternative disposal technologies for GICC low-level waste. The
Ticensability of various disposal options cannot be evaluated at
this time because of (a) the lack of comgrehensive,and specific
NRC licensing guidance for GTCC low-level waste disposal
facilities, ?b? the current lack of an EPA general environmental
standard defining allowable radiation dose to a member of the
public from disposal of GTCC low-level radioactive waste, other
than transuranic waste, (c) anticipated changes in the regulatony
definition of GTCC low-level waste, and (d) evolving regulations
applicable to mixed radioactive/hazardous waste.

2. Inadequate {nformation on the volumes, sources, and
characteristics of GTCC low-level waste. This {nadequacy is due,
in part, to (a) ant(cigated changes in the NRC definition of
high-level waste, which may effectively define the upper 1imit of
radfonuclide concentrations in GTCC low-level waste, .

(b) incomplete generator characterization of potential GTCC
low-level waste, and (c¢) lack of experience upon which to base
projections of waste that mag be generated from future facility
decommissioning. More relfable data are essantial to evaluate
which disposal technologies are appropriate and to determine the
economic viability of potential disposal options.

- As outlined in Section 7, steﬁs are being taken to resolve and
eliminate these constraints, but that process {s expected to take several
years, An additional period of time (as much as 8 to 10 years) could then
be required to fully implement any permanent, 1icensed disposal option that
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requires a new facility. In the interim, DOE {s willing to accept GTCC
low-ievel waste for disposal and to store such waste in accordance with
applicable regulations until disposal capacity is available. Such waste
would be accepted upon the request of the generator if DOE waste
acceptance criteria are met and costs to the Federal Government for this
service are paid. : - ‘

Actions Proposed to Ensure the'Safe Disposai of GTCC Low-Level Waste

DOE will develop a program to accept for disposal GTCC low-level waste,
after adoption of appropriate waste acceptance criteria, and will safely
manage such waste until such time as disposal facilities are available
commercially or can be provided by DOE, Such management may include
storage and any required treatment, packaging, and transportation prior
to disposal. DOE will not begin to accept waste on a regular basis under
;ne Act until it has developed a program for acceptance that will require
that:

1. The waste meets DOE acceptance ériteria;

2. Generator makes advance arrangéments. to facilitate DOE planning;
3. Adequate facflities are available or can be developed;

4. Contractual and financial arrangements can be accomplished;

5. A1l reasonable costs of storage, subsequent disposal, and
associated waste management services such as treatment and
transportation are borne by the beneficiaries of the activities
resulting in the generation of this waste;

6. Such waste acceptance will not adversely affect any DOE defense
waste activities; and

- 7. Appropriate National Environmental Policy Act review is
completed. '

DOE plans to proceed with additional studfes towards the
implementation of such a program following the submission of this report. .
Cost estimates for any waste acceptance will be made on a case-by-case
basis and will of necessity include costs of contingencies to minimize
risk of underpayment. These contingencies would include estimated costs
for waste treatment and repackaging and use of highest cost estimates for
all cost elements. For example, estimated costs of disposal ina
high-level waste repository could be used for such early waste acceptance,
rather than some lower-cost disposal method that may be specifically
tafilored to the specific GTCC low-level waste being tendered for acceptance.

The activities required to implement this reconmendation are outlined -
~in Section 7. ' | -




5. SYSTEMS CONSIDERATIONS FOR WASTE DISPOSAL

The disposal system for GTCC low=level waste includes storage,
treatment, packaging, transportation, and disposal. Requirements for each
part of the system will place certain constraints on other parts. These
constraints are discussed in detail in Appendix C.

These systems considerations are significant for the management of
GTCC low=level waste. Many of these considerations are not quantifiable at
- this time. However, the proposed implementation plan in Section 7 outlines
steps to be taken to resolve such uncertainties.



6. FUNDING OPTIONS

The Act specifies that options should be identified "for ensuring that
. the beneficiaries of the activities resulting in the generation of [GTCC
_ low-level) waste bear all reasonable costs of disposing of such wastes...”
The purpose of this section is to exglore funding options through a
discussion of the underlying principles of alternative funding mechanisms,
the influence of uncertainties on future costs and revenues, and the
advantages and disadvantages of the options.

DOE will develop cost estimates for safe disposal of GTCC low-level
waste, using conservative assumptions, when sufficient data on waste
'volumes, characteristics, and beneficiaries become avaflable. DOE will
then determine required revenues and select funding mechanisms and set fee
schedules to recover disposal costs. Fees and funding mechanisms will be
reevaluated periodically, A combination of funding options may best meet
the needs of DOE and the GTCC low-level waste generators.

Principles of Funding

The underlying principle of financing safe GTCC low-level waste
disposal, based on the language contained in the Act, appears to be .
implementation of a self-financing program. Although early program planning
and development costs may have to be provided through Congressional
appropriations, planning will include later reimbursement through the
selected funding mechanism,

Funding schemes and fee schedules that are selected must include
contingencies for reduction of risk related to uncertainties in costs and
revenues. A mechanism such as an escrow account would need to be instituted
to carry over collected funds from year to zear and, through investment of
theifg?dsi to ensure protection of the worth of such funds from losses due
to inflation.

