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ABSTRACT

This volume, Y/OWI/TM-36/2, "Commercial Waste Forms, Packaging and
Projections for Preconceptual Repository Design Studies," is one of a
23-volume series, "Technical Support for GEIS: Radioactive Waste Isolation
in Geologic Formations," Y/OWI/TM-36, which supplements the "Contribution
to Draft Generic Environmental Impact Statement on Commercial Waste Manage-
ment: Radioactive Waste Iso1%¢ion in Geologic Formations," Y/OWI/TM-44.

The series provides a more complete technical basis for the preconceptual

designs, resource requirements, and environmental source terms associated
with isolating commercial LWR wastes in underground repositories in salt,
granite, shale and basalt. Wastes are considered from three fuel cycles:
uranium and plutonium recycling, no recycling of spent fuel'aﬁd uranium-
only recycling.

This volume contains the data base for waste forms, packages, and
projections from the commercial waste defined by the Office of Waste

Isolation in "Nuclear Waste Projections and Source Term Data for FY 1977,"

Y/OWI/TM-34. Also, as an alternative data base for repository design

and analysis, waste forms, packages, and projections for commercial waste

defined by Battelle Pacific Northwest Laboratory (BPNL) have been included.
This data-base consists of a reference caserfor‘uée_in the alterhative_
design study and a definition of combustible wastes for use in mine fire
and hydrogen generation analyses. '
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PREFACE

Project Backggpund

One of the major problems related to the product1on of electricity
by 11ght<water nuclear- reactors is the management of radioactive wastes
generated by the use of nuclear fuel. However,Athe subject is considered
amenable to a rational eo1qtion, and the technology involved is considered
to be well within the capabilities of our present-day technc]ogical base. .

An important step toward the realization of an effective waste manage-
ment program is the preparation of the generic environmental impact state-
ment for commercial waste management. A piyota] issue in waste management
is the means of providing long-term, permanent storage of these wastes in
a manner that best assures their isolation from the biosphere. Analyses-
spanning two decades have generated the Wide1y~supported_concept for pro;
viding final isolation of these nuclear wastes in deep geologic forma-
tions. . Therefore, the  Office of Waste Isolation* was'assignedbthe
responéibility for preparation of those sections of this generic state-
ment'dealing with deep geologic waste isolation.

The or1g1na1 concept for deep geologic disposal was first advanced
in 1957 when a National Research Council Advisory Committee of the National
Academy of Sciences suggested the burial of solid radioactive wastes in
salt deposits. - To date, most of the research, development, and most

.demonstration (RD&D)‘éctivities'have been in salt. The current United

States Department of Energy (DOE) National Waste Terminal Storage -(NWTS) -
program calls for the selection of two sites overlying suitable salt for-
mations by 1979, followed by the construction and start-up in 1985 of one
NRC-1icensed repository designed for the permanent disposa]/iso]ation bf )
commercial nuclear wastes in a salt formation at one of these two'sites.

~ In addition to- this activity in salt, vigorous RD&D programs'have been-

1n1t1ated to. determ1ne the appropr1ateness of various hard rocks as host
media for a ‘repository.

*Operated by Un1on Carb1de Corporat1on Nuclear Division, for the Depart-
ment of Energy..
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The deep-geologic-isolation portion of the generic statement considers
repositories located in salt, granite, shale, or basa1t. The repositories
~‘are designed to handle wastes from the nuclear fuel cycle in which the

spent fuel is considered a waste (no reprocessing), or from either of two
_fuel cycles that include reprocessing--the cycle with uranium and p]utOnium
fecycle and that with only uranium recycle. To prepare this contribution,
the Offfce of Waste Isolation contracted with Dames & Moore, Parsons
Brinckerhoff Quade & Douglas, Inc., and Science Applications, Inc. In
order to prepare this description, generic sites were defined, preconcep-
tual repository designs completed, and resource requirements and effluents
from the répositories identified. The preconceptual repoéitory designs
for the salt host formation were based on more than two decades of analy-

sis and in situ experimentation. The data base upon which the repository

" design for the non-salt host formations were based is more more sparse

since repository-oriented analyses of these formations have been proceeding

only for the last coUp]e of years. For each of the host rocks additional
analyses were performed during the conduct of these studies. Details of
this additional technical work are described within the twenty-three
volumes of this report. A o o

For an overview of these preconceptualirepository design studies,
the study objectives and scope, and the major study assumptions, the reader
is referred to Volume 1 of this series, the "Executive Summary"
(Y/OWI/TM-36/1).

Volume Summary (Y/OWI/TM-36/2)

o Alternative repository studies were performed using four genericb
geologic media as well as two sets of nuclear waste data. The first set
-of "data was defined and documented by the Office of Waste Isb]étion'
(Y/OWI/TM-34) for purposes of the generic desjgh study as well as for
other on-going sﬁudies éssociated with nuclear waste management. .The J
second data set was developed by Battelle Pacific Northwest Laboratorles
(BPNL) for genera] use in nuclear waste management research and has been

_chosen to  serve as an a]ternat1ve to the OWI waste data in th1s gener1c
repos1tory design study.

viii
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Both data sets have been defined for the same fuel cyc]es_(tota1

recycie, SURF, U-on]y recycle), coﬁsist of the same basic waste types,

and_pertain to all fourlalternatiVe geologic media. Slight variations,

however,

ex1st between the actua] data values in the two sets and are

summarized here

- Waste'Forms OWI - considers Hvain vitrified and caicined

forms wh1]e BPNL cons1ders the v1tr1f1ed HLW form only

‘ Rad1oact1ve source terms vary slightly due to the assumed

“hold-up time for the waste. For OWI waste, HLW and spent fuel

are buried 10 years after reactor distharge. Reprocessing

cladding waste, ILW, and LLW, are 5 years old at burial, and
SURF LLW is 1 year old. For BPNL waste, HLW is buried at 6.5
’/years after reactor d1scharqe or5 years after reprocess1ng

The same is true for all cladding waste ILW and LLW. Spent

fuel is buried 5.5 years after reactor d1scharge A11 other

waste-form cons1derat1ons among the two sets are consistent.

- Packages: 'OWIlspecified cylindrical canisters for spent fuel

assemblies, while BPNL uses sqﬁaref (cross sectional)
canisters. The ILW and cladding of OWI are all in 12 in.
~ diameter canisters, but BPNL employs 30 in. diameter canisters

and 55-galilon drums for ILW and 30 in. canisters for cladding.
The LLW of OWI is packaged in 55-ga11on drums, . wh11e BPNL
employs both 55-gallon drums and 4 ft x 6 ft x 6 ft boxes.

- bejections The. prOJected quant1t1es of waste generated in

the two data sets were based on d1fferent nuclear power growth

curves.  The OWI prOJect1ons represent the growth of installed
Asnuc]eér cepacity to 480 -GWe by the year 2000 while BPNL pro-
jects -400 GWe by the year 2000. OWI projections pertain to
the four alternative rock types: salt, granite, shale, and
basa]tf To meet therma] critefia;IOWI waste stored in the
'nonsa}t rocks was assumed to be packaged in a less dense form

ix
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than was used for storage in salt. This practice resulted in
an increase in the number of HLW canisters received at the
repository.. BPNL projections pertain to salt only. HLW pro-
.jections from this alternative waste design fequired “adjust-
ments to meet thermal criteria after the year 2010.

This document is divided into two parts: OWI waste and BPNL waste.
The OWI data presented here (Part I) are those which cannot be found in
the sections of Y/OWI/TM-34 that are associated with this design study.

~ The BPNL data wehe incorporated as part of this report in the form of

transmittals between BPNL and OWI, thus serving as the rgférence. The
parts of the transmittals cbntaining waste data have been included here
(Part II).

A11 of the data can be found in simp]ified form in the GEIS (Chapter
3 and Section 9.3.2),

T e . T



PART I OWI WASTE DATA

The baseline waste data set upon which the preconceptual repository
design studies were based-wasrsupplied by the Office of Waste Isolation
(OWI). The waste data required for the reference repository design in-
cludes definition of waste forms, isotopic contents, packaging, radio-
active and thermal characteristics;'and projected waste receipt rates.
Detai]ed‘descriptions.of these data, in the form used for design'studies
" have been presented in Section 3.0 of the GEIS. This part of the techni-
~ cal support document identifies the source of these data and the mod1f1-
cations requ1red for use in the des1gn studies. _

The basic waste data resulted from stud1es conducted at the 0ff1ce
of Waste Isolation and are now documented in the OWI report Y/OWI/TM 34. 1
“This OWI report gives a detailed description of wastes generated by the
Tight-water-reactor (LWR) fuel cycle as applied to the evaluation of
‘terminal waste disposal facilities. Wastes from the alternative cycles

(Total Recycle, SURF, U-Only Recycle) are described in terms of form,
‘volume, radioactivity, heat generation, and mess Also included are
descr1pt1ons of the containers assumed for the sh1pment and geolog1c dis-
-posal of the various waste types. ,

Projected quantities of LWR fuel cyc]e wastes requiring disposal
" were based- on a mod1f1cat1on of ERDA's "mid-case" forecast of 1976 for
nuclear power growth 1n the United States . In this modified case, the
1nsta11ed nuclear e]ectrlc capac1ty rises from a nominal 50 GWe in year |
1977 to a nom1na] 480 GWe in the year 2000. The power reactor grid is
assumed to consist. entirely of LWR's. The three basic fue] cycle alter-
natives: cons1dered follow the same growth curve. Due to the ‘preliminary
nature of the data from the draft of Y/OWI/TM-34 at the.time.of‘these
analyses, the spent-fuel projections used for the SURF Cycle differ from
the fina] projections by about 7 percent. This is not expected to impact
'the repository design s1gn1f1cant1y, perhaps altering the repos1tory

o lifetime for Cycle II by approx1mate1y one year.

. Rather than reproduce the information contained in TM-34 and incor-
porate it into th1s support document specific cross. references have been
provided wh1ch 1dent1fy the source of the data presented in Section 3.0

I-1



of the GEIS. These cross references are contained in Table I-1, in terms
of section and table numbers,
| For the most part, the data contained within this OWI report were
used in its or1g1na1 form in the design studies. However, in the case of
E prOJected waste quant1t1es of HLW received at the repos1tory for the Total
Recycle and U-Only Recyc]e options, modifications were required due to
" thermal constra1nts As descr1bed in Section 3.3.1 of the GEIS, the ther-
mal characteristics of .the OWI waste were such thet bu]king of the HLW
| (addition of inert mater1a1 to lower the can1ster heat. load) was required
"in canisters designed to be ‘'stored in the non-salt medfa under considera-
t1on (granite, shale, and basalt). For storage in salt, the projected
receipt rates given in Y/OWI/TM-34 could be applied without alteration.
For storage in the other three media, the bulking resulted in an increase
in the number of canisters received by an amount equive]ent to the ratio
of their specific volumes. These specific.volumes were 3.0 ft3/MTHM for
HLW in salt, 5.0'ft3/MTHM for HLW in granite, and 7.0 ft3/MTHM for HLW in
shale or basalt. Hence, projections for a granite repbéitory were in-
‘creased by a factor of 5.0/3.0 or 1.67 (7.0/3.0 or 2.33 for shale or
basalt). The tables presented in Section 3.0 of the GEIS reflect this
modification of projected receipt rates. Thermal constraints did not im-
. pact the other waste types in this manner therefore these wastes were .
left in their or1g1na1 assumed density. v 4 A
- In"addition.to the data in Y/0WI/TM-34 radioactive source terms for’
1nd1v1dua] nuclides in the waste were needed for certain aspects of the:
design analysis. The fo]]ow1ng append1x (Append1x A) 1nc1udes these data
for spent. fuel, HLW, and c1add1ng wastes.
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Table I-1

" OWI WASTE DATA SET CROSS REFERENCES

_ GEIS A Y/OWI/TM-34 .
DATA L Section‘NUmbers Section arid Table Numberé
Forms and Packagés | 3.1.1, 3.2 2.2, 4.2, 4.5, 4.6, 4.7
" (Total Recycle) - ' -
Forms and Packages - 3.1.2, 3.2 2.1, 4.1, 4.7
(SURF Recycle) _ .- _
Forms and Packages ' 3.1.3, 3.2 - 2.3, 4.3, 4.5, 4.6, 4.7 ,

~(U-Only Recycle) _
- ‘Thermal Characteristics 3.3.1 3.2.1, 3.2.3, Tables A.3,
S | A.17, A.18, A.22, A.23, '
. A.31, A.32, A.33
Waste Projections =~ = 3.4 . .1.0,3:2.2, Tables A.1,
A.16, A.21, A.30, A.38, -
A.39, A.40, A.41; A.42.
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APPENDIX A

RADIOACTIVE SOURCE TERMS

These source terms were extracted from the results of ORIGEN code
runs supplied by the Office of Waste Isolation. They are stated in terms
of curies per metric tonne of heavy metal charged to the reactor (Ci/MTHM)
and represent the activity of the waste when it is expected to be received
at the repository. Tables A-1 and A-2 pertain to PWR and BWR spent fuel,
A-3 and A-4 to PWR and BWR Total Recycle HLW, A-5 and A-6 to PWR and BWR
U-Only Recycle HLW, and Tables A-7 and A-8 to PWR and BWR cladding wastes.

The source strengths of certain actinides and fission products vary
between the spent-fuel and reprocessing wastes as well as between the two
recycle cases. This is due to the fact that the initial isotopic content
of the fuel at reactor loading varies with respect to isotopic distribu-
tion of the activation products of uranium. For example, the difference
in Pu-238 activities between Spent Fuel and U-only Recycle cases is a
result of the increased isotopic content of U-236 in recycled uranium fuel.
During each cycle, the amount of U-236 removed from the fuel during repro-
cessing and refabricated into new fuel increases. This increase results
in increased production of Pu-238 via the following chain:




This increase in production is subsequently obserVed in the waste arising
from the recycled fuel.

Similarly, for the differences observed in the amounts of Cm-244 in
HLW from U-only Recycle and Total Recycle cases, the following explanation
applies. In the total recycle case, Pu-239 is returned to the reactor as

a fuel, and in the burnup process it also undergoes the following nuclear
interactions,

I Am243
T30,
1 528523,47C
538

075,
9548).7, <0

(n,y)

resulting in the production of Cm-244. In U-only recycled fuel, this
chain also occurs, but because of the smaller amounts of Pu-239 involved,
much less Cm-244 is produced.
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 TABLE A-1 |
" WASTE SOURCE STRENGTHS: Spent Fuel - PWR o
\ . | © CURIES/MTHM

. CURIES/MTHM | |
ISOTOPE - 10Y¥r.@  ° ISOTOPE 10 Yr.
H-3 3.07E+2 U-232 1.94-2
c-14 1.80E-1 | U-233 6.77E-5
Kr-85 4.90E+3 . U-234 1.04£0
Sr-90 6.01E+4 U-235 1.72E-2
Y-90 6.01E+4 -7 U-236 2.60E-1
2r-93 2.91E0 U-237 © 1.90E0
Te-99 1.44E+] U-238 3.14E-1
Ru-106 5.57E+2 Np-237 3.29E-1
Rh-106 5. 57E+2 Np-239 1.72E41
"~ Cd-113m 2.13E+1 Pu-238 2.21E+3
Sb-125 7.99E+2 Pu-239 3.31E+2
' Te-125m 1.95E42 - Pu-240 4.88E+2
1-129 3.39E-2 Pu-241 7.89E+4
Cs-134 . 9.16E+3 Pu-242 1.73E0
Cs-137. 8.65E+4 Am-241 1.75E+3
‘Ba-137m 8.19E+4  Am-242m 6.96E0
 Ce-144 1.47E+2 o Am-242 6.96E0
o oPr-144 1.47E42 Am-243 " 172841
- Pr-144m 1.76E0 Cm-242 " 5.72E0
 Pm-147 7.30E+3 o Cm-243 2.35E0
Sm-151 1.04E+3 Cm-244 1.35E+3
Eu-152 5.900 . Total Activity 4,06E+5
Eu-154 - 5.67E+3 | B-y. . © U 8.00E¥5
- Eu-155 6.38E+2. a-TRU 6.15E+3
Fe-55  5.59E+2
'~ C0-60 - 1.38E+2
~ Ni-59 3.50E0
CNi-63 5.09E+2

2 Time after reactor discharge.
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7 Ce-144

o TABLE: A-2
'WASTE SOURCE STRENGTHS: Spent Fuel - BUR -
_ 'CURIES/MTHM o ~ CURIES/MTHM

ISOTOPE 10Yr2 - IsoTOPE 10 Yr.
- H-3 2.54E+2 U-232 1.43E-2
1.31E-5 _ U-233 5.32E-5
Kr-85 3.95E+3 T u-234 8.28E-1
$r-90 © 8.89E+4 U-235 1.43€-2
¥-90 4.8YEHE U-236 2.00E-1
Zr-93 ~ 2.41E0 U-237 1.64E0
Tc-99 L1216+ o U-238 3.17e-1
. Ru-106 427642 . Np-237. 2.59E-1
 Rh-106 4.27E42. Np-239 ©1.36E+1
- €d-113m 1.74E41  Pu-238 T.91E+3 .
" Sh-125 . . 6.39E+2 - Pu-239 ~ 3.05E+2
. Te-125m 1.56E42 Pu-240 - - 4.67E42
- 1-129 2.878-2 Pu-241 - 6.83E+4
Cs-134 © 6.61E+3 Pu-242 1.42E0
Cs-137 7.17E+4 Am-241" 1.57E+3.
Ba-137m ~ 6.78E+4 ~ Am-242m - 1.14E41
1.038+2 . - Am-242 1.14EH
Pr-144 1.03E+2 | Am-243 ©1.36E4+1
~ Pr-144m 1.24E0 - Cm-242 9.36E0
" pm-147 6.35E43 - Cm=243 1.66E0
Sm-151 9.06E+2 - Cm-244 - 1.05643
© Eu-152 " 6.92E+0 Total Activity -  3.38E45
Eu-154 439E43 . By 3.330+5
" Eu-155 5.08E+2 - " a-TRU 5.30E+3
Fe-55 - 5.85E+2 ' ' o
":C0-60 - 1.60E+3
Ni-59 1.90E0
2

Ni-63 .76E+2

_.a Time after reactor discharge.
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TABLE A-3

WASTE S'OURCE‘ STRENGTHS: " “HLW from Total. Recycle - PWR @ 10 years
' Ratio of UQ, fuel to MOX fuel is 3 to 1

- ISOTOPE © CURIES/MTHM ISOTOPE  CURIES/MTHM |

H-3 - 0 U-232 8.80E-5
c-14 0 ) U-233 o 1.19E-5
Kr-85 o S v-23 ' 8.40E-3
Sr-90 © 5.38E44 U-235 ‘{} o 7.29E-5
¥-90 © 5.38E4+4 U-236 1.03E-3
S Ir-93 2.75€0 ' S U-237 1.85E-2
Nb-93m 1.28E0 U-238 1.56E-3
Tc-99 148641 | Np-237 3.10E-1
Ru-106 6.41E+2 |  Np-239 8.09E+]
Rh-106 6.41E+2. . pu-238 1.38E42
Ag-110m 2.18E-1 . Pu-239 2.11E0
Cd-113m 2.54E+41 o Pu-240" 1.58E+]
Sb-125 9.09E+2 - Pu-241 9.28E+2
‘Te-125m 2.22E42  Pu-242 3.00E-2
1-129 3.74E-5 | Am-241  8.97E+2
Cs-134 ©9.00843 . - am-2aom 9.35E+1 - -
Cs=137 8.71E+4 o Am-262 9.35E+]
Ba-137m 8.24E+4 © Am-243 8.09E+1
Ce-144 1.42E+2 . Cm-242 7.68E+1
Pr-144 T.2842 Cm-243 7.2680
~ Pr-T44m 1.70E0 | Cm-244 1.04E+4
Pm-147 .. 7.40E+3  Total Activity  3.17e45
Sm-151" 112843 By 3.05E+5
Eu-152 8.43E0 .- a-TRU 1.16E+4
Eu-154 6.21E+3 |
Eu-155 7.70E+2
¥

1-9
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TABLE A-4

| WASTE SOURCE STRENGTHS: HLW from Total Recycle. - BWR 8 10 Years
. ~ " No fuel blend, assumes pure MOX fue1.

