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ABSTRACT

Reactor physics calculations and literature information
acquisition have led to the development of a Clinch River Breeder
Reactor (CRBR) model for the ORIGEN2 computer code. The model is
based on cross sections taken directly from physics codes. Details
are presented concerning the physical description of the fuel
assemblie~, the fuel management scheme, irradiation parameters,
and initial material compositions. The ORIGEN2 model for the CRBR
has been implemented, resulting in the production of graphical and
tabular characteristics (radioactivity, thermal power, and toxicity)
of CRBR spent fuel, high-level waste, and fuel-assembly structural
material waste as a function of decay time. Characteristics for
pressurized water reactors (PWRs), commercial liquid-metal fast
breeder reactors (LMFBRs), and the Fast Flux Test Facility (FFTF)

have also been included in this report for comparison with the
CRBR data.
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AN ORIGEN2 MODEL AND RESULTS FOR THE CLINCH RIVER BREEDER REACTOR

A. G. Croff
M. A. 'jett.

1. INTRODUCTION

The gurpoco of this document is to describe the development of an
ORIGEN2!»2 model for the Clinch River Breeder Reactor (CRBR). The
model is being developed to support the work of the Nuclear Regulatory
Commission (NRC) and its subcontractors concerning the licensing
activities for the CRBR.

The development of a model for ORIGEN2 involves a series of compu-
tational and analytical tasks to provide the data libraries and input
parameters required by ORIGEN2. The model development described herein
follows the pattern and methods established during the development of
models for a variety of thermal and fast reacters.’”® The first step
is to acquire a general set of cross sections for the nuclides of
interest and to process them into a format suitable for further,
reactor-specific calculations. These cross sections are then used to
calculate the neutron spectra characteristic of the various fuel zones
within the reactor. These neutron spectra are a key result, and their
further use as weighting functions for cross sections and fission
product yields leads to the generation of CRBR cross-section and
fission product yield libraries for use in ORIGEN2. These calculations
are described in more detail in Sect. 2.

The model developer must simultaneously obtain information con-
cerning (1) the physical description of the fuel elements and
assemblies [used by the physics codes and by the ultimate model user],
(2) the fuel management scheme for the CRBR [used principally as input
to the physics calculations and ORIGEN2], (3) the initial composition
of the fuels and fuel assembly structural materials [used as 1input to
the physics codes and ORIGEN2], and (4) the relevant {irradiation param-
eters from the reactor developer [used as input to ORIGEN:]. The
resuit is a physical and compositional description of the materials
going into the CRBR each cycle, the cross sections and half-lives (from
prior work) of the nuclides while in the reactor, and the neutron flux
exposure each material receives in the ~actor. The details concerning
this information and its sources are given in Sect. 3.

The information comprising the CRBR model is then used as input to
the ORIGEN2 computer code to characterize the CRBR fuel cycle materials
with respect to radioactivity, heat generation, and other character-
istics. The CRBR model has been implemented through the ORIGEN2 code;
the results of this implementation are described in Sect. 4 and are
presented in the Appendixes. Detailed results are given for the CRBR
materials as well as overall results comparing CRBR with other reactors.



2. DESCRIPTION OF REACTOR PHYSICS CALCULATIONS AND BASES

There are two basic steps involved in performing the reactor
physics calculations necessary to provide the cross sections and flux
parameters required by ORIGEN2. The first is to obtain and process
system-independent cross sections into a form that 1is appropriate
for the general type of reactor being considered. The second step
involves using these cross sections to calculate the nuclear parame-
ters characteristic of the specific reactor type and fuel composition
of interest.

2.1 Sources and Processing of Cross Section Data

The sources of the system-independent cross sections used in the
reactor physics calculations and the processing of these cross sections
into a library that is generally applicable to LMFBRs are described in
Ref. 7 and will be summarized here.

The cross sections for the fission product nuclides were obtained
from ENDF/B-IV.® The cross secticns for the actinides and structural
material elements were obtained from ENDF/B-V.? All of these nuclides
except 233U and 2“1Py were processed with the NPTXS and XLACS2 modules
of the AMPX system.'® The 233U and 2%!Py were processed with the
NJOY code!! because their cross sections were initially in a different
format. The result was a 126-energy-group, cross-section library for
the fission-product nuclides listed in Table 1 and the actinides and
other materials listed in Table 2. This master library is appropriate
for subsequent reactor physics calculations for LMFBRs.

2.2 CRBR Reactor Physics Calculations

For the reactor physics calculations, the master, multigroup,
cross-section library described in Sect. 2.1 must first be processed
into a situation-specific, cross-section library (working library)
which 1s characteristic of a particular fuel composition and geometry.
Tnis is done by using the NITAWL module of the AMPX computer code
system. Wnen given information about the fuel region of a fuel
element, such as the Doppler temperature, the coolant concentration,
the dimensions, and the nuclide concentrations, the NITAWL module
accounts for (1) the Doppler broadening of the resonances and (2) the
fact that the effect of large resonances is diminished because there are
relatively few neutrons at the resonance energy. The relevant dimen-
sions and rnuclide concentrations were obtained from Table 4.3-4 of
Re. 12.

This working library is then used by the XSDRNPM module of AMPX,
which accounts for the spatial and energy self-shielding effects within
the fuel materials. To do this, the code performs a one-dimensional,
static, SgP3, discrete-ordinates, neutron-spectrum calculation and then
uses this spectrum as a weighting function for the input cross sections.



Table 1. ORIGEN2 fission-product nuclides?

72ge 73ge 74Ge 75As 76ge 76ge 77ge
798¢ 80ge 80k 8lgy 82ge 82y 83k,
85kr 85Rp 86xr 86Rp 86gr 87gb 87sr
89gy 89y 90, 90y 30z, 9Ily 9z,
93z, 93np 47, F4Np 94M0 95z, 95np

1267e 127mpe 1271 1287 128ye 129mp, 1291 129y,
1307e 130y 130xe 131y 131xe 1327e 132xe 133%,
133¢cg 134xa 1340g 134p, 1351 l35xe 135¢g 135g,

8A11 cross sections are taken from Ref. 8 and documented in
Refo 7.



Table 2.

Non-fission-product nuclides included
in reactor physics calculations?

H
10g
11
12¢
Ly
15y
160
179
235,
S2cr
55un
S6pe
59¢,
58Ny
92z
935p
I8,
120g,

230Th

2321y,

231p,
233p,
232y
233y
234y
235y

236y

8A11 cross sections are taken from Ref. 9 and documented

in Ref. 7.



In the case of the CRBR, two one-dimensional traverses were calculated.
The first was a radial traverse across the CRBR core, which was divided
into 10 zones according to the type of fuel in each zone. The second
traverse was an axial traverse, which was divided into 4 zones accord-
ing to the type of fuel or the density of structural materials present
in a particular area. The dimensions of these zones are given in

Table 3.

2.3 Results of the Reactor Physics Calculations

2.3.1 Neutron spectrum

The central result of the reactor physics calculations is the
multigroup neutron energy spectrum in each of the fuel zones of the CRBR
description included in XSDRNPM. These spectra were calculated in a
126-energy-group structure corresponding to the structure of the cross-
section library employed in the analysis. A listing of the multigroup
neutron spectra, which have been averaged across similar fuel zones, is
given in Appendix A, along with graphs of the neutron spectra.

As noted earlier, the XSDRNPM code has the capability to collapse
the 126-energy-group spectra into a coarser group structure specified
by the user. Calculations by XSDRNPM were performed in wiich the
126-group spectra were collapsed into two different 2-group spectra for
each of the following fuel types: core [(Pu,U)0; fuel], inner blanket,
radial blanket, and axial blanket. These 2-group spectra are, in turn,
used to calculate the OR[GEN2 flux parameters THERM, RES, and FAST
according to the method described in Ref. 1. The values of the ORIGEN2
flux parameters determined by this procedure are given in Table 4.

2.3.2 One-group cross sections

Another important result of the XSDRNPM calculations is the produc-
tion of l-energy-group cross sections by using the 126-group spectra as
a weighting function for the 126-group cross sections in the working
library mentioned earlier. The result is a single value for each
nuclide in each of the fuel types that is suitable for input to ORIGEN2,
but which nevertheless reflects the sophistication of the reactor
physics codes underlying them. This type of calculation is possible
only for nuclides for which multigroup, cross-section data is available,
currently about 240 of the most important nuclides. These cross sec—
tions are listed in Appendix B.



Table 3.

Layout and dimensions of CRBR core models

for XSDRNPM calculations

Radial traverse Axial traverse

Zone

number Description Outer radius, cm Description radius; ca
1 Inner blanket No. 1 16.5 Core fuel 46.0
2 Core fuel No. 1 27.2 Axial blanket 81.6
3 Inner blanket No. 2 37.9 Gas plenum 203.9
4 Core fuel No. 2 48.7 End pleces 233.9
5 Inner blanket No. 3 57.5
6 Core fuel No. 3 68.6
7 Inner blanket No. 4 76.6
8 Core fuel No. 4 95.8
9 Radial blanket 118.6
10 Radial shield 143.2




Table 4. ORIGEN2 flux parameters for the CRBR model

Fuel
type RES FAST

Core 4,4637E-10 1.5935E-03 0:.1511
Inner blanket 5.5863E~09 1.8448E-03 0.1073
Radial blanket 1.5628E-06 2.5831E-03 0.0778

Axial blanket 2.8291E-06 3.0646E~-03 0.0558

2.3.3 End-piece activation ratios

The axial XSDRNPM calculations were also used to determine the
activation rate of the stainless steel fuel-assembly structural
material in the zones outside of the fuel zones (e.g., gas plenum)
as compared to the activation rate in the axial blanket zone. These
rates were then used to determine the equivalent fraction of the
axial blanket flux to which the fuel-assembly structural material
nuclides had been exposed. These fractions are 0.19 for the gas
plenum and lower fuel-assembly shield and 0.015 for the end pieces
for all nuclides except S'Co, which has activation ratios that are
3.5 times those listed.

3. DESCRIPTION OF ORIGEN2 REACTOR MODEL

This section contains a summary description of the CRBR model for
the ORIGEN2 computer code. Included are: a description of the sources
of input data, such as cross sections and decay data, a discussion of
the fuel management data upon which the CRBR model is based; a physical
description of the CRBR fuel assemblies; a listing of the assumed
initial material compositions; and a summary description of the CRBR
model's irradiation characteristics and mass flows.

3.1 Sources of Input Data

The sources of the cross sections and ORIGEN2 flux parameters were
described in the previous section and will not be repeated here. In
addition to these cross sections, there are many nuclides for which some
cross-section data have been measured, but have not been expressed as a
multigroup cross section. This information is typically expressed as a




thermal (0.0253 eV) cross section and a resonance integral. For those
nuclides without multigroup data, thermal cross sections and resonance
integrals were obtained from Ref. 13, weighted with the appropriate
ORIGEN2 flux parameters described in Sect. 2.3.1, and incorporated
into the ORIGEN2 cross-section libraries.

The fission-product yields from neutron-induced, actinide fission
were obtained from ENDF/B-IV, weighted using the neutron spectra
described earlier, and incorporated into the ORIGEN2 libraries.

33.2

Explicit yields are included for 232Th, 233,235,238y gnd 239,24lpy,

The decay and photon data were obtained from a variety of sources.
depending on the data type of interest. A detailed description is
given in Ref. 4.

3.2 Fuel Management Information

The CRBR fuel management scheme 1is somewhat complex because the
fuel pattern for fuel ages and locations in the reactor does not
repeat for many years. The details of the CRBR fuel management
scheme, which are based on information from Sect. 4.3 of Ref. 12, are
projected for cycles 5 through 10 in Appendix C, Table C.1; for :
reference, a schematic of the CRBR core layout is given in Fig. C.1,}?
The following summarizes the CRBR fuel management scheme after the

first 2 cycles: <

l. Initialiy, the CRBR contains 156 core assemblies and 82 inner
blanket assemblies (including their respective upper and lower
axial blankets). These are irradiated for 1 cycle (275 full-
power days). At that point 6 inner blanket assemblies are
discharged and replaced by 6 core assemblies, resulting in
162 core assemblies and 76 inner blanket assemblies. These
are irradiated for another cycle, after which all core and
inner blanket assemblies are discharged.

The inner radizl blanket ring is inserted and irradiated

4 cycles, at which time it is discharged and replaced in
entirety.

The outer radial blanket ring is inserted and irradiated for
5 cycles, at which time it is discharged and replaced in its
entirety.

4. No shuffling of fuel takes place except for the replacement of
6 inner blanket assemblies with 6 core assemblies noted above.

The detailed irradiation information that supports the values used
in the ORIGEN2 calculations is given in Appendix C, Table C.2. This
informatic 1is based on data given in Tables 4.3-7, 4.3-8, and 4.3-9 of
Ref. 12.




3.3 Fuel Assembly Description

A physical description of the CRBR fuel assemblies is of interest
in the design of hardware to handle and transport the assemblies and in
the prediction of the amounts of fuel assembly structural material
wastes that will be produced by reprocessing the fuel. This description,
obtained from Refs. 12 and 15, is summarized in Table 5.

Also of interest is the composition of the fuel-assembly structural
material, which i{s assumed to be comprised entirely of stainless steel
316. The metal's initial composition!® is used as input data for
ORIGEN2 and i{s shown in Table 6.

3.4 1Initial Fuel Material Composition

The core fuel of the CRBR is comprised of an intimate mixture of
uranium and plutonium dioxides, with the plutonium dioxide accounting
for 33 wt % of the total (Pu,U)0; mass.!? The other fuel zones (axial,
inner, and radial blankets) are composed of 23%U-depleted uranium
dioxide tails from the uranium enrichment process. The initial compo-
sition of a unit amount of the core and blanket heavy metal is given in
Table 7.12:17 Also given in this table is the composition of the core
heavy metal after 4 yr of decay to simulate preirradiation delays in the
fabrication and storage phases. The most important effect of this decay

time is the production of 2“lAm from 2“!Pu, which has a 14.7-yr half-
life.

The second aspect of the initial composition of the CRBR fuels
concerns the nonactinide content of the fuel, which is given in
Table 8.18722 Al1] of these elements except oxygen are ppm-level
impurities that result during the preparation of the fuel material and
the fabrication process. The oxygen content represents the stoichio-
metric quantity for a heavy metal dioxide.

3.5 Summary Characterization cf the CRBR

The information generated as a result of the calculations, analyses,
and input data described in Sects. 2 and 3.1-3.4 were used by the
ORIGEN2 computer code to calculate the discharge composition of the
various fuel zones. A comparison of the discharge compcsition predicted
by ORIGEN2 with that obtained from Ref. 12 is given in Table 9. The
agreement is excellent, with the exception of ““!Pu, which differs by
about 11X. This is attributed to differing assumptions concerning the
preirradiation and refueling decays during the calculations.

The discharge composition of the various fuel zones, in concert
with the information developed previously in support of the CRBR model
for ORIGEN2, was combined to yield the summary characterization for the
CRBR and its fuel cycle that is presented in Table 10. The average



Table 5.

Physical characteristics of CRBR fuel assemblies?®

Core and

axial blanket

Inner and
radial blankets

Assembly component lengths, cm
Upper end hardware
Gas plenum
Upper axial blanket
Core or radial blanket
Lower axial blanket
Lower end hardware
Overall total
Fuel element total

Assembly shape
Assembly flats,
Fuel
Fuel
Fuel element OD,

Fuel pellet OD,
Core
Axial blanket
Inner and radial blanket

cm
element arrangement
elements per assembly
cm

cm

Fuel pellet density,

% of theoretical

Core
Axial blanket
Inner and radial blanket

Fuel element pitch, cm
Cladding thickness,
Channel thickness,
Channel height,

Circumscribed volume/assembly, m3

cm
Cm

cm

Heavy metal/assembly, kg
(Pu,U)0; per assembly, kgh
Stainless steel/assembly, kg
Assembly total weight, kg

— ».-
O WWwWWwNW
O W= n & O
e & 0 9 V. 9

- RN SN W . R

N
O N
e

hexagonal
11.62
triangular
217
0.584

0.491
0.483

91.3
96.0

0.731
0.038
0.305
314
0.0607
60.35
68.45
135.5
204

6.
l.

2
9
hexagonal
11.62
triangular
61
1.285

95.6
1.378
0.038
0.305
314

0.0607
100.85
114,39
122.6
237

8Based on data in Ref. 12.

b(Pu,U)Oz in the core and U0,
biankets.

in the axial,

inner,

and radial




11

Table 6. Typical composition of stainless steel 3168,b

Element Atomic number Amount, g/10% g metal
B 5 S
Cc 6 610
N 7 320
Al 13 165
Si 14 5,700
P 15 204
S 16 150
Ti 22 150
cr 2 170,500
Mn 25 18,500
Fe 26 643,726
Co 27 150
N1 28 135, 500
Cu 29 900
Nb 41 100
Mo 42 23,400
Sn 50 40
Pb 82 30

8nata from Ref. 16.
bpensity = 8.02 g/cm?.
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Table 7. Initial composition of 1000 kg of CRBR heavy metal?

Material type

Nuclide Fuel Blankets
No decay 4-yr decay
234y, ¢ 0 6
235y, g 1,340 1,372 2,000
236y, g 0 16
238y, ¢ 668,660 668,660 998,000
Total uranium, g 670,000 670,054 1,000,000
2374, g 0 4
236py, ¢ 0.005 0.062
238py, g 198 192
23%uy, g 283,932 283,900
240py, ¢ 38,610 38,594
24lpy, g 6,600 5,444
2u2p, ¢ 660 660
Total plutonium, g 330,000 328,790
24lpm, g 0 1,152
Total heavy metal, g 1,006,000 1,000,000 1,000,000

aBased on Refs. 12 and 17.



Table 8. Assumed nonactinide composition of CRBR oxide fuels?

Atomic Concentration Atomic Concentration
Element numbe r (g/MTIHM)D Element Numbe r (g/HTIHH)b
Li 3 1.0 Mn 25 1.7
B 5 '.0 Fe 26 18.0
c 6 89.4 Co 27 1.0
N 7 25.0 Ni 28 24.0
0 8 134,454€ Cu 29 1.0
F 9 10.7 Zn 30 40.3
Na 11 15.0 Mo 42 10.0
My 12 2.0 Ag 47 0.1
Al 13 16.7 cd 48 25.0
Si 14 12.1 In 49 2.0
P 15 35.0 Sn 50 4
Cc1 17 5.3 Gd 64 2.5
Ca 20 2.0 W 74 2.0
Ti 22 1.0 Pb 82 1.0
v 23 3.0 Bi 83 0.4
Cr 24 4.0

4pata obtained from Refs. 18 to 22.
bparts of element per million parts of heavy metal.

€Stoichiometric quantity for (Pu,U)0;, fuel.

€l



Table 9. Comparison of core fuel-disclarge
composition predictions

Predicted discharge composition, g/MTIHM

Nuclide ORIGEN?2 CRBRE

235y 952
635,800

226,900

50,420

6,746

242py 1,011

8Based on Ref. 12, Table 4.3-4.
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Table 10, Summary characteristics for the CRBR

Fuel reglon®

Parameter Fuel AB Fuel + AB I8 RBY  Fuel + AB + IB + RB
Electric power, MW(e) net 267.4 6.1 273.5 46.9 29.6 350.0
Thermal power, MW(t) 745.0 17.0 762.0 130.5 82.5 975.0
Average specific power,© 140.9 3.95 79.4 16.4 6.49 32.21
MW(t)/MTIHM

Avecage fuel bumup, 76,031 213} 42,870 8693 7977 22,600
MWd /MTIHM

Effective irradiation dura- 540 540 550 530 1229
tion, full-power days

Refueling cycle length, 275 275 275 275 275 275
full-power days

Average number of 81 81 81 41 28.2
assemblies charged
per cycle

Average charge,
kg/refueling cycle
235y

3.6 4.6 8.0 8.3 5.7 22.0
Total uranium 1805.5 2193.5 3999.0 4134.9 2843.9 10,978
Fissile plutonium? 783.0 0 783.0 0 0 783.0
Total plutonium 889.4 0 889.4 0 0 889.4
Total (U + Pu) 2694.9  21931.5 4888.4 4134.9 2843.9 11,867
Average discharge,
kg/refueling cycle

235y 2.6 3.6 6.2 5.9 4.0 16.1
Total uranium 1715.8  2149.0 3864.8 3960.2  2726.9 10,552
Fissile plutonium? 627.2 38.5 665.7 131.6 89.1 886.4
Total plutonium 766.7 39.6 806.3 138.3 94.9 1039.5
Total (U + Pu) 2482.5 2158.6 4671.1 4098.5 2821.8 11,591

8Fuel = 36-in. (Pu,U)0; region; AB = U0, axfal blankets associated with fuel,
IB = entire inner blanket] RB = entire radial blanket.

h!hlghud average of i{nner radial blanket (4-cycle residence) and outer radial
blanket (5-cycle residence).

CBased on rated power level.
4239p, 4 201py 4+ 239y,
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burnup of the core fuel is about 76,000 MWd /MT1uM, However, when
averaged over the entire core assembly, this value drops to about
43,000 MWd/MTIHM; when further averaged over the entire discharge
batch of fuel, the reactor-average burnup is found to be 22,600 MWd /
MTIHM, which is about three-fourths of the burnup in modern LWRs.

4., SUMMARY CHARACTERIZATION OF CRBR FUEL AND WASTES

This section describes the graphical and tabular characterization
of CRBR fuel and wastes, compares the CRBR material characteristics
with those of other reactors, and describes the calculational bases
for the characteristics. The calculated results of the characteriza-
tion of CRBR spent fuel, HLW, and SMW are presented in Appendix D.
Appendix E graphically compares the characteristics of spent fuel,
HIW, and SMW for four different reactor types: PWR, FFTF, CRBR, and
LMFBR. Appendix F compares the characteristics of CRBR HLW with those
of PWR spent fuel. 1In all cases, the PWR is assumed to be operating
on a once-through, low-enrichment U0, fuel cycle.

4,1 Calculational Assumptions

The nuclear material characteristics were calculated based on
ORIGEN2 reactor models for a commercial PHR,3 a commercial IMFBR,“ the
FFTF,* and the CRBR model described by this document. The reader is
referred to these documents for details concerning the models other
than that for the CRBR. Three nuclear materials are characterized in
this report: spent fuel, high-level waste, and fuel assembly struc-
tural material waste.

4.1.1 Spent fuel

The spent-fuel characteristics are for the specified spent-fuel
material plus a commensurate amount of fuel-assembly structural
material. Conservatively, all nuclides produced during the irradia-
tion are assumed to be present with the spent fuel (e.ge, no tritium
loss through the cladding is assumed). The irradiation parameters and
initial fuel compositions are as described in Refs. 3 and 4 and in
this report.

&:1.2 High-level waste and structural material waste

The HIW and SMW are both assumed to be produced by chemical
reprocessing of spent fuel to recover the economically valuable pluto-
nium and uranium. The first part of the reprocessing sequence
involves chopping the spent-fuel assembly with a heavy-duty shear,
which cuts the fuel elements into segments a few centimeters in length.
The segments are then immersed in concentrated nitric acid to dissolve
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the oxide fuel matrix while leaving the fuel-assembly structural
materials essentially {intact. At this point, the volatile elements are
freed to escape from the dissolver into the off-gas treatment system.
After dissolution is complete, the structural materials are removed,
becoming the SMW described below. The nitric acid solution containing
the dissolved spent fuel is contacted with tributyl phosphatz, which
removes the uranium and plutonium for separation and purification
further downstream in the plant. The residual nitric acid solution,
containing the remaining fission products, traces of uranium and
plutonium, and all of the actinides other than uranium and plutonium,
constitutes the liquid HIW.

After its generation, the liquid HLW will most likely be concen-
trated by evaporation, heated to a high temperature to evaporate the
nitric acid and convert the dissolved fission-product and actinide
nicrates to oxides (i.e., calcined), and then incorporated iato a
monolithic solid matrix (e.g., vitrified in glass). The SMW may be
compressed to reduce its volume. It should be noted that there are
many alternative treatment technologies for the HLW and SMW; those
mentioned above are only examples that are presently regarded as the

most likely to be used and have been assumed for the CRBR fuel cycle
assessment.

The HLW contains all of the contents of the spent fuel, decayed
until the time of reprocessing, except for the following species that
have been removed: 99.5% of the uranium and plutonium, 99.9% of the
halogen elements (principally iodine), and 100% of the tritium, !“C, and
noble gases (krypton, xenon, and radon). In addition, because stainless
steel is corroded slightly by the nitric acid, it is assumed that 0.69%
of the IMFBR, FFTF, and CRBR fuel-assembly structural material is
present in the HLW,??