Funding Options

A range of mechanisms could be established to allocate the costs of

- waste disﬁosal to the generators. Two alternative funding mechanisms that
bracket this range are discussed below and the advantages and disadvantages

of each are described. The two funding mechanisms considered are (a) an

advance fee, and (b) a charge upon waste receipt.

Both funding mechanisms rely on estimates of waste volumes and types,
and costs upon which a fee is based. In addition, both can be administered
so that any Congressional appropriations required for program start-up
costs can be reimbursed. Both funding mechanisms can be adjusted as
ung:rt:igties are resolved and costs and schedules are more accurately
estimated, .
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Advance Funding Option

An advance fee, similar to that for the Nuclear Waste Fund, established
under the Nuclear Waste Policy Act, could be developed to set aside monies
to cover the total costs of disposal of some GTCC low-level waste, Under
this funding option, generators would pay into the fund before the waste is
generated or shipped for disposal. Payments might be based on a special fee
on identffied beneficfaries, a tax on manufacturers of radioactive materials
that will become GTCC low-level waste, a fee on other generators of GTCC
Tow-level waste, or a combination of these. 1In order to implement this
mechanism, there would need to be predictable waste generators, waste types,
volumes, and rates of shipment, as well as sufficient contingencies to
protect DOE from financial 11abflity.

Advantages of this funding option include the following:

1. For waste sources and types that are relatively predictable (e.g.,
users of carbon-14), advance payments could start quickly. This
would minimize, but not eliminate, the need for federal
appropriations for inittal progranmatic and development costs.

2. For any one generator, payment over a long term, and repeated fee
adjustment as uncertainties are diminished, would smooth and
spread the cost burden.

However, this funding option has the following disidvantage: :

For the majority of waste sources, types, and volumes that are not
readily predictable, an advance fee would be difficult to set and
assess. For example, many operating nuclear utilities are not
-able to predict generation of GTCC low-level waste and do not

have any GTCC low-level waste {n storage, even though they have
operated for many years. Advance funding may not be suitable for
such non-routine waste generation,

Charge Upon Waste Receipt Option

A second funding mechanism would be to assess a fee at the time waste
is delivered for disposal. This approach is similar to that used at the
commercial disposal sites for Class A, B, and C 1ow-level waste. If a
federal disposal option were selected, this funding mechanism might require
federal appropriations for early development and construction costs,
because no revenues would be produced untfl wastes were delivered. However,

the fee would be designed to reimburse such federal costs.

- The advantage of this option 1s that 1t 1s more readily tailored to
wastes that are not easily predicted, for which there would be more
certainty about waste characteristics and the required services at the
time of shipment. _ '

The disadvantages of the charge dpon waste receipt option also need to
be recognized. The following items summarize some of the shortcomings:
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No revenues could be assumed to be avaflable to cover early
programmatic and facility development costs, so full federal
appropriations would be necessary, although eventually there
would be repayment of all costs to the Federal Government.,

For any one generator's waste, there cduld be less opportunity for
collected funds to be adjusted to meet, but not exceed, future
uncertain costs.



7. REQUIREMENTS FOR IMPLEMENTATION

For DOE to ensure safe disgosai of GTCC low-level waste, a number of
pre:aratory steps will need to be taken. These steps include re?ulator ’
technical, institutional, and fiscal activities, as described below. The
proposed schedule and partial estimated costs for these activities are
presented in Section 8.

Reguiréd‘kggulatorz Guidance

: The actions needed to obtain the required regulatory guidance include
the following: : , '

1.  Resolution of the definition of GTCC low-level waste.

- Case-by-case analysis of waste management requirements can be
done for the small amounts of waste expected initially. For
longer-range planning, however, expeditious NRC resolution of the
definition of high-levei radfoactive waste, which may change the
definition of GTCC Jow-level waste, is needed. The result n?
definition will allow accurate characterization of GTCC low-level
waste and permit planning for needed waste uanagemont capacity.
The definition will also affect the selection of preferred waste
management options. ' :

2. Promulgation of an EPA standard for environmental protection for
disposal of non-transuranic GTCC low-level waste.

3. Development of NRC regulatory guidance specific to 1icensing of
disposal facilities for GTCC low-level waste, cnabling the waste to
be categorized, disposal options to be evaluated for licensability,
and a schedule to be developed.

4. Resolution of the uncertainty in regul tor‘.rcsponsibility for
storage, treatment, and disposal of mYxed hazardous/radioactive
GTCC Tow-level waste. EPA and NRC should provide clear guidance
on licensing and permitting requirements for management of such
waste. The applicability of other EPA technical requirements
(1.e., opening hazardous waste containers for analysis upon
receipt at storage facilities, which could require expensive
remote sampling and analysis capabilitfes) should be clarified
for storage, treatment, and disposal..