1S0TOPE Ci /MM 1S0TOPE i /MTEM
o H3 0 . y-232 5.83E-5
C-14 0 U-233 4.916-6
Ke-85 . 0 - 'u-234 1.84E-2
Sr-90 . 2.955+4 : Y-235 3.52E-5
¥-90 . 2.95E44 | U-236 2.31E-4
7r-93 1.90 - CY-237 3.81E-2
Tc-99 1.21541 U-238 1.56E-3
Ru-106 6.37E+2 ‘Np-237 1.13E-1
Rh-106 6.37E+2  Np-239 2.17€+2
- Ag-110m 2.428-1 o Pu-238 3.29E42
- Cd-113m 2.96E+1 ~ Pu-239 +.2.98E0
©sb-125  9.48E+2 " Ppu-240 . 3.94E4]
CTe-l2sm 0 2,31E#2  Pu-28) © 1.59E+3
1129 " 3.89E-5 ' Pu-242 7.56E-2
Cs-134 6.33E+3 o Am-241 2.63E+3
Cs-137 7.320+4 | Am-242m 2.21642
Ba-137m . - 6.93E+4 Am-242 2.21E42
CCes144 . 9.09EH]  Am-243 2.17E42
 Pr-144 9.09E+1 | Cm-242 1.82E42
. Pr-l44m  1,09E0 S om-243 C1L.42E41
N 7Y R &.48E+3 Ci-244 2.72E+4
Csme1510 T 1,13643 Total Activity ~ 2.58E#5
Eu-152 1.71E4] By I
CEu-154 6.015+3 S a=TRU 3.07E+4
Eu-155 7.29E+2 o o

27E+5



e s 0 cime

1SCTOPE

H-3
C-14

~ Kr-85

Sr-90°
¥-90
Zr-93

~ Nb-93m
- Te-99

Ru-106 -
:Rh-TQG

A§-T10m

Cd-113m
Sb-125°

Te-125m
1-129
Cs-134

Cs-137 °

Ba-137m

- Ce-144
Pr-144

Pr-144m
.Pm-147
Sm-151

Eu-152

Eu-154
Eu-155

TABLE A-5

WASTE ‘SOURCE STRENGTHS: - ‘HLW from U-Only Recycl
Pu in HLW - PWR @ 10 years

Ci/NTHM

Ol O = N = 0000 00 W = NN — Gt — N oY,

o O .o

.08E+4
.08E+4
.9250 -
.3650

LAAE+T
LAVE+2
JATE+2
.62E-]
.05E+
.80E+2
L91E+2
.36E-5
.88E+3
.03E+4
L 16E+4
JATE+2.
Fyave
.76E0

.49E+3
L05E+3
.15E0

L46E+3
.18E42

1S0TOPE Ci/MTaM
v-232 2-40E-2.
U-233 2.90E-5
U-234 © 1.27E-1
U-235 9.77E-5

. U-236 2.59F23
U-237 1.85E0
U-238 1.56E-3
Np-237 6.82C-1
Np-239 1.530+1
Pu-238 4.65E+3
Pu-239 3.39E+2

' Pu-240 4.83E+2
Pu-241 7.70E+4
Pu-242 - 1.61E0
Am-241 1.71E3
Am-242m 6.71E0
Ar-242 6.71E0
Ami-243 - 1.53E+]
Cm-242 " 5.52E0
Cm-243 2.12€0

- Cm-244 1.14E+3
Total Activity .4.00E+5
B-y 3.92E+45
a-TRU 8.33E+3

[RR 23
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e

-

NASTE SOURCE. STRENGTHS
‘ Pu in HLW - BWR @ 10 years,

I50TOPE

H-3
-C-14

Kr-85
Sr-90
'Y-90
Zr-93

© Nb-93m

Te=99

Ru-106
Rh-106

Ag-110m

. Cd-113m

Sb-125

Te-125m

I-129.

Cs-134

--C5=137

».’837]3/mA
+"Ce-144

Pr-144 .

© - Pr-144m

- Pme147

. Sm-151
©Eu-152
.. Eu-154
"Eu-155

PENOO S A 0NN O s s~ oS .

Ci /MTHM
-0

Qﬁ

"0

L97E+4
L97E+4
.A3E0

.15E0 .
21E+]

L13E+2
J13E+2
JT4E-1
L67E+]
.22E+2
.52E+2
.03E-5
.93E+3
.158+4
.76E+4
.04E+2
.04E+2
J28E0 -
.53E+3
L 13E+42
L2360 -
.20E+3

90E+2

TABLE A-6 .
HLW from U- 0n1y Recycle

1412

© 1SOTOPE

U-232
U-233
U-234
U-235
U-236
U-237
1-238
Np5237
Np-239
Pu-238 .
Pu-239

‘Pu-24o

Pu-241

_ Pu-242

Am-241

-Am-242m

Am-242

Ari-243

Cm-242

Cm-243

Cm-244

Total Act1v1ty

B~y

Ca-TRU

0 e e a0V D W R O o O 00 o N e

8.

Ci/MTHM

.92E-2
.64E-5
.28E-1
.24E-5
.29C-3
.60E0
.58F-3
.21E-1
.20E+1
.73E+3
J13E+2
.66E+2
.65E+4
.31E0
53E+3
.07E+1
.07E+]
.20E+]
.82E0
A7E0
90E+21 ‘
3.
3.

38E+5

30E+5
7.93E+3



c-14
Kr-85
" Sr-90
Y-90 -
Zr-93

- Te-99

Ru-106
Rh-106
' Ag-110m
Cd-113m
© $b-125.
Te-125m
' 1-129
Cs-134
Cs-137
. Ba-137m
Ce-144
Pr-144

Pr-144m

Pm-147
Sm-151
Eu-152
Eu-154
. Eu-155-

0

0 .
0 .

3.40E+1
3.40E+1

—

B A = R O S I -

0
0-

.61E0
.61EQ

51E+]
.01£0
.7GE-5 .
 A6E+]
.85E+]
.59E+]

2880
.28E0

.37E+]
.42E-1

. 24E0
57E-1 -

TABLE A-7
SOURCE STRENGTHS: ~Cladding Wastes - PWR @ 5 Years

a-TRU o

150T0PE Ci/MTHM
Mn-54. 1.53E+]
Fe-55 2.12E+3
Co-60 2.67E+2.
Ni-59 3.50E0
Ni=63 5.25E+2
U-232 8.59E-6
U-233 2.98E-8
U-234 5.06E-4
U-235 8.62E-6
U-236 1.30E-4
U-237 1.30E-3
U-238 1.57E-4
Np-237 1.636-4
Np-239 8.58E-3
Pu-238 1.15E0 -
PU-239 ~1.65E-1
Pu-240 2.44E-]
~-Pu-241 5. 00E+]
Pu-242 . 8.65E-4
Am-241 . 5.25E-1
Am-242m 5.63E-3
' Am-242 5.63E-3
An-243 8.58E-3
- Cm-242 8.61E-3
- Cm-243 1.31E-3
Cm-244 8.15E-1
Total Activity — 3.1943
B-y. - 3.19E+3
2

L90E0



-ISQTOPE

T
c-14

TABLE A-8

SOURCE STRENGTHS: Cladding Wastes - BWR @ 5 Years

Ci/MTHM

Kr-85

" $r-90

C Y-90

Ir-93

0
0

-0
.76E+1

2.76E+1

:TC‘99.

Ru-106
Rh-106
.+ Aag<110m
- Cd-113m
Sb-125
Te-125m
1-129

Cs-134"

Cs-137

" Ba-137m
Ce-144 -

Pr-144
Pr-144m
Pm¥l47
~ Sm-151
 Eu-152
" Eu-154
Eu-155

.50E0

6.59E0

O N P

——

JT4E+T
.02E0 -
.43E-5
.78E+1
L02E+]
L 72E+]
.42E0
L42E0

-19E+1
.70E-1-

3.29E0

5.23E-1

o 'a-TRU'V,

I1SOTOPE " Ci/MTHM
Mn-54 1.47E+]
Fe-55 2.22+3
Co-60 -3.10E+3
Ni-59 1.90EQ .
Ni-63 2.87E+2
U-232 6.38E=6
U-233 2.34E-8
U-234 4.01E-4 -
-U-235 7.14E-6
U236 1.00E 4
U-237 1.04E-3
U-238 1.59E-4

- Np-237 1.28E-4
Np-239 6.81E-3 -
Pu-238. 9.90E-1
Pu-239 ' 1.52E-1

. Pu-210 . " 2.33E-1
Pu-241 4.33e+1
Pu-242 7.10E-4
Am-241 4.81E-1

" Am-242m - 5.83E-3
Am-242 5,83E-3
Am-243 6.81E-3
Cm-242 " 9,03E-3
Cm-243 9.25E-4
Cm-244 . 6.33E-1 .
Total Activity - - 5.84E+3

8-y .. 5.84E43

 2.49E0



PART II BPNL WASTE DATA PACKAGE

The 1nformat10n received from Battelle Pac1f1c Northwest Labora-
tor1es (BPNL) for the purpose -of the alternate repository design study
was. 1n the form of transmittals between BPNL and the staff at OWI. In
this. form the data cannot be referenced convent1ona11y Therefore, this

Asect1on of the- techn1ca1 support_document is designed to present the BPNL
waste data as they were received and thereby make them more easily
acceSSIble 4 _ _

The 1nformat1on contained in the fol]ow1ng appendices is reproduced
in the original form as received, changing only the figure and table
numbers tdabfacilitate. order within this .document. In some casgs;

" iteration, adjustments, and clarification of these data were required
prior .to use. Where: this was the case, details of the data pfoceésing
have been supplied, either in this document or in the GEIS.(Se;tion>
9.3.2).. o

" To facilitate use of this document, the data used in the design
study were separated in terms of specific topic areas. The data in eachg"
area are contained in an individual appendix as spec1f1ed below.

The'appendices are:

Append1x A - Nuc]ear Generating Capac1ty

. B‘- Descr1pt1on of Waste Forms
C - Waste Package Descr1pt1ons
‘D - Waste Projprt1ons
E - Source Terms
F -'Heat Generation Rates
G - Waste Thermal History

In each appendix, the source of thé information is supplied and reference -
made to,the final form of the data used. The trahsmitta]s.refefred to in
.each’appendix correspond to the following:

November, 1976 - ORIGEN runs from BPNL to A. Quist, Office'ofVWasfé‘
' ~ Isolation (OWI), Union Carbide Corporation, Nuclear
Division (UCC-ND)

II-1



May 27, 1977 -

Memorandum from R. W. McKee, Manager, Waste Management

‘ Techno]ogy, Commercial Waste Management Statement ~

" -(CWMS),-BPNL, to R. K. Kibbe, PrOJect Manager OWI,

September*28,:1977?

* Noveiiber 1, 1977 =

UCC ND

Memorandum entitled "Waste Packaging Descriptions

for Impact Statement~on Commercial Radioactive

Waste Management " from C. M. Unruh, Manager CWMS
BPNL,- to Dr. C. D. Zerby, Director, OWI, UCC-ND.

Memurandum from R. W. McKee, Manager, Waste Manage-

ment Technology, CWMS, BPNL, .to R. K. Kibbe,
. Project.Manager, OWI[, UCC=ND.

November 11 1977 - Memorandum entitled "Waste Package Descr1pt1ons for

Impact Statement on Commercial Radioactive Waste
Management," from R. W. McKee Manager, Waste Manage-
ment Techno]ogy, CWMS BPNL to R. K. K1bbe PrOJect

| Manager OWI, UCC-ND.

- November 17, 1977 -
o - Impact Statement on Commercial Radioactive Waste

Memorandum entitled "Waste Description Data for

' Management " from R. W. McKee Manager, Waste Manage-

ment Technology, CWMS, BPNL to R. K. K1bbe PrOJect

- Manager, OWI, UCC- ND.

VNovember 28 1977 - Memorandum entitled “Waste ‘Package Quant1t1es for

Case 2, CWMS " from R. W. McKee, Manager, Waste .
Management Technology, CWMS BPNL to R. K. K1bbe,

PrOJect Manager OWI UCC ND.

In us1ng the or1g1na1 BPNL 1nformat1on it must be noted that the
A fue1 cyc]e cases 1 2 and 3 correspond to the OWI reference cyc]es SURF

11-2



(Ii), U-Only Recycle (II1), and Total Recycle (1), respectivé]y. In addi-
t{on, the lower-case letters following the cycle numbers in the BPNL data
- refer to particular alternative waste forms within each cycle. The only
fokms of concern in this study Qerell, 2a, and 3a for the a]ternatfve

‘design, and case 3d for the analysis of combustible wastes. The descrip-
‘tions of these forms are as follows: ' |

f?CaséMa - Reference case - Incineration of combustible
| - wastes and cementafion of wet wastes and
incinerator products. o '
Case d - - Minimum treatment of combustible wastes
(packaging only) and bitumenization of wet
wastes. |
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APPENDIX A - NUCLEAR GENERATING CAPACITY

Thé’fo]IbWing iﬁformation was obtained from the September 28 trans-
mittal from C. M. Unruh to Dr. C. D. Zerby. The table describes the pro-
‘jected growth‘of installed nuclear capacity used ih deterﬁining the quan-
' t1t1es of BPNL waste generated (Append1x D).

B The data in terms of PWR, BWR and tota] generat1ng capac1ty are pre- -
- sented in Tab]e 9- 11 of the GEIS. '
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P ~ TABLE A-1

Iﬁstal\ed'U.S. Nuclear Ganeratfcn Capacity Projectioﬁ for CW4S 1

PUR . : , CBMR ' Total LWR

Capacity Capacity Gencraticn . Capacity ' Capacity Geaeration Capacity Capdcity Gereration
Year | . - Factor % GYe Yr Glie Factor ¥ . . Sde-Yr Gile Factor % _GMe Yr
1977 . 61 19 ' 17 . 68 - Y T S 1
1980 A 67 28 . e 67 13 60 67 40
1535 25 65 N 2 64 26 } 137 .65 )
1553 131, 67 - 08 83 17 a2 194 67 130
1955 - : 11:7 2 Y 132 . €6 Y 64 - 293 67 - 195
20600 268 Y 161 S k1 67 29 400 - . 67 269
2205 2¢3 68 ° - 183 132 T 90 399 68 272
2019 265 TES RV 129 ‘ 86 . S6 395 65 - 261
€015 247 . 64 . . 156 RV 65 - 76 364 65 . 238
L @7 60 137 ny . 60 63 e - 80 205
2025 82 56 el 9 56 - 51 274 56 © 152
2030 - e a9 68 69 A9 3 206 49 01 .
2035 7 S ' R k| ' .36 a 16 108 oA a1
03 1 40 § 7 @ 73 20 80 8-

As provided by P
9/28/77 as Table 1

gt e e 4 ey s ey O S NP
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APPENDIX B - DESCRIPTION OF WASTE. FORMS

The tab]es included in th1s appendlx descr1be the waste forms asso-
ciated w1th the BPNL repository design. These’ data were obtained from
the September 28 transmittal from C. M. Unruh to Dr. C. D. Zerby (for -
Tables B-1, B-2 and B-3 describing solidified HLW, cladding waste and
spent LWR fuel, respectively) and the November 11 transmittal from R. W.
McKee to R. K. Kibbe (for Table B-4 describing ILW and LLW for Case 3a).
This information was used to identify the waste form and specific volumes
(waste containers/MTHM.proceésed) of each waste type. 'The.radioaétivity
characteristiCS described in these_tab]éé were not used in the form given
(see Appendix F for source term data). 'The basic description for HLW
(Table B-1), although only given for Fuel Cycle 3.(Total Recycle), was
also used t6 describe the HLW from the U-only Recycle case. Packaged ILW
and LLW waste. descr1pt1ons given in the tables for Case 3a (Tota]

o Recyc]e) were also used for the Uran1um-0n1y Recycle case by de]et1ng any |

" description of wastes arising from Pu02 conversion or from a MOX FFP
(mixed oxide fuel fabrication plant). . Tables 9-7 and 9 8 of the GEIS
contain this waste form information.

In the analysis of the impacts of combustible waste storage, combus-
tible-waste data were obtained from the November 11 transm1tta1 from R.
W. McKee to R. K. K1bbe (Table B-5 for Case 3d) Further assumpt1ons
concern1ng these data are d1scussed in Sect1on 4.2.2 of TM- 36/23.
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' TABLE B-1

Solidifted High-Level Haste
Fuel Cycle 3

High-Lavel .
Liquid Wastel
2

&

Glass-Melt o, Shitpment 12 fn. x 1C ft Canister-
ard Package >10 R/hr, 0.3785 Canisters/idfad

Years After Chemical Séuaretion

o L aweaaee

LD

Source 0 s 10 50 120 e 107 1o
Irradiated fuel - ' ' )

Impurities/MTHM - .
Grams T35 %102 3.5x168 3.5 2100 3.5x108 . 3.5x168 3.5 x 100 5 x 10° 3.5 x 10°
Curtes 2.9x10 84 .6 8 x 167! x 102 2,2x10% 1ex10?.
Watts T x10? t2x10? 4k 25x10t vrxrwe?t 20x10° v9xie® nex 0

Actinides/MTIH ) :

Grams . 6.0x10° 60x10° 60x100 60x100 s0x1® coxic® cox10  60x10°
Curfes “19x10t 7.6x100  6.5x100 x100 v xwd 27x10% s9x0 .4
Watts 6.4 x 10 2.4 x127 10° x10'  3.2x 7 1.3 RERIE
Fission products/MTiN ' A '
" Grams 2.6 %10 2.6x10'  26x10'  26x10'  26x10" 26x0 26x10t 26«0
Curtes 1.ax108  3.3x10 105 9.4x100  29x1® 1sxw' rexiet 2.9
. Watts 6.5x10°  1.2x100 8.2x10? 2.9 x 10? i x1 2axi0? 20x10? 775107
Total/KTiM o : ' ‘
Grams 3.2x 108 32wt 3zard 32x10' 32k 32kt 32 x0% a2 x0f
Curtes axe® 3ax10° 2.5x10° x 100 3.0x10% 2.3 x10° w76
Watts 2ix100 1sx0® 10x100 36x102 1.2x10 ¢ RERE
" Jotal/contatner . )
Crams 9.7°x 108 9.7 x1¢ 7 %10 7 x 16° 7 x 10 1x10t 97 xt 9 x0d
Curfes 2.3 x108  1.0x:0® x 10° 2.9°x 10° 16} x 10° 3x? 2ax08t
Hatts c22x0t 4108 12100 11100 3.6x10%. x 10" 1 3.6 x 107
4 . S
° N /S
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..'TABLE B-2

Heils and Herduare Masley
{Fu2) Cycles 2a, b and 3)