The SMW is principally comprised of the hardware that constitutes
the fuel assembly, but not the fuel material itself. For the PWR, this
is predominantly Zircaloy with some stainless steel and Inconel. For
the LMFBR, the CRBR, and the FFTF, it is virtually all stainless steel
(with some Inconel from the reflector, in the case of the FFTF). In
addition, it is assumed that 0.05% of the nonvolatile components of the
spent-fuel oxide (i.e., the HLW plus the uranium and plutonium) are
included in the SMW. This is a result of the shearing operation, which
may pinch the ends of some of the cladding segments so that the fuel
matrix is not readily accessible to the nitric acid in the dissolver.
It is also assumed that 30% of the tritium produced in the PWR fuel is
present in the SMW as a part of the Zircaloy cladding.

The time necessary for the spent fuel to be reprocessed, following
ire discharge from the reactor, is assumed to be 160 d for the PWR and
FFTF, 90 d for the IMFBR, and 150 d for the CRBR.
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heled Comparisons

In the recent past, a comparison has often been made of the inges-
tion toxicity of some fuel-cycle material with the ingestion toxicity
of the uranium ore mined to produce that material. This has most often
been done in studies involving IWRs (including the PWRs). If the total
losses of uranium at the beginning of the fuel cycle are assumed to be
12X (10X during milling, IX during conversion, and 1% during fabri-
cation), and if the enrichment plant tails are assumed to be 0.25%,
then 7.16 metric tons of uranium must be mined to produce 1.0 MTIHM of
fresh fuel. This amount of uranium ore, when in equilibrium with its
shorter-lived daughters (i.e., wnen it is most toxic), requires
1.1 x 10® u? of water to dilute it to the standards given in the Codc
of Federal Regulations.?"“

A comparison of the ingestion toxicity of uranium ore to that of
a fuel-cycle material has also been made on a volumetric basis. The
volumetric toxicity of carotite ore, virtually the only source of
uranium today, is about 105 m? of water/m? of ore. The toxicity of
pitchblende, a very high-grade uranium ore, is about 10% m3 of
water/m’ of ore.

These values are included for use as a comparison basis for the
ingestion toxicity characteristic graphs given in the Appendixes to
this report. The toxicity of the ore required to make 1.0 MTIHM of
PWR fuel can simply be superimposed on the toxicity graphs in the
Appendixes. The volumetric toxicities of uranium ores would require
conversion of the graphs from a MTIHM basis to a volumetric basis
(e.g., m? water per m? HLW) before superposition of the ore toxicities.

4.1.4 Conversicns

The conversioa factor that is most often of interest is the
multiplicative factor used to convert “"characteristic/MTIHM" to
“"characteristic/GWy(e)"” where the GWy(e) represents the amount of
electricity that was produced by the fuel or wastes. These factors,
calculated for the CRBR and other comparison reactors, are given in
Table 11. Two aspects of this table are worthy of special mention.
First, the FFTF has been included, even though this test facility does
not actually produce electricity, by employing the same conversion
factors as those used for the commercial LMFBR. Secondly, the conver-
sion factors for the commercial IMFBR are given for a range of thermal
efficiencies. The 31.6% value was the design basis in the original
documentation. This relatively conservative value was selected since
the design was for the first full-sized commercial plant. However,
the IMFBR technology has been developed sufficiently in the inter—
vening years so that higher efficiencies would be likely. Thus, the
conversion factor is also given at the 35.9% CRBR thermal efficiency
and at an assumed maximum thermal efficiency of 40%, allowing the user
to select the value most appropriate to the case at hand.



19

Table 1l. Multiplicative factors for converting MTTHM ! to GWy(e)™!

Thermal Multiplicative
Reactor efficiency convergion factor,
type (%) MTIHM/GWy(e)
CRBR 35.9 45,03
PWR 32.9 33.62
LMFBR 31.68 25.52
35.9 22,78
40.0 20.16
FFTFD 31.6 25.67
35.9 22.91
40.0 20,28

8Ag-designed thermal efficiency.

bThe FFTF does not produce electricity; the values are included
for comparative purposes.
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4.2 Graphical and Tabular Characterization of
CRBR Spent Fuel and Wastes

This section briefly describes the detailed characterization of
the spent fuel, HLW, and SMW associated with the CRBR fuel cycle. The
characteristics examined for these materials are: radioactivity (Ci),
thermal power (W), ingestion toxicity (m® water required to dilute
material to 10 CFR 20 values?“), inhalation toxicity (m® air required
to dilute material to 10 CFR 20 values?“). All characteristics are
presented as a function of decay time after discharge from the reactor
for times ranging from 0.1 yr to 1 x 10° yr and are calculated with
the ORIGEN2 computer code. The summary graphical and tabular output
that is presented in this report was generated by an auxiliary code,
ORMANG, which accesses the ORIGEN2 output, extracts the desired
results, and produces the graphs and tables.

The results of this exercise are presented in Appendix D, with the
characteristics of the spent core/axial blanket fuel, HLW, and SMW
given in Sects. D.l1, D.2, and D.3, respectively. Both the graphs and
tables nresent the total characteristics as a function of decay time.
In addi.ion, the graphs anc tables list the nuclides that are the
principal contributors to the total; the graphs include a maximum of
14 contributors, while the tables include the first 23 contributors.

4.3 Comparison of CRBR Spent Fuel and Waste
with Other Reactors

In many instances, it is useful to compare the characteristics of
thn same type of material from various reactors to gain a perspective
on a particular reactor. This has been accomplished using the pre-
viously generated characteristics for the PWR, the FFTF, and the
commercial IMFBRZ?%:26 and adding the corresponding values generated
for the CRBR as a result of the work reported here. A comparison of
the total characteristics for each reactor type is presented as a
function of decay time after discharge, with both graphical and tabu-
lar output given. Graphs and tables also show results for spent
core/axial blanket fuel, HLW, and SMW and for the characteristics of
radioactivity, thermal power, ingestion toxicity, and inhalation
toxicity. These results are given for comparison in Appendix E,
Sects. E.l1, E.2, and E.3 for the spent fuel, HLW, and SMW,
respectively.

It is also of interest to compare the CRBR HLW, a material that
has not been extensively evaluated in a technical or licensing
context, to the PWR spent fuel, which has received much greater
attention. These data for comparison are presented graphically in
Appendix F for the four characteristics mentioned above.
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APPENDIX A: 126-ENERGY-GROUP NEUTRON SPECTRA GRAPHS AND LISTINGS
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Table A.1. Flux per unit lethargy for CRBR fuels

Group energy
boundaries, eV
Energy Inner Radial Axial
g roup Upper Lower Core blanket blanket blanket
1 1.73330% 07 1,220 1.23921%-93 5.906492-08 3.79583e-013 7. 4668204E-04
2 1. 221480° 07 1.00000" 07 9.72585%=01 U.FRI40R-03 2.970687-02 €,827762~-03
3 1.00000% 07 a_18730° 06 3.509102-02 1.71841%-02 1.0686RE-01 2.122262-02
4 R, 1871302 0% 6.70320® 0OF 3,4779%2-02 8.71166F~02 2.075122-01" 5.781112-02
S 6.70,20® 06 6.06530F 06 1.731877-01 8.88322%-02 5. 22799e-01Y 1.0R21%-01
6 6.06530" 06 5.48810° 06 2.32835%-01 1. 171972-01 7.047432-01 1.824378-01
7 €. 8RB10E OF §.09319" 0K 3.62279*-0" 1.860842-01 1.09434® 00 2.26484%2-01
8 8,089330° 06 3.67880° 06 5, 17982°-01 2.5%%672E-01 « 576455 GO 3. 136632-01
9 3.67880° 06 3.16680% 0OF K. RRUETE-DY J.4RBEIP-N 2.10140" 00 4.208522-01
10 3. 16€407 OF 1.911902 06 9,278437-01 5.045212-01 2.81085% 00 £.606947-01
" 3.01190" 06 2.96500F 0 9.69728%-01 5,.277748-01 2.93267" 20 6.828807-01
12 2.86500% 06 2.72530E 06 1.03788° 00 €. 67507E-01 3.18009F% 00 7.826172-01
13 2. 725308 OF 2.%9280" 96 1.17327% 00 6.506262-01 3.550%%e 00 R, 718978-01
AL 2,.59240" 0F 2.866007 0K 1. 18551® 00 £.598€59-01 3.584262 00 8, 864187-01
15 2.08R€00% 06 2.395208 06 1.26565% 00 7.19629E-01 3.81848¢6% 00 9,796532-01
1% 2.38%20% 0€ 2.35%30% N6 1.8485%60% CO A, 481752-0 8.33749E 20 1.19822¢ 00
17 2. 3¢530F 06 2.306902 06 1.83277° 00 8.486908¥%-01 4,31518® 00 1.218532 00
18 2.30690"° 06 2.23130% Nk 1.32545= 00 T.46255%=-01 4,00148" 00 1.09014®= 00
19 2.237307 06 2.122%0% 0OF 1.230849= 00 6.73934°-01 3.75565E 00 9.889432-01
20 2. 12250% 0F 2.01000® 0F 1.18836% 00 £.3920%2-01 3.63091® 00 9.28668%-01
21 2.01090% OF 1.92050e 0% 1.227332 00 €£.%65772-01 1, 76970 00 9.80491E-01
22 1.92050" 06 1.82680% 05 1.248721% 00 £.597252-C1 3.85218® 00 1.00%%8¢ 00
23 1.82680" 06 1.71770% 0% 1.68857® 00 8, 16252%-01 4.483680% 00 1.219552 00
26 1.737702 06 1.65300% 06 1.504872 00 A,800%7°-01 8.62688" 00 1.306912 00
S 1.6%3002 06 1.87240% 06 1.409177 00 7.825722-01 8.333328 00 1.20%688 00
ri 1.57240" 0¢ 1.39570% 0% 1.53%91® 00 9,676022-01 4.72437% 00 1.36506F 00
27 1.89570¢% 06 1.82270¢ 0K 1.61562® 00 3.29615%-01 4.95560° 00 1.85106% 00
28 1.42270" 06 1.35380% 06 1.65921* 00 9.5853*~-01 £.09308%® 00 1.%537103 00
29 1. 3%380° 06 1.28730F QF 1, 863862 00 7.91183:-01 4, 46%€RE 00 1.28339® 0"
30 1.2R730°® 06 1.220€08 05 1.7629%% 00 1.05571F 00 €.800368% 00 1.68864F 0
3 1. 224607 06 1.16 4807 06 1.995R8E 00 1.136%€62 00 .078762 CO 1.95987% 00
32 1. 16880% 0OF 1.108002 06 1.83R30% 00 1.10523® 00 5. &6121E 00 1.845948 00
33 1. 108007 0F 1.002A08 06 1.45780% 00 R,.25222%-01% 4. - 6€4= 00 1.3%9962' 00
34 1.00260® 06 9.£1680" 0S5 1.35784= 00 7.677372-01 £.20.75° 00 1.278%7. 00
15 9,610 05 9.,07180® 0% 1.69835= 00 1.02337% 00 6.22281% 00 1.69026- 00
3¢ 9.07180" 0% 3,52940% 0% 1.92901% 00 1.21322® 00 5.B87442%® 00 1.993132 00
37 g.62980% 05 8.20850% 05 2.36382® 20 1.%3129% 00 7.13886"° 00 2.53164% 00
38 8. 20”80 05 7.80820% 9% 2.5%%977 00 1. 71668 00 7.655362 00 2.73810% 00
19 7,80020F 0% 7.427408 0% 2.665229 00 1.7568647 00 7.91807e 00 2.92203® 00
40 7.82740% 0% 7.06510% 05 2.609732 00 1.78093e 00 7.71056® 00 2.91%92% 00
41 7.06%107 0% 6.720£0% 0% 2.83517¢ 00  1.93046® 00 2,.346752 00 3.262372 00
42 €, 72050F 0% €.392802 0% 7,13001% 00 2.12768% 00 9,17968E 0. 3.77884E 00
83 6. 30280% 0% 6.08100® 05 3,254873% 00 2.22928% 00 9.50883® 00 4,000%3® 00
a4 6.08100% 0% £,7883082 0% 3. 45883% 00 2.38380% 00 1.00503E 01 4.88255%2 00
s €, 7%a807 05 5.50230% 0S 3.37663E 00 2.34032® 00 9,75711E 00 8.47737E 00
4E 5.50230" 05 5.,238007 05 2,63201® 00 2.49742% 0O 1.08901® 01 4.99180% 90
47 §,23u8007 0% 4,.97870% 0S5 3. 5768a% 00 2.85077 00 1.03222¢® 01 5, 04668" 00
g 4.97270° 0S5 8,.504907 05 2.59%162 00 1.70867*° 00 7.%€7702 00 1,698472 00
(L} 4. 50890% 0% 4.07620% 05 1.92817° 00 1.28€08E 00 5.63253% 00 2.72727% 00
50 §,07620% 0% 3.€8830% 05 2.239¢2® 00 1.5%1510® 00 €.53686% 00 3.235%1° 00
S 3, 688307 0S 3,237310% OF 3.01226E 00 2.082%1° 00 8,7312¢7° 00 3.88611% 00
52 3.33730% 0% 3.01970® 05 3.260815° 00 2.280062 N0 9.40541% 00 5,01982®2 00
€3 3, 01970F 05 2.99500° 0% 3. 14u85® 90 2.272606% 00 9.02746E 00 8.86371F 00
cu 2.98500= 05 2.97200% 0S 3.%%1232 00 2.484352 00 1.026112 01 5,.601647 00



29

Table A.1 (continued)

Croup energy
boundaries, eV

Evergy —_ Inner Radial Axial

group Upper Lower Core blanket blanket blankel

5s 2.97200° 0% 2.94520" ¢S 1.694172 00 2.5220%* 00 1.06S46E 01 €,90420F 00
56 2.94520% 05 2.872%0% 0S5 3.26 1638 00 2.316612 00 9.32820" 00 %.16051% 00
57 2.87250® 0% 2.73230® 05 3.0120a® 00 2.197172 00 8.55047% 00 %.73377® 00
8 2.73200" 05 2.87200% 0% 3.40098% 00 2.42813° 00 9.6284%% 00 5.89683% 00
59 2.47240% 05 2.237107 05 3,05714% 00 2.2048%e 00 8.55158% 00 4.97139€ 00
60 2.23710° 65 2.128008 0% 1.06729® 00 2.25503% 00 A,52944E 00 £.08129% 00
61 2.12800% 0% 2.02u20% 0% 1.06783% 00 2.25521% 00 f,505152 00 5.06068® 00
K2 2.02420°® 05 1.925507 0% 2.71103® 00 2.0423a% 00 7.46833% 00 4,46S06E 00
53 1. 925502 05 1.87160F 05 2.99890° 00 2.19782% 00 8.20939% 00 4,98226% 00
e 1.83160% 05 1.782202 0% 8.072392 00 2.797130% 00 1.13028® 901 7.03679* 00
(1] 1.78220% 05 1.65710° 0% 3.02309® 00 2.20819€ 00 8.30671® 00 €, 22386F 00
HE 1.657308 05 1.57640F 05 3.29821® 00 2.3%910% 00 9.059€65® 00 §,77751% 00
67 1.%7680% 0% 1.499£02 0% 3. 1264468 00 2.25920% 00 8, 549%8° 00 5.5221a7 00
68 1.49960F 05 1.42680%° 0% 2.354817 90 1.80982% 00 6.38475% 00 4,114098% 00
69 1. 426040% 05 1.35690% 05 2.9827%* 00 2. 131€9% 00 8.094587 00 5,256152 00
70 1.3%690®2 0% 1.20079® Q= 3.5431n 00 2.49780% 00 9,.65462% 00 6£.80027% 00
" 1.29070® 0% 1.22770® 05 3. 371142 00 2.38237® 00 9.17537° 00 6.23096% 00
72 1. 22770% 05 1.167907 05 3.2%605% 00 2.31225* 00 8.844378 00 6.11028® 00
73 1. 1£790" 0% 1.11090% 0% 3.02848® 00 2.19212® 00 A8.18%172 00 S.728667 00
76 1.11090% 0% 9.80370" 04 2.539661® 00 1.95176% 00 6.929437 00 §.90629® 00
7% 9.80370F 03 3.65179% 04 2.88110% 00 2.101008 00 7.65%948® 00 5.56908® 00
76 B.65170% 04 8.2°000® 04 1.91024® 00 1.51576% 00 €,028378 N0 3.69020% 00
17 8.250002 04 7.95000° 08 3.88043% 00 2.647972 00 1.03752¢% 01 7.78866% 00
78 7.95000° 04 7.20000% 06 2.39864% 00 1.81804% 00 6.25707® 00 8,.759152 00
79 7.20000® 04 6.731790% 04 1. 17824% 00 2.20855% 00 f,36120% 00 £.50953® GO
80 6.731790% 04 5.65620° 08 2.65228% 00 1.9346752 00 £.90721E 00 %.58032% 00
a1 S, 6%620% 08 5.28750% 08 1.52649° 00 1.29158% 00 3.90100* 00 3, 18580% 00
82 5, 207502 04 4.63099% 04 2.50702® 00 1.8419%8 00 6.682398% 00 5.3375%92 00
LE 4.63090° C4 4,08680% 04 2.83879% 00 1.768%57% 00 £.264012® 00 S.328812 00
L 4.08F80" 08 1.83070F 04 2.042912 00 1.%26667 00 5, 17184% 00 4,.%1789® 00
8% 3.43070% 08 3.18290% Qu 1.86101F 00 1,38854% 00 4.63528° 00 4.09577® 00
86 3, 182807 04 2.850007 04 f,85€712-01 7.72373%-01 2.203972 00 1.970478 00
€7 2.8%000F 08 2.70000° 04 7.97513E-01 7.10818%-01 1.97883% 00 1.77328® 00
L) 2.70000° o8 2.605807 04 2.55478% 00 1.8641318F 00 €.36772% 00 5.64716F 00
8y 2.60%80° 0a 2.87880% J4 3.24794% 00 2.150162 Q0 8.23973E 00 7.47838% 00
90 2.87880° 04 2.35790® 98 2.2%318® 00 1.55917% 00 5.7208%% 00 5.3309%" 00
91 2.35790°" 04 2.18750° (e 2.03453® 00 1.47%67®7 00 5.15685% 00 4.89343F 00
92 2. 187%0% 08 1.92050® 08 1.914972 00 1. 38826% 00 4,82323® 00 8.67902¢ 00
Q3 1.93050F 04 1.50380%° 0n 1.21706% 00 9.44877°-01 3.00€912 00 2.9787%% 00
94 1.50380® Ou 1.170997 0a 1.31874F 00 9.5%4298-01 3.26053F7 00 3,32613® 00
9% 1.17090® o4 9.11880% 93 1.127162 00 R.178677=01 2.78030% 00 2.94€68F 00
96 Q,118807 03 7.10170® 03 7.7080€6%-01 S, 83778%8-01 1.882122 00 2.0667%2 90
97 7.%1708 03 £.51080F 03 6.998487-01 €,206212-01 1.70235® 00 1.92997% 00
98 £.53080% 03 4.30709® 03 5.5€1599~01 8,.178062-01 1.34570% 00 1.58249% 00
o9 8,30740% 03 3.707807 83 8,207472-01 3.281259-01 1.012428 00 1.22021® 00
100 3.70740% 03 31.35860° 03 2.94786%-01 2.471120-0 7.050647-01 8.662987-01
101 3.3%460F 03 3.03%308 O 1.377508-01 1.26430%-01 3, 28%15g-01 4.0772642-01
102 3.03%407 02 2.79650% 02 €. 117278-02 5.082939-02 1.220188-01 1.52772°-01
103 2.7u46507 Q1 2.61260% 03 £.29787°-02 €.169%2%0-02 1.899%47-01 1, R87998%-01
108 2.61260" 03 2.88520% 0? 1.134312-01 1.08080®-01 2.695799-01 3.39428%9-01
10% 2.48%207 03 2.28870% 02 2.22285%7-01 1.87897%-01 €,2776%8-01 6.€0232%-01
106 2.20870° 03 2.938707 03 4.04605%-01 3.09%88%-01 9,.61528%-01 1.237342 00
107 2.03870% 03 1.58460% 01 8.95122%-C1 3.471629-01 1, 188697 00 1.680112 00
108 1.58860" 03 1.238102 N3 4.27239p-01 3.039487-01 1.01099% 00 1.£218€% 00O
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Table A.]l (continued)

Group energy
boundaries, eV

Energy Inner Radial Axial

group Upper Lowe r Core blanket blanket blanket

109 1.23810* 03 9.61120® 02 2.99%86R-01 2.683368E-01 7.083952-01 1.34872% 00
110 9.61120" 02 7.88520F 02 2.280187-01 1. 8R417P-01 5.2646202~-01 1.161622 00
m 7.08520% 02 4.58000F 02 1. 166302-01 1.05295»-01 2.579262-01 8.04580E-01
"2 4,5 0n0F 02 2.753¢€0% N2 £.477302-02 5.631779%~02 1.15808E-01 5.11209£-01
13 2.75380" 02 2.10450% 02 1.75079°-02 31.9F9%6%-02 7.783297-02 4.80785p~01
118 2. 16a50" 02 1.67029® 02 2.619227-02 2.76410E-02 5.369172-02 3. 683152-01
1% 1.67020® 02 1.01300% 02 3.08149%-03 2, 14473E-03 1.870%u4E-02 1.61065e-01
116 1.01300" 02 6.10820° 01 4.817157-03 €.716058-03 9.8u588%-03 1.5062a%-01
17 6. 188208 01 4.78510F 01 2.4R6088-0) 1.9893%2-03 5.22187*-03 1.233382-01
118 8, 7RE10® 01 3.776707 0 1.182772-03 1.79420%-03 2.8%928E-C3 6.6931592-02
119 3. 72670 01 2.26030" 01 B.45604E-00 1.08793%-03 2.08124"-03 $.010958-02
120 2.26039* 01 1,06 7708 01 1.78883F-08 2.A8736"-048 4.9228RE-08 2.093562-02
\ra) 1.06770= 01 £.083%0% N0 4, 808%0% 0% 6.31600"-05 1.8428%2-08 7.112452-03
122 5.0835%0% 00 2.372%9* 00 2.193497-05 2.88075e-05 1.2370%-06 5.305832-03
122 2. 372397 00 1.12% 0% 00 5.44760°-05 1.118192-05 $.17922®-05 3.508772-03
126 1.12%40F% 00 8,.1%9907-91 3.08484E-07 1.69128E~-06 §.178772-0¢€ 1.153%32-03
12% 6. 139907-01 1.000007-01 5.169862-09 7.19801e-08 fA.331897-08 1. 16015e-08
126 1.00000%-01 1.00000F-05 2.12087°-10 2.49279e-09 3.592532-09 1.0645632-05
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APPENDIX B: ONE-GROUP, SPECTRUM-AVERAGED CROSS SECTIONS FOR THE CRBR
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Table B.l. One-group, spectrum-averaged cross sections for CRBR fuels
Cross Cross section (barns)
section Inner Radial Axial