Required Technica) Activities

. 8ased on the final definition of GTCC Tow-level waste, technical
criterfia should be developed for the entire system, including (a) waste
acceptance,(b) storage, (c) waste treatment and packaging, and.

(d) environmental monitoring and safety needs.

Specific technical activities DOE plans to undertake could include;
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8.

9.

10,

Detailed determination of the sources, quantities, and
characteristics of GTCC Jow-level waste requiring.disposal.
Specific waste characterization informatfon will be used to

.develop facility designs, waste acceptance criterfa, storage,

treatment, packaging, transportation, and disposal requirements, -
and cost analyses. .

Examination of the effects of differing waste definitions on the
waste disposal system, e.g., how design requirements would vary
if a significant portion of the waste was removed from or added
to the GTCC low-level waste category.

Evaluation of the available storage, treatment, packaging,
transportation, and disgosal technologies for costs and
applicability specifically to the quantities and characteristics
of GTCC low-level waste. The results will be incorporated in

~waste acceptance criteria, facility design criteria, and

fee-setting,

Evaluation of the health, safety, and environmental risks of the
recommended approaches to select specific options for waste
management technologies and facility locations.

Assessment of waste storage, treatment, packaging, transportation
and system requirements. Availability and capacity of federal and
nonfederal facilities and operations that may be suitable for
management of GTCC low-level waste must be evaluated, as well as
the needed capacity and. technical requirements for handling mixed
hazardous/radioactive GTLC low-level waste that would meet DOE
acceptance criterfa, Existing EPA-permitted facilities must be
{dentified or EPA permits obtained to manage such mixed waste.

Evaluation of the costs and risks of transporting GTCC low-level
waste to and from waste management facility(fes).

Definition of technical criter{a and a process to be used to
select disposal site(s), 1f needed. Selection of potential

disposal site(s), detailed characterization of the geology,

hydrology, biota, and other features of the site(s).

Preparation or modiffcation, as appropriate, of disposal facility
designs, operating procedures, 0nv1ronmont|{ monitoring and .
safety protection systems, closure plans, and other technical
features of the facility. : -

Definition of facility waste acceptance critorii for waste forn

and packaging.

Preparation of environmental documentation and review procedures
needed to comply with the Natfonal Environmental Policy Act or
equivalent state requirements. : ' '
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11. Submission of applications for NRC 1icensing, EPA hazardous waste
permits, and other appropriate permits, and support for their
regulatory review. . '

12. Construction or modification of the disposal facility(les),
purchase of equipment, and hiring and training of staff,

Required Institutional and Fiscal Activities

The Act specifies that DOE should {dentify options for ensuring that
the benefictaries of the activities resulting in the generation of GTCC
Tow-level waste bear all reasonable costs of waste disposal. The steps
proposed to accomplish this include the following:

1. ldentification of the beneficiaries of the activities resulting in
the generation of GTCC low-level waste. :

2. Development of estimated total costs for the disposal program,
including any required storage, treatment, packaging, and
transportation, :

3.  Definftion of unit charges for disposal using improved estimatcs
of GTCC low-level waste volumes,

4. Recommendation of a mechanism for funding the dispo;al system,

5. Request for Congressional appropriations, ss needed, for the
: initial costs of planning, technical cvaiuations. and other
associated activities.

For federal disposal options, a program may be required to involve

appropriately State and tribal government in selection of a location for

disposal of GTCC low-level waste, DOE will make every effort to involve.
- interested persons {n the program discussed in this report and will publish
?uidelines for generators to use in requesting DOE acceptance of GTCC
ov-level waste, A mechanism would also be needed for continuin? _
consultation with affected government and gublic entities, as well as GTCC
low-1evel waste generators. For nonfedera) disposal options, some or all
of these institutional activities may also be needed for DOE to ensure the
safe disposal of GTCC low-level waste. '

Required Legislation

No legislation s required to inftiate a program for DOE acceptance of
GTCC low-level waste for disposal and for provision of interim storage for
such waste, If federal disgosal options are to be used, no legislation will
be required inftially. Authorization may be needed to provide funds
for the initial costs of development and implementation of the disposal
program. Authority and appropriations for design, construction, operation,
and decommissioning of required waste managcmdnt facilities, or
modifications and operations ma{ be required for a federal disposal option.
For a new federal disposal facility, DOE may need authority to select and
acquire land as well, If nonfcderai disposal options are selected,
any needed legislation would be assessed at the time of selection.

7-3




8. SCHEDULE AND COST
Schedule

. ImpIementatidn of plans to safely manage GTCC low-level waste
involves technical, regulatory, and institutional activities for the
elements of a waste disposal system, as shown in Figure 4,

A number of preliminary activities, for which DOE cannot now project
time requirements, should take place before technical efforts to assess
safe disposal options can begin. The need and schedule for these
preliminary activities if nonfederal facility(ies) are used are uncertain.
- These preliminary activities would include resolution of the GTCC
Tow-level waste definition and clarification of mixed waste requirements.
Ensuring the existence of performance objectives and technical criteria
for disposal of all GICC low-level waste is a key milestone.