BsseEbiy (s Shipraent
Hardeare \ C 3040, x 10 ft Canlster

— i j

. ,Pack.lg‘.
( n'...m — 0.240 Conistcrs/MTIHN

Ylurs Aflcr rhleral _S2 araliun

Source 6 10 50 10 e 10! 3
Asscnbly hardware. and ' L
hulls
Activation products/MTIM . . .
Grams 2.2x10°  32x10° 32x10% 0 32x10°  32x10® 32x00° 32 k000
Curfes 9.4 x 100 1.8 x10°  3ox10° 21 x10® 3.2 7 .2 x 167!
Matts 72x w17 xet vax0! 33x10? vaxiot 74k 290070
fulls, resfdual fuel ‘ ' '
Fission products/MTHM )
Grams 1510 skt wsx1e' vsx' vixiet s g0t 1.5 x0!
Curtes 7.0010%  1.3x102 4sx10t Lsxae' eaxi0? 9w xw? 1aa0d
Natts 3.2 23x10" 1sx10 4sx102 1axi0 9.9x10¢ 3,007
Actinfdes/HTIIM o .
Grams 4.8 x 162 a8 x102  48x10% agx16? 42 x10? 4.0 x10°
Curias 1.0 x 10° 1.5 x 10" s.8 1.3 3.0 x 1070 1.1 x 1072
ustts 4.3x107" " 2.0x10" tex10" caox10? 9«10 26 x 107
- Yotal/uTi™ ) ) o
Graws 3.2x105  3.2x105 3.2x10° 22x10% 3.2a10°  s2x10® .32%0108
Curtas 1ox10t 19x10® 36x10? 23x108 a5 3.0 3% 167
Watts 7.6 x100  1ex10' 49x10t 2ax10!t s0x10? 92x10d 2.9x107"
Total co-:tents/(a) o .
container
Honcompazted . .
Grams ax10® 13ax108 n3xe®T 13 x1® 3w’ 1 m‘" 1.3 x b
Curtzs a.2x10b 79x107 Tsx10d 9.6x10% 1.9 10' 13 e’ s ket
Katts 3.2x10%8 7.5 %10 1.7 2007 3.8 x167¢ 1.2 x 1073

2.0 1.0°

a. Assuued ‘asscibly herdware and cladding (hulls) packaged in came proportion as in original fucl rod assenhily.
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‘Source 0.5 1.0 1.5 5.0 19 104 3 x10° 5 x 16° W 107 3>
Pressurized '
water reactor. ' .
Radicactive 'h)
contents/assexbly : ‘ ) ; )
Graas © 6.7x10° 6.7 x10° 6.7 x16%. 6.7 x10° 6.7x10° 6.7x12°
R . - r, . .
Curfes 1.8 x 105 1.1 x 08 2.7 x10° 1.9x10° r.ax0t 2.1 x10d
Watts 8.5x 12> 5.1 x 10 9.7 x 10 5.9 x10% 1,8 %107 8.1 x 10
Radfoactive ' '
contents/MII : . .
¢ : 36 - 6 s nl 6 5 - . ”5
rams 1.5x 10 1.3 x 10 1.8 x 10 1.6 x W0 1.9 x 10 1.5 x 1
Curfes 4.0 x 10% 2.4 x 10 5.9 x 10° 4.1 x10° 4.2 x 10" 4.5 x10°
Hatts 1.8 x10% 1.1 x 108 21x10° 1.3x10°  3.0x100 1310
Boiling water
reactor
" Radjoactive (b)
content/assembly ) . . ‘ -
e s 5 5 s 5 5
‘Grams 2.8 x 107 2.6 x 10 2.8 x 10 2.8 x 10 2.8 x 10 .8 x 10
" curtes 5.0 x 10° 3.1 x 10° 8.6 x 100 6.0 x10" 6.3x10° 6.7x16°
2 .
 Matts 2.3x 100 1.4x10 x16° 1.9x10% a5x10 1.9x 0]
Radfoactive . ’ :
ccntent/NTIHN ) . .
Grams - 1.5 x 0% 1.5 x 108 1.5x10° 15x10% 1sx10® 1sx10t
" Curtes 2.7 x10% 1.6 x10° 4.6x10° 3.2x10° 3410 3.5 x10°
Matts 1.2x100 7.3 %100 1.5x100 9.9x 102 2.6 x162 1.0x10%
“Composite fuel (c)
Content/MNIM o o
) , X .
1.5 x 106 1.5 x 106 1.5 :10° 1.5 x 108 15 x10° 1.5k i . :
: : . . . ; . P
3.4x10% zax10® 1sxae® s2x10° 3exw0’ 37x0t a1 x10d z7x0d aex0) Wi m2 1.8 x 10°
L L6x100 9.6x10° 62x10° 18x30’ 1x10’ 27x22 r2x1? ssxi’ soxi vzxiel 3.5x107
a. PHR fuel assemblles conta!n 461.5 kg urantuas.
b. OHR fuel assexblies contain 188.6 kg uranium, .
deR‘s 173 of the total elegirical

TABLE B-3 -

Radioactive Content of Spent LWR Fuel

{Fue! Cycle 1)

Years After Renctor Discharge
[

- " ¢i; Composite fuel denotes. the mix of spent fuel that results from

energy produced

PUR's supplying 2/3 and

As {ded by OPHL ou§
"O/m as nzu A-1Q

(\
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" TABLE B-4

Case 3a

. PAUXAGED INTERWEZIATE AND LOW-LEVEL TRU WASTES FRGM FRP

' pagé ‘1 of 3

2iutonium and Uranium Recycle )
Cementation, Packaging

" Waste Treetment:

W

Packaged Waste | ‘

incinerate Combustibles,

Containe~s/ dickaged | | Surface Dose

(1)

Treated Waste

Descripticn Container’ 2000 MTHK Sersity g/cci Y Radioactivity, Ci/Container ]/nr . Composition
' FPs Actinides Aczivation
Incinerateor 55 gal drum 2230 T 1.8 ;9 6 % 1072 4.1 8.5x10% ! <2 Cement, Blowdown
Blondown: A ' : : i _ {0.03) Solution
Nonzombustibla | 55 gal drums a3 - , 0.Z5 1.6 x 1072 2.3 x 1073 <3.2 Ferrous Metal 90%
Genaral Trash ; . . (0.12) Glass 10%
Nor-ombustible ! 55 gal drums ' 52 i 0.25 2.4 x 10% <0.2 Ferrous Metal 90%
Trash PuC ' (.91 - 0.015) Glass 10%
. Conv ersish i ‘ ; :
Tailed Equipmeri 4'x6'x6' boxes 50 0.5 7.5x 1072 | 1.1 x 1072 <52, 100% Metal
Genara] : {9.1) . :
-Failed Ecuipment 4'x6'x6"' boxes 10 B - 0.5 2.0 x 102 < 5.2 -3 100% Metal
Pud, Conversi o'x'L - , (6x10°7%)
E .
foncembustible 55 gal drums 1500 v 0.28 18.9 x 10 2 1.3 x 10 3 o%2-1.0 Ferrous Metals 90%
General Trash : C ’ ‘ ;o (9.8, - ¢ Glass 10%
tioncombustible - 55 gal drums 6 Tt 0.25 2.7 x 1073 2.2 - 1.0 Ferrous’ Metals 90%
Trash Pu0, Con. ' ! (2.6) Glass 10%
‘Fe¥laed Equipment 55 gal drums 445 0.4 ‘1 0 x 10-2 1.5 x 10-2 (O 2)- 1.0, - 100% Ferrous Ailoys
Failed Equipment 30"x 1C‘ 67 . 0.e 6.9 x 10'] 9.7 x 10'2 2.2 - 1.0 100% Ferrous Alloys
| canisters ' i e A (0.7) A L
Nercombustible ; 55 gal drums 1940 " 0.25 n.3 1.9 x 1072 1-1) 90% Metal
Tresh Voo . . ; {7.3) 10% Glass -
| |

vided by BFARL
nnm




TABLE B-4 (cont'd)

—

>

‘ '; Case 3 a page 2 of 2 n/ym
PACKAGED INTERMEDIATE AND LOW-LEVEL TRU WASTES FROM FRP
o Piutonium and Uranium Recycle . o
Waste Treatment: Incinerate Combustibles, Cementation, Packaging - ‘ :
‘Packagéd Waste ) : . Containers/ PaCkagéd - o R Surface Dose(]) . Treated Waste
Description Container 2000 MTHM Density g/cc| Y Radioactivity, Ci/Container R/hr Composition
FPs - Actinides Activation _
Failed Equipment| 55 gal drums - 26 0.5 9.1 x 1072[1.3 x 107} (1 —)10' 100% Ferrous Alloys |
- : . - ' . 2.4 '
‘Failed Equipment| 30" x 10" 4 . 0.5. 5.5 7.9 x 1070 1-10 100% Ferrous Alloys
< canisters _ (7.1) S : o
Cemented 55 gal drums | 829 1.8 14 2.5 x 10> | 2.3x1072] 510 - Cement + Ashes
[Incinerator Ash | - . : (10.86) from incinerator
Honcombustible | 55 gal drums 500 | 0.25 56 | 8.2 3.8 >10 903, Netal
: Trasn _ ‘ : (3]0) 104 Glass
Cenented Wet 55 gal drums | 2526 1.5 3.2x10% 1.5 x 102 | 7.5 x 1071 | >10 Cement, Misc. salts,
Wastes : , : (280) Resins, Filter Sludge
_ | HEPA Filter 55 gal drums 415 0.7 68 1.8 x 103 >10 Compacted Glass Fiber
{VMedia _ - (130) ’
..'_‘ i
‘(]).'The surfacq dose rate is divided intq:four Elasses,
<0.2, 0.2]- 1.0, 1 - 10, and > 10 R/hr. The fumbers
in parenthgsis are the calcuiated'average dose jrates.
A distribuﬁion of dose rates about the average |is to
be eXpec?fj.
- e e e s —_ . - -;lgzg .""‘
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< o TABLE B-4 (cont'.d)

Case 3a
PACKAGED INTERVECIATE AND LOV-LEVEL TRU WASTES FROM u0X F;p

ge 3 of 3 11/7/77
Plutcnium and Uranium Recyc e

' Waste Treatment: Incinerate Combustibles, Cementation, Packacing

fPéckaged Waste

2l-11

Containers/ - Packagad . : ! syrfaca Dose (1) . Treated Waste
“Bescription Container 400 MTHM Density g/cc- Y Radioactivity, €°/Conta‘ner 2/hr ' Composition
’ . Ty . . - i .
- E . “ | .
' FPs Actinides Act‘vation
lloncombustib’e | 55 gal drum. 39 0.25 62 L < 0.2 90% Metal
Trash : SR ‘ : : | (0.001) 10% Glass
. : ! i .
- Failed Equipnent 4'x6'x6*' boxes 20 1.0 18 1< 0.2 -5 80% Metal o
: . . . (5 x 10 7) 20% Insulating Brick
Filter Media | 55 gal drums 200 0.2 8.4 x 19° <0.2 60% Metal
, : (0.01) 4G% Glass Fiber
“Camented 55 gal druss 1070 1.8 .67 < 0.2 Cement, Ash,
Incinerator Ash v (0.002). Blowdown
4 Blowdown
‘emented 55 gal drums 584 1.8 28 < 0.2 Cement, Inorganic:
Vet Maste ' ' (Y x 107 ) Salts .

I

. rovided d sm.
- on gl/!l/77 v
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TABLE B-5

Case 3 d

PAtKAGED INTERMEDIATE AND LOW-LEVEL TRU WASTES -F

~Plutonium and Uranium Recycle

page 1 of 3
0™ FRP

w/uyn

Waste Treatment: Minimum Treatment, Bitumen Fixation, Packaging

" Containers/

Surface‘Dose(])

Treated wasté :

Conversion

Packaced Waste : | Packaged B . , e
fascription Container . -2000 MTHM Dgnsity g/ccy Y Radioactivity, Ci/Container - R/hr :Comp051t1on
,>FP§ Acfinides Activation
LLW Combustible -55°gal drums - 12,000 0.12 2.3 x 1074 3.4 x 1075 < 0.2 ‘Paper, rags, PVC
Trash _ Co : : : : 1 {0.003) | neoprene, 1atex. wooc
LLW Combustible - 55-gal drums’ 700 0.12 1.0 x 1072 [2.6 x 102 3.5 x 107% < 0.2 Paper, rags, PVC
- Trash : ’ : : ' : (0.12) neoprene, latex, wood
Noncombustible - = 55 gal drums . 43 0.25 1.6 x 1072 2.3 x 1073 < 0.2 - 90% Ferrous Metals
Trash - General - ' - : (0.1) 10% Glass
‘Honcombustible . 35 gal drums 52 0.25 4.4 x 102 < 0.2 : 90% Ferrous Metals
Trash, PuO2 : ; : - (0.01+~ .018) 10% .Glass
Conversion _ T ' ' A
Failed Equipment’ &'x6'x6' boxes 50 0.5 7.5 x 1072 1.1 x 1072, < 0.2 100% Metal
General . . T ‘ A ) (0.1) - :
-railed Equipment; 4'x6'x6' boxes 10 0.5 2.0 x 102 <0.2 , 100% Metal
Pu0, Conversion ° It - (6.1077) «
Bitumenized {35 gal drums ° 42 0.8 5.2 x 10'2 8.9 x 10'] < 0.2 Bitumen, Silica Gel
Wet Hastes % - B - . o (0.13) ‘ _
Noncombustible i 35 gal drums 1500 0.25 8.9 x 1072 1.3 x 1073 0.2 - 1.0 90% Ferrous Metals
General Trash - . : (0.5) 10% Glass o
Noncombustible . 35 gal drums a 6 1 0.25 2.7 x 103 0.2 - 1.0 90% Ferrous Metélsi
Trash, Puo2 : : (0.6) 10% Glass - .
-

As provided
o TN/
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Waste Treatme_nt

TABLE B-5 (cont'd)

Case 3 d

Plutonium and Uranium Recyc’e

pége 2.0f 3

»PACKA‘G'EO. INTERMEDIATE AND LOW-LEVEL TRU WASTES FROM FRp

: Minimum Treatment, Bitumen Fixatien, Packaging

1Wn

| Packaged Waste : Containers/ Packzged ' . o Surféce Dose (1) | Treated Naste
..Description Container . 2000 MTHM Density g/cc{ ¥ Radioactivity, Ci/Contairer " R/hr : Composition
FPs . Aétinides Act';'\.aticn
- Failed,Eduipmenf. £5 gal drums 445 0.4 1.0 x 10'.I ]1.5 x 1072 (0.2)-'1;0'. 100% Ferrous Alloys
’ - : . 0.7)
Failed Equipment| 30" x 10" .67 04 6.9 x 107" 19.7 x 10°2 0.2 - 10 . 100% Ferrous Alloys
C canisters _— {0.7)
Bitumenized 55 gal drums 659 1.3 1.3 6:6 x 107" 0.2 - 1.0 Bitumen, Fluorinator
Wet Wastes : ) . .o (0.35) Fines; (A1203. Can)
Noncombustible €3 ga' drums 1940 .0.25 1.3 1.9 x 10’-? 1-10 90% Metal
Trash : ,_ . (7.3) 10% Glass.
Failed Equipment| £5 gal drums 26 0.5 9.1 x 107 |1.3x 1077 ] o 100% Ferrous Alloys
. Lo - o 2.4 :
Failed Equipment| 4'x6'x6' boxes 4 0.5 5.5 7.9 x 107} ('I ~)10f 1002 Ferrous Alloys
- . 1 7.1 '
ILW Combustible | 55 gal drums 6500° 0.12 5.2 x 107 7.3 x 1072 2.9 x 108 | 10-210 Paper, rags, PVC
Trash i (6.0) neoprene, latex, wood
Filters 80 gal druns 2900 0.16 7 2.5 x 10° >0 - 60% Metal
‘ . 142) . 40% Glass Fiber
Noncorr.bustiblé 5% gal drums 500 0.25 5-6 8.2. 3.8 10 - 90% Metal
Trash : : >(310) 10% Glass
Bitumenized. . n L : 3 > . : : _
Wet Wastes 5% gal drums 685 1.1 1T x 10 5.5 x 10 .8 . 10 Bitumen, Misc. salts
S ' >(1370) resins, filter s'ludg_e
. d
! ;, .

. As previded dy s’
o YOV
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TABLE B-5 (cont'd) .

SO . . Case 3d ‘page 3 of 3 CoWwum
. ‘ PACKAG?D INTERMEDIATE AND LOW-LEVEL TRU WASTES FROM MOX FFP .
Plutonium and Urznium Recycle - S ey
Waste Treatmerit: 'Minimum Treatmert, Bitumen Fixatior, Packaqing
‘Packaged Waste A Containers/ . | Packaged v . N Surface Dose () Treated Maste
Description | Con;ainer © 400 MTHM. - Density g/cc| Y Radioactivity, Ci/Container R/nr Composition
FPs  Actinides Activation
Combustible 55.gal drum - 1050 - 0.12 | | 68 | <o.2 Cellulosics, PVC
Trash ‘ . g ‘ ' ' (0.001) Polyethylene, Latex,
o . . : : heoprene, Polystyrene.
Noncambustible | 55 gal drums 398  lo.2s 62 - |. <0.2 90% Metal
Trash = - : : . L . . , (0.001) 10% Glass.
Failed Equipment] 4'x6'x6' boxes 20 - |10 ' 18 <0.2 80% Metal _
’ ) ’ _ ‘ : (5 x10°7) 20% Insulating Brick
1 Filters | 80 gal drums " 350’ 0.16 ' 4.8 x 102 ! < 0.2 - "] 60% Metal '
o - - : .| 40% Glass Fiber .
— 4 - . . . . :
%' .Bitumenized 55 gal drums " 460- -11.0 o 35 : <02 _, Bitumen, Inorganic
o Wet Uastes » : T - (2 x107) Salts :

"} (1) The surfacé dose rate is diyided into four clajses,
© < 0.2, 012{- 1.0, 1 - 10, afd > 10 R/hr. The Aumbers =
" in parenthgsis are the calc$lated average dose rates.
A distribu;ion of dose rateq about the averaée'is to
be expectef, ' '

~r
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APPENDIX C - WASTE PACKAGE DESCRIPTIONS

This appendix describes the BPNL waste packages used for the alter-
nate repository design‘study.f Individual waste container information was
obtained from-the September 28 transmittal of C. M. Unruh to Dr. C. D.
Zerby (Table C-1). Waste shipping-container descriptions and shipment
modes were obtained from the November 1 transmittal of R. W. McKee to R.
K. bebe'(TabTe C-Z and text). More HLW shipping casks have been
“described than were actually specified in the repository design in order
to give an overall picture of what types of casks are available. In the
. GEIS, individual waste data are p\esented in Table 9- 9 and oh1pp1ng
‘containers are discussed in Section 9.3.2.2.2. :

1I-16
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Cdntainer

‘canisters

drums

ooxes

~ Dimensions

. _*.zf'* dfa. x 10" long

| '39" dia, x 10'.16ng'
N _45.5" $Q. x 16" long
9.5“ sq. x 18" long

-55 3al 22.5" dia.

x 34.8" long

4" x 6' x 6

TABLE C-1 CWMS Waste Container Characteristics.

Constructicn

Sch. 43 SS pipe -

41" wall thicknass

Sch. 20 SS pipe

- .5" 'wall thickness

SS or carbon steel
plate .25" thick

SS or carbon steel

'piate..ZS" thick

carbon steel
DOT spec. 17C

.carbon stee)

DOT spec. 7A

a. FRW = Fuel Residue Waste (fuel hulls and hérdware)

-t

. ‘T")'l(a)

Apolication’

HLY

[T and )

faiied zauipment

BKR eiements

WR eiements
ILY 2nd LLW

LLW failed
equipment

Closure =~ .

welded heaa

welded head

-vielded head -

- welded head

ring-clampes

and gasket

gasket or
welded head
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" TABLE c-2.. . Packages per Shipment for CMi{S Reference System

“Sonent Cucl From Reactor To Interim Storaage

5% via NLI 10/24 rail cask w1th 1D PWR or 24 BWR assemdlj es/cask.
45% via IF-300 rail casklwmth 7 PHR or 18 BUWR assembldies/cask. R )
OZ yia truck cask with ) PYR or 2 BWR assemblies/cask.