Nuclide typed Core blanket blanket blanket
- 1 N,G 1.998-04 2.35E-084 3.46E-04 4.192-04
B - 10 N,A 2.61E 00 3.05®% 00 4.33% 00 S. 168 00
B -1 N,G 3.95e-05 4.33"-05 4.99E-05 5.438-05
c - 12 N,G 3.16E-06 3.09E-06 3. 94E-06 4.518-06
N - 14 N,P 1.60E-02 1,.22B-02 1.078-02 9.828-03
N - 15 N,G 1.22E-05 1.158E-05 1. 04E~-05 9.81E-06
0 - 16 N,A 1.162-03 7.69E-04 5.87F-08 3.798-04
0 - 17 N,G 6.53P-05 S.49E-05 4.61E-05 4.11E-05
NA- 23 N,G 1.488-03 1.80E-03 2.272-03 2.408-03
CR- 52 N,G 1.95e-02 2.10E-02 2.42E-02 2.66R-02
MN- 55 N,G 6.57E-02 9.28F-02 1.58E-01 2.13E-01
FPE- 56 N,G 1.16E-02 1.31E-02 1.58E-02 1.82E-02
co- 59 N,G 6.20E-02 9.28%-02 2.50E-01 3.892-01
NT- 58 N,G 2.09e-02 2.29E-02 2.61E-02 2.75e-02
GE- 72 N,G 5.15E-02 S.47»-02 “ 1B=02 5.88E-02
GE- 73 N,G J.U2E-07 Q.47E-01 4E- 01 1.018 00
GE- T4 N,G 3.03B-02 3.25m-02 SE-02 3.472-02
GR- 76 N,G 1.92E-02 2,.43E-02 9E-02 4.648-02
AS=- 75 N,G 3.66B-01 4.51E-01 BF-01 8.592-01
SE~ 76 N,G 1.57E-01 1.89E-01 .66E-01 3.258-01
se- 1717 N,G 3.62E-01 4.27P-01 ve 7T2B-01 6.87r-01
Se- 78 N,G 6.27B-02 7.66E-02 1.07E-01 1.318-01
SE- 80 N,G 5.45E-02 5.89E-02 6.A3E-02 7.208-02
SP- B2 N,G 9.10B-03 9.42P-03 9.57E-03 9.558-03
BR- 79 N,G 6.84E-01 7.85E-01 1.20E 00 1.518 00
BR- 81 N,G 3.48E-01 4.11E-01 5.95E-01 7.35€-01
KR~ 80 N,G 1.948e-01 2.39E-"° 4.10E-01 5.6 1E-01
KR- 82 N,G 1.47%-01 1.84E-01 4.312-01 6.02F-01
KR- 83 N,G 5.028-01 5.77®-01 B8.54E-01 1.03E 00
KR~ 84 N,G 5.17E-02 6.54F 02 9.83E-02 1.288-01
KR~ 85 N,G 3.84FP-02 4.37P-02 5.33E-02 6.08E-02
¥R~ 86 N,G 3.35E-03 3.697-03 3.94F-03 3.81E-03
RB- 85 N,G 2.08E-01 2.38E-01 2.92e-01 3.32e-01
RE- 86 N,G 1.69P-01 2.23E-01 1.65E-01 4.84%-01
RB- 87 N,G 1.50E-02 2.08”-02 3J.47p-02 4.60E-02
SR~ 86 N,G 7.03P-02 B8.618-02 1.228-01 1.54E-01
SR- 87 N,G 9.99e-02 1.16F-01 1. 68E-01 1.92E-0
SR- 88 N,G 1.14E-03 1.12E-013 1.08F-03 1.052~03
SR- 89 N,G 2.10E-02 2.29%-02 2.58E-02 2.73E-02
SR- 90 N,G 1.30E-02 1.36E-02 1.44E-02 1.47E-02
Yy - 89 N,G 2.25P-02 2.47E-02 2.722-02 2.73E-02
Y - 90 N,G 1.27E-01 1.44E-01 1. 74F-01 1.952-01
Yy -N N,G 4.118-02 4,.67B-02 5.68E-02 6.48BE-02
ZR- 90 N,G 2.29E-02 2.44P-02 2.65E-02 2.67E-02
Zr- 9N N,G 8.232-02 1.00E-01 1.40P-01 1.72%-01
ZR- 92 N,G 3.93E-02 4.29%-02 4.89r-02 5.26R-02
ZR- 93 N,G 9.21E-02 1,22E-01 2.25E-01 3.14E-01
ZR- 94 N,G 2.08p-02 2.28FP-02 2.54E-02 2.61E-02
ZR- 95 N,G 1.52E~-01 1.75E-01 2. 19E~-01 2.55E-0"
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Cross Cross section (barns)
section Inner Radial Axial
Nuclide typed Core blanket blanket blanket
ZR- 96 N,G 4,.46E-02 S.87E-02 9.35E-02 1.22E-01
NB- 93 N,G 2.09F-01 2.84E-01 3. 12E-01 3.67E-01
NB- 94 N,G 2.36E-01 2.87E-01 4.49E-01 S.64E-01
NBR- 95 N,G 3.45E-01 4.08FP-01 5.50E-01 6.64%-01
MO- 94 N,.G 4,87E-02 S5.28E-02 5.99E-02 6.52E-02
M0~ 95 N,G 2.88%-01 3.43%-01 5.52E-01 7.02%-01
MO~ 9f N,G 5.89E-02 7.18E-02 1.24E-01 1.68E-01
MO- 97 N,G 2.71E-01 3, 14E-01 4.10%-01 4.82%2-01
MO- 98 N,G 2.46%-01 2,93%-01 4. 18E-01 5.18E-01
MO- 99 N,G 4.62E-01 S.27E-01 6.6 1E-01 7.582-01
MO=-100 N,G 7.82E-02 9.21E-02 1.21E-01 1.458-01
TC- 99 N,G 4.69E-01 S5.53E-01 8.12E-01 9.75E-01
- 99 N,G 3,76E-01 S,70E-01 8.44E-01 1.058 00
R1-100 N,G 1.608-01 1.89®-01 2.52E-01 3.058-01
RU~-101 N,G £E.11E-01 €.0908E-01 8.00E-01 9.43E-01
RI=-102 N,G 1.82E-01 1,98%-01 2.26E-01 2.478-01
PU-103 N,G 4,20E-01 U4.91E-01 6.99E-01 8.45E~-01
RII=104 N,G 1.35E-01 1.58F-01 2.07%=01 2.467-01
RU-105 N,G 3.38E-01 3.75%-01 4.36E-01 4.75e-01
RU-104 N,G 7.948E-02 8,92F-02 1.0 "E-01 1.15E~-01
RH=-103 N,.G 6£.698-01 7.72E-01 1. 10E 00 1.24E 00
RH=-105 N,G 5.50E-01 6.297-01 2.04E 00 2.112 00
PD-104 N,G 2.67E-01 3.11E-01 4.25E-01 5.158-01
PD-105 N,G 7.94E-01 9.04E-01 1.16E 00 1.33E 00
pD=-106 N,G 1.57%-01 1.82E-01 2.34E-01 2.75E-01
op=-107 N,G 5.48F-01 6.20E-01 8.12E-01 9.47r-01
PD=108 N,G 1.71E-01 2.222-01 S« S4E-01 7.578-01
PD=-110 N,G 1.42E-01 1.76%-01 2. 39E-01 2.99-01
AG=-107 N,G 6.75E-01 7.798-01 1.05% 00 1.24% 00
AG-109 N,G 4.80E-01 &5.87F-01 1.16E 00 1.438 00
AG-111 N,G 6.48E-01 8.28F-01 1. 34E 00 1.77E 00
cD-108 N,G 1.94E-01 2.10E-01 2. 39E-01 2.58E-01
cD-110 N,G 2.59E-01 2.98E-01 4.34E-01 5.29E-01
cD-111 N,G 4.01E-01 Uu4.67F-01 6.35E-01 7.64E-01
CD=-112 N,G 2.28E-01 2.57r-01 3.24E-01 3.74E-01
cD-113 N,G 3.83E-01 4.64%-01 8.13E-01 1.07= 00
cD-114 N,S 2.85E-01 3.27k-01 4,28E-01 5.15E-01
cD=-115 N,G 6.60E-N1 8.91E-01 1.63E 00 2.24E 00
CD=-116 N,G 1.098E-01 1.19F-01 1.37E-01 1.52E-01
IN=-113 N,G S.83E-01 6.47Fr-01 8.72E-01 .01 00
IN=115 N,G 4.34E-01 4.96F-01 1.08F 00 1.15E 00
SN=-115 N,G 3.70E-02 5.74E-02 8.53E-02 1.062-01
SN=11F N,G £.008-02 6.93R-02 1.05E-01 1.37E-01
SN=117 N,G 1.99E-01 2.29F-01 3.00=-01 3.54%-01
SN-118 N,G 1.13E-01 1,.28F-01 1.63E-01 1.91E-01
SN=-119 N,G 5.49E-02 6.084F-02 8.50%-02 1.02E-01
SN=120 N,G 4.38%-02 U4,85E-02 5.93E-02 €.868-02
SN=122 N,G 2.27E-02 2.40%-02 2.75E=-02 3.06P-02
SN=-123 N,G 1.10E-01 1,23E-01 1.47E-01 1.658-01
SN=-124 N,G 2.86F-02 3.367-02 5.46F-02 6.71E-02
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Cross Cross section (barns)
section Inner Radial Axial
Nuclide typed Core blanket blanket blanket
SN=-125 N,G 2.87%-01 3,52E-01 4.96E-01 6.30E-01
SN-126 N,G 7.028-03 7.10®-03 7.112-03 7.04E-03
SB-121 N,G 4.588-01 5.22%-01 7.218=01 8.478-01
SBR=-123 N,G 2.60E-01 3.02r-01 4.u8r-01 5.488~-01
SE-124 N,G 6.52B-01 7.398-01 8.90F-01 9,.898~-01
SB-125 N,G 2.82E-01 3.28%-01 4.37E-01 5.27E-01
S8=-126 N,G 4.117-01 4,.93%-01 7.03E-01 8.67E~-01
TE-122 N,G 3.35E-01 4.07%-01 6.68E-01 8.558-01
TE-123 N,G 4.80E-01 5.80R-01 1.72% 00 1.89%2 00
TE-124 N,G 2.33E-01 2.55E-01 2.99E-01 3.35E-01
TE-125 N,G 3.46E-01 U4, 18E-01 5.61E=-01 6.812-01
TE-126 N,G 1.038-01 1,22E-01 1. 79-01 2.25E-01
TE-127 N,G 3.,59E-01 4,27%-01 6.10E-01 7.532-01
T®-128 N,G 9.35E-02 1.01P-01 1. 17E-01 1.29E~-01
TE-129 N,G 1.17E-01 1.40F-01 1.87E-01 2.25%-01
TE-130 N,G 1.49E-02 1.63F-02 1.86E-02 2.01E-02
TE-132 ¥,G 3.99E-04 3.68%R-04 3.21r-04 2.95E-04
I =127 N,G 5.35E-01 6.51F-01 1.04E 00 1.33E 00
I =129 N,G 3J.69E-01 4.33®%-01 5.81E-01 6.998-01
I =130 N,G 5.48E-01 7.198-01 1.29E 00 1.75E 00
I -131 N,G 1.398-01 1.70B-01 2.35E-01 2.92B-01
I =135 N,G 5.98P-04 K.20E-04 6.45E-08 6.46E~-04
XE-128 N,G 1.67E-01 1.96%-01 2.66E~01 3.25E-01
YE-129 N,G 4.07B-01 U4,.94E-01 7.76E-01 9,74E-01
X®-130 N,G 1.07E-01 1.15E-01 1.25F-01 1.30E-01
XE-131 N,G 2.15E-01 2,.f7E-01 7.42E-01 1.01E 00
XE=-132 N,G 6.50E-02 7.198-02 8.41FE-02 9.30%-02
YE-133 N,G 1.288-01 1.93%-01 6. 29E-01 9.17E-01
XE-138 N,G 3.23E-02 3.47®2-02 3.76E-02 3.85E-02
XE=-135 N,G 7.56E-03 2.17E-02 3.60F 00 6.418 00
XE-136 N,G 2.82E-03 3.07E-03 3.53E-03 3.88E-03
cS-133 N,G 4.76E-01 5.68%-01 8.79E-01 1.088 00
cS-134 N,G 5.25E=01 6.45F-01 1.01E 00 1.28E 00
£S-135 N,G 7.12E-02 9.56%-02 2.07E-01 2.85E-01
CS=136 N,G 2.60E-01 3.24E-01 5.06E-01 6.52E~-01
cs-137 N,G 1.31E-02 1.50E-02 1.85E-02 2.062-02
8SA-134 N,G 1.09E-01 1.28E-01 1.98E-01 2.58E-01
BA-135 N,G 3.38E-01 &.25F-01 7.25E-01 9.49FE-01
BA-136 N,G 4.54P-02 5.26B-02 6.81E-02 8.12E-02
BA-137 N.S S.44E-02 6.51E-02 8.80F-02 1.07e-01
BA-138 N,G 5.71E~-03 5.398-03 4,96E-03 4,.728~-03
BA-140 N,G 4.81e-02 7.96%R-02 1.628-01 2.32E-01
LA-139 N,G 3.97E-02 U4.84E-02 7.9%5E-02 1.00E-01
LA-1480 N,G 3.06P-01 4.05%-01 7.10%8-01 9.6U4R-01
CE-140 N,G 1.73E-02 1.77E-02 1.84E~-02 1.848-02
CE-181 N,G 1.36E-01 1.59FP-01 2.20r-01 2.672-01
CE-142 N,G 3.20E-02 3.447-02 3.68E-02 3.778-02
CE-143 N,G 2.63E-01 3.47®-01 5.76E-01 7.78E-01
CP=-144 N,G 5.16E=-02 6.01%-02 7.742-02 9.51E~-02
PR=-141 N,G 1.55E-01 1.958-01 2.94P-01 3.76E-01
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Table B.l1 (continued)

Cross
section
typed Core

Cross section (barns)
Inner Radial
blanket blanket

Axial

Nuclide blanket

PR-142
PR-143
ND-142
ND-143
ND-148
ND-145
ND-146
ND-147
ND-148
ND-150
PM-147
PN-148
PM-149
PM-151
SM-147
SM-148
SN-149
3M=150
SM=-151
SM=-152
SM-153
SM-154
EU=-151
FU=-152
EN-153
B0-154
F0=-155%
EU-156
FN=-157
GD=-154
GD-155
GD=-156
GD=-157
GD-158
GD=-169
TB-159
TB=160
DY-160
DY-161
DY-162
DY-163
DY-164
HO-165
ER-166

FrR=-167
TH-230
TH=-230
TH=-232
TH=-232
PA-231

N,

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
\,
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

r
’
r
r
r
’
r
’
r
’
’
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r
’
r
’
r
’
r
’
’
r
’
r
r
’
r
’
'
’
’
f
’
’
r
’
’
’
r
’
’
r
’
’
r
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-

oo ®

o~
3
~
3
~
3
T~
1
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4.02E-01
3.55E-01
3.83%-02
3.05E-01
9.41F-02
3.41E-01
1.23R-01
.80 F-01
1.79E-01
2.21E-01
1.26E 00
7.09E 00
3.08E 00
4.19E-02
5.15E-01
3.368-01
1.43E 00
4.04E-01
2.22E 00
4.148-01
£.92%-02
2. 118-01
3.60E 00
4.50F 00
2.28E 00
2.71E 00
2.53E 00
f.U9E-02
4.26E-02
9.73E-01
1.96% 00
4.51E-01
3.67% 00
2.79E-01
2.00E-01
1.U0E 00
1.U6E-01
1.95% 00
2.16E 00
8 .48E-01
9.U9E-01
2.48E-01
1.52E 00
4,.45E-01
1.44E 00
1.94E-01
3.61E-02
3.76E-01
1.25E-02
2.91% 00

5.058-01
4.498-01
4.158-02
3.83E-01
1.062-01
4.26E-01
1.337-01
8.73E-01
2.048-01
2.57E-01
1.55E 00
8.41E 00
3.68E 00
6.60E-02
1. 028 00
3.79E-01
1.79% 00
4.81E-01
2.76% 00
S.158-01
1.34E-01
2.55%~-01
4.36% N0
5.40E 00
2.76E 00
3.28% 00
3.05®% 00
B.95E-02
5.908-02
1.17E 00
2.35% 00
5.447-01
4.89% 00
3.33%-01
2.28E-01
1.75E 00
1.90E-01
2.37E 00
2.72% 00
1.04E 00
1.19E 00
2.85E-01
1.90E 00
5.388-01
1.82% 00
2.618-01
2.65E-02
4.46E-01
8.87E-03
3.32®% 00

8.49E-01
8.10E-01
5.02E~02
6.37E-01
1.35k-01
7.2 1E=-01
1.53E-01
1.63E 00
2.82E-01
3.42E-01
2.80E 00
1.57F 01
$.38E 00
6.09E-01
1.93E 00
5.01E-01
3.30E 00
8.10E-01
4.79E 00
1.38E 00
1.12E 00
3.91E-01
6.91E 00
8.19% 00
4.34E 00
5.18E 00
4.72E 00
4.,80E-01
3.89E-01
1.76E 00
3.69F 00
8.69E-01
8.17E 00
4.73E-01
2.90E-01
2.79E 00
5.55E-01
4.04E 00
4.51E 00
2.20E 00
2.102 00
4.16E-01
3.10E 00
8.31E-01
3.328E 00
6. 90E~-01
1.98E-02
6.697-01
6.51E-03
4.30E 00

1.10% 00
1.07e 00
5.59E-02
8.36E-01
1.61E-01
9.40®-01
1.68F-01
2.16E 00
3.478-01
4.07E-01
3.54E 00
1.83E N
6.70E 00
7.81E-01
2.55E 00
6.01E-01
4.33E 00
1.04E 00
6.12E 00
1.698 00
1.54E 00
4.95E-01
8.65E 00
1.012 01
5.41E 00
6.44%8 00
5.92E 00
$5.99E-01
4.82E-01
2.248 00
4.52E 00
1.11E 00
1.1 09
5.878-01
3.418-01
3.61E 00
7.03E-01
5.20E 00
5.82E 00
2.772 00
2.678 00
5.108-01
3.99¢ 00
1.05E 00
4.30E 00
9.19E-01
1.59E-02
8.358-01
4.97E-03
4.95 00




Table B.1

(continued)

Nuclide

Cross section (bamms)

Inner
blanket

Radial
blanket

Axial
blanket

PA-231
PA-233
PA-732
DA-233

=232

-232

-233

-2137

-234

-234

-23%

-235

-236

-236

-?3‘1

-237
0 -213n
n -238
NP-237
NP-237
NP-238
NP-238
PU-236
PU-236
PU-237
PU=-237
PU-238
PU-238
PU-239
PU-239
PU-240
PO-240
20-241
PU=-241
PU-242
PU-242
PU-243
PO-243
PU-204
PO-284
AM=-201
AN =241
ANM=201
AM=-202
AM=2042
AM-202
AM-202
AM=-202
AM=203
AN=-203

= Z = E_BEZAE
T T T T e U U U U U T B )

- 4

ZERETZEX

- % a0

N
N
N
N
N
N
N
N
N
N
N
“
N
N
N
N
N
N
N
N

L D T T U T U I U D

ZZTITZZTTE

ERBZxza

L T T T D U T U )

y

"Maa’

TOYTaOYTQYIQYd Y@

M@

J4

Q900 "M@

1" am™m

R B Ee

">

7 Bhe -

e B B |
~

1.24E-01
4.82E-01
6.19E-01

«97E-01
>+ 25E~-02

+49E 00

«89E-01
8.76E-02
5.83E-01
3.88E-01
1.53E 00
1.93E-01
3.69E 00
7.19E-01
1.19E 00
4.90E-01
1.84% 00
5.28E-01
4.24E-01
4.54E-01
2.49E 00
4.31E-01
3.07E-01
3.72e-01
B.66E-01
2.26E-01
2.58E-01
1.37E 00
3.46%-01
3.41E-01
7.83E-02
5.22E~-01
3.86E-01
4.C0E 00
9.298-02
2.72E-01
1.00E 00

2.28E-01
6. 18E-01
S«TUE-02
6.18E-01
7.82E-01
2.39% 00
2.98E-01
2.89% 00
7.098-01
3.137=01
6.35E-01
2.07= 00
6.27E-01
9.85%-02
5.997-01
6.08E~-01
3.14E-01
3.75E-02
1.76E 00
3.147-01
1.158=-01
7.62%-01
4.65E-01
1.52% 00
2.25E-01
3.90F 00
8.40E-01
1.15E 00
6. 14E-01
1.93F 00
6.778-01
3.54%-01
5.28E-01
2.70% 00
5.12F=01
2.43E-01
4.480E-01
9.21E-01
2.95E-01
2.02E-01
1.58% 00
2.68R-01
3.958-01
1.038-01
6.828-01
4.697-01
g.u4% 00
6.39E-02
2.08E-01
1.21F% 00

1.80E-01
9.32E-01

4.22E-02

9.26£-01
7.69E-02
1. 02E 00
5.90E-01
3.65E-01
2. 76E-02
2.56E 00
2.49E-01
2.05E-01
1.81E 00
7.52E-01
1.71E 00
3.26E-01
4.65E 00
1.15E 00
1.16E 00
9.34E-01
2.26E 00
1.25E 00
2.95E-01
7.49E-01
3.37E 00
9.54E-01
1.92E-01
6.58E-01
1.26E 00
S.45E-01
1.57E- 01
2.22E 00
2. 13F=-01
('_.tccj__o’
1.8 1E-01
1.23E 00
7.24E-01
5.90E 00
1. 05E-01
1.60E-01
2.00E 00

1.53k=-01
1.13E 00
3.25E-02
1.13E 00
1.18E 00
3.33% 00
4.51E-01
3.85E 00
1.41E 00
2.18%-01
1.058 00
2.88% 00
1.12E 00
6.70E-02
1.34% 00
5.76E-01
4.10E-01
2.138-02
3.112 00
2.12B-01
2.70E-01
1.84E 00
9.39E-01
1.838 00
3.88E-01
5.178 00
1.39E 00
1.19E 00
1.238 00
2.55E 00
1.672 00
2.63%-01
8.98E-01
3.83% 00
1.098 00
1.63E-01
7.96E-01
1.47E 00
7.35E-01
1.31E-01
2.628 00
1.828-01
6.56E-01
2.392-01
1.628 00
8.99E-01
6.90E 00
1.27E-01
1.328-01
2.428 00
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Table B.l (continued)

Cross
section
type®

Cross section (barns)
Inner Radial
blanket blanket

Axial

Core blanket

TOYTaTota"Te

AN aNme

T T T T T T U ST T U
e

B K7 Be B

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
V
N
N
N
N
N
N
N

¥ W W oW N as

.- ® % = % %
ooy

EEBEER LA 2

1.938-01
3.17E 00
3.28E-01
1.99E-01
2.40E-01
2.66E 00
8.22E-01
4.86E-01
3.08E-01
2.63E 00
2.30E-01
3.20E-01
3.02E-01
1.938 00
2.45E-01
3.568-01
9.47E-01
1.90E-01
3.58E-01
2.62E 00
4.12E-01
1.11E 00
3.08E-01
2.30E 00
2.87E-01
7.72E-01
1.91E-01
6.81E-01
1.47E-01
1.02E-01
7.17E-04

2.23E-01
3.35E 00
4.19%-01
1.47E-01
2.90E-01
2.89E 00
9.53E-01
4,.00E-01
3.49E-01
2.80E 00
2. 75E-01
2.458-01
3.457-01
1.93% 00
3.02E-01
2.82E-01
1.26% 00
. U4E-01
4.21E-01
2.85% 00
5.14E=-01
1.01E 00
3.56E-01
2.42% 00
3.31E-01
7.35E-01
2.59E-01
8.89E-01
2.16%-01
1.508-01
8.30E-04

3.072-01
4.07E 00
7.44E-01
1. 11E-01
4.63E-01
3.91E 00
1.36E 00
3.34E-01
4.51E-01
3.37E 00
4.09E-01
1.89E-01
4.79E-01
2.01E 00
5. T4E-01
2.34E-01
2.70E 00
1. 11E-01
6.41%8-01
3.56E 00
1.248E 00
8.87E~-01
S« 71E-01
3.01e 00
4.044E-01
8.82E-01
5.22E-01
1.68E 00
6.86E-01
4.77%=-01
1-16E-03

(n,gamma) to a ground state

(n,fission)
= (n,gamma) to an excited state

(n,alpha)
(n,proton)

3.61E-01
4.56E 00
9.89E-01
8.93E-02
5.68E-01
4.50E 00
1.608 00
2.95E-01
5.11E-01
3.74E 00
$5.02E~-01
1.578- 0%
5.578-01
2.05E 00
7.37E-01
2.06E~-01
3.59E 00
9.14E-02
7.828-01
4.068 00
1.56% 00
8.17E-01
6.79E-01
3.30E 00
$5<.25E~01
1.01E 00
7.01E-01
2.18E 00
9.24E-01
6.42E-01
1.38E-03

A ——




APPENDIX C: FUEL MANAGEMENT DETAILS FOR THE CRBR




Table C.1.