. The activities leading to provision of disposal capability for GTCC
low-level waste may require considerable additional lead time. After
regulatory guidance on_disgosai requirements has teen {ssued, specific
disposal technologies can be selected and DOE criteria for waste acceptance

can be finalized.

If new, independent facility(ies) or new facility(ies) collocated with
~ other exfisting disposal faciIity{ics) are required, 1t will be necessary to

define stiting criteria, select and characterize site(s), and prepare
facility designs. Based on the site and facility design, environmental
compliance requirements must be met and a 1icense must be obtained or
amended. The facility(ies) can then be constructed and disposal charges can
be defined. Depending on the disposal technology selected, this process
could require 7 to 9 years {n addition to the time required for preliminary
acti{vities, for nonfederal or federal options.

If existing federal or nonfcdera]'facility(ies) or facility(ies) under
development can be used for disposal of GTCC low-level waste, disposal
services may be provided sooner, depending upon availability.

. In parallel with the disposal development activities, efforts to ensure
adequate capabilities for storage, treatment, repackaging, and shippin
waste from storage to l1icensed disposal will be needed, also depicted 1n
Figure 4, These tasks will include evaluating waste shipping requirements -
and procedures, evaluating existing packaging and transportation
contafners, and negotiating with private carriers to ship waste from storage
to dlsposa‘. as ap?ropriatd. As much as two years may be required to -
provide for federal storage, {f necessary, including activities to define
waste acceptance criteria, select storage, treatment, and packagin
technologies and locations, perform any necessary construction, write
operating procedures, and define the fees to be Raid users of the waste
management services. In this regard, Figure 4 should be considered a
planning guide and not necessarily an actual schedule for program
implementation. : :
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Cost

The total program costs will include those for disposal, storage,
treatment, repackaging, and transportation, as well as programmatic costs.
Some preliminary estimates of the ranges of potential storage and
transportation costs in constant 1986 dollars are presented in Table 4. -
Disposal, treatment, rogackaging. and programmatic cost estimates cannot be
de%ernlsed until federal or nonfederal options and disposal technologies are
selected. '

Programma:ic Costs

Under federal waste management options, programmatic costs may include
federal agency staff requirements, technical sugport from outside
contractors, and technology development, as well as the expenses incurred by
regulatory agencies such as NRC and EPA. Technical support costs for new,
independent facility(ies) would be relatively high because of the need for a
complete facility design, EIS, and NRC license lgplication. Use of existing
or already planned federal or nonfederal disposal facility(fes) would
require only amendments to the existing design and license applications and
compliance with NEPA and other environmental requirements, so the related
technical support costs could be lower. The costs of disposal or treatment
technology development cannot be estimated until uncertainties about the
regulatory requirements have been resolved.

Storage Costs

Preliminary estimates of storage costs are shown in Table 4 for three
representative storage concepts to address both low-activity waste that
would be contact-handled and high-activity waste that would be
remote-handled, One concept employs an above-ground building for storage of
contact-handled waste. For remote-handled waste, use of lined augered holes
and concrete casks on concrete pads are addressed. For each of the three
concepts, the preliminary cost estimates include (a) preoperational costs
(1and improvement, design, and construction), (b) waste acceptance
inspection, and (c) operational costs (waste handling, monitoring, and
retrieval) over a 20-year period, As shown in Table i. estimated costs for
storage will vary widely, from about $200/ft” to $2,000/ft” (constant
598212011ars). depending on the design concept and the need for remote

andling.

It 1s assumed that the storage concepts noted above would be
implemented at existing DOE facility(fes). It {s assumed that the storage
facilities, when vacated, would be re-used and, therefore, closure costs
would not need to be considered.

Tranggortltign Costs

The two major variables influencing transportation costs to a disposal
site are distance and shipping container requirements. Data on costs for
defense transuranic waste transportation ware examined to assess the
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TABLE 4. PRELIMINARY ESTIMATES OF STORAGE AND TRANSPORTATION
(constant 1986 dollars)

Storage Costs at Exfsting DOE Facilfty
Above-ground building (contact-handled waste) SlBO/ft3'

Lined augered holes (remote~handied waste) g S440/ft3b
Concrete casks on concrete pad (remote-handled 81.900/ft.3c
waste) - :
Transportation Costs 3324377/ft3 d

a; Based on data from Bird 1986; Richardson Engineering Services 1986;
Bower 1986.

b. Based on data from Rucker 1986.
c. Based on data from Ayers 1986,
d. Based on data from USDOE (USDOE 1986b, USOOE 1983, USDOE 1980).




potential range of costs for shipping GTCC low-level waste (USDOE 1986b,
USDOE 1980). Waste with relatively high levels of radioactivity (i.e.,
hi?h-activity. remote-handled GTCC low-level waste) must be transported in
shielded containers; the transportatfon costs shown in Table 4 are based
on published data for transporting shielded low-level waste distances
igggsrabIe to those in the defense transuranic waste analyses (USDOE