Pacx ged Sgent Fuel From Interim Storaqe To Porwanent D1sposa1 !

A1 shipzants via modified rail cask with 7 PWR or 17 BYR assemblies/shipment.

Solidified Hugh Level YMaste From Fuel Reprocessing Plant

. To Federal Repository

- A11 shiprents by rail. Vitrified waste will be in 12 in. dia. bj 10 Ft.

tri
Tong canisters with 9 canisters per cask.

Fuel Zundle Residues Frnh Fnel Ppprocass1ng Plant *

Federal Penository

Waste packdga in 30 in. dua by 10 ft. long can1sters. A1l sh1pm-nts
A by rail. Rail casks will carry 3 canisters. '

© Plutonium From Fuel Reprocessing Plant To'FedoraT Reodsitory

- AT shfpménts by truck. .32 kg of p]uton1un oxxde/casx, 10 CBS&S/tTUCn shipmen

on-high Level TRU Yaste From Fuel Reprocessing Plants and MOX Plants

To dee*a1 nepos1 tory

A sh1pments by truck. Waste will be packayed inASS-QHT drums, 4'xB" x5' bbxes
or 30 in. dia. x 10' Tong canisters (fuel bundle fesidha canistersy. ‘
30 in. dia. canistars will be shipped in fuel bundle residue casks.

‘Steel t boxes will be shipped in a Super. Tiger with 3 boxes/overpack.

Shipmznt mode for 55-qgal drums w11] dgpend on suriace dose rate as f0110w5'

Surraco Cose. Rate RN Shwpﬂ,nt Mode
© <200 mr/hr 36 drums per Super Tiger -
‘200 mr/he - 1 Rfhe - 36 drums per shielded van
1 R/hr - 10 R/Br . 14 drums per cask
. >10 R/hr 6 drums p°r cask )

Truck shipmants will COﬂS?SL of 1 Super Tiger or 1 cask.

- I1-18



As provided by SML
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,6.2.1.1'hRdi1 Casks for Shipment of Spent Fuel

As indicétgd.{n Tﬁb]e 6.2.1, two rail.casks, the IF-300 and the NLI 10/24, E

" zre-currently licensed for rail shipment of spent fuel in the United States.

IF-3C0. The 1F-300 cask of General Electric Company is a water filled cask

designed for rail transport of 7 PWR-or 18 BWR fuel assemb]ies}(3’4) Approxi-

mate ]oaded‘ﬁask weight is 63 metric tons (140,000 1bs). The gross weight

of onc cask, its skid.and auxiliary components is 80 metric tons (175,000 1b).
The cask is normally transported by rail on a 100-metric-ton capacity, four-
axle flatcar, but it may be transporied for short distances on highways on a
special nine-axle truck requiring special overweight permits. This special -

- truck is used to move the cask from reactors without rail fécilities to the

nearest rail siding. Four IF-300 casks have been built, - = | t

11-19
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The cask has an overall length of 5.33 m (210 in.) and a diameter of
1.62 m (64 in.). The cavity has a length of 4.58 m (180 1/4 in.) and a

" diameter of 0.95m (37 1/2 in.). Interchangeable fuel baskets provide it

with a capacity of 7 PWR of 18 BYR fuel assemblies.

Gamma shielding 1s provided by 102 mm (4 in.) of depleted uranium sand-
wiched between stainless steel inner and outer shells. Heutron shielding

is provided by the water in the cask cavity plus 114 ma (4 1/2 in.) of water

conta1ned in a stainless stee] corrugated jacket. Freezing in the winter
months is prevented by using a mixture of water and nthﬂene glycol. Criti-

"cality control is provided by boron carbide filled stainless steel tubes which’

are welded to the fuel baskets. Impact protection is provided by stainless

steel fins mounted radially and on the cask heads. The external water Jacket

1s constructed of thin walled material and. doas not contribute to the impact
protection of the cask.

- A single cask 1id is- prov1ded made of stainless steel, forge d'p]atest

' Tn1rty -two 1- 3/4 in. diameter stud bolts provide the 1id attachment. The

closure hted is sealed with a Grayloc metallic ring. ‘The cask.cav1tj is

‘provided with two bellows sealed stainless steel globe valves for fill,

arain and sainpling. purposes. The valve handles are lockwired during transit
to prevent loosening. ‘ ’ B

The cavity maximum normal operat1ng pmessure is LOO ps1g However, the'

‘des1gn‘work1ng pressure is 400 psig at a material temperature of G615°F (324°C).

Cevity overpressure protection is provided by a eombination breaking. pin and
pressure relief valve. Discharge pressure for the pin and valve is 350 psig.
The discharge valve 'is set for a maximum steam or gas b]owdown of f1ve p°r-'
cent and CR 11q41d b]o/donn of ten percent. '

Heat is renoved from the fuel to the cask cav1ty walls by natura]

c1rcu]dtion of the contamned water, by conduction through Lhe cask walls Lo

the outer neutron shield, and by convection through the neutron shield to the:

. corrugeted outer wall. External cooling of the corrugated wall and stee] fins
is facilitated by two diesel driven blowers and appropriate air ducts. Max1mum
heat rejection capacwty is 76 k¥ with blowers operatlng and 62 kW without the

b1ouers. During normal opﬂrat1on, the maximum fuel temperature 1s e/pected

11-20




to be 326°F. If the forced air impingement system is lost, the temperature
will rise to a maximum of about 430°F. If shielding water is lost from the
outer compartment, the fuel temperature cculd reach about ]SOOGFﬂ but only

after all the inner cavity water had boiled off, a time which would conser-

vatively take more than 2 days. ‘
NLI 10/24. The NLI 10/24 of National Lead Industries is a helium filled

rail cask capable of holding 10 PHR of 24 BWR fuel e]ements.(s’s) The
approximate loaded cask weight is 38 metric tens (193,000 1bs). The cask

- and cooling systems are transported on a special 59-ft-long six-axle rail-

road flat car. Total weight of the system is approximately 152 metric tons
(335,000 1bs). The cask was licensed in 1976,

The cask has an overall length of 5.19 m (204.5 in.) and a diameter of
2.24 m (88 in.). The cask ciavity has a length of 4.56 m(179.5 in.) and a
ciameter of 1.14 m (45 in.). Two interchangeable aluminum baskets provide
a capability for transporting either PUR or BWR fuel assemblies.

—  The cask bcdy consists of a 19 mm (3/4 in.) thick inner stainless steel
shell and a 51 mm (2 in.) thick outer stainless steel shell which are joined
by stainless steel forgings at each end to make a continuous weldient. The
annulus between the inner and outer shells contains a 152 mm (6 in.) thick

‘lead garma shield. Depleted uranium shielding is used on the ends of the

cask and at strategic locations in the wall of the cask. MNeutron shielding
is provided by 229 nm (9 in.) of water containéd in a_finned stainless steel
jdcket surrounding the outer shell. Criticality control is provided by. the
stainless steel clad Ag-In-Cd Jiners of the aluminum fuel baskets. Balsa
impact limiters are provided at cach cnd of the cask in addition to the
circumferential cooling fins which also provide impact protection.

Tvio closure heads are used for the cask. The outer closure head is a
64 mm (2-1/2 in.) thick stainless steel plate held in place by twenty-four
1-1/4 in. high-strength studs. The inner closurc head is a stainless steel
forging filled with depleted uranium and sealed with a metallic r{ng. The
inner closure head is held in place by twenty 1-1/2 in. high-strength studs.
There is one penetration through the head end forging of the cask body which

_ exfts into the space between the inner and outer closure heads and is used

Ir-21°
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“to drain this space and to pressure test the sccondary containment. system
+ prior to shipment. There are four penetrations in the innér closure head

cask flange which are used for servicing the cask cavity. These penetrations

. are equipped with globe type angle valves and terminate in the secondqry’
_containment volume between the inner and outer heads. ' '

Maximum decay heat load for the HLI 10/24 is'97 ki, The aluminum
basket serves as a heat conduction path from cach individual fuel assembly

~to the cavity wall. Decay heat is rcmoved from the cavity wall by means of

cooling water circulated through channels welded to the outside surface of
this vall. ~The cooling channels terminate in two separate header arrangements
wnich are connected to separate h2at exchanger systems. Without auxiliary
‘cooling and at maximum heat geheration rate the average fuel temperature-is
348°C (659°F). Without the cooling system.in operation, heat dissipation

is by conduction through the cask body to the nautron shield, convection to

the outer surface, and convection plus radiation from the finned outer surface L

to. the. atmosphere. Maximum fuel temperature during fire accident conditions
Js 533°C (991°F); Normal cavity pressure during transport is-expected to be
about 23 psig, with a maximum internal pressqke of 105 psig occurring in the
fire'accident; The RLI 10/24 containment vessel has a maximum allowable -
working. pressure several times gréate' than this value.

Shipment of spent fuel from interim storage to permanent disposal.will

require-the use of rail casks which are designed to accept canistered fuel

assemblies. Existing rail casks would have to be about two feet. Tonger in-

- ovder to accomnodate canistered assemblies. Different fuel baskets would also

be required because of the larger canister cross section. It is assumed'
that a.suitably modified rail cask based on the NLI 10/24 design could -
accomnodate 7 PWR or 17 BHR canistered assemblies, .
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6.2.2.1 Truck Casks for Shipment of Spent Fuel .

NFS-4 (MAC-1). The NFS-4 cask of Huclear Fuel Services is a weter filled

_ truck cask designed to transport 1 PWR or 2 BWR assemblies.

(25,26) Approximate

loaded cask weight is 23 metric tbns (50,000 1bs). The NAC-]lcask of Nuclear
Assurance Corporation is éimi]ar to the‘NFS-4.(27) Two NFS-4 casks and four ‘
NAC-1 casks have been built and used for truck transport of spent fuel '
assemblies., ' ' '

The cask has ‘an overall length of 5.44 m (214 in.) and a diameter of

- 0.96 m (38 in.). ' The cask cavity has a length of 4.52 m (178 in.) and a
diameter of 0.34 m (13.5 in.). Interchangeab]e fuel baskets provide the caskfﬁ -

¢ f,’

with a:capac1ty of one PiR or two BWR fuel assembliies. J

The primary CaSk cavity consists of a nominal 8 mm (5/16 in.) staiansS?»\ﬁ

steel pressure sheil:surrbunded by a 168 rm (6-5/8 in.) thick lead garma.

- ——
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‘shield and a 32 m (1-1/4 in.) thick stainless steel penntlat1on batr1er

.. Heutron sh1e1d1ng is provided by a borated water-antifreeze solution
“contained in a 114 mm (4-1/2 in.) thick compartmentalized tank which-
. surroﬁnds the'cask.i An‘expansiOn chamber for the shield tank is used to. ~
- accormodate temperature changes of the water-antifreeze solution. Impact

protection is prdv{ led by stainless stecel sheathed balsa wood impact
limiters at each nnd of the cask.

Tbe container has a single Ild attached with high strength bo1ts and
4caled with Teflon O- ~-rings. The closure requirgs a lifting spider, spec1a1
tools and O-ring pressure test equipment. Two valve-type drain closures are
provided. Reported times to load and unload are approxfmate]y 10 hrs each.

Heat rejection is Ly convection through the water coolant in the cavity
+o the inner wall, cenduetién to the neutron shield, convecticn to tha outer
wuil, and convection plus radiation to the atmosphere. HMaximum heat rejection
capacity is 11.5 kU. Maximum design conditions for the inner cavity during
normal transport (i.e., 130°F direct sunlight, still air, meximum fuel burnup,
minimum fuel cooling period) are 345°F and 150 psig. Mormal pressure upon
[eceipt is almost always less than 5 psig, however, so the dési@n is quite
conferVative‘ The primary cav1uj is designed to withstand temperaturc and
pressure cenditions o. 532°F and 984 ps1g under the f‘r° acc1d nt rondluwon

| (1/2 hour at a tQWPEIauUle of 1475°F).

NFS-5.  The KFS-5 cask of Nuc1ear Fuel Services is a water filled truck cask
designed to transport 2 PWR or.3 BWR assemb]ies.(zs) Approxfmate loaded cask
weight is 25 metric tons (55,000'1bs).. A Safety Analysis Réport for this
cask has been submitted to the Huclear Regulatory Commission.

“The cask cavity is 4.52 m (178 in) Tong with a rectanqular cross
§ection of 244 x 462 .mn (9.6 x 18.2 in.). Surrounding the cavity is a

6.4 mm (1/4>in.) thick stainless steel pressuré shell, a 102 mm (4 in.)

thick depleted uranium gamna shield, and a 25 mm (1 in. ) thick stainless steel
penetration barrier. Neutron shielding is provided by 146 mm (5-3/4 in.) of
borated water-antifreeze so]ut1on Copper fins are welded to the exterior

of the cask to aid in heat diss1pation Stainless steel enclosed balsa wood
impact 11m1tcrs are provided for the cask body and ends.

Thﬂ cask 1id is held down by heavy- duty oo]ts and scaled by Teflon .

T'O rlngs. g
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- Heat xe30ct1on 1s Dy coﬂvect1oq TATougn tne coolant to: the. 1nncr '
~cav1t/ wall, conductlon to the neutron shield, convection to the outer wall,
“and convection plus -radiation from the finned surface. Maximum design heat
rejection capacity is 24.7 k4. Maximum design conditions for the inner
cavity during normal transport with design basis fuel are 370°F at 204 psig.

Jnder fire accident cond1t1ons the cask is designed to withstand a tempera-
“ture and pressure of 504° F and 1131 nsig without loss of containment ‘

ﬂL}_1/2. National Lead Industries' HLI 1/2 CaSA(Zg) is a helium Fi1j8d truck
cask designed to transport 1 PUR or 2 BUR fuel assemblies. Approximage
loaded cask weight is 22 metric tons (48,000 1bs). Two of these casks have

Leen built in the United Stztes.,

: The cask ﬁasuan overall length of 4.93 m (194 in.) and diameter of
1.08 am (42-1/2 in.), including cooling fins. The cask cavity has a 1ength
of 4.52 m( 172 in.) and a diameter of 340 wm (13-3/8 in.). The cask can be

used with an optional 6.4 mm (1/4 in.) thick wall liner which provides an
- additional level of containment if desired. Use of the optional liner .
educes tha cavity diameter to 321 mm (12-5/8 in.). Interchangeable fuel
baskets provide a cupability of transport1ng 1 PHR or 2 BWR Tuel assembdlies.

‘The primary cask cavity consists of a nominal 13 mm (1/2 in.) stainless
steel prossure shell surrounded by a garma shield cemposed of 70ﬂﬁn (2-3/4 iom)
of depleted uranium and 54 mm (2-1/8 in.) of lead and 25 mm (11in.) thick
stainless steel wenetration barrier. Heutron'shie]ding is provided'by 127
(5 in.) of water. The.water jacket which surrounds the cask also carries
cooling fins which are welded to the outside of fhc jacket. An expansion
tank is preovided for ‘the water Jacket. Attached to ecach end of the cask is
a conical structure which serves as impact limiter.

The cask closure head consists of a ring forging whose center section
is fi]1ed with depleted uranium sandwiched between stainless steel plates. -
The head is bolted to the cask body and sea]ed with two elastomer O- r\ng
gaskets. '

Heat rejection is by convecticn thfough.;he.helium.coolant to the inner
cavity wall, conduction to the neutron shield, convection to the outer vall,
- and conwvection plus radiation from the finned surface. Maximum design heat

11-25



"‘1,) S
[ m , P

";gjection capacity is 10.6 kW. Maximum fuel temperature duxxng norma] trans-
" port is conservatively estimated at 1013°F. Hormal maximum design pressure i
. {s 120 psig when the inner ccntainer is used and 22.5 psig when it is absent. |

Haximum fuel temperature during the fire accident condition is 1102°F. The i
cask has a pressure rating of 543 psig at 850°F_when'the_inner container '
is used, and 264 psig at 850°F when it is absent. o

TN-8. The Ti-8 cask of Transnuc]ear, Inc. is a truck cask designed to trans-
noirt 3 PHR assemblies in an air atmosphere. (3Q"3]) Approximate loaded cask
weight is 36 metric tons (80,000 1bs). The TH-8 will normally travel by
“truck under overweight restrictions, although two casks could be placed
together on a single rail car. The cask was licensed by the Atomic Energy
Commission (AEC) in 1974. Mo casks havc yet been built in Lhe Un1ted States

a]thdurh casks of the samz design are presently operated 1n Europe

The cask has an overall length of 5.54 m (18-1/6 ft) w1tn impact
- limiters attached, and an outside diameter of 1.71 m (67.5 in.). The inner
cavity is 4.27 m (14 -f5) long and consists of threa separate compartments.
231 x 231 mm (9.1 x 9.1 in) for the individual fuel elements.

The main gamma shield consists of a 185 mm (7.3 in.) thick lecad layer:
which is located between the stainless steel lined inner'cavity and the ‘
carbon steel outer shell. Togethcr'with.othcr‘Materials, the tofa]'eduiv-
alent Tead thickndss is 230 'mm (9 in.) reducing the maximum garsna dose rate
‘to 35 imv/hr at the cask surface. The neutron shield consists of 152 mm
(6 in.) of borated solid resin. Balsa wood is located 1ns1de xemovab1e
covers and fixed end drums to prov1de 1mpart protection.

Heat rejection is via conduction through the cask body to the outer wall,
with convection and radiation frcm copper cooling fins on the outside. '
llaximum heat rejecticn capacity is 35.5 kW. During normal operation the
maximum temperature of the inner shell(s) is 239°F. Pressure is stated to
be atnospher1c during transport. The cavity design pressure is 110 psig.

TH-9. Tho TN-9 cask of Transnuclear, Inc. is a truck cask des1gned to trans- _

" port 7 BWR assemblies in an air atmosphere. (8,2) The TH-9 is similar to the "~‘f
TH-8 except that it has seven comparuments, each 4.52:m (14-5/6 ft) long

~and 150 x 150 mm (5.9 x 5.9 in.) in cross section; for shipment of BWR L

““elements.  Heat removal capac1tj is 24.5 kY.
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6.3.1.1 Rail Cask for Shijment of liigh-Level Yaste |
Solidificd highflévcl waste is assumed to be contained in disbosab]e

stainless stoel canisters with welded closures. For vitrified waste a :

canister would have the dimensions of 0.3 m ({? in.) ID by 3.05 m (10 ft)

long and would contain 178 liters of glass (the vitrified waste from proccss1ng

3.04‘MTHM). For calcined(waste a canister would have the djmensions of

11-27 .
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.17 in.) 10 by 3.05m (10 fL) long and would contain 70 lifqrs of

t v (the caleinz i waste from processing 2.93 MTIN),

Tha conceptual high-level waste rail ca§k(4) is a lead fillad,.ddub]e
walled stainless stéei cylinder weighing app}oximute]y 106 metric tons
(220,000 1bs). Hine high-level waste canisters can be accermodated in an
aluminum insert which fits into the cask cavity.. The cask is transported

. on an exclusive use, six-axle rail car. The rail car and mounting equipment o
weigh approximately 63 metric tons (150,000 1bs) bringing the total weight

of the transport system to approximately 168 metric tons (370,000 1bs).

Basic structural details of the conceptual high level waste cask are
given in Table 6.3.2. The cask 1s shown in Figure 6.3.2. Leaf springs
position the waste canisters in holes in the cavity insert and energy
absorbing plugs are attached to the ends\of the canisters. In addition
to the gamna shielding provided by the lead and steel structura] raterial,
neutron shielding is provided by a water jacket which surrounds the cask
body. Impact protection is provided by circumferential fins surrounding
the cask body and by radial fins on the ends of the cask.