Detatls of the CRBR fuel cycle management for cycles 5-10

Fuel management schedule, kg heavy metal (fuel assemblies)

Core Inner blanket Inner radial blanket Outer radial blanket
Cycle® Parameter Fueld ABC Fuel + AD “Fuel~d AB “Fuel”™ + AB “Fuel™ AR “Fuel™ + AB “Fuel” AB “Fuel”™ + AB
EOC4 laventory 0 0 0 (0) 0 0 0 (0) 0 0 0 (0) 37440 29i2.0 6556.0 (66)
BOCS + Charge 5190.2 4224.6 9414.8 T156) 4651.7 3618.0 8269.7 (82) 3403.6 2647.3 6050.9 (60) 0 (4 0 (o)
= Inventory 5190.2 4224.6 9414.8 (156) 4E51.7 3618.0 8269.7 (82) 3403.6 2647.3 6050.9 (60) 37440 2912.0 6656.0 (66)
EOCS =~ Discharge 0 0 0 (0) 340.4 264.7 605.1 (6) 0 0 (] (0) 3744.0 2912.0 6656.0 (66)
= Inventory 5190.2 4224.6 9414.8 (156) 4311.3 3353.3 7664.6 (76) 3403.6 2647.3 6050.9 (60) 0 0 o (0)
BOCH + Charge 199.6 162.5 362.1 (6) 0 0 o (0) 0 0 o (0) 3744.0 2912.0 6656.0 (66)
= Inventory 5389.8 4387.1 9766.9 (162) 4311.3 3353.3 7664.6 (76) 3403.6 2647.3 6050.9 (60) 37440 2912.0 6656.0 (66)
EOC6 = Discharge 5389.8 4387.1 9766.9 (162) 4311.) 3353.1 7664.6 (76) 0 0 0o (0) 0 0 0o (0)
= Inventory 0 0 0 ‘0) 0 0 0 (0) 3403.6 2647.3 6050.9 (60) 3744.0 2912.0 6656.0 (66)
BoCc7 + Charge 5190.2 4224.6 9414.8 (156)  4651.7 3618.0 8269.7 (82) 0 0 LI (1) 0 0 0 (o)
= Inventory 5190.2 4224.6 9414.8 (156)  4651.7 3618.0 8269.7 (82) 34016 2647.3 6050.9 (60) 37440 2912.0 6656.0 (66)
EOC7 = Discharge 0 0 0 (0) 340.4 264.7 605.1 (6) 0 0 0 (0) 0 0 0 (0)
= Inventory 5190.2 4224.6 9414.8 (156) 4311.3 3353.% 7664.6 (76)  3403.6 2647.3 6050.9 (60) 3744.0 2912.0 6656.0 (66)
BOCS8 ~ Charge 199.6 162.5 362.1 (6) 0 0 0 (0 0 0 0o (o) 0 0 0 (0
= Inventory 5389.8 4387.1 9776.9 (162) 4311.3 33533 7664.6 (76) 3403.6 2647.13 6050.9 (60) 3744.0 2912.0 6656.0 (66)
EOCB ~ Discharge 5389.8 4387.1 9776,9 (162) 4311.3 33533 7664.6 (76) 3403.6 2647.3 6050.9 (60) 0 0 0 ()
= Inventory 0 0 0 (0 0 0 0 (0 0 0 0o (o) 3744.0 2912.0 6656.0 (66)
BOCY + Charge 5190.2 4224.6 9414.8 (156)  4651.7 3618.0 8269.7 (82) 34013.6 2647.3 6050.9 (60) 0 0 0 (0)
= Inventory 5190.2 4224.6 9414.8 (156)  4651.7 3618.0 8269.7 (B2) 3403.6 2647.3 6050.9 (60) 3744.0 2912.0 6656.0 (66)
EOC9 ~ Discharge 0 0 0 (0) 340.4 264.7 605.1 (6) 0 0 0o (0) 0 0 0 (0)
= Inventory 5190.2 4224.6 9414.8 (156) 4311.3 3353.3 7664.6 (76)  34031.6 2647.3 6050.9 (60) 3744.0 2912.0 6656.0 (66)
BOC10 + Charge 199.6 162.5 362.1 (6) 0 0 0 (0) 0 0 0o (0)
= Inventory 5389.8 4387.1 9776.9 (162) 4311.3 3353.3 7664.6 (76) 3403, 2647.3 6050.9 (60) 3744.0 2912.0 6656.0 (66)
EOC10 =~ Discharge 5389.8 4387.1 a776.9 (162) 4311.3 3353.3 7664.6 (76) 0 0 0 (0) 3744.0 2912.0 6656.0 (66)
= loventory 0 0 0 (0 0 0 0 (o) 3403.6 2647.3 6050.9 (60) 0 0 0o (o)

*pocx = erd of cycle x; BOCy = beginning of cycle y.

®36-1a. (Pu,U)0, region.

“Composite of upper (14-in.) and lower (14-1n.) U0, axtal blankets.

936-1n. U0, region at the same axial elevation as the core fuel.

oY
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6 ALTERNATE FUEL BLANKET
O 156 FUEL ASSEMBLIES il

@ 76 INNER BLANKET ASSEMBLIES
o 6 SECONDARY CONTROL ASSEMBLIES

@) 126 RADIAL BLANKET ASSEMBLIES 312 RADIAL SHIELD ASSEMBLIES

. 9 PRIMARY CONTROL ASSEMBLIES

Fig. C.1. Clinch River Breeder Reactor core layout.
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APPENDIX D: CHARACTERISTICS OF CRBR SPENT FUEL, HIGH-LEVEL WASTE,
AND FUEL-ASSEMBLY STRUCTURAL MATERIAL WASTES
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D.1: Characteristics of CRBR Spent Core Fuel Assemblies
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Table D.1. Radioactivity of CRBR spent core/axis' blanket
fuel as a function of decay time
Radioactivity (C1/MTIHM)

(yr) TOTAL 02319 cs13? PN240 PD241Y AM241 SR 90 RH106 F1106 PFIGS CE184 ¥3 95
1.000B=01 2.3602¢07 R, 270R+03 2.603R¢05 6.396B+03 3.428P¢05 2.3318+03 9.659E+00 1.664E¢06 1.664E+06 1.593E+06 1.593E+06 2.812B+06
1.0002+00 8,.729E+06 B.270F+03 2.550B¢05 6.396P¢03 3.2832+05 2.812E¢03 9.453I8+008 B.961E¢05 B.961F+05 T.108E+05 7.1482+05 1.307E+05
1.000E+01 S.823P+05 8.2677403 2.071P+05 6.389P+03 2.1288+05 6.587E¢03 7.630E+04 1.839%¢03 1,839F¢03 2.361E+02 2.341%+02 4.567E-11
1.000F+02 6.896E+08 RB,245F¢03 2.589E+08 6.330B+02 2.795E+03 1.195E+04 B8.959E+02 2.437E-268 2.0437E-24 0.0 0.0 0.0
3.000P+02 2.8672408 £ 199P¢03 2.588%e02 6.19€2¢03 1,9528~01 B8.T44E+03 7.669E+01 0.0 0.0 0.0 0.0 n.c
1.000%¢03 1.6727+06 3.035P+03 2.809E~05 S.753B+03 1.034R-02 2.B845E¢03 4.452r-06 0.0 0.0 0.0 0.0 2.0
1.000E+08 8.482%+03 6.200%+0 0.0 2.2152+403 4,.9632-03 6.497E-03 0.0 0.0 0.0 0.0 0.0 .0
3.000%+08 3.813%+03 3.886P+03 0.0 2.65FR+02 9.7128-08 9.7128-04 0.0 0.0 0.0 0.0 0.0 0.0
1.000P+05 5.226%+02 8.681P+02 0.0 1.589B-01 3.225%-06 3.223E-06 0.0 0.0 0.0 0.0 2.0 0.0
3,0008+05 S.4328+01 1,8728400 0.0 2.7942-08 2.656E-13 2.799E-13 0.0 0.0 0.0 0.0 0.0 0.0
1.000%+06 3.8417¢01 3,007E-09 0.0 2.7672-08 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0

Radioactivity (C1/MTIHM)

;:’ pmiay 7R 9% ROY01 LERLET ] cris ZR 93 NP237 PA233 3233 TH229 AC225 RA225
1.0008-01 3.5S3E¢05 2.119%¢06 2.35AR+06 2.126B406 1.5792+06 1.732B+00 7,.5218-02 7.223P~02 2.756E-06 1,088E-06 1.136E-06 1.089E-06
1.0008+00 2.8157405 6.018%+04 7.137P+03 6.4382¢03 1.518E+403 1.799E¢00 7.601E~02 7.591E-02 3,.052P-06 ?.009FE-06 1.08BE-06 (.06RE-06
1.0002+01 2.6108+08 2.0567-11 §.598E-22 4.1468-22 0.0 2.3238+00 9.014%-02 9.074%-02 6.318E-06 1.052B-06 1.052P-06 1.052F-06
1.000%+02 1.230E-06 0.0 0.0 0.0 0.0 3.2148+00 4.1942-01 4.1982-01 1,029E-00 1.411E-06 1.411E-06 1.411E-06
3.000R+02 0.0 0.0 0.0 0.0 0.0 3.2238+00 1.087E400 1.0B7E«00 7.766E-04 B.729E-06 B.729%-06 B.729E-06
1.0008+03 0.0 0.0 0.0 0.0 0.0 3.2228+00 2.278%+00 2.278E+00 6.252P-03 2.1618-04 2.1612-04 2.1612-04
1.000P+08 0.0 0.0 0.0 0.0 0.0 3.209E+00 2.845E+400 2.885%+00 1.145E-01 3,.889E2-02 3.8R89E-02 3.889%-02
3.000E+08 0.0 0.0 0.0 0.0 0.2 3.180B+00 2.827E+00 2,827E+00 3.823E-01 2.3002-01 2.3002-01 2.300%-01
1.0002+05 0.0 0.0 0.0 0.0 0.0 3.081E+00 2.762B¢00 2.762E+00 9.886E-01 9.019E-01 9.0192-01 9,.019E-01
3.000r+0S 0.0 0.0 0.0 0.0 0.0 2.818E+00 2.590B+00 2.590E+00 1.965E+00 1.985E+00 1.985E¢00 1.985%+00
1.000P+06 0.0 0.0 0.0 0.0 0.9 2.0692+00 2.065E+00 2.0652+400 2.191P+00 2.196B+00 2,.196E+00 2.19€E+00

Ly
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Fig. D.2. Thermal power of CRBR spent core/axial blanket fuel
as a function of decay time.
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Table D.3. Ingestion toxicity of CRBR spent core/axial blanket

fuel as a function of decay time

o8

Ingestion toxicity (m? water/MTIHM)

TOTAL

s® 95

PU239

PRI&] °N240

RA226

AN24

RN219

ROV06

CET84

*H229

FB21C

1.0009-01
1.0002+00
1.0008+01
1.000%+02
3.0002+02
1.0002+03
1.000%+048
3.000=+08
1.000Pe 0%
3.000%+05
1.000E+06

&9

5. 1267+ 13
1.800%2+1
7.269%8+10
1.1357+10
2.7217+09
1.783E40°
B8.6787+08
3.953E+08
7.188%+07
3.0867+07
1.9967+07

B.381E+10
8.203E+10
6. 622R 410
7.773%+09
6.6512+07
1, 8632400
0.0
0.0
0.0
0.0
0.

o

f.084E+ 08
8.994E+08
P.AA2E+0R
8.060F+08
8.812P+08
8.283P«08
6.35 1P« 08
3.5762+ 08
69,.762F+07
1.5107+05
3.085e-04

5.053%+13 6.562%¢08
2.5612406 £.56 12408
0.0 f.555E+08
6.493E+08
6.3572+08
5.902E+08
2.2732+08
2.7277+07
1.6308+04
2.965e-03
2.939r-03

"TEE SRR
OCOO0ODP2000O

Ingestion

9.6988E-03
1.5268-02
2.882e-01
9.588E+01
1.778E«03
2.973E+08
1.8938¢06
5.207E«06
1.2068E+07
1.393%2+07
6. 116406

2.989%+08
3.606E+08
B.U86%+08
1.533F809
1.1212+09
3.649E+08
8.3332+02
1.245%+ 02
4. 134E-01
3.%892-08
0.0

7.101E-01
7.120E-01
J.L1T7E400
B8.395E+01
3.820B+02
2.449E+07
1.3680E+0%
B.40TE+05
3.832%2+06
4.8538+06
G.879E+06

toxicity (m' water/MTIHM)

B.524%2+10
4.597E+10
9.835E+07
1.250E-19

P.IT3E+ D
3.667E+10
1.201E+07

O0000000O
.
ovooocoocoo

1.34%2+00
1.385E+ 00
1.3688+00
1.810EB«00
1.119E+ 01
2.7708+02
4.98€ 204
2.2502+05
1. 1572+ 06
2.545F+06
2.814E+ 06

2.533e-01
2.510E-01
1.972E-0
1.394E+01
4.0962402
B8.517E+03
4. LUTER+ DS
1.5732+06
J.E10E+06
4,.178R«06
1.833%+06

Pa225

ce13?

1129

NP237 pm238

PO210

cs513a

pO28Y

FA223

SR 89

PA231

1.000®-01
1.000%+00
1.000%2+01
1.000E+02
3.00084+02
1.000%203
1.000"+08
3.000E+08
1.0008+05
3.000P+05
1.000%+0¢€

1.118%«00
1.075E+00
1.0792+00
1.8487+00
8.9%9%2+00
2.2162+02
31.989%+08
2.360%+05
9.257Pe05
2.036R+06
2.252E+06

3.832%+09
3. 3612409
2.7302+09
3.8127+08
3.3%9P 06
3. 1762-01
0.0
0.0
0.0
0.0
0.0

4.950E¢05
U.98UE+ 0"
6. 98P+ 0"
8.9847+05
8_.984E« 0"
4.983P+05
4.9 18+ 05
4.977E+05
4.9€1E+0S
4.9188+05
8.768R+05

1.286%+08 2_.762P+08
1.3CI2+08 3.227Re08
1.501%+08 3.VY69E+08
7.1717¢068 1,.634P+08
1.8592+05 1.98""+07
3.89%E+05 .98 1P+05
8.864%+05 7.357P-13
4.832%+05 0.
§.T208B¢0% 0.
8.4287+05 0.
3.5292+05 0.

o009

2.377e-02
3.340E-02
2.819E-02
1.992P00
5.8512+01
1.273E+03
6.395E+08
2. 247E+05
5. 1STE+05
5.9569E+05
2. 620E+05

3.760%+09
2.7782+09
1.388E+08
9.962E-06
0.0

0
0
0
0
0
0

oooCcoo

B.TRA9E+08
T.4182«08
T .859R+08
7.170E+05
5.005€8+02
2.652E+01
1.2732+01
2.8912+00
8.2692-03
6.813E-10
0.0

1.165E-01
1.075E-01
1.079E-01
1.648E-01
8.959e-01
2.216%+01
3.989E+03
2.3€0F+04
9.257E+ 08
2.036E+0%5
2. 2527+ 05

3.043%-02
3.051e-02
1.465E-01
3.597E+00
1.637E+ 01
1.050E+02
S.783E+03
3.6032+04
1.4712+05
2.080E+0%
2.0912+ 05

1.283p+ 1
1.408E+09
J.5€8E-11
0.0

1.951F-01
2.255E-01
%.3192-01
4.026E+00
1.460%+01
B.1E1E+01
4.4E7%+03
2.%02F+04
1. 144E+05
1.618%+05
1.626%+05
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Fig. D.4. Inhalation toxicity of CRBR spent core/axial blanket
fuel as a function of decay time.



Table D.4.
fuel as »

function of decay time

Inhalation toxicity of CRBR spent core/axial blanket

Inhalation toxicity (m? air/MTIHM)

o3

TOTAL

PO239 PO280

pu2a1 TH229

Am2a pN238

NP237

RN219

cM282

PA23

20242

1.0002-01
1.0008+00
1.0007+01
1.0008+02
3.000E+02
1.000%+03
1.0008+08
Z.000E«04
1.000"+05
7.0007+05
1.0007+06

2.428E+V7
2.222%+17
2.030B+ 17
1.680P+17
1.885E+17
1.253E+17
7.1992+ %6
3.212F0 06
8,.037%e15
1.0682+ %
f.593%+13

7.070E+16 S_. 8687+ 16
7.07T0R+16 S, 86BE+ 16
T.06RE+16 S U463IPe 16
7.05%0"+16 S.811P+ 16
T.009E+16 S_.297E+ 16
6.870F¢1F A _Q18F+1F
5. 3017+ 16 1.894FP« 16
2.980E¢16 2.272E+15
2,969%¢1% 1.358E+12
1.2587«13 2.388%+ 05
2.570P+08 2.366F+0°

5.8612¢16 2.6898+07
S.E13B¢16 2.6R9%+07
3.639%+16 2.£97E+07
4_.780E+14 3.620%+07
3.336E+10 2.239%+08
1.768%409 S.540E+09
B.486%+08 9.970%+ 1)
1.6612+08 <_.99R%+12
S.5128+05 2.314%¢13
68.5428-02 5.090%+13
0.0 S.F30E+13

Inhalation toxticity (m? afr/MTIHM)

5.979B+15 1.973%¢ 16
T.211E¢15 2.3052¢16
1.6898¢16 2. 264%+16
3.066E+16 1.167E+16
2.262E¢ 16 2.817%415
T.298F415 4.2738e13
1. 6678+ 10 5.2558-05
2.491E+09 0.9
8.268E+0%5 0.9
7.1778-01 0.0
0.0 0.0

3.8588« 1Y
3.899e+ 1Y
4.624%«11
2.1512+12
5.5778¢12
1. 1698413
1.459%+13
1.4508+13
1.8172+13
1.329%2+13
1.059%2+13

1. 065E+06
1.968E+06
S. 1268+ 06
1. 259E+08
5.730B«08
3. 673E+09
2.91E+ M
1.261k¢12
S. 148E+12
7.279F+12
7.318E+12

1.588E+ 16
3.949%+15
2.343E+13
1.554E+13
6.202E+12
2.564E¢ 11
3.8647-07
0.9
0.0
0.0
0.0

4.389E+ 0%
5. 0758+ 06
1.1972+07
9.061E+ 07

. 2852+ 08
1.8362+09
1.0058+11
6.3052+ 11
2.5782212
3.640%¢12
3.659E+12

1.7768+13
1.7798+13
1.779E+13
1.78 2%+ 13
1.788E+13
1.789E+13
1.7602+13
1.698E+13
1.499E+13
1.087%+13
2.988%+12

izl

R7106

™230 celna

AC227 SR 90

Am242n Sk 89

ZR 95

233

c™248

1236

113

1.000®-01
1.000%+00
1.000%+01
1.000P+02
31.000%+02
1.000°+03
1.000R«04
3.P00E+ 04
1.0007+05
3.000%+05
1.0007e 0%

3.268%415
2.298%e15
8.717%¢12
6.2512-1%

4. 5T1E406 8 . 08 TEe 1"
6£.195740F 1.R33Pe 1S
8,.573%+07 €.007F+ 1)
2.309e+0°
1. %A% «10
6.5927+10
T.21 71
1.9%5%+12
4.4°2%412
£.209%+12
2.203v412

SO0O90000
R
D00 IOOQ

B.3397+18
B, 1F3% 18
6.589%+ 18
T7.735R+13
€.A18R+ 1
3.984F+04

2.054R+ 0"
2.66SFE+05
1.280P+06
J.14RFP+DY
1.432%+08
9.180%+08
£.02%P+ 10
3,153+ 11
1.287R«12
1.820E+12

0.0
0.0
2,0
2.0
1.8298+12 0.0

5. 955E¢14 1.283%+15
5.9308¢18 1.8082+13
5.692E+ 14 3.568=-07
3.776E¢14 0.0
1.5178¢14 0.0
6.233%+12 0.0
9.367E-06 0.0

1.087R+15
3.087E+13
1.055e-02

o000 0o0CC
D)

oo0ooOocoooO©

3.533E+05
3.913E+05
B.102E+05
1. 319E+07
9.962F«07
B8.016E«08
1. 468BE+10
4.390E+10
1.267Ee 1Y
2.519E+
2.%9Ee M

2.486F+ 14
2.8028¢ 14
1.702E+ 14
5. 432E+12
2.573E+09
4.7862+00
4.780E+0)
4.779E+00
4.776E+00
4.768E+00
4.740E+09

8.316%2+08
9.534E8+08
1.072E+09
3.2888+09
7.9992¢99
2.3872+10
1.5058+11
2.202%+1)
2.292%+ 1)
2.2792¢ 11
2.2322+ 11

B8512+14
2.88%B+02

5
2
0
0
0
)
0
9
n

oS00 Oo0O0OCO

o0

139



D.2% Characteristics of Blended CRBR High-Level Waste
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Fig. D.5. Radioactivity of CRBR blended high-level waste as a
function of decay time.




Table D.5.

Radioactivity of CRBR blended high-level waste
as a funct'on of decay tiee

i

Radioactivity (Ci/MTIHM)

TOTAL

TC 99

cs1?

PO239

LLFL R

IR 93

REY06

%0106

SR 90

cs13S

PRIGE

AL L)

6, 30ar-91
§.9318-01
5.753%-01
€.%T42-01
7.3959-01
f,217%-01
9.0382-01
1.150%+00
1.811%:00
2. 9112400
€. 811%e00
1.068617+01
3.0812+01
1.008%+02
3.008%:02
1.000E4+0)
2,000E2403
1.000%+08
3.0008+ 08
1.0002¢0¢%
3.0002405
5.000E+0S
1.000%e06

i

5.82974+0F
3.010R«06
3.515806
3.138E406
2.833%e06
2.588E+06
2.386%2+06
1.9357+06
1.603%06
B.PR12405
2.975%40%
1.8397+05
B.7687+08
1.8337+04
1.232%+03
2.7257+02
%.8992+01
1.9687+00
2.5587+ 00
1.8302+01
9.4787+00
7.68002+00
8,9%77+00

9.80NE+00
3.800%00
9.800E+00
9.8002+00
9.8077+00
5.800P+00
9, 8002400
9,.800%+00
9.400E+00
a9,.400E+00
9. 400200
9. 3992+00
9.399%+00
9.3972+00
9.3917+00
9.369E+00
9. 308P+00
9.099%+00
8.5252+00
£.7892+00
3. 581FP+00
1.84872+00
3.63207-01

1.3582+05
1.3562+05
1.3582« 05
1.351E+05
1.399F+0%
1.WER+ 05
1.2838+ 05
1.3362+05
1.328P+05
1.2972+0%
1.2112+0%
9.608E+04
€£.052%+04
1.2019+ 08
1.182%+02
1.1182-05
9.530P-26
0.0

0.0
0.9
0.0
0.0
0.0

2.27TRs 0
2.2772+01
2.2772+ 00
2.2772+01
2.277E+0Y
2.2777e 01
2.277e 01
2.2772+01
2.2772+01
2.27724 0
2.277E+0
2.277%+01
2.27720 01
2.2764%+01
2.2628¢01
2.221%+01
2.106E+0
1.783E+01
9.950%+00
1.3328+00
4.219-01
1.3312-05
1.°84p-10

1.0372+03
1.037E+03
1.9372+03
1.037e+03
1.0372+03
1.0372+03
1.037E+03
1.0372+03
1.037r+03
1.036%+03
1.934E+03
1.0252+03
9.995P+02
R, 973%+02
6£.5128+02
2.119E+02
8.5792+00
2.158%2-03
8.0002-04
1.1262-06
1.151P-13
S.487E-21
1.3492-38

9.59%2-01
9.6202-01
9.6532-01
9.687e-01
9.7192-M
9.752e-0
9.78582-01
9.882E-01
9.983e-01
1.036E+00
1.13882+00
1.385E+00
1.622E+00
1.752E+00
1. 7562+ 00
1.755E+00
1. 754E+ 00
1.7488+00
1.732E+00
1.6782+00
1.5332+00
1.400E¢00
1. 116E+00

6.581E+05
6.338B+05
5.9902+05
5.6618+05
$.350E+05
5.0562+05
4.779E+05
8.034%+05
3.372E+05
1.6958+05
2.154E+ 00
2.2238+00
2.3342-05
2.9052-26
0.0

cooCoOoe
RN RO
cCooooOLoO

Radioactivity (Ci1/MTINM)

6.581205
6.3382+05
5.9908+05
5.661E+05
5.350E+05
5.0562+05
4.7798+05
8.034E+05
3.372E+05
1.6958+05
2.158E+04
2.192%+01
2.334E-05
2.905e-26

CoO0ovooC
.

coocooooOocoo

5.337E+08
€£.331Fe00
5.3217+08
S.310E+08
%.300E+08
5.2907+08
5.280"+08
S.287E+08
5.2152+08
5.093E+08
4,.751E+00
3.737E+08
2.322E+08
4.387E+0C3
3. 7ST7E+01
2. 182E-06
8.6208-27