Disposal Cost

Costs for disposal of GTCC low-level waste cannot be determined until
the uncertainties surrounding the waste definition, implementation of
disposal regulations, quantities and characteristics of the waste, and -
selected technologies have been resolved. As a rough basis for comparison
of the upper end of the range of eotent1a1 disposal costs, however, the cost
of d1:pos1gg ofadefense high-level wastes in a repository is estimated at
about $6,800/ft”. This cost is based on_a-ﬂrojected total handling cost
of $3.4 billfon, in constant 1985 dollars (USDOE 1986¢), for a total
of 16,000 defense high-ievel waste canisters (USDOE 1986d).
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APPENDIX B ,
GREATER-THAN-CLASS-C LOW-LEVEL WASTE TYPES AND QUANTITIES

Four major categories of generators and users of radfoactive materfals
are potential generators of greater-than-Class-C (GTCC) Tow-level waste.
They include the following: '

1. Nuclear utilities;

Nuclear fue) testing and burnup evaluation facilities;

Sealed source manufacturers and users; and

- W ~n
- - .

Miscellaneous other entities that produce and use radioactive
materfals containing the Class C 1imited radionuclides for
academic, medical, and industrial research, development, and
other applications. : .

The GTCC low-level waste generated by each of these categories of
generators is described below. '

NUCLEAR UTILITY WASTE

Nuclear utilities may generate GTCC low-level waste during both
-operation and decommissioning of nuclear power plants. Figure B-1 shows the
locations of the operating and planned reactors in the U.S.

Operational wastes from nuclear ut{lities may include two waste
streams. The first includes non-fuel reactor core components such as
control rods (Figure 8-2), control rod channels, contro) assemblies,
thimbles, in-core instrumentation, fuel channels, shim rods, goison
curtains, and flux wires. These are composed mainly of stainless steel,
inconel, and other high-grade metals. This waste stream is 1ikely to be
GTCC mainly because of the nickel-59, nickel-63, and niobium-94
concentrations.

. The other operational GTCC low-level waste stream from nuclear
utilities includes neutron sources, fissfon chambers, spent fon-exchange
resins, and s!ud?es containing transuranic radionuclides from periodic
reactor decontamination and fuel pool cleanup. Some decontamination wastes
may contain chromium in sufficient quantities to be mixed waste.

When gower plants are deconmissfoned at the end of their useful lives,
some GTCC low-level waste may also be generated., It {s difficult to project
decomiss{oning wastes because of the lack of experience in decomissioning,
uncertainty about when decommissioning will take place, and questions about
the relationship between the 2mount of waste to be generated and the size of
the power plant, The difficulty has increased with recent consideration by
some utflities of the feasibility of plant 11fe extension beyond the
original plan of 40 years (Beyer 19855.' Longer operating periods would
increase the degree of activation in metals exposed to a neutron flux, and,
thus, would increase the potential amount of GVCC low-level waste. '

g3



- Nuclear Power Reactors In The United States

b-8.

1988

- No. Units
B Operable 108
A BeingBullt 18
- @ *Planned 0

Nuclear Genersting Capacity

Fiqure B-1



’ Handle

)
=

.o
©©® e 0 e e o

. /Noutron absorber rods
o (T
ol
/v Blade

Sheath

® o 000 o

Coupling release handle .

l Velooity limiter

-,
Coupling socket ‘ (XTI

Figure B-2, Example of control rod for a bofling water reactor
(Luksic 1986a).

8-5



If nuclear power plants are dismantled rather than mothballed or
entombed for decommissioning, waste is expected to {nclude stainless steel
core shrouds (sleeves separating the reactor core from the reactor vessel)
in which component elements are activated (USNRC 1986, Luksic 1986a). Some
reactors may have operated for short enough periods that very little or no
GTCC Yow-level waste will result from decommissioning. In other reactors,
the core shrouds may be greater-than-Class-C, primarily due to niobium-94,
rickel-59, nickel-63, and carbon-14 (Luksic 1986b) Decommissioning
act1v1tios can also qcncratc spent resins, sludges, and other materials
that will be greater-than-Class-C, largely due to transuranics. However,
ft 1s expected that +ome of these materials could be maintained within the
Class C 1imits through appropriate process controls.

Unt1) there s further experience in reactor decommissioning, there {s
a high degree of uncertainty about volume and classification of
decommissioning waste, For purposes of this report, only the core shrouds
from decommissioning are included 1n the projections, assuming no plant
11fe extension and early dismantling as the decommissioning method.

Based on preliminary data from a ricont EPRI survey (Daloisio 1986),

there may be about 55 m3 (1,900 fta) of operational GTCC low=-level

waste fn storage at nuclear power plants. There {s, however, uncertainty
if some of this waste {s actually greater-than-Class~C, because
measurements needed for wastc classification have not been completed.