. Two covers (an inner and an outer cover) are provided for cask closure.
The covers are of stainless steel with depleted uranium for gamma protection,

- The covers are secured to the cask body by high-strengfh studs.

~ The cask will dissipate up to 48 k¥ of internally generated hcat, Heat
dissipation is aided by the fins surrounding the cask body. Auxiliary cool-

~ing of the cask is not required.
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7 Rail Cask for Chop Leach Fuel Bundle Residues

1.

-« ®
3

conts at thé Federal repository. The canister is assumed to have a diameter

1he dimensions of the conceptual waste canister are dictated by require-

Ee

o
e
v

o fippr .

0

|
i

i

of 760 mm (30 in.) and a Jength of 3.05 m (10 ft). It would be constructed
of stainless steel with a wall thickness of about 6.4 ma (1/4 in.), end

thicknesses of 12.7 mm (1/2 in.), and welded closures,

-

Casks for the tranéport:of cladding wastes would conform to the require-

ments for Type B packaging and would provide adequate gamina shielding .to meet

o

the radiation dose requircments of 49 CFR 173,393. Neutron shielding would

not be required. Decayfheat loads are 1ow'enough that cooling fins would

probably also not be required. Impact protection for the cask could be pro-

vided by steel clad, balsa impact limiters.

€

For planning purposes a rail cask has bzen postulated that would transporﬁ

three canisters. The conceptual cask is assumed to be a Tead filled, double
wdlled stainless s$teel cylinder weighing apprqximately 65 MT (143,000 1bs).

An insert would serve to position the three canisters inside the cask cavity
- and would act as a heat cohduction path from the waste canisters to the inner |
surface of the cavity wall. The cask would not be pressurized. Basic struc- |

tural details are provided in Table 6.4.2."
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| TABLE C-3 : L R
- TABLE®%6.4.2. Details of the Concoptua1 Rail Cask for »
' \ Transport of Chop Leach Fucl Bund]e L
, + + Residues ,
Lenrth ofsstructura] shell . - 3.9 m (152 in.)
Diameter %f structural shell - 2.2m (88 in.) B
Length of cask cavity o 3.4 m (132 in.) : ‘
Diameter of cask cavity 1.8 m {70 in.) ‘ 1
Number of canisters tranSported 3 o '
Cask LEIght - I
Net weight ' 65 MT (143,000 1bs) y
Loaded weight(a)‘ ‘ 74.5 NT (164,000 1bs) - fﬂ
Cavity shellj L - | . .
Material ‘ ] © Stainless steel Y
' Thickness . - . 19 mm (3/4 in.) S
Gamma shield . 3 : .
Material : : Lead . (7
Thickness o O 152 im (6 in.) i

Quter shell

Material -~ o © Stainless steel
Thicknéss ? 51 mm (2 in.)
Impact absorbers '
Internal - o . Honeycomb | )
External - - B Steel clad balsa wood

T a. Assumes can1stels ]oaded with 1340 kg of uncompacted hu]lgﬁ\ &
and hardware p]us 1340 kg of sand to f111 vo1d spaces i

i
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”d.‘\\ Prior to shipment, non-high level TRU wastes are packaged in disposable
conta1ners

_1.2 mby. 1.8 mby 1.8 m (4 ft by 6 ft by 6

© residue cask (see Section 6.4).

~ boxes.

G-
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Containers for Truck Transport of Hon-High Level TRU Yastes

The waste containers are transported in Type B overpacks which

; may be Lnsn1e1ded or shielded depending on the radiation 1eV°1 at the sur-
e .ace of a dus"OSqD e contwlner

able containers are assumed to include DOT specification 17C 55-gal

(5,6) (7)

The dimensions of the steel

Dqspo
] arums and COT sPecilicaLion 7A steel boxes
6 ft).

boxes hzve been chosen to conform to the space which is available in the

having dimensions of

elevator cage postulated for the low level waste shaft at the Federal reposiQ

tory (see Section ). This box volume is approximately the same as that
occupied by a palletized array of 55-gal drums (two drums by three drums) on

two levels for a total of 12 drums per pallet.

Other disposable containers may also be used. For example, because of
shielding requirements, some shipments of TRU-contaminated equipment and
metal scrap are assumed to be packaged in the canister described for con-
tainment of fuei bundle residues. Shipment would be made in a fuel bundle
HEPA fiiters which are two large to be (8)

accommodated in 55-gal drumé are assumed to be packaged in 80-gal drums.

To satisfy the retrievability requirement, if shipments are made to ’
interim Jtoraqg rather than to a permanent disposal facility, it maybe ¥

necessary to prov1de either a liner or a disposable overpack for drums and

!
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' unsh1e1ded units.

A1l TRU waste packaged in disposable
overpacks which meet Type B peckage re
depend on the radiation level at the surf

Regulations permit disposable containers

will actually have surface dose rates les
ba added to. 55-gal drums to reduce surfac
required for the protection of personnel

For planning purposes, four shipment

wastes packagad in 55-gal drums. These s

Table 6.6.2. ‘
TABLE C-4
Shipment liode

TABLE 6.6.2. .
ur Ken-Hich L

Drum Surface
Dose Pate

quire

.
vy wr

on V71777

centainers will be shippedﬁin
cinents.

ace of the disposable container.

with surface dose rates less thap =+,
200 mR/hr to Le snipped without shielding.

Most 55-gal drums in.this category:
s than 1 mR/hr. Lead ?iﬁérs_canA '
e dose rates to acceptable limits\if

during the handliing of=the'drums;

modes have been defi?ed for TRU

hipment modas are deseribed in

s for 5%-Gallon Drums
evel TRU Haste

(a)

L)l

Shipmant e

<200 mR/hr-
200 mR/hr-1 R/hr
1 R/hr-10 R/hr

Shielded
Cask with
thickness

Ca Sk “ith
thickness

>10 8/hr

a. All ovexpacks meet Type B pacVage requirements.

Unshielded scle-use van

sole-use van

equivalent shield

of 2 in. Tead + 3/4 in. steel- Y

GCd?V&

cf 4 in. lead + 1 in. ste2l

Pousab]e trawsport shle]ds constructed to Type B package standards are

available both for shipments which do not
vinich do requ1r; shielding.
in Table 6.3.3.

require shielding and for those

Soine commefcially available units are listed
Shielded Type B overpacks are typically smaller than .
Thé container volume in reusable transport shields rust

be Timited so that shielded weight does not cause ov;ra]] package weights =«

to exceed trucP weight limits.
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~ported in a Super T1ger.(9) The Super Tiger is a double- walled steel box w1th

AS provices Uy e e

TABLE C-5 | , | "'W?' .

TABLE 6.6.3. Reusable Type § Transport Shields
. for 55-Callon Orums 4

Equivalent N Cagggjggm_.. Empty ;
Cask Cask Shield Mo. of Cubic Weight
Identification Type Thickness Drums  Feet (1b)  Company
HN-200 Top Load 3 in. Tead + 3 75 36,500 Hittman .-
o 1°1/4 in: steel : - )
‘B5-33-180 Top.Load 3 1/2 in. steel 8 180 33,000 ATCOR
L1.-50-100 Top Load 4 1/2 in. lead 8 100 50,000 ATCOR
_ BC-48-220 ~ Top Load 7 in. concrete + 14 220 48,000 ATCOR
2 1/2 in. steel L *
$3-205 " Top Load 3 in. steel” . 15 3200 42,000 NECO ‘
SuHer Tiger End Load 1/2 in. steel 42 575 15,000 HECO L

Drums and boxes which do not require shieiding are assumed to be trans- ‘

a fire resistant polyurcthane foam filler for shock and thermal insolation.

- Interior dimensicns are 1.93 m by 1.93 m by 4.36 m (76 in. by 76 in. by. 17.2 iw,);

The empty wo1ght is 6, 800 kg (15,000 1b), and the maximum payload is 13,600 kg
(30,000 1b). The container is shown in Figure 6.6.1. Three pallets containifg
twelve 55-gal drum§ per pallet (total of 36 druins), or three steel boxes could

be transported in a Super Tigar. The overpack is loaded from one end in a

horizontal position. t

i

Shielded vans licensed for Type B shipments are not available conmercially |

'althouuh shielded vans for LSA shipments of drummed waste are in commercial

use (for example, the ATCOR and Hittman shielded vans). It is anticipated that
a shielded van which mests Type B package standards or a Super Tiger-type over-
pack which incorporates some shie{ding could be constructed to transport

drummed TRU wasté with surface dose rates in the 1 R/hr range. : l. S

For planning purposes it is assumed that a Typ° B transport shield
incorporating appro<1maue1y 2 1/2 in. of lead equivalent shielding would tvans-“
port 14 drums and that a shield incorporating approximately 4 1/2 in. of ]ead |
equivalent shxe]dwng would transport six drums of TRU waste. ’ |
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- APPENDIX D - WASTE PROJECTIONS

T el @ rwene o

The wasté projections contained in this appendix were dbtained from
the May 27 transmittal from R. W. McKee to R. K. Kibbe (for spent fuel
- ‘ tables identified as Table D-1),.the November 28 transmitta] from R. W.

’ McKee to R. K. Kibbe (for ILW an& LLW from U-only Recycle, Table D-2), {
and the November 11 transmittal from R. W. McKee to R. K. Kibbe (for all
‘. . Total Recyc]é projections, Tables D-3 and D-4). High-]eve} and cladding

o e

fam =

wasteAprojectiong for.Total Recycle were also used for the U-only Recycle
: case. Where projections began before the year 1985 (beginning of reposi-
: tory operation), the accumulated waste through the year 1984 (backlog) was
even]yrdistributed during the yeérs 1986-1990. In the case of HLW from
Total Recycle, when the average yearly canister heat load exceeded the
thermal 1imit (Section 9.3.2.3 of GEIS), the projections were adjusted to . )
ref]ect less dense and consequently cooler waste. . i
A1l projections are tabulated in Tables 9-12 to 9-23 of the ’
GEIS. -
\
¢
: i
.
!
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- TABLE D-1. SPENT FUEL STJ2463 (ND RECYCLE)

(Y N (VI VI TV TV IV (VRN L VINTVINRVIN VYAV N AV N RV AL VANAT SR T

] MTHM SENT FROM ISFS NO, DF FUEL ASSEM3LIES
CAPACITY MTHM T3 SPENT * ‘e , — SENY _FR0Y ISFS §E
(3WE JEL y PAR : T BHWR nF ——BnR ...
(ene) ‘ FAEL ST92 G‘E ANNJAL - CUMULATIVE. ANNYLL CuMuLATIVE . ANNUAT CURULATIVE ANNUAY CUHULATIVE
ey’ 705. ' . . 0. 04 . [V 0 0, : Q4 C.
gy, w3 0. . 0. 0. 0, . 0, . o, 0, 0,
551 '97“: 0, . 0, B IS . 0, 0 0, 0 0,
N 1150, 0, S 6s -~ - Os . 0, O 0, Uy 04
19, 1238, 0. S0 0 : © 10, 0. 0, 0. 04
32 1314, 0, S0 0. 0, L 0, - 04 9,
93y 1191, ub2, 'TEN 283, 233, 1002, 1002, 1501, - 1501,
109, 1718, 550, 1022, 343, 626, L2, 2216, 1219, 320,
127, . 1320, A L24, 1626, 370, . 998, 1310, 3526, 1552, 52¢3,
toy, 23198, - 119, 2145, sy, 1u37, 1560, 5036, - ‘2337, 7628,
153} 515, 750, 3509, 4bd. . . 1306, 1658, 8745, 2484, 1o1v6,
186, LELE N 315, , 3924, K99, . 2403, 1767, 8512, Zoub, 12152,
179 3194, 324, " Lko8, - " -5b7, ., 2072, 20089, : 10517, - 3004, 1575b,
P E DA ¥ & & §055, S3t4, 853, ’ 31524, 2311, - 12826, . _3¥b2,. 193216,
. 212, - LET T : 1130, 7104, . 730, . 4354, . 2582, 15412, 3und, FEREYR
23y U213, To1edd, 8583, 307, i S25%, . 3209, 18619, G207, 2733%,
250, 47557 T I 10205, 394, ~ b3s4, 3517, 22135, - 5253, 331sz,
271 5353, 1593, 12097, 1160, ; 7415, G100, 26242, 5151, 39314,
293, 5454, 2100, 18202, 1290, ~ ByO0W, 4565, U306, 6438, . Wois2,
315, 3393, 232, 16503, 1435, 15140, 5080, © 35886, 7010, $3732.
336, S5u6, 20uy, 18288, tu9es, ¢ 11838, 5392, 41188, 7963, b17uSy
383, 53831, 2b24, ©o2iela, . 1509, : 132u8, 5593, 4b83l, 8527, - Tu239,
— a5, 7583, 2318, 2usS60, 1907, 15053, 6395, 53276, G, . N34,
N soo, . 1350, ‘3133, 27693, 1920, © 15373, b79b. 60071, 10181, 89945,
w waa, 3553, 33181, 31074, 2073, . 19096, 7335, : 67407, 1099, 106320,
o 339 3379, 3715, 34390, 227171, 21323, | BObO,, 75us7, 12075, 113059,
3?4‘ 92';2,. a4039, 38849, 24S7, . 233ato, 8804, adero, 131E9,° 126249,
399 9229, 4358, a3sil.  2b1b, R TYY I 9258, 93529, 13370 1uv118,
363, Jiat, 8533, 47809, . 237b, . 29333, . 10139, 103708, 15250, 155352,
139 - a9y, 4329, 527138, 3021, © 323w, 10692, 116090, - 16018, 171327,
193, - 3394, 5303, 58041, 3250, - 33570, . 14503, 125503, 17233, 16E520,
395, - 3120, 5357, . T b3s08, 3412, - 3333b, 12976, 117979, 16091, 2071,
397, 3024, 5348, 6345k, 35864, - 82570, 12585, 15666y, 13utuy, 225715,
395, 189, 5722, 75178, 3507, usar7, 12412, 1630764 . 18565, 2ui3lo,
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» 233!“‘"'“‘7 VT T 0,7 T Yo TUTTTTTRS T T 28113, 1547 —168, 2R5, TT T R820. T T
= 23 N W39 04 Y 251, 3083, 15, 183, 223, 2745,
2933 5‘17 N %, 274, 3339, 154 199, 2435, 2990,
e, ?D:U’-—!"Bf LN Ty TTTTTTTT296, 35357 SRR LD e1Ts 26832557 —
v 2998 9,50 e do 3189, 33953, % s 13 0 C 236, T 285, . .- " 3500,
v 2308 ;.3 L1 9. % - 318, $271. 0 T 13, 255. 285, .. 3825, ‘ :
=207 ¥,57 Ve % 318, 4590, IS 24T 285y 0110, .
23238 3,50 3, De . 3189, 4308, 19, 293, 283, 4395,
2339 3,50 EN Yo 318, 5224, 13, 312, 283, U680,
210 B | Sa 5, ¥, 318, FELY - 9, 5 31, - 2855 4965% T
2311t ) ! 409 %4 Je 285, 8812, . - 15, " 347, 240, - . 5203,
o2 78 sr A ) w290, 5103,. -~ . 11, 364, 260, . SueS. ;
272013 133 D T T 53157 s S X 1} 280, 57453 T
2314 lJ .00 %, Je 33§, . 5750, . 20, 403, 300, 6045,
2018 3,00 LN d, 268, 7018, 16, w9, 2460, 6283,
“TTT2318 3,00 Uy Y T 88, 728%; RS & Py —u3Sy U0y 88257
- 2017 300 N 2 TN 4 T T § T S uS1, 240, 87854 7
2313 3.0 ’ LN B 2689, 7322, 15 us7,. 240, 7005, ' i
2319'""""‘3‘03 T N T Y. T 288, T TR T T T U T 2U0, T T P AU T T e S e o
2320 3,50 %, Je 285, 8373, 17. 500,. 253, 7500, ’
232 3,00 N , 302, 857, 13, s18, ' 272, 7770,

TR0 T T T g T Tt ) e e g5, g 29, 5385 =300, BTy e e e m
2323 3,00 Ty de 268, 3275, ts, 354, - 240, 8310, '
2)24 5,00 N ), 268, 3347, 15, 370, 240, 8550, -
2328 3.on EN R 268, L 3 Y SR I PRl 11T atiaitnatil 1 1 PSRl - B & B Sttt i
2324 LIEE LN 2, 288, 10584, 15, : s02, 240, 9030,

2327 3,00 J. Y, 268, 10352, 15, 518, 24o, 9270,
—_—— As provided by BPNL on _____

- - . e . [ . . 11/28/77 as Table VII-3 °



" )’1

PRI TP

I o I T VU, e e
e e e e - — e -
4o - - Ce e
; : . TABLE.D:4 fcont'd) rRe. TRU HasTES Case Ba_ . _____
by ' INCINEIATE ¢ SEVENT
4 IS8T, 3 PIJTESS NYM3ER JF CSINTAINERS