1.076E+00
1.076E+ 00
1.07%5%+00
1.076E+ GO
1.076E+00
1.0768+ 00
1.076E+00
1.076E+00
1.076%+ 00
1.076%+00
1.0768+00
1.0762+00
1.076E+00
1.076E+00
1.076E+00
1.0762+00
1.075E+00
1.073E+00
1.0662+00
1.044%e00
9.830p-01"
9,255~ 01
7.960E-01

6.127E+05
5.8358+05
5.824%+05
5.0812+05
8.686E+05
8,355805
4.0482+05
3.2502+05
2.5772¢ 05
1.057%+ 05
T.309E+03
9,305E-01
1.8198-08%

coo0oooooCco

£.1278405
“.R3ISE+0S
CLU24F405
5.08 18405
a,.685E+05
4.355%0%
4.048%+0%
1.250B+05
2.576%+05
1.0578+05
7.309%8+03
9.905e-01
1.819e-08

O gty iy A
VOOOoO0OOLUO D

o000 CODOoOC O

SH151

PO2080

LA AL B

wB 9°

NP237

PA233

U233

TH229

AC225

FA225

FR22Y

AT217

4,39a82-01
3.9312-01
€. T538-01
£.5782-01
7.3958-01
8.217g-0
9.038=-01
1. 150E+00
1.8112+00
2.811E+00
5.8118+00
1.0618401
3.081P: 01
1.008%+02
3.008%2+02
1.0900E+0)
3.000%+07
1.000®+G8
1.000%+08
1.009%¢05
3. 000205
5.000%+ 0%
1.000EeC%

2.6R62eM
2.6852+03
2.F84%400
2.6R28+02
7.%80%¢03
2.673R+03
2.677p+03
2.672%+03
2.6667403
2.646%403
2.5852+03
2.398¢+03
2.0527+03
1. 197203
2.565%+02
1.1692400
Z2.386®-07

1.8338eM
1.433E«0
1.833F+0
1.68337+01
1.8331%+01
1.833700
1.8
1.8338+01
1.833F«01
1.874F«0
1.835P+01
1.8382+01
1.4508+01
1.83374+01
1. 803R 01
.37 00
1.058F+ 01
5.01724+00
£.0192-01
3.598®=-08
5. 770E-11
S. 72811
S.7282-11

1.7198+05
1.698E+05
1.658E+ 0%
1.622E+05
1.5882+05
1.558E+05
1.520E+05%
1.428P+05
1.3302+05
1.021E+0%
4.F21F+08
3.2918+03
1.670%+01
1.5519-07

OJOO?OOQO
DOV

5.538E+0S
4.572%+05
3.402%+05
2.5127405
1.8458+0%
1.350%+05
Q.BLUR+OL
3.775E+ 04
1.355®+08
2.6982+02
1.823=-03
1.1912-20

ScoocooooonooO
Soooooovwoo9

7.3072-02
7.3098-02
7.3112-02
T.316E-02
7.3178-02
7.3202-02
7.322¢-02
7.3312-02
7.339"-02
7.373e-02
T.870%-02
7.307e-02
8.8632-02
1.0612-01
1.5592-01
2.88%e-01
2.25682-01
2.89652-01
2.847e-01
2.783%-01
2.608E-01
2.8852-01
2.079e-01

7.295e-02
7.300E-02
7.305e-02
7.309e-02
7.3132-02
7.3162-02
7.319e-02
7.327e-02
7.336%2-02
7.374E-02
7.473E-02
7.8078-02
8.463E-02
1.0612-01
1.5592-01
2.6845e-01
2.858E-01
2.865E-01
2.8472-01
2.783e-01
2.608e-01
2.845E-01
2.079=-0

1.7402-09
3.487=-08
6.110E-08
8.735e-08
1.1362-07
1.399E-07
1.6628-07
2.0512-07
3.287#-07
6.846E-07
1.6938-06
5.033E-06
1.2152-05%
8.1398-0%5
1.570e-08
7.933E-08
3.1772-03
1.173e-02
3.68662-02
9.9708-02
1.979e-01
2.2912-0
2.2062-01

2.1842-09
2.18482-09
2.185E-09
2.185E-09
2.1862-09
2.187e-09
2.188E-09
2.1932-09
2.200E-09
2.2492-09
2.5902-09
5.7678-09
2.191e-08
1.9888-07
1.9882-06
3.108E-0%
3.698%-04
4.03a2-03
2.3302-02
9.099e-02
2.0008-01
2.3312-01
2.2192-01

3.893E-07
2.182e-07
6.8820-08
2.724e-08
6.9302-09
3.3%3e-09
2.877e-00°
2.195%-09
2. 197e-09
2.249E-09
2.590E-03
5.767e-09
2.191e-08
1.9482-07
1.984¥F-06
3.108E-05
3.6982-060
4.033E-03
2.334E-02
9.099e-02
2.000¥7-01"
2.331E-01
2.219e-01

2.7a6E-07
1.0902-07
2.8680E-08
8.619e-09
3.7642-09
2.57%=-09
2.2828-09
2.1932-09
2.1982-09
2.2492-09
2.5902-09
5. 767E-09
2.191E-08
1.%588E-07
1.988E~06
3.1082-05
3.569%2-04
4.033e-03
2.33a2-02
9.0992-02
2.0002-01
2.331e-00
2.219E-01

1.894Ee-07
2.1822-97
€.8832-98
2.025e-08
6.8312-09
3.353e-09
2.4772-09
2.1952-09
2.1978-09
2.249E-09
2.590e-09
$5.7672-09
2.1918-08
1.9882-07
1.988E-06
3.1082-05
3.698E-04
4.0332-03
2,3368E-02
§.099e-02
2.0001-01
2.3312-01
2.2192-01

3.89a88-07
2.182E-07
€.88 3E-08
2.0258-08
6.231E-09
3.3532-09
Z.877E-09
2.195e-09
2.197E-09
2.209%-09
2.5902-C9
5.767E-0°
Z.191%2-08
1.948E-07
1.984E-06
3.108E-05
3.6982-04
6.033E-03
2.338E-02
9.099%E-02
2.000E-01
2.3312-01
2.2198-01

LS



Fig. D.6. Thermal power of CRBR blended high-level waste as a

function of decay time.




Table D.6.

Thermal power of CRER blended high-level waste
as & function of decay time

Thermal power (W/MTINM)

o

TOTAL

PO239

A%231

RRY0E

cs13?

PRISG

SE 90

PO213

PU 260

AT21?

re221

¥P217

4. 3Mse-01
8.9312-01
$.753e-01
£.%7ap-01
7.3959-01
/.217e-01
5.0392-01
1. 150700
1.8112+00
2.811%+00
5.8112+00
1.0812+01
2,087,401
1.008%e02
1.008%+02
1.700E+03
3.000%401
1.000%«08
3.0002~08
1.000%+0%
3.0002+05
5.00%"s0%
1.0008«06

1.9082+08
1.735%+ 08
1.527%+08
1.3622+08
1. 228708
1.1172+08
1.024%«08
R.1887+03
6.605%+02
2,353
8.8837+02
8.2107+02
2.721%02
8.122%«0
2.556%+ 01
8.3272+00
1.3557:00
7.603%-01
1.7342-00
9.99%2~02
7.889°-02
7.3752-02
£.1902-02

7.0192-91
7.0182-01
7.019%-01%
7.08E2-01
7.018E-01
7.0V82-01
7.01892-01
7.0182-01
7.0187-01
7.0182-01
7. 0182-01
7.0182-01
7.016E-01
7.0072-01
6.971E-0
f.8887-91
6.8917-0
5. 372%-01%
1.066e-01
8, 106P-02
1. 3009-08
§8,.1032-97
S. 688P-12

3886840
3.886P+01
3.8352+01
1.5852+01
3.8aSEe01
3.8357+ 01
3.8858+0
.35 E+0Y
J.8846%+ 0
3.882%+01
J.A3SFe0
3.806%e 0
3.3202+01
2.981%+01
2,163 00
7.040P¢00
2.8502-01
7.170P-0%
1.329e-0%
8.83069-08
3.n25e-15
3.¥51e-22
£.181P-30

£.3122403
£.0792+03
S.785%+03
S.830E+03
5.1312+03
4.850E+03
4.5832+03
3.8692+013
3.234%+03
1.626E+03
2.066E+02
2.132%-01
2.2382-07
2.7869-28

0
0
0
0
0
0
0
0
0

SoovIoP200

3.368%e02
3.360P«02
3.353%«02
3. 3878402
3.3402+02
3.3367402
3.328%e02
31.3092+02
3.2397+02
3.2132e02
2.999%+02
2.330%e02
1.4998+02
2.97%2.01
2.929e-01
2.7702-08

4.508E+03
8,.2898¢03
3.9872403
3.7C52+03
3.4847e03
3.2012+03
2.975E+93
2.3892+01
1.8948+03
T7.7728402
5.3722:01
7.2812-03
1.3372-10

OOV VE O
Sooooooood

1.789802
1.786%+02
1.7848%+02
1.7802+02
1.776%e02
1.773%+02
1.770%+02
1.7582+02
1.7482+02
1.7062+02
1.589802
1.253E+02
7.7828+01
1.47 e
1.259E-01
7.313E-09
1.5898-2%

oYoooo

Thermal power (W/MTIHM)

1.9288-08
1.0802-09
3.8082-09
1.0022-09
3.3822-10
1.6602-10
1.226E-10
1.087g-10
1.088%-10
1.11%2-10
1.2028-10
2.855%2-10
1.085e-09
9.6452-09
9.823e-08
1.5392-06
1.8318-05
1.9972-048
1.1562-013
8.5052-03
9.900%-03
1. 158R-02
1.099e-02

G.452E-00
4.8A2F-01
8. 462E-01
4. 462E-0
8.862E-01
§.862F-01
4.062E-00
4.853E-01
4.853%-01
8, 464E-01
4.468E-0Y
s.477-010
8,.883°-01
8.462E-01
4. 369%-01
8.0572-01
3.282E-01Y
1.562F-01
1.874E-02
1.120p-0%
1.7977-12
1.7882-12
1.782E-12

1.6622-08
9.3122-09
2.9372-09
8.680E-10
2.9152-1
1.831E-10
1.0572-10
9.367z-1
9.3762-11
9.5982-11
1.105e-10
2.461E-10
e.3512-10
8.3v32-09
8.9662-08
1.3262-06
1.578E-05
1.7212-04
9.959E-04
3.883e-03
8.533e-03
9.9682-03
9.868E-03

1.5032-08
8.4222-09
2.6572-09
7.81a2-10
2.€362-10
1.29%42-10
9.559=-11
8.472E-11
8.880E-11
8.6812-11
9.99%e-11
2.2262-10
8.458=-10
7.5182-09
7.6572-08
1.19%2-08
1.827p-05
1.5572-08
9.007%00
3.512%2-03
7.718%-03
8.9972-03
8.5¢8e-03

2.233E-03
2.2382-03
2.235%-03
2.2352-03
2.2362-903
2.2378-03
2.2382-03
2.260E-02
2.26 3E-03
2,253E-03
2.2842-03
2.3062-03
2.5872-03
J.284r-03
4.764E-03
T.4748-02
8.7282-03
8.7572-03
8.7012-03
8.50€2-03
7.972%-03
7.472E-03
6.355e-03

i)

AC22%

TR229

1233

NP 9%

cH282

PO236

ZR 95

SB126A%

c3vie

An2a3

cEias

PO218

g Wep-0"
8.931p-01
€. 7512-01
6.5732-01
7.¥M95p-01
a2re-m
9.0%e-01
1. 1502+ 00
1.8117+00
2.811%:00
€.8117400
1.0818+0
3.0812+01
1.0082402
3.008%+02
1.0002+03
1.0002+03
1.0008+08
3.000P+08
7.0002405
1.0002+0%
$.0002e0S
1.0002+06

1.360%-08
7.6222-09
2.804"-09°
7.071e-%
2.386%-10
1.1712-10
8.651E-11
7.6682-11
7.675=-11
7.857e-11
3.0a72-1n
2,0152-10
7.6558-10
6.8052-09
6.9302-08
1.086P-06
1.292e-05
1.8092-08
8.153¢-08
3. 1782-03
6.985=~-03
8.183®2-03
7.7512-03

6.6822-11
£.692p-11
A, P21
6. 6857-11
€.6882-11
6. 691E-11
£.698F-11
6. 70911
£, 730E-11
6.881E-11
7.923e-11
1. 7642 -10
6.7082-10
5.9592-09
5. 069E-08
9,.508%-07
1. 1312-05
1. 2382-08
7.1807-08
2.7842-03
5. 1172-03
7. 132%-03
6.7882-03

$.057E-10
1.0182-09
1.7762-09
2.539e-09
3.3028-09
8. 066E-09
8.830E-09
7.1242-09
a.%5ap-09
1.990r-08
8.9212-08
1.8€32-07
3.5312-07
1.2032-06
8.565p2-06
2.306E-05
9.2382-05
3.809e-04
1.0082-023
2.898P-0)
€.7582-03
6.5602-03
€.0%aP-03

2.657%«03
2.1932+03
1.6327+01
1.2052+0)
8.850%2+02
6.878E+02
8.7228+02
1.811%+02
6.5012+01
1.2942+00
B.7822-06
$.7128-23
2.0

B B B - NS WS Y
HEEYTa TSN e
QoCcCoOOoOooOLeo

1.115E8+02
1.928E+03
9.020E+02
7.9047+02
£.9972+02
6.1632¢02
5.830EB+02
3.718E+02
2.4888+02
5.499ee01
3.3352+00
2.70 72400
2.8717400
1.7962¢00
7.2182-01
2.9682-02
3.25u=~-06
8. 86 62-20
9.0

eooo
(SR R

8. 4648-01
8.6202-01
1.423E+00
1.9162+00
2.350E+00
2.7328+00
3.0682+00
3.8528+00
4.810E+00
5.2798+00
5.4482+00
5.227E+00
4.805E+00
3.5662+00
1.8872+ 00
6.3232-02
6.9662-06
9.560E-20
0.0

0.0

0.0

0.0

0.0

1.48602+03
1.176%+03
B.89E+02
6.1377+02
8.8342402
3.2048+02
2.3158+02
B.7318+0
J.Nnneed
S.98E-01
4. 1588-06
2.7172-23

oCoooooLOOOS
Qo000 Rooooo

1.3258-02
1.3252-02
1.325e-02
1.3252-02
1.3258-02
1.3252-02
1.3252-02
1.3252-02
1.3252-02
1.3252-02
1.3252-02
1. 325e-02
1.32a2-02
1.3282-02
1.3222-02
1.3152-02
1.2972-02
1.2362-02
1.0762-02
6.623r-03
1.6562-03
4.1012-08
1.2942-05

3.269F02
3.1908+02
3.1038e02
3.019F«02
2.917Re02
2.857E+02
2.779E+02
2.558F+ 02
2.383E+02
1.6742+02
6.107E8+01
2.118%+00
2.631e-03
1.587e-13

o000 oeYw

-R-R- RN RN R-R -]

6.8832-02
€.883E-02
€.883E-02
6.883%-02
6.883%-02
€£.8832-02
€.8832-02
6.882E-02
6.8822-02
6.8822-02
6.880e-02
€.8732-02
€.9602-02
6.815E-02
6.689E-02
6.263E-02
5.1902-02
2.6902-02
8.11702-03
5.661E-06
S.910E-12
€.8192-12
5.6912-12

4.064%+02
3.8718+02
2.5978+02
3.388P402
3.108E+02
2.889E+02
2.685%¢02
2.1568+ 02
1.7092¢02
T.018E+ 0
4.B888E+00
£.5702-08
1.207e-11

SLoooooow

1.1828-11
.3192-1
1.306E-11
1.300E-M
1.2982-1
1.2978-11
1.297e-11
1.298%-11
1.2992-11
1.3092-11
1.4512-11
5.6892-11
5.8202- %0
1.4582-08
2.9162-07
5.7332-06
5.2752-05
3.270e-04
1.1512-03
2.5852-03
2.7062-03
1.7692-03
8.9832-08

6S
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Fig. D.7. Ingestion toxicity of CRBR blended high-level waste as

function of decay time.
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Table D.7.

Ingestion toxicity of CRER blended high-level waste
as a function of decay time

Kz

Ingestion toxicity (m' water/MTIEM)

TOTAL

Sk 90

PD239

"A226

An2a

TR229 RUYWSE

RA22S cEIse

PB210

PI240

SN126

4,3™ap-01
a.931-01
5.753p-01
£.5782-01
7.395e-01
8.2172-01
9.0382-91
1.150®2+ 00
1.8112+00
2.8112+00
£.8112400
1.0817:00
3.081%01
1.008E+02
3.008%+02
1.000E+03
.000P+03
1.000%+08
3.00)%«08
1.000%®+ 0%
3.0002+05
S.000®e0S
1.000%+06

OB

J.6672e
2.912Ee M1
2.856%e
2.2877e Y
2.1122e M
2.007°eMm
1.920Pe M
1.713% 11
1.5617+ 11
1.201%e
B.764%e 10
6.6128¢10
8. 11624170
8.0042+09
2.5472408
£.1902«07
9.6272+06
€. 7092406
3.976%+ 06
3.666R+06
3.883%+06
3.028%+06
1.6972e06

9.0272410
5.0162+10
A.999%+10
8.981%+10
8, 9682+10
B.9062+10
8.929e+10
A.87€2+10
8.821%+10
B.6132+10
B.021%+10
£. 3212410
3.9272+10
T.8212+09
5. 3582007
3.6917+00
7.8782-21

8,.550%+06
B.554Re 06
6,558 2 06
8.55ar+ 06
B, 5507+ 0€
8. _SSape0€
8.5582+ 06
C.SSRE«06
B.5SaPe06
B.550E« 06
Q.S58+ 06
R _SS4Pe0E
8.5532+06
Q.58 7R« 0F
4.524%e06
4.8327+06
§.213B+0¢
J. 0862+ 0F
1.9902+ 06
2.5647+05
R.838B«02
2.662P+00
1.6899-0%

PRI43

»237

cs13?

9.303e-03
9.30482-03
9.30¢p-03
9.307%-02
9.3092-03
9.3112-03
9.3132-03
9.3202-03
9.3302-03
9.4002-03
1.0822-02
8.0862-02
5.780"-01
1.0a72+01
2.09682+02
3.118%+03
3.789%+08
2.349E+0%
B8.2662+05
1.857E+ 06
1.944R«0¢
1.2717+ 06
3.5792+05

2.59 32408
2.5932+08
2.5932+08
2.593m+08
2.5932+08
2.593%2+08
2.593+08
2.5922+08
2.5922+08
2.5907+08
2.5852+08
2,56 28403
2.0997+08
2.2832+08
1.6280+08
$.298%07
2.1852+06
$.396R«02
1.0002+02
3. 168-01
2.878®-08
2.3722-15
8.621E-33

Ingestion

5.8612-03 6.5812+ 10
5.8612-03 6.3388¢10
5.8622-03 S.990%e10
5.463E-03 5.661%¢10
5.865E-03 S.350P«10
S5.4672-03 S.0562+10
5.470E-03 §.7798+ 10
5.882E-03 8.038E+10
5.5008-03 3.372B¢10
5.6232-03 1.695E¢10
6.475E-03 2.154%«09
1.8828-02 2.1922+06
S.478B-02 2.3347+00
8.5870E-01 2.905e-21
4.9602+00 0.0

T.TT70E« 00
9.2458+02
1.0088+ 04
S.8358+04
2.275E+05
8.9998+05
S5.828E+05
5.547E+05

6.1272+10
5.835E+10
S.820F¢ 10
S.061F8¢ 10
8. 685F+ 00
8.355E+10
4.088F« 0
3.250k+10
2.576E+10
1.0572+ 10
7.3092+08
9.905F« 04
1.919E-02

5.4922-01
2.1802-01
5.679®-02
1.7242-02
7.5292-03
S. 1482-03
4.5652-03
8.386E-03
§8.3962-03
§.4982-03
S.1802-03
1.1532-02
§.3832-02
3.896E-01 0
31.9682+00 0
6.216%2+01 0
7.396%+02 0
8.0678+03 0

0

0

0

0

0

4.668%¢08
1.8202+05
3.999R+05
8.6628+05
§.438Ee08

O000DVOI0

0

-
-
-
-
-
-
-
-

toxtcity (@’ water/MTINM)

2.087e-01
2.08132-01
2.078E-01
2.073e-01
2.068E-01
2.062E-01
2.0572-01
2.082E-01
2.0262-01
1.9642-01
1.792e-01
1.3312-00
9.936E-02
1.5302+00
4. 77901
1.235%+03
1. 136E+04
7.084E+ 00
2.873205
5.568E+05
5.829E+05
3.810E«0%
1.073E+05

2.866B¢ 06
2.866E+06
2.86€2+06
2.866E+06
2.8662+06
2.B668+06
2.866E+06
2.866B+06
2.867R«06
2.368%+06
2.870E+06
2.976E+06
2.879B 05
2.866E+06
2.B0EE06
2.606EB+06
2.1088: 06
1.003E+06
1.2088:05
T.1978« 0"
1.1548-05
1.1488-05%
1.1458-05

3.068E05
3.4682+05
3.46RE+0S5
3.6 82«05
ILERE0S
J.468F«05
J.468F«05
3.068F«05
J.UEBELD
3468705
3.868%+05
3.0E6BE«0"
3.86TRe0"
3.865E+05
.46 1E+05
J.660Fe 0"
1.396E+05
3.236F+05
2.817%40°
1.7347+05
4.335E+08
T.084F+04
3.3882+02

SE 89

PD107?

L FLR) PO210

AC225 PI238

cs138

st 79

FN219

8.3 34e-01
8.921®-01
5.7532-01
F.5Tar-01
7.3952-01
68.27V7%-01
9.03A®-01
1.150200
1.4117«00
2.811®%+00
€.811P400
1.08 12401
1.0817401
1.004P+02
3.008F02
1.0002+02
3.000R+03
1.000"+08
3.0002+08
1.000®4 05
3.000®+05
5.000%+05
1.0002+ 06

S.268E+ 10
3.337+100
T7.197709
1.554E+09
3.3552+00
7.2032+07
1.56ar+07
1.575208%
1.211703
9.8992-06
2.0

oo0o0oOoooVoOQ

2.836%e08
2.836R 00
2.837F+08
2.83°%F 4008
2.8397e08
2.8a07400
2.801240%
2.888%400
2.886%408
2.0532+04
2.6917408
2.6022+08
2.8217+084
3. 5382408
5.195%«00
A.1S1Re08
9.5152+08
9.551F«04
9.6889E+08
Q.27TE+08
A.695F«008
f.189F+00
6.93'2+08

388909
3.4852409
3.978B+09
3.8717+ 08
I.865E+08
3.8587+09
3.852p+09
3.4328+09
3.3112+09
3.3352409
2.1102409
2.8697+09
1.5552+09
1.0868+0F
3.0387P+06
2.873e-01
2.8502-21

2.88F%4 10
1.859%+10
1.2328¢10
B.159E+09
5.80%2¢ 09
3.5807+09
2.3722+09
6.89€R+08
1.8652+08
1.200%+06
J.6a32-01

O0CcO00QOOoOoODO

8.3873E+00
8.933re08
4.°432+08
4.9837+08
8.583F+08
4.983E+08
4.983%+008
3.983P+00
5.983%.08
1.983E+04
8.983%+08
3.943P+08
8.95832+08
5.9423%+08
8.93 5«04
8.9303E8+08
3.98 1R+08
4.9387+08
8.927E+08
4.8912+08
8.7872+08
R.536E«08
4.883pe0n

2.397=-02
2.853e-02
2.526%-02
2.5872-02
2.6398-02

5. 353205
S. 353B+05
5.3538+0%
5.3538+05
5.3532+05
5.353E+05 2.683P-02
5.353E+05 2.7198-02
S.353E405 2.7808-02
5.352E+05 2.812®2-02
5. 352E+05 2.8042-02
5.3508+05 2.588%2-02
5.3452¢05 1.902%=-02
5.3352¢05 1.8208-02
5.300E+05 2.186E-0"
5.2022¢05 6.8278+00
G.B71E+05 1.764E+02
4.037E+05 1.623E8+03
2.0928+05 1.006E+08
3.1972408 3,56 18404
§.4028«01 7.955E+08
4.5962-05 B8.327E+04
§.5252-05 S5.843F+04
4.C26E-0S 1.5338+08

7.7962-02
4.3642-02
1.376%-02
8.0492-03
1.3662-03
6.705E-08
8.953e-04
4.3902-04
8.3982-04
4.3982-08 3. 186E+07
S.1802-08 3_.2898E+07
1. 1538-03 3.154E+07
8.3832-03 2.900F«07
3.8962-02 2.152E+07
3.968E-01 8.974F+ 06
6.216 2400 3.8162+05
7.396E+01 4,.208E+01
B.067TE+02 S.769E~13
4.668E+03 O
1.8202+08 0
3.9952+04 0

0

0

2.694E+06
£.202F+ 06
R.585F+06
1. 156E+07
1.818E+07
1.689E+07
1.851E«07
2.328E+07
2.661F+07

8.6622+04
8.4338408

3.547E+09
3.483E+09
3.3888+09
3.296E+09
3.2062+09
3.1192+09
3.038E+ 09
2.792E409
2.558E+09
1.828E+09
6.6672+08
2.3122+07
2.873E+08
1.7338-06

OOOO?OBOO
Soocoooceono

8.360%2+08
B.360E8+04
8.359P+ 04
B8.259E+08
B.3%9E+ 04
8.3592«08
B.359%+ 00
B.35SE+04
8.359E+ 08
8.359%+ 04
8.3592+78
8.358E+04
B.3S6E+ Ou
B8.350E+08
8.3328+04
68.270B+04
8.096"=+08
7.513E+008
6£.069E+ 08
2.876E+ 08
3.4808R8¢03
4.028B+02
1.938E+00

1.6328+00
1.50 1E+00C
2.078%¢0¢
2.839F+00
2.606%400
2.689%+00
2.78 18400
2.8558+00
2.9678+00
J.48 37«00
4.626E+00
7.86 2E+00
1.2017+01
1.670E+01
1.972E+01
3.8272«01
1.139E¢02
7.84 3E+02
§.7128+02
1.913E+04
2.7052+04
2.T21E408
2.7208+08
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Inhalation toxicity of CRBR blended high-level waste
decay time.