Projectfons of volumes and charactcristics of future utility GTCC
Tow=level waste to be disposed are difficult to make. In particular,
volumes of nonfuel reactor core components are difficult to project because
the components are replaced infrequently and there 1s great uncertainty
about the trace amounts of several of the Class C 1imited nuclides formed
by neutron activation. Other operational wastes are also generated
infrequently. Assuming that the amount of waste may be generally related
to the years of reactor operation and the type of reactor, however, a rough -
estimate of the projected waste from utility operations was developed by
prorating the amount of GTCC low-level waste currently in storage over the
projected number of reactor yoars of operation through 2020. Based on this

calculation, 210 m (7,400 ft ) of operational utility waste would be
- generated by 2020,

For nuclear power plants that are decommissioned by fmmediate
dismantling, GTCC core shrouds will be generated at a rate depending on the
size, capacity factor, power rating, and age of the p1ant to be
decommissioned. There has been limited experfence with smaller=scale
decontamination operations on which to base projections o decommissioning
and decontamination wastes. Based on NRC data SUSNRC 1986), 1t is

estimated that a maximum of 1,200 m32(42.000 ft°) of this waste stream
could Le generated by the year 2020. ,

Thus, the total volume of GTCC low-level waste from nuclear power
plants in storage and projected through 2020 is about 1,500 n3

(53.000'ft3). Most of this waste wil) consist of activated metals in
which the radionuclides are tightly bound {n the metal matrix.

- Be§



FUEL TESTING AND BURNUP FACILITIES

Currently, there are three commercial facflities that perform ‘
radifochemical studies and irradfation experiments (fuel burnup analyses) on
reactor fuel 1n hot cells (General Electric, Vallecitos, CA; Babcock and
Wilcox, Lynchburg, VA; 8attelle Memorial Institute, Columbus, OH) as shown
in Figure B-3. Operatfons at these facilities result in solidified 1iquids
and solid waste, such as metal cuttings, cladding, glassware, and
contaminated equipment, that are GTCC primarily due to transuranic elements
(Figure B-4). This waste 1s also 1ikely to contain hazardous chemicals.
Additiona) GTCC low=leve) waste will result when fuel tostin? and burnup
facilities are decommissioned. The decommissioning waste will probably
have the radiolo?ical characteristics of the operational waste and also
contain chemically hazardous constituents.

Currently, there s cstinatcd'to be less than 29 o (1,000 fta) of
GTCC low=level waste in storage from operation of fuel testing facilities

sorcsscn 1986). Approximately 75 nJ (2,600 fts) of this type of GTCC
ow=level waste fs projected to be generated by 2020 (Dressen 1986). An

additions) S4 n’ (1,900 f;s) is projected from decommissioning of these
faci)ities (Dressen 1986, USNAC 1986). Thus, a total of about 160 m°

(5,600 fts) of GTCC low=leve)l waste {s {n storage or projected to be
generated by fuel testing and burnup facilities through 2020.

SEALED SOURCE MANUFACTURERS AND USERS

- Sealed sources are small sealed capsules, usually stainless steel,
containing radfoactive matertial (Figure B=5). These sources are used as
calibration standards, medical frradiators, industrial irradiation devices
(such as thickness gauges), well logging sources, radiography sources,
static eliminators, and 30 on. A typica) sealed source is only about 1.5

{nches long and 0.5 inches in diameter, occupying a volume of 0.000005 a3

(0.00017 ft’) or about 5 cc (those sealed sources that are GTCC may be

~ somewhat larger). While sealed sources are very small in volume, the
radfoactivity 1s so concentrated that many may qualify as GTCC low-level
waste. '

GTCC Yow=level waste 13 also genersted in the manufacture of sealed
sources. This waste consists of a variety of materials contaminated with
- amgricium=-241, cesium=137, strontium=90, carbon-14, and plutonfum. When
the sealed source manufacturing facilities are decomissioned, additional
GTCC low=lavel waste may be generated. The amount and characteristics of
the waste are difficult to project, because they will depend on the design
and size of the facility and the extent of contamination. Locations of
sealed source manufacturers that may be producing GTCC low=level waste are
shown {n Figure B-6. . .

There are estimated to be less than 2,000 sealed sources
(approximately 0.3_1%3) in siorqgo.that are GTCC Yow=lavel waste. Sealed

source manufacturers also have an addftional 30 ° (1,100 f¢3) of other
forms. of GTCC Yow=level waste in storage (Knecht 1986a).
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For several reasons, it is difficult to estimate how many of the
sealed sources currently in use will become GTCC low-level waste. Many of
these sealed sources can be returned to the manufacturer and the
- radioactive materials may be recycled into new sources. It is also
difficult to predict when users will decide to dispose of the source rather
than retain 1t in storage pending some future use. The total volume of
sealed sources projected to he disposed of as GTCC low-level waste through

the year 2020 {s less than 0.02 m3 (0.7 ft3) (USNRC 1986, USNRC 1984).
If lead shielding required for shipping and storage were considered, the

total waste volume might increase by approximately 4 m3 (140 f£3).