IgdEOUE . (55 GaLLUN JRJ¥Y) o
F‘j YEAR 10JuTuw €, 20 /A J2°1 R/4R 1,210 R/HF 10, R/4R
9 . ANNJALE  SUYJLATIVEL .WJA\,, LUMSLATIVE ANNJALT U !LHIvE: ANNUAL: SUMJLATLIVE
1577 3,09 EN - 3, 0, [ P 0. e "0, 7
o197 309 N 2, 0, 0. e 0 04 Ve
w1379 3,99 N Y. 0, 3. 9, 0. 0, Je
F" 1330 ) OD 3~ J. 0'. . 00 T o. 01 0. 00
ﬁ 1384 T 679, 578, 488, s, 292, 492, 1068, 106,
El 1332 1 00 £387,. 2033, - 976, 1483, 383, 1475, 2133, 3200,
T 193% 1i!b :035, LER A 1363, z9271, 1375, 2949, = 3203, 7777 8405, 7
t 1984 1,590 2338, 6104, 1463, 4339, 1473, 46y, 3203, 9508,
[ 1398 J17 zano\ 9048, 2114, 6504, 2189, 6554, Y2 14234,
e 1986 ¥.8% s318 2937, 2764, 3257, TUR185,TTT T 9338, 6048, 20283,
1337 s 50 arad 17535, 3414, 12892, 3441, 12779, 7478, 27755,
(ol 1988 3:33 avald 22392, 3414, 16038, 3441, 16220, 7473, 35229,
N L T e LA ITTYTS 34T, 19510, 30Ut (3560 " 7873," " 082700,
“ 13999 3,50 arns 31378, 3aid, 22324, 3441, 23101, 7473, 50173,
o 199 3T cvns 36628, 3aid, 263133, 3641, 26341, 7473, 57045,
pTI992 3‘50 :1u5‘ 31373, 3a14d, 29733, s3al, 111 Y hmatl 7'5 § PR 1 T - T
, 1993 ) 17 683, 47025, 80bS. 33818, a9, | 078, 8897, 70014,
1399 s‘ss »535 53582, 4718, 38332, urs1, 38829, 10313, 36332,
T I998 T 5,59 YOS 510525 5365, 338985, 3437, 423§, ""11748, 7 T 36075,
Y139 5. Sa "%Isl‘ 58553, 8365, 19253, 3437, ugsu2, 11743, 107818,
= 1997 5,53 481, 75954, 53165, Sub28, 5427, 55048, 11743, 119560,
R AL 517 .5336 LEES ¥ 5015, 50500, 5082, 1110, 13167,° 7 132727, ~
B 1399 ) ss ) ozga‘ oo 93598, ~666b. 57329, 6717, . »7827, 145898, 147315,
2300 INT) 1e174, . 103772, 7316, T14h2s, 7373, 75200, 16013, 163324,
S 1] B T T617%9, 173975, 73165 $19332, 73735 82572 ‘16013, —— 179340,
2392 1,53 1o:vu 124122, Tit6. 89258, 7173, BIIUG, 16013, 135353,
o298 317 11017‘ 135153, 7367, 37225, 8028, 37973, 17437, 212784,
W TTR0W - 3.BY 11932, (471835 Be17e T T 195%42, ~85383, 125856, -~ - 18858,° "~ 231848, °
w2098 .59 12987° 150087, 9267, 115109, 9338, ~- 115394, 20283, 231930,
W 2008 ¥ « 50 1?351, C1TR934,. 9267, 124379, 9333, §25333, 20283, 212213,
b‘“‘ZIDY‘*—*“7’53"‘““‘—‘1}337 13593715 932675 133540, 9339, 184671, 720283, ~° - 292495,
G238 3,59 lzggy 138727, 92867, 142911, 9339, 1344310, 2028}y, 312778,
o 2229 EN sa 13337¢ 211814, 9267, 152178, 9338, 153348, 20283, 533060,
w2310 s V50 1:537"‘*"22#531. 9267, 1513833 933335 122687, 20283, T " 333343s
I L T 5,00 s 10552 - 235383, 7804, 150249, 7354, 112881, 17080, 370423,
) 2015 - 3,87, YN 247140, o 1358458, 17770047 25 8320, . 1190704 18504, 386927,
Fi 0TS L2 I |:‘§ot“*—-“7sv173. BEE— 111 1Y TS68I8,——917%; 1382u55 199265908853,
poo2ae 13,00 13565 273333, 9755, 175563, 9830, 138075, 21350, 430203,
o 201s 5,00 10952& 284187, 7804, 234387, 7884, 245939, 17080, uuT283,
r 2315 3,00 10832 235039, —7800, " 21217y, 788U, T 210303, 17080, LI
2317 s.oa 10982, 305831, 7804, 219375, 7864, 22:667, 17080, 431442,
Y 20183 3.00 . 10852 . 316748, . 7804, 227173, 7964, 229331, 17080, 498523,
o eUTW '_““'!lUU_“"_—’"TU!ST RTIISTT Y800, 1321 1 Ve A1 X P 2373985 17080, " 8515602%
ot 2020 L] so 11553‘ 3391328, 8292, 243375, 8338, 245750, 18148, 533750,
. 2021 900 12239 3513134, 8780, 252535, 8347, 258597, 19215, 3352965,
.—"1322*——“11'vc—"“—**szss “3R4899] 97584 2VRUL YT YD), T RNAURT T 21390, Cere31d,
i, 208, - 8t . |o$32 375781y .. 1804, 270214, 7384, 2Te291, 17080, S91395,
o 20280, 07 8 oo £ 105!2 5 i'886808, - o 780G.. . 27B018, - 7864, . 250158, 17080, 608475,
| eoe 9,00 ' 10‘52 397857 304, 2559322, ISEW‘*““‘“ZEGDlO:‘”"“"17080.“”“"025555o
¢ 2228 | 3,00 1:5;2 808307, 7804, 293828, 7384, 265883, 17080, bu2635,
232y - 1,09 10852} 419139, 7808, 531430, 1364, 3c3747, 17080, 559713,

As provided by BPNL on
11711777 as Table VII-)



APPENDIX E - SOURCE TERMS

Thé_enc]osed daté package céhtéiné‘taﬁles of BPNL Q;ste source
strengths for HLW, cladding waste, ILW and LLW for both recycle cases,
and for PWR and BWR spent fuel. Data for individual radionuclides of HLW
and spent fuel were obtained from BPNL supplied ORIGEN code runs included
in the November 1, 1976'transmitta1 to A. Quist. Waste descriptions and

radioactive content forléladding waste, ILW, and LLW for the recyc]é cases
were. obtained from the September 28 transmittal from C. M. Unruh to Dr.
~ C. D. Zerby (for Tables E-7 to E-23). Summary tables for all wastes source
term data used in the repository analysis are presented as Tables E-1
through4E-6. Low-Tevel waste from the SURF cycle was assumed to have:the
same source strengths-as LLW from the Uranium-Only recycle case. On the
HLW and Spent Fuel tab1esfthere are specific totals used in the release
analyses. ‘The total activity is the sum of all radionucludes on the table.
The a-TRU total "is the sum of all a-emitting huc]idés with half-lives
greater than one year (Np-237, Pu-238; Pu-239, Pu-240, Pu-242, Am-241,
' Am-243, Cm-243, Cm-244). The B-y total is the difference between total
activity and a-TRU. ' |
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TABLE E-1
'WASTE SOURCE STRENGTHS: HLW FRCM TOTAL‘RECYCLE

~Curies/MTHM o Curies/MTEM
Isotooe 6% Yrs.? Isotope 6% Yrs. ,
H-3 | 2.56E+1 Eu-152 1.17E+1
c-14 0 Eu-154 4,90E+3
Mn-54 3.07E-2 Eu-155 6.10E+2
Fe-55 6.20E0 U-232 "~ 1.00E-4
~ Co-60 1.98E-1 U-233 ~ 9.70E-6
Ni-59 1.308-2 U-234 2.67E-3
Ni-63 - 1.95C0 U-235 7.976-5
Kr-85 6.0GE-3 | U-236 ©1.32E-3
Sr-90 5.37E44 . U-237 , 1.73E-2
Y-90 5.37E+4 : U-238 1.57C-3
7r-93 1.60E0 ~ Np-237 4.02E-1
Tc-99 1.28E+1  Np-239 4.73E+1"
Ru-106 5.93E+3 Pu-238 7.58E+]
Rh-106  5.93E+3 Pu-239 . 1.80E0
‘Ag-110m 5.49E0 Pu-240 ~ 6.99E0
Cd-113m 8.09E0 Pu-241 6.92E+2
-~ Sb-125 " 1.63E+3 Pu-242 © 1.96E-2
Te-125m 6.75E+2 Am-241  7.10E+2
1129 3.49E-5  Ame242 L BUT5EH
Cs-134 2.20E44  Am-242m - 4.75E4)
Cs-137.. 8.27E44 o Am-243 4.73E+]
~ Ba-137m 7.73E+4 - (m-242 . 4.31E+1
 Ce-144 2.83E+3 | Cm-243 - 8.74E0
Pr-144 2.83E+3 | Cm-244 u 5.90E+3 .
- Pm-147 1.85E+4 ' Total Activity 4,42E+5 .
. 5m-151 1.16E+3 | B-y 4.35645

 a-TRU 6.80E+3

a ‘Indicates time since reactor discharge when received at repository.'

I1-44



TABLE E-2
WASTE SOURCE STRENGTHS: Total RecyC}e
Cladding Waste, ILW and LLW3

“Waste Type Container Radioactivity (Cur1es/conta1ner) Surface -
' Type . - Fission/ Dose Rate
Actinides® [Activation Prod. (R/hr)
Cladding Waste - |30" canisters 1.7 E+2 1.8 E+4 »10-
Low Level Waste-FRP® v i 1 . .
Noncombustible Trash - 55 gal. drums 2.9 E-2 7.5 E-2 <0.2
Noncombustible Trash ' -

from PuO, facility 55 gal. drums 3.2 E+2 0 <0.2
Cemented Incinerator Ash{55 gal. drums 7.2 E-2 " 5.9 E-4 <0.2
Failed Equipment- = : L
General : 14'x6'x6' boxes| 3.2 E-2 7.4 E-2 ' <0.2 .
Failed Equipment- : : A

Pu0, Conversion 4'x6'x6' boxes| 1.4 E+2 .0 <0.2

Low.Leve'I.waste-MOXd ' :
Noncombustible Trash 55 gal. drums 5.0 E+1 0 <0.2
Cemented Wet Waste 155 gal. drums 1.1 E+] 0 <0.2
_Filter Media : 55 gal. drums 6.8 E+2 0 <0.2
Cemented Incinerator Ash 55 gal. drums 5.7 E+1 0. <0.2
Failed Equipment 4'x6'x6' boxes| 1.4 E+1 0 <0.2
Intermediate Level

Waste-FRP¢: .

Noncombustible Trash 55 gal. drums 1.7 E-1 4.3 E-1 0.2-1.0
Noncombustible Trash- '

PuO2 Conversion 55 gal. drums 1.9 E+3 0 0.2-1.0
Failed Equipment 55 gal. drums 1.0 E-2 2.3 E-2 0.2-1.0 -
Failed Equipment - 30" canisters 6.7 E-2- ‘1.5 E-1 0.2-1.0°
Noncombustible Trash 55 gal. drums 1.6 E-0 4.1 EQ 1.0-10.0
Failed Equipment 55 gal. drums 9.3 E-2 2.2 E-1 1.0-10.0
Failed Equipment . 30" canisters 5.9 E-1 - 1.4EO0 1.0-10.0
Cemented Incinerator Ashf 55 gal. drums 3.1 E+2 2.6 ED 1.0-10.0
Cemented Wet Waste . - | 55 gal. drums 1.1 E+2 "3.8E0 >10..
HEPA Filter Media 55 gal. drums 1.4 E+3 1.7 E+1 >10

"-a -Based-on data prepared—by BPNL (September 1977).
b Values represeht estimates of the radiocactive content of waste
. containers at the time of receipt at the repository (5 years
_after reprocess1nq) :
- ¢ Wastes from "Fuel Reprocessing Plant."
d Wastes from "Mixed Oxide Fuel Fabrication P]ant."'

- e Actinide composition reflects HLW ratio of a- TRU to -y of:

a=TRU = 88.5% of act1n1des
B-v . 11.5% of apt1n1des
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TABLE E-3

WASTE SOURCE STRENGTHS: HLW FROM U-ONLY RECYCLE

a Indicates time

since reactor discharge when received at repository.

- 11-46

Curies/MTHM Curies/MTHM'v
Isotopeé 6} Yrs.2 Isotope B 6% Yrs.
H-3 2.51E+] Eu-152 9.00EQ
c-14 0 Eu-154 4.40E+3
Mn-54 3.10E-2 Eu-155 5.65E+2
Fe-55 7.08E0 U-232 9.81E-3
Co-60 2.22E-1 U-233 1.12E-5
Ni-59 1.49E-2 U-234 4.36E-2

" Ni-63 . 2.23E0 U-235 8.62E-5
Kr-85 3.52E-1 U-236 1.66E-3
Sr-90 " 5.81E+4 U=237 2.08E0
Y-90 5.81E+4 U-238 1.58E-3
Ir-93 1.67E0 ‘Np-237 . 4,68E-1
Te-99 1.28E+1 Np-239 1.35E+]

~ Ru-106 5.31E+3 Pu-238 3.04E+3
Rh-106 5.31E+3 Pu-239 2.93E+2
Ag-110m 4.36E0 Pu-240 4.52E+2
Cd-113m 6.20E0 Pu-241 8.29E+4
Sb-125 1.45E+3 Pu-242 1.58E0
Te=125m 6.02E+2 Am-241 1.11E+3
1-129 3.32E-5 Am-242 1.04E+7
Cs-134 2.19E+4 Am-242m « 1.08E+1
- Cs-137 | 8.22E+4 Am-243 -~ 1.35E41

' Ba-137m 7.69E+4 " Cm-242 © 1.00E+1

CCe-144 2.89E+3 Cm-243 3.43E0
Pr-144 2.89E+3 Cm-244 1.00E+3

- Pm-147 - 1.86E+4 ~ Total Activity = 4.29E+5
Sm-151 1.70E+3 8-y 4.23E+5,

o o= TRI 5.91C+3



WASTE SOURCE STRENGTHS:

TABLE E-4

U-only Recche

Cladding Waste, ILW and LLW® .

Waste Type Container Rad1oact1v1ty (Cumes/contamer)b Surface

- Type - d Fission/ Dose Rate

- Actinides Activation Prod. (R/he) -
Cladding Waste 30" canisters | 1.8 E+2 1.8 E+4 >10
Low Level Waste-FRP® : _
Noncombustible Trash {55 gal. drums 3.0 E-2 7.5 E-2 <0.2
Cemented Incinerator Ash|55 gal. drums 1.4 E-2 5.9 E-4 <0.2
Failed Equipment 4'x6'x6"' boxes 3.4 g-2 7.4 E-2 <0.2
Intermediate Level
Waste-FRP l
Noncombustible Trash  [55 gal. drums 1.7 E-1 4.3 E-1 0.2 - 1.0
Failed Equipment 55 gal. . drums 1.1 E-2 2.3 E-2 0.2 -1.0
Failed Equipment 30" canisters 7.0 E-2 1.5 E-1 0.2 - 1.0
Noncombustible Trash 55 gal. drums 1.7 E0 4.1TEDQ 1.0 - 10.0
Failed Equipment 55 gal. drums 9.8 E-2 2.2 E-1 1.0 - 10.0
Failed Equipment 130" canisters 6.2 E-1 1.4E0 1.0 - 10.0
Cement and. Incinerator |55 gal. drums 5.9 E+] 2.6 EO 1.0 - 10.0
Ash S '

Cemented Wet Waste 55 gal. drums . 1.2 E+2 3.8 E0 >10
HEPA Filter Media |55 gal. drums 7.3 E0 1.7 E+] >10

a _Based on data prepared by BPNL (September 1977).

b ‘Values represent est1mates of the radioactive content of waste
containers at the time of receipt at the repos1tory (5 years

after reprocess1ng)

¢ MWastes from "Fue1 Reprocess1ng P]ant

d Actinide composition reflects HLW rates of a-TRU to B~y or
‘ a-TRU = 6.0% of actinides

B-Y

= 94.0%. of actinides
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| TABLE E-5
. WASTE SOURCE STRENGTHS: SPENT FUEL - BWR

Curies/MTHM ‘ . ‘Curies/MTHM
Isotope 55 yrs.a Isotope - 5% yrs.
H-3 2.82E+2 . Eu-152 9.49E0
C-14 6.11€-1 Eu-154 3.39E+3
Mn-54 $3.98E0 ’ Eu-155 6.27E+2
Fe-55 1.96E+3 : U-232 8.396-3
Co-60  3.03E+3 . U-233 2.42E-5
Ni-59 1.9560 U-234 3.54E-2
Ni-63 2.93E+42 U-235 1.45€-2
Kr-85 ~ 5.85E+3 U-236 1.92E-1
Sra90 6.08E+4  U=£37 1.78E0
Y-90 - . 5.08E+4 -~ Uu-238 3.18E-1
Zr-93 - 1.10E-1 ‘Np=237 ?.44F-1
Tc-99 1.11E4] Np-239 1.01E+1
Ru-106  8.22E+3 Pu-238 1.60E+3
Rh-106 . . 8.22E43 . Pu-239  2.60E+2
Ag-110m . 8.16E0 © pu-240 4.23E+2
Cd-113m 4.60E0 | Pu-241 7.13E+4
Sb-125 1.42E+1 Pu-242 1.31€0
Te-125m 5.87E0 Am-241 8.19E+2,
1-129- 2.88E-2 Am-242m 9.51E0
Cs-134 . 2.17c+4 ' Am-242 9.51E0
Cs=137  7.21F+4 . | Am-243 1.01E+]
Ba-137m  6.74E+4 Cm-242 1.36E+1
Ce-144 5.20E+3 Cm-243 3.18E0
Pr-144 5.20E+3 , Cm-244 C 7.04E+2
, Pm-147 - 2.240+44 ‘ Total Activity 4,06k +5.
©sm-151 9.64E+2 Py 4.02645
S - a-TRU 3.82E+3

a Indicates time since reactor discharge when received at respository.
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TABLE E-6
WASTE SOURCE STRENGTHS: SPENT FUEL - PWR

Curies/MTHM ' Curies/MTHM
I§9§9pe 5% Yrs.® ___Isotope g 5% Yrs.
H-3  3.64E+2 . Eu-152 9.44E0
C-14 8.25E-1 -  Eu-154 5.41E+3
Mn-54 5.990 Eu-155 9.65E+2
* Fe-55 1.68E+3 U-232 1.42E-2
Co-60 2.34E+3 (U-233 3.48E-5
Ni-59 3.84E0 | U-234 5.11E-2
Ni-63 5.93E+2 U-235 1.76E-2
Kr-85 7.57E+3 U-236 2.84E-1
Sr-90 6.45E+4 u-237 2.46E0Q
Y-90 6.45E+4 . U-238 3.15E-1
r-93 - 9.346-2 . Np=237 3.55E-1
Tc-99 - 1 1.39E+1 o Np-239 1.64E+]
© Ru-106  1.22E44  Pu-238  2.38E43
'Rh-106. 1.22E+4 - Pu-239° ©3.12E+2
~Ag-110m T.45E41 Pu-240" 4,75E+2
- Cd-113m 1.17E+] o Pu-241 9.81E+4
'Sb-125 2.12E+3 Pu-242 1.81E0
Te-125m 8.80E+2 : Am-241 1.09E+3
1-129 3.60E-2 Am-242 1.13E+]
Cs-134 3.66E+4 Am-242m 1.136+1
Cs-137 9.17E+4 . Am-243 1.64E+1 "
- Ba-137m 8.57E+4 . Cm-242 1.72E4]
Ce-144 8.18E+3 ’ Cm-243 3.86E0 -
Pr-144. 8.18E+3 © Cm-244 1.326+43
. Pm-147 2.5E44 Total Activity  5.37E45
. Sm-151 1.20E43 B~y  5.31E+5
o ‘ 5

a-TRU .60E+3

"a ifhdicatés time s{nce_reactor d1scharge'when received at repository}‘ '
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B P S L S U

fluils ard Hertware Hasies
(Fuel Cycles 2a, b and 3)

Assenbly ~ Shipment _ -
Hardware > 30 1n. x 10 ft Carister
Package~—p>10 R/hr
Chels . 0.240 Canisters/HFHH
Years After Chemlcal Separation
Source 0 12 50 102 10’ 10 10
Assemb) y- hardsare 2nd ’ ’
hulls .
Activation preducts/NTIH :
CGrams - 3.2x10° 3.2x10%  3.2x10® 3.2x10° 12x10°  32x10° 3.2 x10°
CCurtes 9.4 x10° 1exwd 30x10°  21x10% 3.2 2.7 1.2 x 107
. atts 22x000 17 xwe' naxie! 3a3x10? 1taxw? 7axw0d 2950070
Mulls, residual fuel ' - -
- Fisston products/HTHM
‘Grams © asx10t nsaet0! vsxwl vsxw' nixiet skl 15 xoid
Curfes 7.0x10° 1.3x102 a8x18" tsxiol gex10? g0x10? 1.4 k01073 .
" Matts 3.2 43»10" 1sx0? asx10? ix10® e.9x30% 3,0x107
Actinides/HTIM ’ . . ) .
Srams - 48 x 10 s8xw? a8x10? asx0® 48x10% 4.0x10°
turies’ 1.0 x 10° 1.sx10' 5.8 1.3 ox10t 10 xw?
watts - 43} 20107 16x10! aex10? 90 x10? 2610
Total/MTHY , : : L
Grams C3.2x10° | 32:10°  3.2x00° xS 32x10°  5.2x10° 3.2 x 100
" Curtes | rox10 . 191108 3.6 x 102 x 102 a3 3.0 1.3 x 107!
Vatts ' 7.6 x10"  1.8<10 4.9 x10' a3x10? 9.2x107 2.9x10"
Yotal contentsl(a’; - ’ ' ' ’
contalner -
Noncompacted ) -
Grams o raxte® naere® raxao® o taxe® naxe® orac® axi®
 curfes - s2x1c® 70k10 1sx10® 96 x102 - 13x10t 1k’ s4x07
Matts - - 3.2x160 7.5k10 ' 1.0 i xt! ssx10? rzxe?

a. Assumed assembly hardware

and cladding

2.0

1.2

{hu\ls)vpacka.ged in same proporticn as in orfginal fuel rod assembly.
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TABLE E-8