Table D.S.

as & function of decay time

Inhalation toxicity of CRBR blended high-level waste

i

Inhalation toxicity (m? afr/MTIRM)

TOTAL

A®281

PD239

TR229

PU238

PO240

cH2a2

NP237

RU106

CEI84

SR %0

ARm242N

8.3842-01
8.931%-01
S.7532-01
6.574%-01
7.395e-01
8.217e-01
9.0382-0"
1. 1502+ 00
1.8112+00
2.811%:00
€.8112+00
1.0812+01
3.0612+01
1.008P402
3.0082+02
1.000%02
3.000%2+03
1.000P+04
3.000r+00
1.0002+05%
3.000E+05
5.000E+0S
1.0002+0%

i)

2.3328¢ %
2.2392+ 16
2.196%41%
2.010E+ 16
1.918%+16
1.8382+15
1.7662+ 15
1.%98%2+16
1.8622¢ 16
1.196%+ 16
1.023%+ 1%
9.523%«15
B,.7272+15
7.0632¢15
Q. 6457415
1.692%+15
5. 8087« 18
3.8187+ 18
1.811%+ %4
1.056%+13
1.373%13
1.885%+ 12
1.351%+ 13

5. 1862+15
S. 18672415
5. 1867415
5. 1862415
5. 1862415
S. 1857415
5. 1857+ 15
5. 1982 +15
€. 1R4E+ 15
5. 1817415
S. 1708415
S, 128215
8.9977+15
G4.4AKE 1S
3.2562 +1%
1. 060E+15
8.2902+13
1.0792+10
2.0007+09
£.632E+06
S. 772 -01
8, 74208
9,2832-26

3.795%+ 18
3.7952+ 14
3.785v%e 18
3.7958+ 18
3.79%5E+ 18
3.795E+14
3.7958+ 18
3.795%+ 18
3.795%+18
3.795F+ 18
3.795FP+18
3.7958+18
3.795rP+ 18
A.739E+18
3.7708+ 18
3.701Fe 10
I.511P+ 10
2.905E+ 14
1.65%8%+ 14
2.2202+13
7.0328+10
2.219E¢08
3.078E+03

1.0928+05
1.0922+0%
1.0922+05%
1.0938+ 05
1.0932+05
1.093E+0%
1.0942+05
1.0962+05
1.1008+0%
1.1252+05
1.2952¢05
2.8R4%+05%
1.0962+06
9.740R+06
9.920E+07
1.5548+09
1.8892+10
2.017e+ 11
1.167E+ 12
G.5u9u+12
9.998%+12
1.1668+13
1.109%+13

1.928%+ 12
EPRAYI TAL)
6.1328¢10
8.258E+18
1.0132+15
1.178%+15
1.322%+15
1.560E+15
1.901E+15
2.2762+15
2.3082+15
2.2532¢15
2.071P+15
1.537B+15
6.810P+ 14
2.7262+13
3.003E+09
8.121E-05

2,388+ 14
2.388E+18
2.3882+18
2.388E+ 18
2.388E" 18
2. 368E+ 10
2. 389« 14
2.389E+ 14
2.3898+ %4
2.390%+ 14
2.392E+14
2.396E¢ 14
2.399E+ 14
2.388E+14
2.3398+ 14
2.171B% 14
1.7568+ 14
B.362%2+13
1.0032¢13
5.9978+09
9.617802
9.5718+02
9.580%+02

7.5632¢15
L.949E15
6 120Ee 15
5.390%¢15
4.T747815
§.1822+15
J.684F¢15
2.520%15
1.588E+15
3.731E+14
2.263R412
1.8378+13
1.6772+13
1.218%+13
4.8958+12
2.0112e10
2.2087+07
3.030e-07

7.3072+ 11
7.309e+ 11
T.311840
T7.3138e 0
7.3172¢ 10
7.320E+11
7.3222+ 1Y
7.3312¢e 1
7.33% +M
7.3738+11
T.4738+ 1Y
T.807e+ M
B.4638%e11
1.0618¢12
1.5598+12
2.485%2+12
2.854E+12
2.865E+12
2.8078+12
2.783%+12
2.609E+12
2.445%+12
2.079%+12

Inhalation toxicity (m? afr/MTIHM)

3.291E+ 1S
3.169E+15
2.995E+15
2.8312+15
2.675E+15
2.528E¢ 1%
2.38984+15
2.017E+15
1.686E+ 15
B.UT6E* 4
1.077F¢ 104
1.096E+ 1Y
1. 167F+05
1.4522-16
0.0

.
QIO

eooovooe
.

3.0632¢15
2.918E+15
2.712B¢15
2.520%+15
2.3832+15
2.177Re1S
2.0268E« 15
1.625%+15
1.288E+15
€.287E+ 14
3.654%+13
4.952E¢09
9.096E+01
0.0

.
—

DY . oo
oo owooo

OO0 o0DDOoO0O
.

8.983E¢14
8.9728+ 148
B.958E+18
8.9372« 14
B.919E+ 18
8.9021¢ 18
8.884%¢ 4
8.832%« 184
B.778E+ 14
B8.571B¢ 14
T.981E¢ 14
£.290E+14
31.908%« 14
T7.384%¢13
6.323%+ 11
3.6722¢ 084

4.780E+ 1
4.778F+ 14
4.7778+ 18
L. T775Es 4
G.773E+ 10
Q. 771E+ 14
4.76%E+ 0
4.764E+ 14
4L.7588¢18
4,737 18
4.672%+ 14
L. 46 4E+ 4
4.07°®+ 18
2.96 12+ 14
1.190%+14
4_.888%+12
5.351E+08
T.384E-06

TR230

PU28 Y

cw28a

cs13?

AM243

CN243

PU282

ZR 95

SR 89

PNGY

n233

CS13s

4,305%-01
8.9318-01
5.753%-01
6.57ag-01
7.39%e-01
A.217%-01
9.0382-01
1. 1502+ 00
1.8118+00
2.8118+00
€. 8112:00
1.0617+01
3.081E+01
1.008E¢02
3.004%+02
1.00n2+01
3.000E+03
1.0002+008
3.000Ee00
1.000%+05
3.0002+05
5.000E+05
1.0002+06

2.119%+ 08
2.162E+04
2.230R+04
2.3072+08
2.397%«08
2.502E+ 08
2.625%+08
3.120%+04
3.8897+0n
9.6862+08
L. TROR0S
5.563%+06
3.0842407
2.538E+ 00
1.682R+09
9.5752+09
3.3688+10
1.137%« 11
3.079%+ 1
6.928E+11
7.2652+ 11
4.739g+ 1Y
1.3012e 10

2.38R2+18
2.382r+ 10
2.3732+ 18
2.353E+ 18
2.3%arern
2.345F+18
2.3352+18
2.3082+ %8
2.279%+ 14
2.172E+14
1.880F+ 18
1.162%+ 10
8.436R+13
1.5278+12
1.60a%+09
1.820E+09
1.206E+09
6£.818F+08
1. 3332408
§.G218+05
3.6837-02
3.0012-09
5.8892-27

1.972E+ 18
1.968r7+ 10
1.962E+ 14
1.956E+18
1.950E+ 14
1.98487+ 15
1.938B+ 18
1.9192+ 14
1.900F+ 18
1.P29E+14
1.6312+ 10
1.1128¢ 18
S.172P+13
3.549%+12
1.681E+09
2.310p-02
1.921p-02
1.9212-02
1.9218-02
1.9212-02
1.9202-02
1.9182-02
1.9122-02

1.418%+ 18
1.816%« 14
1.8132+ 10
1.411F+ 10
1.608%+ 18
1.405% 18
1.4032+18
1.395e+18
1.3872+18
1.3548+18
1.26424+ 10
1.0032+ 14
6.3182+13
1.253E+13
1.2382+ 10
1.167E+08
9.9522-17

0
0
0
0
0
0

1.0712+13
1.071F+13
1.0712+13
1.0712¢13
1.0718+13
1.071%¢13
1.0717+13
1.071E+13
1.070%+13
1.070E+13
1.0702+13
1.0698+13
1.067E+13
1.060B+13
1.0407+13
9.742%e12
8.0732+12
4.1832+12
6.3942+ M
8.805E+08
9.1922+02
9.0508+02
8.8518+02

1. 1858418
1. 183E+ 14
1. 181E+ 18
1.178B+14
1. 176E+ 14
1.174% 14
1.171E+ 18
1. 1642+ 14
1.157%« 14
1. 129E+ 13
1.050E+14
8.2328+13
5.0612+13
9.223E412
T.121E+10
2.877B+03
2.1592-18
0.0

0.

0

0.
0.
0.

o099

7.174E¢10
T.176E+10
7.1808+10
7.184E+10
7.188%+10
7.192E+10
T.196E+10
7.2098+10
7.221E+10
7.270E+10
7.815E+10
7.884%2+10
8.761B+10
1.1278+ 1Y
1.5262+11
1.7812+ 11
1.786E+11
1.763E+11
1.7012+ 11
1.501E+11
1.089E+1
7.3318+10
2.993E+10

2.882%+ 14
2.3212+414
1.677E+ 14
1.2128+14
B8.754E+13
6.3258+13
4.570E+13
1.728E+13
6. 1828412
1.1742+ 11
8.209E+05
S.364P-12
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2.446F+ 8
1.859E+ 18
1.2328« 10
B, 159E+13
5.805F¢13
3.580E+13
2.372E+13
6.8968+12
1.8658+12
1.240E+ 10
3.643E+03

ooQooooCcooo0
oOoCcoocooco0oocooC

B8.5962+13
B8.472E+13
8.290E+13
B8.112E+13
7.938E+13
7.768F«13
7.601%+13
7. 1222413
6.64BEB+13
S. 1047+ 13
2.310%+13
1.685%+12
B8.349E+09
7.753E+01
0.0

0.0

0.0

4.349E+03
B8.7182+03
1.528E+ 08
2.1847+04
2.840%+04
3.897E« 04
4.15642+ 04
5.127B+04
8.217R¢ 08
1.711E+05
8.2328+05
1.258E+ 06
3.037E+06
1.035E+07
3.926%2+07
1.983%+ 08
7.9818+08
2.932R+09
8.6662+09
2.493E+10
4.9498+10
$.728%10
5.5168+10

7.982E+13
T.836E+13
7.623E+13
T.3915E+13
7.,2138¢13
7.017E+13
6.826E+13
€.28 3E+13
5. 7568+13
4. V12F+13
1.500E+13
T.202E+ 1
6.463%+08
3.899e-02

W el
coocoo0oO0oo0oO0O

coOO0O0CO0OOCOCOO
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D.3: Characteristics of Blended CRBR Fuel-Assembly
Structural Material Waste



Fig. D.9. Radioactivity of blended fuel-assembly structural
material waste as a function of decay time.




Table D.9. Radioactivity of blended fuel-assembly structural
material waste as a function of decay time

Radioactivity (C1/MTIHM)

i TOTAL ¥I 59 "I 63 "y S T 99 re 55 co 60 co S8 P0239 c 1 PU260 cs137

8.388%-01 1.8912405 1.8827+01 6.0172+02 S.8802+ 08 5.2032-01 2.6572+ 08 1.301E+08 3.555B+04 2.278E+00 1.6238¢00 1.834%¢00 £.793E+01)
8.9312-01 1.369%405 1. BE2E+01 6.015E+02 5.625%+08 5.2032-01 2,618E+04 1.292P+00 3.783%+04 2.278E¢00 1.6232+00 1.434E+00 6.7808E+01
5.7538-01 1.2212+05 1.8622401 6.0112602 5,26 32408 S.203E-01 2.5612404 1.2782+04 2.791E+08 2.278%+00 1.6238+00 1.434E+00 6.772E+0)
6.5762-01 1.108%+05 1.862%¢01 & )07+ 02 8.928%+08 5.2032-01 2.5062¢08 1.264F+08 2.081B+04 2.278E+00 1.6232+00 1.838%+00 6.7598+01
7.3952-01 1.0092+05 1.8822401 6.0038+02 8.6072404 5.203P-01 2.4522+04 1,.251E+08 1.551E¢08 2.278E+00 1.622E+00 1.4382¢00 6.746F+00
8.2172-01 9.314E40¢ 1.882E+01 6.0002+02 8.3102+08 5,203F-01 2.399E¢08 1.237%+08 1.156E+04 2.2788+00 1.622E+00 1.8342+00 6.733E+01
9.0382-01 8.6622+08 1.8827+01 S.996P+02 8.0332+08 5.2032-01 2. 387B¢04 1.224E+08 8.6182+03 2.278P+00 1.6222+00 1.838%¢00 6.720%+01
1. 1502400 7.212%+04 1.8822¢01 5.9852402 3.3032+08 5.2032-01 2.1972¢04 1.1852+04 3.569E+03 2.278E+00 1.622E+00 1.4332+00 6.682E+01
1.811%+00 6.1612¢06 1.882P+01 5.973%402 2.6782+08 5.2032-01 2.0508+08 1.145E+08 1.8082403 2.276E+00 1.622E+00 1.4338+00 6.65428+0"
2.8112¢00 3. RR12408 1.882°+01 5.928E¢02 1.1897+08 $.2032-01 1.5702+08 1.0082404 3.926E+01 2.2782+00 1.622E+00 1.833E+00 6.890E+0"
6.8112400 1.5682406 1.8822+01 S.796P+02 1.0477¢03 5.2032-01 7.057B+03 6.7658+03 8.578%-08 2.278F+00 1.622E+00 1.4332+00 6.056E+01
1.083%e07 2.9782403 1. H82%401 S 3752402 3,.172%-61 S.2028-01 §.9072¢02 1.8163+03 2.502E-19 2.277E+00 1.6202400 1.48312+400 4.806E+01
2.081%01 6.803%02 1.8827¢01 8,.6238+02 2.9142-08 5.2022-01 2.3728+00 1.308E+02 0.0 2.2762¢00 1.616B+00 1.828E¢00 3.0288+01

1.0082¢02 3. 1082402 1.881E+01 2.728P+02 0.0 5.2012=01 1.868E-08 1.3122-02 0.0 2.2712+00 1.602F«0N0 1,018E+00 6.007E+00
3.0082+402 8.788E+01 1,2372401 6.786%2+01 0.0 $.197"-01 0.0 4.9312-14 0.0 2.258E+00 1,568E¢00 1.388E¢00 ©.9128-02
1.0002+402 2.5€6%+01 1,8267+01 3.096E-01 0.0 5.1862-0Y 0.0 0.0 0.0 2.213E+00 1.3372400 1.28928400 “.%91E-09
3.0008+03 2,3602+01 1.7952+01 B.844%-08 0.0 S.152m-01 0.0 0.0 0.0 2.089P+00 1.128B+00 1,082%+00 &.767F~29
1.0002+08 2.060%+01 1.6892+01 0.0 0.0 S.0362-01 0.0 0.0 0.0 1. 708E¢00 4.836E-01 8.9532-01 0.0
3.0002¢08 1.5972+01 1.820%40Y 0.0 0.0 8.7192-0% 0.0 0.0 0.0 9.6022-01 &.302E-02 5.9538-92 0.0
1.0002¢05 8.2812+00 7.735%+00 0.9 0.0 3.7572-01 0.0 2.0 0.0 1.278E-01 9.029E-06 3.5592-05 7.0
3.0002405 1.578%400 1,369E400 0.0 0.0 1.9602-01 0.0 0.0 0.0 9,.040E-08 2.799B-16 5.762E-12 0.0
5.000%+0% 3.5622-01 2.820®-01 0.0 2.0 1,022*-01 0.0 0.0 0.0 1.278E-06 8.678E-27 S.730E-12 0.0
1.000%¢06 3.332e-02 3.1792-03 0.0 2.0 2.009%-02 0.0 0.0 2.0 7.992e-13 0.0 5.7062-12 0.0
Radioactivity (C1/MTIHM)
I;:’ ¥8 98 A"281 P26 Y 80 93 SR 90 ZR 93 TH229 AC225 EA225 FR22V AT2VY rI213

8.3982-01 6.0512-01 S.2208-01 7.168F+01 S.3402-01 2.670P+01 4.8022-08 2.1852~10 2.190B-10 2.187E-10 2.190E-10 2.190%E-10 2.190E-10
8.9312-01 6.0512-01 S.2832~01 7.189EB+01 S.3402-01 2.6662¢01 4. 813E-08 2.185B-10 2.1872-10 2.186E-10 2.187E-10 2.7878-10 2.1872-10
€. 753901 6.0512-01 5.3762=01 7.121P+01 5.3408-01 2.66 12407 4,829E-08 2.185®%-10 2.186%2-10 2. 185E-10 2.186E-10 2.186E-10 2.186E-10
6.578%-01 6.0512-01 S_.8692-01 7.093R+01 5.340%-01 2.657P«01 4.846E-08 2,.185E-10 2.185%-10 2.185E-10 2. 185E-10 2.185E-10 2.185E-10
7.3952-01 6.0512-01 S.S5612<01 7.0652+01 S.300%-01 2.5512¢01 4.8628-04 2.185E-10 2.1852-10 2.185%-10 2. 185%2-10 2.185E-10 2,.1858-10
B8.2178-01 6.0512=01 S_.6542~01 7.037R+01 5.380%-01 2.68 7P+01 4.879E-04 2,1852-10 2.185B-10 2.185E-10 2.185E-10 2.185E-10 2.185E-10
9.038%=01 6.051P=01 5.785%-01 7.0097+01 S.3402-01 2.6817+01 4.8952-04 2.186E-10 2.185E-10 2.185E-10 2.186E-10 2.1868-10 2.1862-10
1. 1502400 6.051E-01 6,0182-01 6.927E+01 S.3392-01 2.625E401 4.904E-08 2.186E-10 2.186B-10 2.186E-10 2.186E-10 2.186E-10 2.1862-10
1.8112400 €.0512-01 6.3082-01 £.830%+01 S.3392-01 2.6092+01 &4.9942-04 2.786E-10 2.186B~-10 2.186E-10 2.186E-10 2.186E-10 2.186E-10
2.8112+00 6.0512-01 7. 368%=01 6.519E+01 5.3382-01 2.548E+01 5. 1832-04 2.1872-10 2.187%2-10 2.1872-10 2. 187E-10 2.187=-10 2.187E-10
5. 8112400 6.050%-01 1.0282¢00 S.6822+01 S.3352-01 2.3722+01 5.6932-04 2.1902-10 2.7190E-10 2.190E-10 2.190E-10 2.190E-10 2.190E-10
1.081E+01 6.0888=-01 1,720P+00 3.3872+01 S.3282-01 1.870B+01 6.9288E-08 2.213%-10 2.213E-10 2.213E~10 2.213P-10 2.213E-10 2.213E-10
3.0012401 6.0882<01 2, 370F«00 1.331E+01 5.3032-01 1.16 1201 8. 1142-06 2.3128-10 2.312%-10 2.312B-10 2.312E-10 2.312B-1) 2,312E-10
1.0082402 £.0292-01 2.513E+00 8,5R0E-01 S.2308-01 2.1952+00 8.7658-04 3.5642-10 3.568E2-~10 3.564E-10 3.564B-10 3.564E-10 3.564E-10
3.008%+02 5.9882~01 1.835%+00 3.2832-05 S.0272-01 1.8792-02 8.7832-08 2.3272-09 2.3272-09 2.327E-09 2.327E-09 2.327BE-09 2.327E-09
1.0002¢03 S.8a72-01 5.9712=01 2.1312-06 8.376®-01 1.0912-09 8.781E-08 5.054%-08 5.054B-08 5.054E-08 5.054E-08 S.058E-08 5.054E-08
3.0002403 S.861E-01 2.816%-02 1.8102-06 2.96442-01 2.3112-30 8.7738-08 7.289E-07 7.289%-07 7.289E-07 7.289B-07 7.299E-07 7.2892-07
1.0002+03 8,.300%-01 7.3852~06 1.023E-06 7.356E-02 0.0 8.744E-04 8.5502-06 B.5502-06 B,.SS0E~06 6.5508-06 B.°S0E-06 8.S50E-06
3.0008¢04 2.172E-01 2.0012-07 2.0012-07 1.3982-03 0.0 8.666E-04 5.0392-05 5.039%2-05 5.0392-05 S.039E-05 5.0392-05 5.039E-05
1.000%+05 1.990%-02 6.6802~-10 6.6802-10 1.3252-09 0.0 8.3952-08 1.9742-04 1.974E-04 1.974E-04 1.9764E-08 1.974E-064 1.974=-08
3.000%+05 2.2512-05 S.768%-17 5.4712-17 8.174E-27 0.0 7.668E-04 4,3842-00 4.3342-08 5.388E-04 8.348%-04 &, 344E-04 4. 344E-08
5.0008¢05 2.5212-08 4,709P-28 §_.508B-24 S5.083E-88 0.0 7.0042-08 5.0642-08 S.060E-04 5.0654E-08 S5.068E-04 S,.064E-04 S.064%-04
1.000E+06 9.702%-16 9,255E-42 8.7842-42 0.0 0.0 5.588E-04 4.8212-08 8.821E-08 4.8212-08 &4.8212-08 4.821B-04 4.8212-08
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Fig. D.10. Thermal power of blended fuel-assembly structural
material waste as a function of decay time.




Table D.10.