Based on an examination of several of the largest manufacturers
(McGraw 1985a, McGraw 1985b, Kempf 1984a, Kempf 1984b), NRC projections

give a minimum of 95 m3 (3,400 ft3) of other GTCC low-level waste
containing amerfcium=-241 from sealed source manufacturing through 2020
(USNRC 1986). NRC made no projections for other radionuclides. However,
telephone interviews with sealed source manufacturers (Knecht 1986a, Knecht
-1986b) found waste already in storage that {is believed to be GTCC due to
cesium=-137, strontfum=-90, carbon-14, and plutonium, as well as
americium=241. While the NRC projection seems reasonable for
americium=241, a more detailed data base on other radionuclides is needed
to project the total GTCC low-level waste from sealed source

manufacturers. NRC estimated that decommissioning of sealed source

manufacturing facilities will generate about 270 m3 (9,500 ft3).
Thus, a total of less than 400 m° (14,000 ft3) of GTCC Tow-leve
waste related to sealed source manufacturing and use is in storage or
projected through 2020.
OTHER WASTE SOURCES

Other sources of GTCC low-level * ste may. include carbon-14 users,
test and research reactors, and bankrupt/out-of-business facilities. The
locatfons of these other {dentified facilities are shown in Figure B-3.

Carbon-14 Users

Industrial users of carbon-14 currently. have about 1 m3 (3% fta)
of GTCC low-level waste containing that element in storage (Knecht .1986¢c).

These facilities are projected to generate another 95 ma'(3.400 fta) of
GTCC low-level waste containing carbon-14 through 2020 (Knecht 1986c).

Jest and Research Reactors

. Currently there are 66 NRC-1{censed research reactors in the U.S.
There are eight 1icensed (seven by NRC and one by a state) test reactors in
the U.S. A1l but one of the eight (National Bureau of Standards Test
Reactor) are in safe storage with an amended 1icense, awaiting
decommissfoning (USDOE 1985). The research reactors are primarily
all-aluminum construction and will result in 11ttlé or no GTCC low=level
waste. In recent telephone interviews with operators of the research
reactors, only the Massachusetts Institute of Technology (Figure B-3)
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fdentified any activated metal inventory (0.09 53 or 3.2 ft3) that
resulted from {rradfatfon of fission chambers and control rods (Knecht:
1986?). However, in most cases even these components are aluminum (Hickman
1986).

. Waste from decomnmissioning of the efight test reactors that are
currently shut down is difficult to project. Decommissioning data (Konzek
1982) do not indicate that any of the waste will qualify as
greater-than-Class-C.

Other Sources

Miscellaneous future sources of GTCC low-level waste may include
operations that will have gone out of business before decommissioning.
Based on cleanup of similar contaminated commercial facilities in the past,
decommissioning of such facilities 1s expected to generate less than

14 m3 (500 ft3) of GTCC low-level waste, primarily soil and trash
contaminated with americium-Z41 (Bradley 1986, Roles 1986a, Seeman 1986).
Possible future sources of small amounts of GTCC low=level waste in this
category may also be expected to occur from accidental releases (e.g.,
rupture of americium-241 sealed source during well logging operation)
(Roles 1986b). '
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APPENDIX C
-DESCRIPTIONS OF SYSTEMS CONSIDERATIONS FOR WASTE DISPOSAL

The disposal system for GTCC 1cw-level waste includes storage,
treatment, packaging, transportation, and disposal. Requirements for each
part of the system will place certain constraints on other parts. These
constraints are discussed below. .

STORAGE

There has been considerable experience in the U.S. and throughout the
world with design of radfoactive waste facilities for up to 50 years of
fnterim storage. Several viable concepts for storage of GTCC low-level
waste exist and can be generically classified into four categories: (a)
shielded storage buildings, (b) shielded storage modules/vaults
(Figure C-1), 2c) shielded casks, and (d) unshielded fac{lities. For GTCC
Tow-level waste, there probably will be a need for both shielded (for
remote-handled waste) and unshielded (for contact-handled waste) storage
areas. :

The specific facility features required for storage depend upon the
specific characteristics and volumes of the waste to be stored. That
information determines (a) how much storage capacity {s needed, (b) what
kind of facfl{ty(ies) should be used, (c) where the storage facility(ies)
should be located, (d) 1f treatment of the wastes will be necessary before
storage, and (e) how the wastes and packages will perform during the
storage period.