"FRP Noncombustible Trash
(Fuel Cycle 3)

(Sheet 1)

Hatts

 Honcombustible . " oy )
’T"?’a“;ﬁ‘“”“‘ab‘e TP Package ngghﬁr}ér?so‘?g}sogl.i[:f:.snmu-t
Years After Cheanical Szparation :
Source 0 w50 . 102 w o ad 10
Hain plant trash ‘ '
Hard~are and hulls
" Activation products/
MTHH
Grams 2x10t v2x10 2xi0t mzxio! 2kt rzx0! vz k!
Curies 2.4 2107 6.5x107 k1wt rsxwt v2xw® sexic? a3 c00
’ Katts 2.6 x10°% 6.2x10% s50x10% 12x10% sax1w0" 2.7x10"7 10k 07
Spent fuel
Fission products/
MIHN
Grams 1.2x103 12x10? t2x0? r2x0? 12x193 a2x10 vz k0
Curfes 5.5x 1072 1.1 x 10720 3.0 x107 1zxe 76 x107 22 x07 vz ww!
Watts 2.6 x 107 35x10% 12x10% 36 x10 a4 x 1070 B0 k10710 3 x0T
Actinides/MTIM :
‘Grams 3.9 x 1072 x10% 3.9x107% 3.90x107% 3.9x10% 3.9x107  3.9x 10?2
Curfes 8.0 x 1073 x103 1.2x103 a8 x10t vox10? 2.4ax100 9.z x 07!
Hatts 3.5%x107° 1.9x3070 1.6x10° 13x10® 3.2x10% 72x107 zaxw?
PuO2 conversion
Actinfdes/MTHM
Grans 8.8x 1077 38x107 s.ex10’ ps8x10’ saxi0’ saxiw0’ 880’
Curies Lax10® 3.7 x10% 1.9 %108 <1077 17 %07 x 10678 3%t
Nates 1.6 %108 2:0x10% 2.4x100 20x10% sa3x0? 12x107 z2x0
Total/NTHH
" Grams . 1.6 x 107 16x16”' 1ex107t 1exw’ skt 16x107 16 x0T
curfes 6.6 x102 1.7x 10 sax10? 1sx107 1ox10? 26 x10% 10«07
CMatts. 3.2x107% 6.ox10® 28x107% v x1w6d 32x100 72x107 zaxw?
Tota)Acontents/
55 gal cdrum . . .
Grams axe! raxaot o 2ax0 24wt x0T x0T 24 x0!
Curics 3.2x10V 2.9x10f 2.4x 1078 Bax103 a7 x0Tt 2kt s xw08
1.6 x 1070 2.8x 107 13 %0 79xm? 1510 33x160 55 x00

As provided by BPNL on
9/28/77 as Table A 3-1



‘“TABLE E-9 o ST
FRP Noncoinbustibie Tresh
-(Fue) Cycle 3)
(Sheet 2)

Toncombustibie . " '
5 I Shiprent 55 gal Drums
raon P ocreote > Package ™%y 5" "jRsor, 1.0 Crum/MTis

IR

Years After Chemical Separation

4 Source ' o 10 50 108 103 160 106 .
Hain plant trash - :
Hardware and hulls

Activation products/

HTn | | - | |
Erams 33 3.3 3.3 . 3.3 3. .33 3.3
crtes - 96x10? 13x102 3ax107 23 x07 32x107 27 %700 12w 1076
atts 73x10 1810t 1ax100 23x07 rvaxe® 75 %1070 2.9 107

Spent fuel B ‘

Fisston products/ ‘

HT-M . :

Srams 34 x 102 3.4x102 34x102 34x10? 11x107% 34x102 3.4x20

‘Lurfes 1.6 30107 1ax10 3ax10? zaxwd zoxie® 32k .

- Matts 20 s« 330t noxno?t 23x100 2.2x10° B0« 10710
5 Actinldes/HT:M - |
i Grams R 1S . 1.1 e 1.1 1.1 1.1
Curles s2x1e! taxie! 33x10? 1.3x192 z6x107 67x10 2.6 x 107
Katts C e xe?t 53x10? sax10t 3610t s0x107 2.0x0° 58x107
Pu0, conversion

Aczinides/MTHM .

" 6rans 25 51075 2.5 %1075 2.5 x10° 2.5 x10° 2.5 x10° 2.5x107° 2.5 x 107
Curfes 16> 100 2.4x10°% 5.2x10° 2.0x10° 4.5x10° L1k 2.6 107
Watts 145107 sex10? sex10 sexi? psxi? 3axwd c2xw0!'

Total /HTIH ' ‘
Srams 4.4 ’ 4.4 4.4 4.4 1.4 4.4 4.4

* furfes ve  gex10 1410 asxw? 2ex10d 72x10" 30xw0°
Watts C ogex10d 17x10? 7x10t asx10t sox0° 2.0xi0% s x07

Total contents/ '
55 ¢al drum - _ o
Grams 4.4 4.4 44 4.4 . 4.4 4.4 4
Curtes S W a6 x10 Taxi0! asx? 2.8x107 7.2x10  3.0x1070
S e 2 x10 asx0t sox10® 2.0x107° 5.8 %07

Matts o 8.9 « 1B

As provided by BPNL on.
9/28/77 as Table A 32
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TABLE E-10

FRp Moacombustibie Trash
(Fuel Cycle 1)
{Sheet 3)

o
9/28/77 s 7

— ‘ .
. Honcowbustible |
?ﬁ;‘:g"‘f’“""“e i »Package ———+ i gmﬁ’/‘ltnrfsogg;o06‘;!:.':.§/§11|lM
: . " Years After Chemica) Scpsration :
Source o 18 50 ~ef 107 10" 168
Hain plant trash ‘ '
Wardware and hulls
A Activatism products/
HTIN ’ : ' .
Grams Cpaxr0t zaxi' zoxwl 29x10  29x10  zaxio'  29x10
Curles pax10! teatt 27x1w? rtaxi? 29x10 24x107 10x070
Watts 65 x10 16207 12x10% 29x108 13x10? 67 x100 2.6x107
_Spent'fuel'
Fisston products/
HTIM , , _
Grams 31 x10! aaxie? nrxtet mrxwe 3ax0t k0! 30x0107
Curles 1.4 x0 27 9.5 10" 3.0x10" 1.9x107" x 1wt 2.9 %100
Watts 6.5 x 102 8.5x103 2.9x103 89x10* 2.9x107 x 1677 7.8 x 107
Actinides/MTHN o '
~ Grams 9.5 9.5 5.5 9.5 5 5 9.8
Curfes 2.0 1.3 2.0 x107' 1.2x10" 2.5x10% 601073 2.3%x0"
Vatts 8.6 x 107 47210 3.9x107% 32x1070 s.0x10" x 107" 5.1 x 10
Pu0, conversior '
Actinides/MTIH .
Grams 22x10 222wt 22x100 22xwt 22x10 z2xw?t 22xw0?
Curfes 1210 202003 asxw?t raxit aa1x0® 9 x0° 230007
Hatts 2.9 x 100 5.0%10° 5.9x10° 52x10° 1.3x10° 30x107 55x107
Total/uTidt I | ' ,
Grams 19100 3ex10' oxt  3.9x10  39x10  39x1  3.9x10
Curfes Ty x0t a2 3 aax0t 26x1072 caxiwd 27 x0!
Watts 8.0x102 1.£x102 6.8x107 a1x10? s0x10t raxi0?t 50« 1070 .
Tota) contents/ ‘ ' ’ '
55 gal drum o : .
. Grams aox10' acx1' 4.0x100  a0xw a0x'  a0x10 4.0x 10"
Cortes 1.8 x 100 4.3 g 0.5 x 1070 2.7%102 6.6x102 2.8 %107t
U Matts 8.2x 102 1sx10? 7.0x107 42 w0 s2x10? 1oxiw0t s3xw?
As provided b

y BPRL
able A 3

on

3
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FRP Failed Equipment Wasta
(Fuel Cycles 2b and 1)

‘ (Sheet l)_
Contaminated R - Shi'mer. : .
. . Failed ) -—>Package—-—)4 x 3 x 6 ft Boxes . -
T -} . Equipment . <0.2 R/hr :
' 0.62> Boxes/MTHM

Years After Chemizal Separation

' Sourre - 0. 10 - 50 102 10° 107 100
Contaminated’ failed ‘ o
‘equipment . _
Fission pmaicts/mlm
" Grams esxwt e x10t ex10? 1ex 0 110 16x10t 1.6 x 107
Curles 8.2x 1070 1.4x107 s1x10t ex10t 9.9x108 95x108 155108
Watts 1405 46x10% 1ex10% asx107 1 x10? Vox 1070 42 x 072
Actinides/HTHM
— Grams s x 1073 51 x107 sax10? sax10d saxie? saxw0? 50 %0072 )
i Curles 1 x1w? eex10? tex10t 61 x10® ax10? 32x10¢ 1.2 x 1077
oy Watts 4.6 x107% 2.6x10% 21 x10% 17x0°% 43x107 96x10? 2.8x10°
Total/HTIM 4 .
Grams Co5ax13? sa3x10? s53x10? s3x0? 53x10? 5.3x107 5.3 6107
Curies 9.3x 1273 21 x107 67x10% 2.2x0t 13x10F 33x108 13107
Matts 3.9x107% 7.2x10% 37x10% 2.2x0% 43x107 9sx10? 2.0x1079
Total contents/container ' : ' o
Grams © . 20x 1% 20 %108 2ax10? 20 x:02  2.1x100 21x108 2. x10?
Curies 3.7 x 127 x102 27x10?% g8x10? s5.2x10? 13510 5.2x10°
. 3 29107 x107% 88 x10 1.7x100 38x10° 1.1 x 107

Hatts : 1.6 x 107

{ded
DIIW as Tl TeA C-l
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TABLE E-12

FRP Failed Equipment Waste
(Fuel Cycles 2b and 3}

(Sheet 2)
‘  Shigment :
3% in. x 10 fr Canister
A G.2-1 fiihe :
Contaminated | 8.8228 (entsters/MTHY
Failed ’ —3dPackage ’ ’
Equipment Shipwent
$3 qai Zrums
£.2°1 Sfur
0.223 Jruns [MTHE
Years After Chemical! Separation .
. : n
Source 2 ¥ 50 - g? 0 10 1P
Contaminated failed '
equipment )
Fissfon products/MTHM , ,
Grams a5x10Y s5x107 4510t asx10? a5 00 a5 <10t 45 g0t
Curtes 20x102 3.9x103 1ax10? a3x6t 27107 z6x107 4.2 x 1070
Watts 9.4x107° 1.3x10° 43x10% 13x18 30 %1070 2941070 1,1 g 0! :
Actinides/MTIA ‘ : ’
Grams 1.4x 102 1.4x107 1ax10? 145107 1.4x102 1.4x102 1.4 5102
Curfes 262107 19x10? a3x10t 17x0% 3.7x10° 875100 3.3 x 107
Watts 1.3x10° 7.0x10% s5.7x100 47xw0C 124100 x 1077 7.6 x 107°
Total /MM _ ‘
Grams - 14x10% vax10? aaxw? naxie? 1 x0? x 1072 1.4 x107?
Curtes 23x 1077 58x1070 1ex10? e0xict 3.7 <0070 x10°% 3.7 %1077
Watts d2x10et 20x10% 10x10% 60xisf 1.2 41070 x 1077 7.6 x 107°
Total/canister . . )
Graus 4.2x1077 az2x10 a2x107 sz2x0! a2k azxi0! 4.2 %107
- - - - - - -h
Curies 6.3x1077 1.7x1077 5410?18 xw? 1ax10? 270100 1.0 51078
. - . - - - <5 - -
Watts _ 3.6x1670 6.0x107t 30x10" ekt 36x:0% 7.8x100 2.3 x 1077
Total/55 gal Drum ' oo A : : :
2. 2 2 -2 -2 S o2
Grams 6.2x107° " 6.2x107% 6.2x107% 6.2x107 £2x107% 6.2x10°% 6.2 x10
Curfes 1L0x 0 76x102 81 x10 27x100 17107 4.0k 105 37 1076
Vatts 5.4 107" 9.0x107% 45x107° 275107 54100 1.2, 3.4 x 1078

>

.‘0-6

" As provided by BPNL on.
9/28/77 as Table A 4-2



TABLE E-13

FRP Failed Equipment Haste
(Fuel Cycles 2b and 3)

* (Sheet 3)
Contiminated| : Shipment -
Fafled - j-——3-Package—— 30 in. x 10 Ft Canicters
Equipnent 1-30 R/
T ’ 0.C02 Canisters/HTHN
Conzaminated . Shipment
Sifatled -3 Package ——— 55 qal Urums
Equipment o C 1-30 R/be
: €.0i3 Orums/MTiIH
Years After Cheslcal Separat-on
Source 0 10 50 10° 0% w0 et
Contaninated failed ' o '
equiprent
Fission products Input activity levels are 1.5 ard }.47 times greater thin those
actinidas for the FRP failed equipment shown on Sheet ) » .
Total contents/canister ' ) : .
Grams 4.0 4.0 5.0 4.0 4.0 4.0 - 4.0 )
Cories 7.0 1.6 5.0x 10" 1.6x10°" 9.7x10% 25x103 97xic?
-2 - . - . -5 .
Watts 2.0 x 102 5.4x107 z8x10? 1.6x107 32xwt 7.2x10° 20 x10°
_Tota) contents/55 ga) !
drum '
Granis 6ox10” 6oxw! 6oxi0! 6oxi0! sox1w! soxw! s0x1a7)
Cuarles 1 2axi0t Tex10? 25x10% 1Ex w3 37x07 ns k0
- -~ - - - -5 ., -
natts. taxi0? s x10? azx1t 2sxwt a9kt axw® sz

As provided by BPNL on
9/28/77 as Table A 4-3



TABLE E-14

FRP Failed Equipmcnt Haste .
(Fuel Cycles 2L and 3} -

Fafled Equiprent
from Conversion
Pu(.‘i03)4 to PuO2

(Sheet 4)
. . Shipment ‘
——+ Package——p 4 x 6 x 6 [t Doxes
: <G.2 R/
0.005 Boxes/MTHM

Years After Chemical Separatfon |

" Scurce 0 10 50 - 160 153 10" 08
Contaminated failed ‘
equipment - .
Actinides/MTHM
-2 -2 -2 -2 -2 -2 -2
Grams 6.1x107% 61 x102 6.1x107% 61x107 61x102 6.1x10°% 6.1 x10
. . - - . -F
a Curfes 9.0x10°" 6.0x10" 1axw0! sox10? 12x19% 27103 6.5x10° .
- . - q - 5 - Cog
& vatts 1 x 10 axc? aex0t w0 3 xiet s 160 Tl6 k0
~ .Total'contentsybox . .
Grams ex1ot rzxet v2xaot o2 x0t 12x100 vz2x0t 1.2 x 0!
" Curies 1.8x102 1.2x10?  2.6x100 nox10 2.4 5.4%x 1077 1.3 x 107°
2.2x 107t 28 x10t 3.2x007 30x10 7.4x10? 17x10% 3.2 %107

Watts

e e [P B e

O S

‘As provided by BPNL on
. 9/28/77 -as Table A 4-4

B T O —
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TABLE E-15

FRP Nei Waste Treatmcnf
(Fuel Cycles 2a, 2b, and 3)

Secondary daste

RELET
Sitica Cai ) Shiprent
Fluorinatar Fines|——=—— Cementation P55 gaY Oruims
Fluorinatzr Seds - =10 ke

Years After Chemical Separetion

T .203 Crums/MTHM

3

_ %ource 0 10 0 10 10 ic” 16
H;rdwareAand hulls
‘Acttvation products/
KTES y L
: morl as ) \ A aa ol s KE Y
Grams 3.2 x 16 2.2 x 10 3.2 x 10 3.2 x 156 3.2x10 3.2 x10 320
Curtes 0.qax10 1ex10 30x10? 20 xw? 3.2x107 20« w6t 12 x00
Watts 10 17x107 Tax10S m3ixie® 1ax10? 7aa00? 20x10%
Spent frel ’ ‘ '
Fission products/MTHM
— Grans 3.7 3.7 i 7 3.7 3. 3.7
H \ - -1 - -3 R -3
& .Curles 2.3 x 10 3.3 8 x 10 x 1677 3.4 x10 3.3 x 10 2.0 x 10
@ Watts 7.0 x 1072 8.6x 107 w103 soxw0t 7107 eexe? 3z x0”
- Actintdes/MTEM . _ B .
e nd 3 3 A 3 3 ol
Grams ¢2.5x 10 2.5x 10 2.5 x 10 5x°¢. 2.5x10 2.5 x 10 2.5 x 10
Curies 1ax1?  1.2xid 2.3x10 4 1.1 5.6 x 1070 8.5 x 107
. <Y - - - - - ’4
Malts Caaxtot 2axi0l 1exio! T2xae! 3axw? 1zx10? 20k
Tatal /ATt A _ 4 ‘
Grams 5 x10°  2.5x108 2.5x100  25x10° 257100 25x10° 2.5 193
Curtes 2.0 x 102 rzx10? 2.4« 1w 5.7 1. 5.6 107 2.9 xiCT
Watts 3y x10 22x100 nex10t nex1?t 33x00% 17 102 2.0 x16"
Total/55 93l drum - ' : .
Grams 20x10°  2.0x10°  2.0x10° 0 x 10° 0x10° 20x10°  2.0x19°
_ Cerfes 1.6 x 102  9.5x 1.9 x10 ci07) aaxic! 23107
Wetts 25107 17x10" vaxio! 9sx10? 26x107 13x1677 17 197t




© TABLE E-16-.

: i FRP Honcombustible Trash
{(Fuel Cycle 1)
T : _ . Sheet 4)

Honcombustibie | (1) ' : -
by Shipment 55 gal drums
prash fron | T PPackase————% 0 2 R/hr, 0.026 Cruns/MTHH

Pul, Facility '

NoncomvustibTe) (2} -
Trash from | ———Package ~———np
PuO2 Facility . :

Shipment 55 gal Drums
0.2-1 R/hr, 9.003 Gruas/HTHHY

Years After Chemical Separation

. Source C_® 10 59 10° 10° o 108
'»Puﬂz facili;y »
.Ncncombustible.trash(],
" “Actinides/MTilt , _
Grams 2.2x1070 22x0t 724000 r2x10t 72010t 72k 107 7.2 x 107!
Curles tixw 70 16 5.9x 107 1.4x107 3.2x107% 7.6 10"
Watts 1.3x107% 1,7x10% 1.6 x 072 x102 4.3x10% 10x107 1.8x108 .
Total/55 gal drum V : : ' ’ : ‘
 Grams 2.86x10' 2.8x10' 2.8x100 23xi00 28x100 2.8x10 2.8 x 10
Curles Ca2x0? 27 x10% e2x10' 0 2.3xd00 s 1.2 2.9 %107
Watts - 5.0x107" 6.5x10Y 73x10 6sx10 1721070 38 x 102 6.9 x 1073
Noncombustible trash(2) ‘ ' ' :
" Actinfdes/NTIM .
Grams - 50x 107" 5.6x1077 5.0x1077 5.0x107" 5.0x107 5.0 x10°% 5.0%07]
Curfes ' 7.4 - 4.9 - 13 A %10t 9ax10? z2x10? s3x07t
Vatts 9.0 x107 11102 13x1w0? 12x10? 3.0x10 7.0x107% 13k 107
Total/s5 gal drun ‘ : )
Grams rx 10 nrxe? v x? o 17x102 17 x1d 17x10? 1.7 x 102
Curfes C2sx100 tex10 a7 xacr daxi0? saxae g3 1.8 x 107
2.3 x 107" 4.3 x 107?