Thermal power of blended fuel-sssembly structural
material waste as & function of decay time

Thermal power (W/MTIHM)

izl

TOTAL

I 59

co 60

»0239

. S8

co S8

PO2a0

AR241

¥l 63

PE S5

PO213

AT217

8. 388201
8.9312-01
5.7532-01
6.5782-01
7.395e-01
R.2172-01
9.0399-01
1.1502+00
1.8112+00
2.811%+00
S.8112:00
1.0812+01
3.0 1EeM
1.0082+02
3.008202
1.000E2+013
3.0002+01
1.00082+08
3.0002+08
1.000%+0%
3.0007+05
€.0002+05
1.0002+06

R.161202
7.511P02
6.711%02
£.07a2+02
€.5619+02
S. 181202
3.793%+02
R.03a2e02
3.5012+02
2.380R2+02
1.2022+02
2.9392+00
2.657E+00
8.652%-01
3.2512-01
2.5142-01
2.182e-0"
1.8052-01
1.288%-01
S.380%-02
9.088"-03
1.819®%-01
2.3€12-08

1.1739-01
1.1732-01"
1.1732-01
1. 173001
1.1732-01
1. 1732-01
1. 173201
1. 1732-01
1.173=-01
1. 1732-01
1.173=-01
1.173e-01
1. 1722-01
1.1722-01
1.1702-00
1. 163201
1. 187201
1.0752-01
9.083p-02
8.5312-02
8.7172-03
1.5812-03
2.0282-05

2.006%+02
1.9922+02
1.970%+02
1.9892+02
1.9282+02
1.9072+02
1.8877+02
1.9272+02
1.765%02
1.5082+02
1.0832+02
2.7992+01
2.016B+00
2.022»-08
7.6032-16

7.0212-02
7.0212-02
7.0212-02
7.0212-02
7.0212-02
7.0212-02
7.0212-02
7.0212-02
7.0212-02
7.0212-02
7.0202-02
7.0182-02
7.0142-02
7.0008-02
€.9602-02
€.A218-02
£.839%-02
5.2648-02
2.959e-02
3.980%-03
1.2862-05
3.9382-08
2.863%-18

2.928%+02
2.8012+02
2.6202+02
2.0522+02
2.2947+02
2.1862+02
2.0082+02
1.6052402
1.331%«02
€.9222«010
$5.2112+00
1.5792-03
1.4512-10

CLUOOVODUOV

2.7272+02
2.202%2+02
1.6712¢02
1.2868+02
9,.285%2+01
6.9212+01
S. 1592« 01
2.137ee00
8.3082+00
2.351=2-01
S. 136B-046
1.4982-21

OB 4 %98 &8

[FR-ReRSR-RSR- RN N N
Qoooooouooee

8.9648-02
4.3648E-02
4.3642-02
§8.86a2-02
8. 464202
8.064%-02
8.4642-02
4.4642-02
4.4632-02
4.8632-02
4.462E-02
3.557®2-02
§.4888-02
§.8152-02
4.3222-02
$.0132-02
3.2862-02
1.5452-02
1.8542-03
1.1082-06
1.794E-13
1.7842-13
1. 7772-13

Thermal power (W/MTIHM)

1.7382-02
1.755e-02
1.786%-02
1.8172-02
1.8478-02
1.8782-02
1.9082-02
1.999e-02
2.0942-902
2.6862-02
3.8022-02
S.7132-02
7.8742-02
8.3872-02
6.0952-02
1.9882-02
8.0272-08
4.4672-08
6.6482-09
2.2062-11
1.9152-18
1.5782-25
3.0732-43

2.3%0e-01
2.389E-01
2.36872-0"
2. 386E-01
2.384E-01%
2.3832-01
2.381E-01
2.377e~-01
2.3722-01
2.3542-01
2.3022-01
2.1352-01
1.8362-01
1.0842-01
2.68012-02
1.230E-08
3. 5128~ 1%

3.654E« 01
3.601E+01
3.523e+01
3. a86%e
3.3728+01
3.299%+01
3.227ee00
3.022%+01
2.819E+01
2.1598+ 01
9.705E+00
€.748%-01
3.2622-03
2.563g-11
0.0

0.0

OO0 9
oovooo

1.0882-11
1.0832-11
1.082E-11
1.0822-11
1.082g-1Y
1.082E-11
1.0822-11
1.0822-11
1.0822-11
1.083=-11
1.0843-11
1.0952-1
1.1858-11
1.7642-11
1.1522-10
2.5022-09
3.6092-08
§,2332-07
2.8952-06
9.776E-0¢
2.1512-05
2.507e-0S
2.3872-05

$.3862-12
9.3332-12
9.3272-12
9.326E-12
9.3262-12
9.3262-12
9.3262-12
9.327e-12
9.328E-12
9.3328-12
9.3072-12
S.8422-12
9.8672-12
1.521E-1
°.9302-11
2.1572-09
3.111E-08
3.6492-07
2.,1502-06
E.425E-06
1.8582-05
2.161E2-05
2.0572-05

(D

*R221

AC225

T™R229

2317

U233

TC 99

0236

PO218

cs13?

PO218

PN222

8. 3M4=-01
3.9312-01
€. 7532-01
6.57ap-01
7.3958-01
8.2172-01
9.0382-01
1.1502+ 00
1.811E+00
2.8112+00
5.811%:00
1.0812+01
3.08 17401
1.008E+02
3.0088+02
1.0002+03
3.0002+03
1.000E+08
3.000%+08
1.000%+05
2,0002+05
5.000P+05
1.0002+06

8.6853%-12
8.8412-12
A.8362-12
8.835%-12
8.80352-12
8.8352-12
f.835%-12
8.8352-12
8.0836%-12
8.8802-12
8.60532-12
8.5392-12
B8.9242-12
1.375e-11
3.9812-11
1.950*-09
2.813e-08
3.3002-07
1.9452-06
7.620%-06
1.6762-05
1.9552-05
1.8612-05

7.6899-12
7.639P-12
7.6358-12
7.6382-12
7.6%%2-12
7. 6342-12
7.6382-12
7.6358-12
7.6352-12
7.6292-12
7.6512-12
7. 7292-12
8.077%-12
1. 285e-11
8. 1282-11
1.7652-09
2.5862-08
2.9872-07
1.7502-06
6.8972-06
1.5172-0%
1.769g-05
1. 684205

6.1662-03
€.1662-03
6.1662-023
6.1662-03
€.1662-03
6.1662-03
6.1662-03
6.1662-03
£.1662-03
6.165e-03
6.1652-03
6.1632-03
6.1582-03
6.188P-03
6.102e-03
5.9582-03
5.5682-03
8.3912-03
2.2132-03
2.0272-04
2.293e-07
2.5692-10
9.8862-18

6.685%~12
6.6858-12
6.6852-12
6.6862-12
6.686E-12
f,6862-12
6.6862-12
6.6872-12
6.6872~-12
6.6902-12
6.7012-12
6.7692-12
7.0782-12
1.0%0®-11
7.1992-11
1.5062-09
2.2302-08
2.6162-07
1.5022-06
6.0802-06
1. 3292-05
1.5892-05%
1.8752-05

1.1172-06
1.1172-06
1.1182-06
1.1182-06
1.119e-06
1.1192-06
1.1202-06
1.1212-06
1.1232-06
1.1292-06
1.1562-06
1.2952-086
1.7112-06
3.8752-06
7.7572-06
1.5802-0%
1.3922-05
1.9032-05
1.8902-05
1.888E-0S
1.7322-05
1.6232-05
1.33 1205

2.5328-11
2.558e-11
2.5962-11
2.63a8E-11
2.6722-11
2.71e-11
2.76492-11
2.8642-11
2.9852-11
3.5032-1
8.9782-11
1.0058-19
2.20852-10
9.776E-10
S.7818-09
8. 1422-08
1.8992-07
7.304E-07
2. 1802-06
6.2902-06
1.2502-05
1.8472-05
1.3932-05

2.6092-08
2.6092-048
2.6092-08
2.6092-08
2.6098-08
2. 6092-04
2.609=-0%
2.609e-04
2.6092-08
2.6092-08
2.6092-08
2.609=-08
2.6092-08
2.6082-08
2.6062-08
2.601%-04
2.584E2-04
2.525e-08
2.3662-08
1.8842-08
9.8292-05
5.1272-05%
1.0072-05

1.073e-07
1.07a2-07
1.075e-07
1.075e-07
1.076%-07
1.0772-07
1.0782-07
1.0812-07
1.08a82-07
1.0962-07
1.1302-07
1.2052-07
1.473E-07
2.2732-07
§.5232-07
1.2032-06
3.066E-06
7.1962-06
1.0892-05
1.0922-05
1.086E-05
1.0792-05
1.0632-05

€.321E-18
3.633E-18
1.791E-18
1.131E-18
9.075e-15
8.0558-15
A.4352-15
9.3352-15
1.0512-1%
1.611E-1a
§.610E- 18
8.018E-13
3.8828-12
6.852E-11
1.152E-09
1.R57ep-08
1.538e-07
9.2322-07
3.2732-06
7.774E-06
1.92e2-05
9.3092-06
7.5642%-06

1.6832-01
1.6812-01
1.678e-01
1.6742-01
1.671e-01
1.668E-01
1.6658-01
1. 6552~ 01
1.6452-01
1.6082-01
1.5002-01
1.1912-01
7.5002-02
1. 4882-02
1.365E-04
1.3858-11
1.1912-31

8.2728-15
5.2162~15
5.462E-15
S.6942-15
5.9322-15
6.1772-15
6.8292-15
7.2812-15
8.208E-15
1.25ee-18
3.599e-18
3.137e-13
2.6882-12
$.3892-11%
8.9912-10
1.8502-08
1.2012-07
7.2082-07
2.556e-06
6.070E-06
8.0112-06
7.268E-06
5.8882-06

3.9062-1%
4.7692-15
§5.9958-1%
5.2072-15
S.8242-15
S.689E-15
£.8792-15
6.658E-15
7.506E-15
1.150E-14
3.2912-14
2.8698-13
2.458E-12
4.892E-1)
8.222E-10
1.326E-08
1.0982-07
€.5912-07
2.3372-06
5.550E-06
7.3262-06
£.686E-06
5.3852-06
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Fig. D.11. Ingestion toxicity of blended fuel-assembly
structural material waste as a function of decav time.




Ingestion toxicity of blended fuel-assembly st ructura
material waste a8 & function of decay time

wvater/MTIHM

L6
L4k3P
LUEIP- .37 .50 202E+07 . Be
<4k P Q | ; .‘ "-r.:’ 2e A9.:'\
.864%-08 & y 658+07 2. ®+0
Uk g¥ - NL 3 3015 S9AP+07 B+ 0
La64 2 933207 2.391%+0

y .464% ) . «TATE«Q7 2.0182+07

B11F» i Al . 4 LA65P g 1§ . S56224+07
L 8119401 ¢ P - o Qv M Y A6 7R g 2 95 I7e07

R AT
LAR0Re06
LOD78%+06

1

)

B11Fs e 56 ) 58768~ ( ) 821E+06 1
IS1Fs « 7128~ . .3 1E 2 2e B+0 1382+05 1.1308+0)

1

1

)

L0817+ ® ) 180w 247 -0 2.601% ] 2.9652+03

00a%e .3 3 0 ; 05 8. -0 72-08 2, 3 .3308-0°

20190

498 e-24

L3 4 « 59982 )

I_NNGEs

0nNn®e "
LAD0EO ar
.000rPs00 R § - v

B58P «(
7108401 2
J08R+02 2
JUGR+02
y 687202 5.
.0002+05 2.005%+03 1.681P " 2662403 1.0132+03
10002406 1.6287403 0.0 : .2052¢03 9.68 27402

LOD0F+08 7_.050Pe02 4. 6617
D00FP+0S 1. 676F+03 4, 8168
0002« 0S 2.210F+03 2. 72%»

- D - aan




RN, OWG 82-12761
m T v'vw
R 4
" L[.‘)[.NIJ
10’ 3 0= PU239
i a = PU240 ?
p e
i L @
s . \ & L] * ~ " J
P} * .f » - B1174 1\ 1
107 F - b ﬁgﬂta‘ 3
¥ \ ¥ ~ Ne €2l \ .
: V¥ . * e = PR ]
e\ 1\ ) oz
~ \ \ B8 = PUM.
‘ ‘ \ \ e~ TH2YX0
10" k ' \ K @ PA2 d
3 § L \ \ \e=C0 5 ]
_!. : | | ~ " \ \ :
¥ ' “ | x 1
- | E \, | 3
4 | | |
. H]“ 3 | \‘ | \ | \ -
: : \ | : \ \ "
k
3 i g
! ‘ L1
: X
o :Hvu E / \ i
= 1 ”.
b P a Be
} i‘ &
10 3 \‘ %
* ﬁ -
» | \ 4
i ' |
4 | 3
p \1 g
! R
\ \
1 10° 10' 1o 10’ 10' 10* 10*
DECARY TIME AFTER DISCHARGE 1 yr
Fig. D.12. Inhalation toxicity of blended fuel-assembly

s*ructural material waste as a function of decay time.



Table D.12.

saterial waste as a function of decay time

Inhalation toxicity of blended fuel-assembly structural

Time
(yr)

Inhalation toxicity (@’ alr/MTIHRM)

TOTAL

P 239

PO280

TH229

co 60

a% 54

Am281

pO281)

237

pu238

PN219

PO282

8, 384901
6.9312-01"
€, 7538-01
€.57a2-01
7.3952-01
8.2172-01
9.533e-01
1.150%«00
1.311%+00
2.811200
5.811700
1.08 1201
3.0817¢01
1.008P+02
3.008%+02
1.0002+02
1.0008¢03
1.0002+08
1.000%+08
1.000805
3.009P+05
%.000%¢0%
1. 0002+ 06

i)

2.3%a74 08
2.2587+18
2.1622+ 18
2.0R2Ee 18
2.013Ee 08
1.956E+ 13
1.903%+ 18
1.780%+18
1.6AGE+ 13
1.46074 14
1.213E+18
C_.880F+ 13
£.757%¢ 12
7.955%+13
7.126%¢13
£.180%2¢12
5.235%¢13
1.6762+13
1.7022+13
2.1F£2212
8. 8787+10
4.371E+ 10
3.9362+10

3.7272+12
3.7972+11
3.797E+13
3.7977+1)
3,7977+13
3.797E413
3.797E+13
3.797F+13
1.797%+13
3.797%+13
3.7972+13
1. 7967413
3.797®e 1)
1. 7867413
3.T7FaRe1
1,.6897+13
3.882E+13
2.887%+12
1.6097+13
2.1317¢12
6.780E+09
2. 130707
1.3327 01

2.3892+13
2.389%+13
2.389%+13
2.385%+13
2.389%+ 13
2.%892+13
2.3822413
2.3898+ 13
2.3969%+13
2.3897+13
2.3887+13
2.386P+13
2.7817+13
2.3619412
2.313213
2.888+13
1.737B+ 12
8.2712+12
9.9228+ M
€.932B408
9.603P+01
9.5502+01
9.510%2+01

1.0935+08
1.0932+08
1.093e+08
1.093%+08
1.0932+08
1.0932+08
1.0932+08
1.093%+ 08
1.093%+08
1.093E+08
1.095B+08
1.106E+ 08
1.15€2+ 08
1.782%+08
1.163P+ 05
2.527E+06
3.6452+07
8.2752+08
2.520%2+09
3.872%+09
2.1728+10
2.532%+10
2.8102+10

§.3372+13
8.306%+13
3,.2608¢13
8,.218%+13
8.1697+13
8.124%413
4.08NE«13
3.9367+13
1.8168+13
3.386R413
2.2552+13
€.0528¢12
8.359P+11
8.3722+07
1.6502-00

(S R-R- NS RN R

5.8802¢13
5.625%¢13
5.263%+13
4.928E+13
4.6072¢13
4.3102+13
4.033Ee13
3.3038¢13
2.6768+13
1.189E+13
1.0872+12
3.172E+08
2.918Ee01

COVQ0OO90OQ

2.6108¢12
2.681812
2.688E+12
2.734Ee12
2.781B+12
2.8272+12
2.8738e12
3.009E+12
3.152212
3.682E+12
5.1212¢12
8.599%¢12
1.185E+13
1.2568+13
9.174E«12
2.966B+12
1.200 %1%
6.7238+06
1.0018¢06
3.3208¢03
2.882e-04
2.375e-11
8,.6272-29

2.389%+13
2.383%213
2.374E+13
2.354E¢13
2.355%113
2.366R+13
2.336E+13
2.3092+13
2.2802+13
2.173E+13
1.8818113
1.162%+13
3.838E+12
1.5272+ 11
1.081%+07
7.102E+05
6.0332+05
3.8092+05
6.6T1E«08
2.213802
1.828E-05
1.503E-12
2.928e-30

Inhalation toxicity (m’ air/MTIHM)

3.6552+08
3.6567+08
3.658E+08
3.659E+08
1.660F+08
3.662E408
3.663E+08
3.66BE«08
3.673E+08
3.696E+08
3.782E+08
4.236E408
5.599F+08
1.1378+09
2.5382+09
5.037E+00°
6£.191E+09
6.225%+09
6. 185209
6.04TE+09
5.6672+09
5. 312E+09
4.518E+09

3.789p+12
Q_.R34E+12
9.949%2+12
1.005%+13
1.0182+13
1.0218+13
1.028E+12
1.083E«13
1.053E+13
1.064%2¢13
1.086E+13
9.7032¢12
8.359E¢12
4. 9818412
1.188E«12
1.708%8+10
1.503E+ 06
2.061E-08
0.0

0.0

0.0

0.0
0.0

1.9262+03
1.933E+03
1.956B+ 023
1.983E+03
2.010B+ 023
2.038E+03
2.066E+03
2.153E+03
2.247%:03
2.684%2+03
4.058E+03
1.076%+9%
3.1072+08
1.350E+05
$.278E+05
2.T7648E+06
‘..1(!001
1.148% 08
6.942E+08
2.7962+09
3.945P+09
1.9678+09
1.9662+09

T.1T6E+09
T ATER09
T7.176%+09
7.176E+09
7.176E+09
7.1762+09
T.176%+08
7.176%+09
T.176E+09
7.176E+09
T7.1772+00
7.1792«09
7.183209
T.195E+09
7.2122+09
7.2168+09
7.191209
T.101E400°
£.8512+09
5.0842+09
8.228E+09
2.952B+09
1.205E+09

TH230

23

co S8

AC227

CH282

RO 106

= ALY}

rPE SS

SR %0

" 63

AN242%

233

8, Mar-01
4.921%-01
5. 7532-0%
6.5782-01
7.3952-01
R.217=-01
9.03MP-01
1. 1508400
1, 811F+00
2.8117+00
5.8112+00
1.0812+ 01
3.0417+0 1Y
1.008E+02
3.008%+02
1.0007«03
3.0G02+03
1.0002+08
3.0002+08
1.000R+05
3.000E+0%
5.0002+05
1.0002+06

2.120%+03
2.162%+03
2.2252+03
2.290F«03
2.3572+03
2.8252403
2.498¥7+03
2.712%+03
2.950B+03
8.0512+03
A, 74R%+0)
3.933%«004
1.6802+05
1.125%+06
6.2072+06
2.980E+07
9.688%+07
3.2082+08
8.759F«08
2.088%+09
2.7552¢09
2.8982+09
2.0312+09

6. 167207
£.213E+03
6.290%+03
6£.388F+0)
£.8152403
6.881P 402
6£.5507+013
6£.7462+01
£.9537+03
7.7392+02
1.0107 08
1.8027+08
3.8222+08
9.08597+08
2.9847+05
1.372%+06
71.3767 406
£.782%+07
1.8717408
1. 3987 +09
1.972%+09
1.9882+09
1.983%+09

2.277Re13
1.8712E+ 13
1.396E+13
1.080P+13
7.7558+12
5.7A0R+ 12
8.309Ee12
1.7858+12
7.022%e 1
1.963%¢10
8.2897+05
1.251e-10

D

QOo00o%2000900
,
DIV 0ODI2VDV D

8.872%+02
8.9172+02
4,.98€E+02
5.0562+ 02
5.1262402
5.197E+02
S.268E+02
S.487E+02
5.72%2+02
6.6972+02
1.01€2+03
2.6832+0)
7.7632+03
1.8012+08
1.3208+05
£.8602+0%
3.6892+06
2.8712+07
1.735%+08
6£.9912+08
9.86 18408
9.9182+08
9.91a3%2+08

3.7332e12
3.876E412
3.0618+12
2.6962+17
2.37524+12
2.092E¢12
1.883E+12
1.26 17412
B.a84r+1Y
1.867e+11
1.132%+%0
9.188E+09
R.3872+09
6.0958+09
2.5092409
1.0062+08
1.1952+08
1.562~-10
0.0

oo

2.
0.
0.
0.

1.6468¢ 12
1.5858+12
1.498E+12
1.4168+12
1.3382¢12
1. 265%E+12
1.1958e12
1.0098¢12
8.833E1"
4.2802e 1Y
5.388%2+10
5.651E+07
6.016201
7.4892-20

1.532212
1.4602¢12
1.357Ee12
1.261E+12
1.172P+12
1.089E+12
1.012E+12
8.1292+11
£.a848 1
2.6452+11
1.8288+10
2.477E+06
8.5502-02
0.0

coooco0oQO
R

00000099

8.8562« 1Y
8.727Ee 11
B8.538B+ %Y
8.353Ee 1Y
8,172+ 11
7.9958+ 11
7.8222+11
7.3258+ 1)
6.8332+ 11
S5.2382+ 1Y
2.3%2
1.6362+10
7.906E+07
6.213e-01
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.0

§.85%urPe
4, 888F+ 1
§.879E+ 1Y
a.470%eMm
G.862Fe 1Y
4.453Ee 1
G800+
4.819F+ 11
4.391E+M
8, 287+ 1Y
3.9932+ 11
J.1a78e
1.95 88+ 11
3.695F+ %0
3.162E+08
1.837ee 00
3.8902-20
0.0

0.0

o000
o000

3.009E+ 1Y
3.0072+ 11
3.005E+ 1
3.008E+11
3.002%« 11
3.000E+M
2.9982+ 1
2.992e+ 11
2.987E+ 1
2.963E+ 11
2.898%+ 11
2.688E+11
2.3128+ 01
1. 3647+ 1Y
3.023p+10
1.548E+08
8.4228+01
0.0

0.0

0.0

0.0

0.0

0.0

2.3912e 1
2.390Be VY
2.38%2+ 11
2.389B+ 11
2.388%+ 11
2.387ee 11
2.386%+ "1
2.3832¢11
Z2.3802¢ M
2.370B+11
2.337%11
2.233e+1)
2.0392+ 11
1.4812 11
5.951B+10
2.885E+09
2.677R+05
3.674E-09

2.178%« 02
2.2002+02
2.2332+02
2.2652+02
2.298%+02
2.3312+02
2.36082+02
2.86 3202
2.5672+02
3.0138+02
4.281F+02
B.68 1802
1.9312+03
8.808F«03
8.937E+00
3.5622+05
1.6338+06
€.282E+06
1.875E+07
5.8102+07
1.0758+08
1.288E+08
1.1988+08

€L



75

APPENDIX E: COMPARISON OF THE CHARACTERISTICS OF FUEL-CYCLE MATERIALS
FROM THE CRBR, A PWR-U, THE FFTF, AND A COMMERCIAL LMFBR
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E.l: Characteristics of Spent-Fuel Assemblies
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Fig. E.2. Spent-fuel assembly thermal power.
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83

LO+EERE"S 90+3000°04

BO+aBLE") S0+4000°L

BO*ESEN " S0+3000°L Lo*akrL"e 90+3000°:

G0*asSEL "L 20+4000°¢€ L0+E5567S S0+3000°E

60eaBLE"T 20+3000°1L LO+ESEN"S 50+3000° 1

60+abin "L L0+4000°¢ LO+EZ05 S n0+4000°€

60+3 068" 0 £0+5000°L LO+ELER"E n0+3000°L

blsaton ™y ZU+d000"S B0+5905 "1 L0+d000°¢E

0*aESL L Z0+30007°E B0+d9967 ¢ £0+30007)

OL+30Z0"L Z0+d005°L 60*al0L ") Z0+3000%¢
LO*3clS"L 90+a000°L OLedsE9"2 Z0+a 0007 OLeaLen"2 CO*aguo”L L0*Ei68 ¢ 90+3000° 4
BO*49EL "2 S0+3000°¢ OL+alB979 L0+4000°S LteansZ-i L0+40007E LO+56E6°S 50+a000°¢
BO*EZLS"T S0a000° 4 LL*EBSTZL L0+a000"Z LLeapes™ i L0+a000"2 BO*aneE i S0*E000"1
B0+30iLL "9 20+4000°¢ LLeaZUs L L0+4000"L LL+aBl0"C L0+3000%1 b0edLOL"L n0+2000°¢L
60*a9LE" L %0+3000°4 LL+dn9s ") 00+4000"s LIeS7RE"T 00+3000° 5 b0+EZ69° 1L 20 +3000°74
60+aS0L " L0+a000°1 Wledngs 00+3000°2 L aS097°2 00+4000°E 60+49L0 "t £0+400071
60+anEn"e Z0+2000°¢ LL+as0Z e 00+a006"1 LLeabBE" 00+a000°2 60+an0E "5 20+a000°¢
OL*a5E9 "L Z0+4000°1 LL+d556°0 L0~3000%9 thsalBn "t 00+4000%% OLeazZizz ZU*a000"1
SRV [an4 L0*a000"L LlealvE™L L0-4000°S LL*2509° Y 10-a000"s Lisaiin”y LO+3000°L
LL*a190°S 00+a00071L ZL+3S50L 7S L0-a000°¢ ZA*dZEL") L0-3000"¢C Li*30is "t Co*alon™i
Al #&EE0°L L0-d000" uledinl”t 10-4000°4 EL*aldl s L0-3000" 1L EL*ateb"o LO-d000™1

(WHILN/397%A (& (24) (NHIIN/2e3wn (ak) (WHIIN/3938n (24) (WHILW/393wA (&) (24)
L3132 7x03 wojisafuy ML A3y2 %03 wojisadu) -y £3321x03 uwoyisaiu] .-y £310y%03 wojiselu] .=yL
N-umd WO A

WRAN] (9102 3wmo)

dldd

A3y23%03 uojisalu; Ajquesse [enj-juadg ('3 T9vL



ORNL -DWG B2-12749

LEGEND
LMFBR CORE RASSY
CRBR CORE 17SSY
PHR-U
FETF

R lala

Fig. R.4. Spent-fuel assembly inhalation toxicity.