The volume of waste to be accepted for disposal and requiring DOE
storage 1s expected to be rather small in the near term, so 1t will be
desirable to plan the storage facility(ies) for infrequent, intermittent
waste receipt. Collocation of the storage facility(fes) with other simflar
activities would facilitate such operation by allowing sharing of labor and
equipment. Advance scheduling of waste shipments would be required in such
;n ?g:r:tion to ensure availability of required labor, equipment, and

acilities,

TREATMENT AND PACKAGING

The purpose of treating a waste stream {s to alter one or more.of its
physical and/or chemical characteristics to (a) reduce vclume, (b) improve
structural stability, or (c) otherwise improve the waste form and long-term
performance 1n storage or disposal., Volume reduction methods applicable to-
GTCC low-level waste include shredding, compaction, melting of metallics,
evaporation, and incineration. Waste form improvements include
ifncineration to remove hazardous organics and combustibles, followed by
solidification, or solidification alone. Structural stability and barriers
to release of radiologically and chemically hazardous materials from waste
can be improved by both treatment and packaging.
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The first step in evaluating treatment and packaging needs for GTCC
low-level waste 1s to obtain more detailed information on the waste
characteristics. This will enable an evalvation of the hazards, structural
stability, volume reduction potential, an¢ other features of the waste as
generated. The types of storage, treatment, and packaging technologfes that
may be requireci can then be evaluated and, finally, technical criteria for
waste form and packaging of waste del{vered for storage can be developed.
Waste packaging will be required to comply with Department of Transportation
(D0T), EPA, and NRC regulations, and will be in accordance with policies,
procedures, and standards stated in DOE Order 5480.3.

The above steps are.straightforward. However, the key concerns are
(a) container and/or waste form integrity must be maintained for the storage
and transportation period, and (b) waste form and packaging requirements may
differ for a disposal technology that is to be selected at some point in the
future, Both of these concerns generate a question that the waste might
need further treatment or repackaging before shipment to a disposal facility.

Investigations by Brookhaven National Laboratory (Siskind 1985) have
fdentified areas of concern for extended storage of low-level waste in
general. Such concerns irclude radiolytic gas generation, biodegradation,
container corrosion, degradation of waste form properties, and loss of
strength from freeze-thaw fluctuations. Most of these concerns can be
avoided by acceptance specifications on waste form and packaging. Some of
the containers could require venting to prevent buildup of gases during
storage, transportation, and disposal. In addition, the package design
should address potential adverse radiation effects from compounded radiation
fields from adjacent packages. These efforts should collectively minimize
the need for future treatment or repackaging of the waste because of changes
to the waste form or container during storage. A DOE program of 20-year
?5258ge13;9;1m11ar waste has shown such extended storage to be feasible

Steps to be taken to prepare for such treatment and repackaging include
the following:

1. Specification of waste acceptance criteria based on DOT shipping
requirements, maximum expected time of storage, and the best
currently available treatment and packaging technologies;

2. Evaluation of the potential for GTCC low-level waste to be
treated further; and

3. Development of a best estimate of the potential costs if future
treatment or regackaging become necessary., ldentification of the
contingency to be included in fees charged the generator to cover
such treatment or repackaging.

C-5



TRANSPORTATION

- The radiologic and nonradiologic risk of radfoactive waste
transportatfon has been shown to be directly related to the number of '
shipments and the miles traveled (Wolff 1984, Neuhauser 1984). DOE can take
several steps to minimize the transportation aileagc and associated risk.
First, when detailed information on the amounts and locations of waste to be
shipged to DOE 1s known, discussions can be {nitiated with private brokers
on the feasibility of consolidating small shipments. Through advance |
scheduling of shipments, DOE can serve as a ¢ earin?house of {nformation for
consolidation of shipments. Furthermore, in selecting the storage and
disposal locatfon(s), proximity to waste generators should be one of the
considerations. When it is feasible for the generators, shipment to DOE
will be their responsibility, After detailed waste characterization
information 1s available, planning to ensure adequate shipping capacity can
- be conducted. It {s assumed that private industry will be used to transport
GTCC low-level waste to the maximum extent possible. DOE will arrange for
transportation from DOE storage to the disposal facility, again using
private industry when feasible.

A study should be conducted to determine if there are sufficient
suitable containers for shipping GTCC low-level waste. Similarly, detailed
information should be collected on the expectad quantity or size of large
activated metal pleces and the ability of generators to perform any size
reduction that may be needed to place these into shigping containers, DOE
should assist, if necessary, in ensuring that suitable casks and metal
shredding equipment exist to allow packaging and transportation of the waste.

Transgorting GTCC low-level waste {s not expected to be a problem. The
average volume of waste expected to be shipped per year is less than

0.1 percent of the Class A, B, and C low-level waste volumes bein? shipped
every year to commercial disposal sites. This volume s also small compared
to the spent fuel projected to be shipped to a repository. Small amounts of
GICC Tow-level waste have been sent to commercial low-level waste disposal
sites 1n the recent past, so some transportation capability already exists.

DISPOSAL

Potential needs for further waste treatment and repackaging to meet
waste form and container requirements for disposal were discussed
previously. In addition, the time required to develop disposal capacity
will determine the length of the storage period rczuired. the required
capacity of the storage facility(ies), and the need for transportation
- equipment to move the stored waste to disposal. However, until a disposal
option 1s selected, it will be difficult to project the time required to
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bring a disposal facility into operation. Therefore, 1t will be necessary
to select and design storage facility(fes) to provide flexibility for a
range of storage perfods and waste volumes.

Because of the rolationihip of transportation risks and costs to the

distance shipped and the number of shipments, costs and risks for shipment
of waste to and from DOE facility(des) will need to be analyzed.
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