Hatts 3.0 3.7 4.3 4.0 1.0

As provided by BPML on
9/28/17 as Table AS
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Combustible Trash and Compactable Waste at FRP L
(Fuel Cycles-2b and 3) '
{Sheet 1)

Shipment 55 gal Drums

1-10 R/hr, ©.274 Lrume/HTHN '

Natts

5.0

Lty Incinerace
Iy ¥ and Ceme.'\tJ . ) .
- (fS«:c_ Sbcv€<:4‘A7L:)
“ fears After Chemfcal Scparaticn
Source 0 .. sp 122 103 10? 106 -
Hardware and hulls - ‘
Activatton products/MTHH ) .
Grams Tazx0! 32x107 32010 324100 s2x1070 32x107! 32 k127!
Curtes 9.4x1073 rex10? 30x10? 20xw0t z2x0% 27x10% 1.2 x 107
Watts 72x107° 17xwe® vaxi0? 3310 14 x1070 a0 2.9 < 107)
spent fuel -
Flssiob products/MTHM
Grams 6.9 x 1077 6.9x 1077 6.9x107 69x10! 6.9x107 6.9x10t 6.9 x 10!
Curles 4.3 5.3x107" 1ax107 60x102 Laxi0? 1.3x107 6.6 x 167 .
Watts 1.3x1072 1721077 5.9x10" Tax10? ezx10? 59x 100 44108
‘Actinides/HTIM :
Gram Rrxret raxet o axte o vixe! ket vixio 1 ke
Curles 20x10"  3ax10' 25 6.1 x1077 1.2x1077 612102 1.1 1070
Watts 2.6 x10% 2.4x10% 18x102 1.4x10% 3.5%1073 1.9x1070 3.0 x 1576
Pqu conversion )
Actinides/MTHM .
Grams 6.1 6.1 6.1 6.1 6.1 N €.
Curfes” c9.0x10'  sax10' n3x10 s ) 7x107" 6.5 1077
Natts Lix ot axet s x10h 15 0101 27 x 1072 x 1070 1.6 % 107
Tota) MTIm
© Grams rex10' rex10l rex0' vaxie! rexisl rax0' s <0
Curles 1.2x10%  7.9x10" x| 57 3 3.3x 1073 6,7 x 1073
watts . s x 10t nrx0t e x0! et 40 x10? 10410 1.6 x 107"
Total/55 gal drum o , : ’
Grams * © - 6.6 x 10" 6.6x10"  5.6x10" 6.6x10"  6.6x10" 6.62x10 6.6 10
Curtes 4.4 x 102 2.7 x10%  58x16' . 2.0 x300 47 . 1.2 2.ax10?
a5 x0Tt s2x 107! 66x1077 s8a10" 15 x107 36 x102 s k107
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TABLE E-18

Combystible Trash and Combactable,waste at FRP
(Fuel Cycles 2h and 3)

(Sheet. 2) ' '
_ (Sce st lB :
Ly ];__’ Incinerate ] ' '
W - 71 znd Cement Shinment 5% gal Drums
- <0.2 R/iir, 1.193 Drums/MTiM
Years After Chemical Separation
Source 0 10 50 102 103 104 106
' Hardware and hulls
Activation products/MTiN . '
Grems cooazx et 320t a2kt a2xi0t 32610t 32x10t 3,2 4 1074
Curies . 9.4x107% 15x10% 30x107 20x107 32x1070 2.7x107 1.2 410710
Watts r2x1e® 1108 14 %100 33x0 ax 103 7.4 k1071 2.9 4 1071
Spent fuel ’ S
Fisslon products/MTHM ]
Grams s.2x 10t s2x10 s2x10t 62x10 6zx107t 62x100 6.2 x 1078
Curtes £3x107% 53x10 2.0x10f s.9x10° 13x107 v.2x107 9.2 x 1078
Watts Lax 10 17x10% sex107 vaxi0? 95 x10 M sox10" so0x10M
Actinides/MTIM . . ’ . .
Grams 9.6x1073 9.6 x103 9.6 x107% 9.6x10 0.6x10 0.6x10°0 0.6 103
Curies 20x 102 13x10? 25x10F 61100 122100 61 %105 1.3 x 1077
Watts 2.6 x107° 2.3x10% 18x10° 14x10° 36x10° 1.9x100 3.6 x 1079
l’uo2 conversilon : C
Actinides/HTHN .
Grams 6.3 x 10737 6.1 x 1073 6.1 %103 6.1 x103 6.1 x10°7 6.1 x103 6. x 10-3
Curtes 9.0x 102 £.ex10° 1.3x10% 5.0x103 1.2x103 2.7« 1079 6.5 x 1076
Watts Tax10t exr0 rexie? Vsx10 2exieS 8.5 x10C .64 1077
Yotal/MTHM .
Grams L1010 17 %102 16102 1.7x102 170102 1.7 %102 1.7 x 1072
Curtes 1 23x102 16 x10?7 57510 13 x10? 33 x000 6.7 x 1675
Watts st Ve x 10t e x 10t 16x10" 4.0 %105 1.0 x 100 1.6 ¢ 1077
Total/55 gal drum . , : ,
Grams. a0 w102 1ax10? 1ax10? 1ax10? 1ax102 1.4 x 1672
Curtes 922107 60 %102 13x102 - 48x103 10 %100 2.8 %167 5.6 x 1075
Hatts Lax 10t naxi0t rsxiet nax10t saxied 7 vaxa0?

As provided by BPM!
9/28/77 as Table A
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TABLE E-19 _ - S A .

_‘ Combustible Trash and Lumpzctalle Haste at FRP
{Fuel Cycles 2 b end 3)
S (Sheet 3)
Shipmont 59 ga) Crums.

| Friters I PPackage —— ¥ 510 f/hr, 0.206 Druns/MTi

Years Aftcr Chemizel Separation

Source 0 19 50 10° w1 168
FRP filters ' ' :
Spent fuel‘ -

Fission products/MTHM : . ‘
‘Grams _ 1ax10 3ax10t zaxt0t 3axcet o zrxiot o3kt 3«0
Curles Conax0 2 9.6 x10° 2.0xw" 1ex10? raxiwt 291070
Matts ©esxw? a7x103 soxw0? soxi? zaxae? 2axw7 72,9 %107

Actinides/HTIM, _
Grams 9.7 3.7 9.7 9.7 9.7 9.7 8,7
Curies 2.0 1.3 2.0x 1070 12xi07 2.5x102 60x107? 2,3x107! .
Watts 875103 a8x100 a0x10? 32x100 saxwt o rexw? 52007

l‘u()2 convgrsion

Actinides/MTHM
Grams . 2ax10"  2.4x10' 24x10 24x10  2.4x10  2ax10 2.4 x10
Curfes Coa6x108 2axiw? sa3x100 20xi0' 46 N 2.6 x 1072
Matts 1.6x107" s6x10 e6xw0? ssx1w0! Laxi! 3axi10? czx

Total/MTHi o ' -
Grans 3.ax100 3400 3axw' 3axi 3axwe' 2ixi0t 34x0

urles : .6 x 102 24x10% saxi0  20x1w a6 1 2.6 x 107

" Matts Csax10) s7xi0t 67x10) ssxi0? 1axw! 52107 6.3x107

Total/55 gal drum " , . ,

“Grams 16x102 155x108  1.6x10? 16x10%  1ex10® 1.0x108 1.6« 10f
Curfes 1.7x160  1.2x108 26x10% -9.6x10  22x1 5.3 1.3 % 107
Watts ' 2.5 2. 3.2 © 2.8 6.7 x 107" 2.5x 107" 3,0x 1077

A ?

As provided by BPHL
9/28/77 as Table A €
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"TABLE E=20"

MOX Fatled Equipmen‘ and lionconbustible Trash

. !ﬁlo'nco:nbusti ble
1Trash .

(Fuel Cycle 3)

Sh 1',mr.ent

4~————>Package——-—-? 55 gal Drums

Failed Equiﬁment

Years After Chemical Separation

.—-——kPacl‘(age -

<0.2 R/hr
" 0.985 Drums/MTHM

4 x 6 x 6 ft Boxes
+ <0.2 Rfhr o
0.05 Boxes/HTHM

2.4 x 16 3.0 x.

3.4

Source 0 10 50 - w1 10° 10
Nonconbustivle trash Lo
" Actinides/MIHH-
 Grams 1oxiot Toxi0?  toexic? 1ox1w0? 1ox10f 10x10% 1.0 %10
Curles 64 x1et 43 x10 9.4 -3 8.0x 10" 1.9%x10" 50107
Watts 78 x 102 9.0x102 12x10t 10x10" 26102 59.107 1,2 %107
Total/55 gal drum . ' )
Grams tox1? tox1? Tox10? toxi?  1ox10d 1.0x102 1,0 x 10° .
Curles 6.4 x 10 4.2x10' 9.5 3.8 ax10t 1ext0t o5y xS
Watts 0.0 x 102 1.0x10" 12x1w0! toxiwt 26x10? c0x10? 1.2 %107
Failed Equlpment
Actinides /MM
Grans 1.5 1.5 . LS 1.5 1.5 1.5 1.5
Curles 0610 c2xi0l 1axi0! sEx10? vexiw? 29x107 7.5x10°
© Watts dzxi0? tsxi0? 1ax10? 1sx07 39x10t a9k 100 1ox10
Totatl/box ' o
Grams 1010 3.0x100 2oxi 3.0x100 30xi0t 30k 5.0
Curies exw!  12xiwt 28 1.1 C2ax! sex10? 15y
Matts 572 1072 x102 3.0x10% 78x07 e x107 36 %107

_ As_provided by BPNL ¢
9/28/77 as Table A ?
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TABLE E-21

" MO Met Waste Treatment.

:Scrap Recovery Soluticas’

~ Process Solutions
:5econdary Waste:
H .

! e,
{
i
'

“iand Cement l

{Fuel Cycle 3)

Concentrate! Shigmen: 55 ¢al Trum

0.2 R/, 1,38 Sreme/MTid

Years After Chomica” Seperat whi

Sourca 0 1€ £y 10° 5 gt et
HOX piant w2t wastes ' '
Actiniias/MYiM '
Grams 3.5x100 35xw 3s5x100 35x0 3sxw 35k 3.5 k0]
Curfes 2.3x100 1axiat a6 x107 35xwE 88x1 57 x16F 1.8 %1073
Hetts 2.8 x 102 5.2 L2x100 2x1r 29 2.0 x 1077 4.2 x 1078
Total,55 gal drum )
(with cement)
Grams. _ 2.4x10  24x 24x100 2axw 24x1 2.4x100 2.4 ¢ 10
Curfes - 1exw 9 2.5 168 25«1t g0 42x107% 121073
Natts 1.9x102 36 8.2 8.2 - 2.0 1.4 x 1073 2.9 x 1075

As provided b,!‘BPI.(Lﬂon



Combustib)e Trash and Compactable Waste at MOX
' (Fuel €ycle 3)-

- {Sheet 1)
Combustfble p Incinerate 55 gal Drums
Trash and Cement —<0.2 R/hr

2.51 Drums/MTHM

Years After Chemical Separation

Source o 0 50 10 103 10’ 106
Combustible trash ° . ) :
Actinides/HTiH . ' ’
Grams V 3.0x10%  3.0x10°% 3.0x10% 3.0x10° 3.0x10° 3.0x12% 3.0x 10
H Curies eax10? 12x10? 28x10 1axw 2.4 5.7x10'  1.5x102
A Watts 2.4x10°" 30x107" 35x107 3ax10! 7.7x102 1.8x10? 3.5 x 1078
w Total/contatiner

~ Incinerate and cement

_ B .
Grams L2x10?  1.2x10% 1.2x100 1.2x100 1.2« 102]- 1.2 x 102] 1.2 x 10 ,
Curfes 7.6 x100 48x10' 1ax 1011 4.4 9.6 x 107 2.2 x 107" 6.0 x 10
Watts . 9.6 x _10' -

ex10] naxwol tzxtwt oaax10? n2x0? 14 x00™

: /7 ‘ As provided by BPNL on
R o S i ‘ L : CT .. 9/28/17 as Table A 9-1

-



Sombuspible Trash and Compatable Waste at MOX
~ {Fuel Cycle J) '
(Sheet 2)

Package with P 55 gal Drums

© | Filters 1 ¥ Compaction <4.2 ®/hr '
. : ‘ A ) . 12 £ Drums/ATiid

Years After Chemical Separatien

Source 0 w50 - e w ' o
MOX plant filters ' o '
Actinides/MTHM i . : - '
Grams 70102 702102 7.0x108  7.0x168 70102 70007 7.0 x 1P
Curtes 25 x 102 2.9x10%  6.6x10"  26x10 66 a3 s x o
Watts s.5x 1077 6.9x107 saxwt zaxw0! rsxi0! aax10? 83 x00
[
[
1
CY -
()} o
Total/55 gal drum
Grams Laxa® nas 10 1ax10’ nax0d vax0d e’ e’
Curfes 9.0x 102 s8xwl  13x10?2 52x100 1ixi0l 26 7.0 x 1072
Watts 1 1.4 1.6 1.4 3.6 x 107" g.2x10% 16 x 107



APPENDIX F - HEAT GENERATION RATES

This appendix includes the original heat generation data supplied by
BPNL in the November 17 transmittal from R. W. McKee to R. K. Kibbe
(Table F-1), plus an additional table of annual heat generation rates
derived from this data (Table F-2). The yearly data were obtained from
*1inear interpolation of the given five-year interval data received from
BPNL. Because of the lack of data prior to 1990, the heat genefation
rates presented for the years 1986-1990 reflect the given 1990 value. As
noted on Table F-2, the annual heat generation rate for an HLW canister
from total recyt]e eXceeds 3.6 kW (Section 9.3.2.3.1 of GEIS) from the
year 2010 on. After that year, the HLW projections were adjusted by a
factor equal to 3.6 divided by the original watts/canister for that year.
Simi]ér'adjustments were required for U-only recycle HLW from thé,year
2013 on. ' ‘
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-1985

1990

1995
2000
2005
2010
2015
2020
2025
- 2030

12035

2040
2045
2050

—_ RN RN N W RN NN NN

Case 2a - U Only Recycle

"Pu to HLLW

P

TABLE F-1
HEAT GENERATION RATE IN HLW CONTAINERS

(watts)

Solid High-Level Canisters

14

.65

.76
.79
.86
.03
.96
.85
.86
.78

.54

.25
.79

m MmMmMmMMMM™OmMmMmMmMmMM m M

+ 4+ + + + o+ o+ o+

03
03
03
03
03
03
03

03

03
03

03
03
03 .

Actinides
0 .

4.74 E + 02
4.95 E + 02
5.75 E + 02
5.75 E + 02
6.36 E + 02
7.06 E + 02
7.44 € + 02
7.59 E + 02
7.70 E + 02
8.97 E + 02
9.08 E + 02
9.64 E + 02
8.87 £ + 02
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Case 3 --U & Pu Recycle

.14
.63
.72
.75
.80
.95
.86
.75
.76
.64
41
15
.75

mm“mmmmzmmmm"rﬂmm
+ + + + 4+ + + + + + + + +

o
w

03
03
03
03

03
03
03.
03

03
03
03
03

Solid High-Level Canisters
F

- As provided by BPNL
‘on WIN/T?

Actinides

.70
.30
.83
.26
.33
.00
.24
.39
.39
.87
.83
.34
.07

m

Mm MMmMMM@MmMMmMmMmM”M™MM

o+ 4+ o F o+ o+ o+ o+

o
(2]

02
02
02
02
03
03
03
03
03
03
03
02



TABLE F-2°

Average Annual Heat Generation
Rates in HLW Canistersd

~Total Recvcle U-Only Recycle

" Year -Watts/Canister Watts/Canister
1985 0 . 0
1986 : 2310 , 2614
1987 23190 - 2614
1988- » ' 2310 - 2614
1989 - ' 2310 ‘ 2614

1990 T - 2310 - 2614
1991 .. ' 2440 ’ o 2720
1992 2570 2826

- 1993 ' < . 2700 .. 2933
1994 A 2830 ‘ 3039
1995 - ' 2960 - 3145
1996 L 3029 : 3183
1997 3097 3221
-1998 . : 3166 3259
1999 3234 3297
2000 3303 3335
2001 3318 - : 3341.
. 2002 ' 3332 : 3347
2003 : 3347 - 3353
2004 3361 v 3359
2005 - t 3376 4 o 3365
2006 . _ 3407 : : 3391
2007 , 3439 . 3417
2008 , 3470 - . 3444
2009 , 3502 - ' . 3470

~ 2010 - 3533 _— 3496
2011 ' ‘ 3616 - 3544
2012 , 3700 ' 3592
2013 B 3783 , . 3640
2014 L 3867 _ : ‘ .3688
2015 . 3950 3736
2016 . - 7 3980 _ ' 3730
2017 . 4010 ' 3723
2018 4040 o S 3717
2019 4070 3710
2020 , 4100 : : 3704

. 2021 © 4108 : : 3684
2022 : 4116 ' : 3664 .
2023 . 4124 : 3644
2024 4132 o 3624
2025 : 4140 : o 3604

'@ Based on data supplied by BPNL (November 1977). Yearly values -
were obtained from linear interpolation of 5 year data.
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APPENDIX G - WASTE THERMAL HISTORY

.~ The BPNL waste thefma1 history deséribed_in'this appendix (Table
Gfl):was'derived from ORIGEN runs contained in the November, 1976 trans-
mittal from BPNL to A. Quist. From the table it is obvious that HLW at
10 years after reprocessing will generate about 3.2 kW/canister. At 6.5
yeaﬁs after reprdcessing, the canisters will be somewhat hotter (about
4.0 kW/canister); however, the maximum acceptable heat load remains at
3.2 kW/canister. Therefore, according to these data, HLW must be aged 10
yearé after reprocessing prior to burial, or the waste must be diluted
with inert material prior to packagihgl ‘ |
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. .
| TABLE G-1
" BPNL Haste - Thermal History
Time - yearsa’b’f
5 10 50 100 500 1000 5000 10000 100000
HLY: Total Recycle _ , ' Lo 4
© Watts/MTHM 1450 1020 -~ 355 119 14,1 7.55 1.90 1.35 0.121
Watts/canister® 4410 3100 1080 - 362 42.9 23.0 5.78 4.10 0.368
U-only Recycle . ' . _ 4 .
 Matts/MTHH . 1420 1050 514 278 86.5  49.7 16.9 12.3 0.879
- atfs/canister® 4320 3190 1560 846 263 151 - 5.4 37.4  2.67
SURF: PLR | E ' |
Watts/MTHM 1850 1200 559 295 - 95.2 54.6 18.0 13.1 0.921
Matts/canister® 853 551 258 136 43.9 25.2 8.31 6.05 0.425
BUR ' o
Watts/MTHM 1350 911 420 222 72.8 43.0 - 15.4 1.2 0.729
Watts/canister® 247 167 76.9 40.6 13.3 7.87 - 2.82 2.05 0.133

a For HLW, time is given as time after reprocessing. This is assumed to occur 1 1/2 years after discharqe
from the reactor. :

b For SURF, time is given as time after an initial holding period (6 months). Hence, time since reactor
discharge is 0.5 year qreater than these headings. (ie. 5 yrs.=5.5yrs. since discharge).
3

- HLW canister is assumed to hold 3.04 MT of reprocessed fuel with an active volume of 6.28ft". .
PUR canister is assumed to hold one assembly of PHR'spent fuel (.461MT) with an active volume of 2.8ft3,
BWR canister is assumed to hold one assembly of BMR spent fuel (.183MT) with-an active volume of 1.1ft3.
Date obtained from BPNL 5upp11ed ORIGEN run. |
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