85

LI VA 90+3000°4

olralin’e S04 000"

EIR S PR 20+a2000°4 EL*aslB™s 90+3000° ¢

91+4090%6 20+3000°¢C fLedLB8"8 $0+4000°€

LL*aB96" 1 w0 +3000°1 nlLedRlL"E S0+3000°L

LL+3518°2 £E0#3000%¢ GLealL9"C h0+3000°€

LL*3L9E"E E0+3000°L SL+aL60"L 804300071

Llealll e 20+4000°s 9L+42ZSL ") £0+3000°¢€

LL4&EE0L " 20+a000°¢ FLeaeoL”iL t0+3000°L

LLediio®n Z0+3005°1 9L+3d080°E 20+4000°¢
LIS TR ELR S LTIV} (l+dleB"y Z0+4000°4 GLedLib™n Z0+400071L BLeaSLY™ L 90+3000°
BLeEZET "y $0+3000°€ LL*EBLE "y L0+4000°s 9L+dEZ0°L LO+a000%¢ BLedSL0"Z 50+4000°¢
SL+3089°S S0+d000" LLYEELE" 3 LU+3000°2 GLeaLe9"L L0*a000°2 Sh*ab98° L 20+d000°1
GL+ESHE"Y 20+4000°¢E LLeELB0"Y LO*E000°L 9L+a509 "y L0«d000°1L GLedATIT"y ©0+4000°¢€
Lisdnii"L n0+3000°1 LL*dB92" 9 00+4000° s 9L +alZT"0 00+3000% s LLedeOn”™y R0 +3000°L
LLeaEnE "2 £0+3000°1 LL*aL9n "9 00+3000°2 9L +dL95"0 00+3000°¢t LLedZO0 "L E0+2000"L
LA*ELERTE Z0+4000°€ LL*3069°9 00+5000"1 JL+E008°6 00+4000°2 Li*as68"2 Z0+4000°c
LLeaBLB*n Z0+3000°1 LL+3008 "9 L0-3000°8 LL+4SE0" L 00+3000°4 LaeanLZe 20+3000°4
LA *ab0s e LO+3000°1 LL*E0L6" 9 L0-3000° > LL*E880° ) 10-3000"> LLedLss™t L0+4000"
LL*a8B0S "8 00+3000°1 LA*ESLL "L L0-d0007¢E LL*dLZA ") L0-8000"¢ LL+diEE"Y 00+a000"8
LLedel"e L0-3000°4 LLedSRS" L L0-a000°1L LL+E00Z° LO-E000"1L LL*EZEL"N LO=-2000°1L

(MHLIIR/2Fe (=) (24) (WHILN/2 T (=) (24) (WRIIN/2Te cw) (24) (WHILN/ 2T () (ak)
£3323x03 uwojIwiwyu] L 43307x01 wojawIeyu] -l £3yoyx03 wvojIwiwyu] .-y £1103%03 wojIwIeYU] .-y

WO TV o) dlad 0-und W ¥

£3307%03 wOFINIWYUL A[qEasew [enj-juadg “y°F Tqwl



87

E.2: Characteristics of Blended High-Level Waste
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Table E.5. HRigh-level waste mdiocactivity
Blended CRBR PWR-U FFTY Blended commercial LMFBR
Time Radioactivity Time Radioactivity Time Radioactivity Time Radioactivity

(yr) (C1/MTIHM) (yr) (C1/MTIHM) (yr) (C1/MTIHM) (yr) (CL/MTIRM)
a.38ap-01 3.429R+06 Y 3802-01 3.92272+06 $.380e-01 1.008®2+07 2.77a -0 1.0072+07
8.9317-01 §.010%+06 7.380®-01 3.0277+06 7.3807-01 7.372%+06 3.3210-01 8.895%+06
€. 753e-01 3.5158+06 9.380e-01 2.8852+06 9.380p-01 S.842E+06 s.183P-01 T7.S568R+08
6.57a®-01 3.134%+06 1.833P+00 1.723%+06 1.238P+00 8.6527+06 4.964r-01 6.598F«06
7.395e-01 2.8332¢06 2.838P+00 1.0052+0% 1.8388+00 3.8832+06 €. 7852-01 €. 856« 06
8.2172-01 2.588P+ 06 3.8387+00 £.T777%¢05 2.8388+00 2.053%+06 6.607P-01 5,.2797406
9.038e-01 2.386%+06 €.4382+00 8.300%+0% €. 8387+ 00 6.268%+05 7.828e-01 . B16EP406
1.150%+00 1.9352+0% 1.084P«01 2.975%+05 1.088E+01 3.5932+05 9.892e-01 3.837%+06
1.8112+ 00 1.6037+06 2.084F+01 2.213%4+05 2.06882+01 2.557%+05 1.25%0%+00 3.1562+06
2.8112+00 B.B81P+05 3.0847«01 1.7362+ 05 5.088E+01 1.306%+05 2.250E+00 1.739%+06
S.8118+00 2.9752+05 1.0088402 3.3827+08 1.0088+02 4.7612+08 S.250E+00 S. 9605
1.0812+01 1.4397+05 3.008%+02 5.531E+02 1.5042+02 2.076=2+ 08 1.025%+01 2.909%+05
3.0818+01 8.764%2+08 1.0002+07 1.020%+02 3.00a2¢02 6.514%+03 3.0252+01 1.766%405
1.0042+02 1.6883E+04 3.000P+03 5.490E+01 5.000E+02 4.018"e 0 1.0022+02 3.7972%+08
3.004%¢02 1.2322+03 1.000R+08 3.903=+01 1.0002+03 1.7322+03 3.002F+02 2.727%+03
1.0002+03 2.725%+02 1.000r+08 2.8317e 0 3.0002¢03 1.924%+02 1.000E+03 7.210%+02
3.0002+03 S5.8992+01 1.000E4+05 1.67SE+ 01 1.000E+08 9.915%+01 2.000E+03 2.400%+02
1.0007+008 3.98a7+01 3.000%"+05 1. 1817+ 01 3.000®2+08 6.260E+01 1.000"+04 1.8977+02
3.NOOE+DG 2.5548+01 1.000E+06 6.140%+00 1.0008+05 3.717Re00 3.000%+08 E.ETERe 01
1.00024+05 1.830F+01 3.000®+05 3.0557+ 01 1.000205 2.9967+01
3.000E+0% 9.478E+00 1.000®+0€ 1.982r+01 3.000F«0% 1.9797401
5.0007+05 7.400%°+00 5.000P+0% 1.550%0+01
1.0008+06 4.957E+00 1.000B+06 1.032%00

68



High-level waste thermal power.
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Table E.6. Righ-level waste thermal power
Blended CRHR PR-U FFTF Blendad commercial LMFBR
Time Thermal power Time Thermal power Time Thermal power Time Thermal power

(yr) (W/MTIRM) (yr) (W/MTIHM) (yr) (W/MTIHM) (yr) (W/MTIHM)
8.3882-01 1.90a%+08 S.3802-01 1.710%+08 5.3802-01 4.7232¢08 2.7782-01 B.6428%+0u
8.931%-01 1.7352+08 7.3802-01 1.3238«08 7.380%-01 3.878%«04 J.32v-00 J.071"e00
5.7539-01 1.527%+08 9.3892-01 1.0802+08 9.3802-01 2.718%+ 08 4, R3-01 J.e352e0
6.5788-01 1.3628¢04 1.839%2400 7.325%+03 1.238E+00 2.10a%e 08 8.9ar-01 3.0212+00
7.395*-01 1.228E04 2.8282+00 8,.0752+03 1.8782+09 1.6887+08 S.TARe-0% 2.693%7+08
2.2172-01 1.1172+00 3.8739P+00 2.6007+03 2.83A2+00 B.18aPs07 6.6079-01 2.627%+ 00
9.0387-01 1.028%+08 €. 8388+09 1.886%¢03 S.83R8+00 2.058pe0? 7.08282-01 2.208%+08
1.1507+00 8.1887+071 1.0868P+01 9.257%+02 1.048%+01 1.135%+03 9.892%-01 1.731%«08
1.811%+00 6.605%+03 2.0882+01 £.707%+02 2.0887s01 9,.533%:0° 1.250%e00 1.3957+08
2.8118+00 3.3532+03 3.088%+01 5. 218802 5.088%e0Y 6.039%+02 2.2508+00 7.137%03
S.8112400 8.883%+02 1.0082+02 1.0818+02 1.00a%02 1.5612+02 . 2502+ 00 2.0582¢02
1.081E+01 4.2108+02 3.0082+02 6.4895%+00 1. S08E+02 2.680%e02 1.N25%01 S.T7TSTe02
3.08 1201 2.721%+02 1.0002+03 2.280E+00 3.003%e02 1.772%+02 3.0258+01 £.1062+02
1.0038+02 B.1228¢0 3.000%+03 7.739°-01 €.008%+02 1.284%8+02 1.002%+02 1.769%«02
3.00aP+02 2.5567«01 1.00%%+08 §8.598e-01 1.000E+03 5.5712+01 2,0028+02 S. 766201
1.000E+03 8.327E+00 3.000R«08 1.8882-01 2,0008+03 “.0462e00 1.000%+02 1.993% 01
3.000%03 1.3552+00 1.000%+05% 7.230e-02 1.000%+08 2.1017+00 3.000%+03 8.920%+00
1.000E+08 7.603%-01 3.0002+05 7.9182-02 3.00CE+08 1.0712«00 1.000=+08 2.7867+00
3.000®+04 3.738E-01 1.000%+0¢ 7.398e-02 1.000P+05 a.101e-01 3.0002+08 1.108%+20
1.009%+0% 9.9962-02 A,000E+0" 8,2662-01 1.0002+05 2.516%-01
3.000B+05 7.889°-02 1.300®+0¢ I.6822-01 1.000E+05 1.7512-01
S.0008+05 7.3758-02 €. 000005 1.6802-01
1.700F+06 6.1902-02 1.00NE+06 1.350%-01

16



E.7. High-level waste ingestion toxicity.
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E.8. High-level waste inhalation toxicity.
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E.3: Characteristics of Blended Fuel Assembly
Structural Material Waste
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Fig. E.9. Fuel-assembly structural material waste radioactivity.
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Fig. E.10. Fuel-assembly structural material waste thermal power.




Table E.10. Puel-assembly structural material waste thermal power
Blended CRBR PWR-U FFTF Blended commsrcial LMFBR

Time Thermal power Time Thermal power Time Thermal power Time Thermal power

(yr) (W/MTIHM) (yr) (W/MTIHM) (yr) (W/MTIHM) (yr) (W/MTIHM)
4.3842-01 B8.161E+02 S.380P-01 2.268%¢02 5.380®-01 2.540E+03 2.77ap-01 9.851%2+02
4.9312-01 7.511B+92 7.380"-01 1.720E+02 7.3808-01 1.862%+03 1.3212-01 f.5472+02
S.7S3e-N 6.7112¢02 9,380°-01% 1.8377202 9.3807-01 Q_05RE+02 8,.183p-01V £.9872+02
6.574E~-01 €.074Ee0N2 1.838P+00 1. 160702 1. 238800 5.585%7+02 4.96a8-01 5.792%¢02
7.395e-01 5.5618+02 2.83°9%+00 G, FAB2+00 1.438E+00 2.8T71R+02 €. 1M5%-01 §.RT0%+02
8.217e-01 S. 1412402 3.438%+00 8.3312+ 0 2.438%+00 1.638R+02 6$.607%-01 8. 153F«02
9.038E-01 §.792E+02 5. 83A%+00 6.2062+01 £.838P+00 §.229%+01 7.8282-01 1.5928+02
1. 150E«00 4.034E402 1.088%+01 3.203%+ 00 1.084%+01 1.6782+01 9._.892p-01 2.503Pe02
1.411E+00 3.5012¢92 2.0448E8+01 2.901E+00 2.048%«0Y S.141E+00 1.250%8+00 1.877=402
2.411E+00 2.38N%+02 1.0837+01 2.801°+00 5.0487«01 1.1072+00 2.2507+00 9,1902+01
5.811E+00 1.2028+02 1.008%2+02 3. 1152-01 1.008E+02 f.450%-01 €,.250P+00 2.702%+01
1.0812210 2.939B+01 3.008%2+02 1.3647-01 1.5047+02 7.403%-01 1.0258+01 5.819%+00
.04 0N 2.6572¢00 1.000%+03 7.3108-02 3.00a%2+02 5.9062-01 3.025E+01 1.256E+20
1.0042492 4.6522-01 3.000E«02 5. 554%-02 5.0087+02 4.969"7-01 1.0027+02 f.098%-01
3.004B+02 3.251e-01 1.000%+084 & .640E-0? 1.000%+03 3.A82E-01 3.0022+02 4.1762-01
1.0002+93 2.5182-01 3.0008+00 3.2742-02 3.000%+03 2.8a7E-01 1.000E«03 2.329e-01
3.000E« 07 2.182E-01 1.0092+05 1.485%-02 1.000E8+08 2.0182-01 3.000E+03 1.8642-01
1.000E+04 1.805E-21 3.000%+05 2.775e-C3 3.000E+08 9.932®-02 1.000%2+08 1.005e-01
S .000E«04 1.244%-01 1.000E+06 2.2809-04 1.000pP+ 0" 1.8929-02 3.000F+08 4,993r-02
1.700B+05 5.3808-02 3.000E+05 2.230r-03 1.000E+05 1.325®-02
T.000E+05 9.048e-0"7 1.000F+06 6.308%-04 1.000®2+05 2.8212-03
5.0002+05 1.819%-93 5.000F«05 1.0948-03
1.000%+06 2.7261e-08 1.000%4+06 £.121%-00

10T
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Fig. E.12. Fuel-assembly structural material waste inhalation toxicity.



asseably structural material waste inhalation toxicity

Blended CRBR FFTF Blended yame rcial LMFER

Inhalation toxicity Time Inhalation toxicity

Inhalation toxicity
(m’ air/MTINM) yr) e’ alr/MTINM)

a’ alr/MTIHM

.3IR0®-01 247 2.7718%-0 L101%e 1
LP0oe-01 L1917+ 3.
LIR08-01 LEOSPe 14 4,.183%7

8. Mye-01 2.33a%¢ 8
5.9312-01" 2.2582+ 18
5.753p-01 2.162%+ 18
£.5782-01 2.082%4 10
7.395%-01" 2.0132e M8
A.2172-01 957+ 14

1217- 967Pe 10
"N\‘..‘-A
IJAPLND L1839, 4.9408 6577+ 10
LA38%s0 0 LO9531Fe . 7958~ LS587ve 0
L338%400 1.532% L5078 L5870
.8182+00 21774 18 1A F+ 14

1
9.038e-01Y 1.903%+ 18
1.

L088E+01 L0R0F+ ' 22647+ 14

1. 1507400 7802+ 14

8112400 1.688%+ 14 .Duure 01 2.920%« )R+ 0 113F+ 10

1 P
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3.000E+08 1.702%¢13 LD00Rs0OF .OD0E+0S L7912 .0002+08 L7195 2412
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APPENDIX F: CHARACTERISTICS OF CRBR HIGH-LEVEL WASTE
AND PWR-U SPENT FUEL
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Fig. . F.1. Radioactivity of blended CRBR high-level waste and
PWR-U spent fuel as a function of decay time.




Table F.1l. Radioactivity of blended CRBR high-level waste and
PWR-U spent fuel as a function of decay time

Blended CRBR HLW PWR-U spent fuel

Time Radioactivity Time

Radioactivity

(yr)

(C1/MTIHM)

(yr)

(C1/MTIHM)

4,.3848-01
4.931E-01
S.753E-01
6.57T4E-01
7.395E-01
8.217e-01
9.038E-01
1.150E+00
1.4811E+00
2.811E+00
S.U11E+400
1.041E+01
3.081E+01
1.004E+402
3.004E+02
1.000E+03
2.000E+03
1.000E+04
3.000FE+04
1.000E+05
3.000E+05
5.000E+05
1.000E+06

4.U29F+06
4.010E+06
3.515E+406
3.134E+06
2.833E+406
2.588E+ 06
2.38B6E+06
1.935E+06
1.603E+06
B.841E+05
2.975E+405
1. 439E+05
B.764E+04
1.883=+04
1.232%+03
2.725%+02
5.899E+01
3.9448E+01
2.554E+01
1.430E+01
9.478E+00
7.400E+00
4.957E+00

1.000E-01
3.000E-01
€.000E-01
1.000%+00
2.000E+00
3.000E+00
5.000F+00
1.000F+01
2.000%R+01
3.000F+01
1.000E+02
3.000E+02
1.000E+03
3.C00E+03
1. 000E+ 04
3.000E+04
1.000E+05
3.000E405
1.000E+06

1.173E+07
6.334E+06
4.336E+06
2.507=+06
1.38FE+06
9.221E+405
5.775E+05
3.935E+05
2.B08E+05
2. 129E+05
4.096E+04
4.280E+03
1. 742E+03
7.697E+02
U.676E+02
1.933E+402
5.524E+01
3.433E+MM
2.013E+01
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Fig. F.2. Thermal power of blended CRBR high-level waste and
PWR-U spent fuel as a function of decay time.



Table F.2.
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Thermal power of blended CRBR high-level waste and

PWR-U spent fuel as a function of decay time

Blended CRBR HLW

PWR-U spent fuel

Time Thermal power Time Thermal power
(yr) (W/MTIHM) (yr) (W/MTIHM)
4.384E-01 1.904E+04 1.000E-01 4.778E+04
4,.,931F-01 1.735E+04 2.000E-01 2.631E+04
5.753F-01 1.527E+04 5.000E-01 1.843E+08
6.5T4E~-01 1.362E+04 1.000E+00 1.046E+04
7.395E-01 1.228F+04 2.000E+00 5.389%8+03
8.217E-01 1.117E+04 3.000E+00 3.329E+03
9.038E-01 1.024E+ 04 S.000E+00 1.826E+03
1.150F+00 B.144E+03 1.000E+01 1. 132E+03
1.411F+00 6.605F+03 2.000E+01 8.684E+02
2.411E+400 3.353E+03 Z.000E+01 7.190E+02
T.8117400 8.883F+02 1.000E+02 2.843E+02
1.041F+01 4.2108+02 3.000F+02 1.261E+02
2.041E+01 2.721E+02 1.000E+03 S.474E+01
1.004E+02 8.122E+01 3.000E+03 2.278%+01
3.004E+02 2.556E+01 1.000E+04 1.352%+01
1.000E+03 8.327E+00 3.000E+04 5.205E+00
3.000FP+03 1.355E+00 1.000E+05 1.053E+00
1.000F+04 7.603E-01 3.000E+05 5.853P-01
3.000E+04 3.734E-01 1.000E+06 3.907E-01
1.000F+05 9.996E~-02
2.000F+05 7.449F-02
S.000E+05 7.375E-02
1.000E+06 6.190E-02
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Fig. F.3. Ingestion toxicity of blended CRBR high-level waste
PWR-U spent fuel as a function of decay time.




Table F.3. Ingestion toxicity of blended CRBR high-level waste
and PWR-U spent fuel as a function of decay time

Blended CRBR HLW PWR-U spent fuel

Time Ingestion toxicity Time

Ingestion toxicity
(m® water/MTIHM)

(yr) (m3 water/MTIHM) (yr)

4.384F-01
4.931E-01
S«753E-01
6€.5T4E-01
7.395E-01
8.217E-01
9.038E-01
1.150E+00
1.411E+00
2.811F+00
5.411E400
1.041E+01
3.041F+01
1.004E+02
3.004E+02
1.000E+03
.000E+023
1.000E+04
3.000F+04
1.000E+05
3.000E+05
5.000E+05
1.000E+0E€

3.667E+ 11
2.912E+ 11
2.U56E+ 11
2.247E+ 1
2. 112E+ 11
2.007E+ 11
1.920E+ 11
1.718E+ 11
1.S61E+11
1.2018+ 11
B.T764E+10
6.E12E+ 10
4.116E+10
B8.006E+09
2.547E+08
6.190E+07
9.627E+06
S TO9E+(E
3.976E+06
3.666E+06
3.843E+06
3.028F+06
1.697E+06

1.000F-01
3.000E-01
5.000E-01
1.000E+00
2.000E+00
3.000FE+00
5.000E+00
1.000E+01
2.000E+01
3.000E+01
1.000E+02
3.000E+02
1.000F+03
3.00CE+03
1.000E+04
3.000E+04
1.000E+05
3.000E+05
1.000E+06

S« 160E+13
1.732E+12
4.605E+1
3.482E+11
2.889E+ 11
2.605E+11
2.332E+ 11
2.018E+ 1
1.588E+ 11
1.254E+11
2.477E+10
1.107E+09
3.866E+08
1.506E+08
9.431E+07
5.502%+07
5.485E+07
5<«955E+07
2.7T13E+07
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Fig. F.4. Inhalation toxicity of blended CRBR high-level waste
and PWR-U spent fuel as a function of decay time.
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Table F.4. Inhalation toxicity of blended CRBR high-level waste
and PWR-U spent fuel as a function of decay time

Blended CRBR HLW PWR-U spent fuel

Time Inhalation toxicity Time Inhalation toxicity
(yr) (m? air/MTIHM) (yr) (m3 air/MTIHM)
4.384E-01 2.332E4+16 1.000E-01 7.200E+17
4.931F-01" 2.239F+16 3.000E-01 1.1278+17
5.753E-01 2.116E+16 5.000E-01 1.088E+17
6.574E-01 2.010E+16 1.000E+00 1.035%+17
7.395E-01 1.918E+16 2.000E+00 9.840E+16
8.217E-01 1.838E+16 3.000E+00 9.567E+16
9.038E-01 1.766E+ 16 S.000E+00 9,221E+16
1.150F+00 1.594F+16 1.000F+01 8.605E+16
1.411E+00 1. U628+ 16 2.000E+01 7.6912+16
2.411E+00 1.196E+ 16 3.000E+01 7.023E+16
S.411E+00 1.023E+16 1.000E+02 4,917E+16
1.041E+01 9.523E+15 3.000E+02 3.0847+ 16
2.041E+01 8.727E+ 15 1.000r+03 1.7638+16
1.004E+402 7.063E+15 3.000r+03 1.152E+16
3.004F+02 4.645%+15 1.000E+04 7.0972+15
I.OOOEOOB 1.€92E+15 3.0002+004 2.6702+15
Z.000E+03 S.808E+14 1.000F+05 3J.714E+ 8
;.gggt*g: 3.818E+14 3.000®+05 8.887E+13
. E+ 1.811E+14 h + o
1.000E+05 3.056E+13 it b bk
3.000E+05 1.373E+13
€.000E+05 1.U85E+13

1.000E+06

1.351E+13
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GLOSSARY
Gigawatt-days = 10° watt-days
Megawatt-days = 10° watt-days
Metric tons (10% g) of initial heavy metal
The smallest structurally discrete part of a fuel
assembly that has nuclear fuel as the principal

constituent; also called a fuel pin or a fuel rod

A grouping of fuel elements that remains intact
during the charging and discharging of a reactor core

A cylindrical model of a fuel element used in a
reactor physics calculation

Hexagonal, sheet-metal can surrounding each fuel

assembly to prevent cross-flow of coolant between
assemblies

Liquid-metal (cooled), fast breeder reactor. "Fast”
refers to the fact that the neutron spectrum is high-
energy, i.e., not thermal.

Fast-Flux Test Facility in Richland, Washington
High-level waste

Light-water reactor

A computer code for calculating the radionuclide

composition and characteristics (radioactivity,

thermal power, etc.) of nuclear materials such as
spent fuel and wastes

A computer program that processes ORIGEN2 output to
produce publication-quality graphs and tables

Pressurized-water reactor fueled with low-enrichment
vo,

Fuel assembly structural material (cladding) waste

Clinch River Breeder Reactor to be located in
Oak Ridge, Tennessee
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