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FOREWORI

The Office of Radiation Programs carries out a national program
designed to evaluate the exposure of man to ionizing and nonionizing
radiation, and to promote the development of controls necessary to
protect the public health and safety and assure environmental quality.

Office of Radiation Programs technical reports allow comprehensive
and rapid publishing of the results of intramural and contract projects.
The reports are distributed to groups who have known interests in this
type of information such as the Nuclear Regulatory Commission, the
Energy Research § Development Administration, and State radiation
control agencies. These reports are also provided to the National
Technical Information Service in order that they may be readily
available to the scientific community and to the public.

Comments on this analysis as well as any new information would
be welcomed; they may be sent to the Director, Technology Assessment
Division (AW-559), Office of Radiation Programs, U.S. Environmental
Protection Agency, Washington, D.C. 20460.
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I.  INTRODUCTION

The Office of Radiation Programs of the Environmental Protection
Agency, commissioned Battelle Pacific Northwest Laboratories (Battelle-
Northwest) to undertake a study to provide estimates of the significant
actinide activities expected in three Light Water Reactor (LWR) fuel
cycles and one Liquid Metal Fast Breeder Reactor (LMFBR) fuel cycle. This
report presents the results of that study. These data should prove useful
to EPA in relation to gaining a perspective of the actinides generated in
these fuel cycles and in establishing technical bases for setting

environmental standards.

A. Background

In the U. S. and world wide, the generation of electrical energy
with nuclear power plants is growing. Current industrial practice is
to use uranium to fuel thermal power reactors. The largest part of current
industrial practice is to use uranium, slightly enriched above the natural
235U content to fuel LWR's. The other thermal reactor technology being
used industrially, but on a much smaller scale, is a uranium-thorium cycle
in High Temperature Gas Cooled Reactors (HTGRs). This type of reactor

235

uses uranium highly-enriched in U content to start up plants. Subsequently,

233

these plants produce another fissionable isotope of uranium, U from the

thorium, to sustain future HTGR cycles.

The nuclear power industry is looking, in the near term, to recycling
the plutonium produced in thermal plants back into these plants since
plutonium can be a substitute fuel. The fast breeder reactor is being

developed as a future electrical generation source because it produces



more fissionable material than it consumes, thereby further alleviating
the reliance on uranium resources. The Liquid Metal Fast Breeder Reactor
(LMFBR) s receiving the most emphasis in the development of breeder

reactors.

The benefits gained from the development of nuclear power are offset
somewhat by the problem of effectively managing the by-products of this
technology. In producing electrical energy via nuclear power plants,
radioactive wastes are created. These wastes include materials which are
created by fission (fission products) and those produced by other neutron
reaction processes. The materials created in the nuclear power plant which
are a long term toxicity problem, are the actinide elements (i.e., trans-
actiniums). These species persist for thousands to millions of years.
Therefore, plans to manage those wastes must be effective for very long

time periods.

B. Scope of the Project

The objective of this project was to provide estimates of the quantities
of actinides present in spent fuel, recovered material and waste for three
LWR fuel cycles and one LMFBR fuel cycle. The three LWR fuel cycles
considered were:

1) the slightly enriched U02 fuel

2) recycling plutonium in LWRs for the first time

3) a second recycle of plutonium in LWRs.

The only LMFBR fuel cycle considered was the mixed oxide (UOZ'PUOZ) fuel

cycle,



The principal output of the study is in the form of graphs which
illustrate the mix of actinides present in spent fuels, recovered plutonium

and high level waste. These data are given in Appendix A of this report.

Results are reported in Curies (Ci) per metric ton of heavy metal for
spent fuel and Curies per kilogram of actinides present for the other types
of materials. A recovery factor of 99% for plutonium and uranium during
reprocessing of the spent fuel was used. Four (4) time periods were
considered for each of the above categories: (1) 100 years, (2) 1,000 years,
(3) 10,000 years and (4) 100,000 years. In addition, log-log graphs for
the time period from 1 year to 1 x 108 years were included. Thus, a
total of sixty (60) graphs were prepared. The detailed data from which

these graphs were derived are presented in Appendix B of the report.

II. SUMMARY

This study provides estimates of the time-dependent radioactivity
characteristics of actinide isotopes in spent nuclear fuel, recovered
plutonium and high level waste material from the fuel reprecessing plant.
The estimates are provided for Light Water Reactors (LWRs) operating on
a UO2 equilibrium fuel cycle, a first recycle of the plutonium produced
and a second plutonium recycle. In addition to these three LWR nuclear
fuel cycle computations, a fourth set is given which corresponds to a
Liquid Metal Fast Breeder Reactor (LMFBR) cycle operating with mixed oxide
fuel.

The first phase of the study included a calibration in which the
calculated spent fuel isotopic content was compared to actual spent fuel

isotopic data. Adjustments were made to minimize the calculated and



measured differences over all of the isotopes. The only available
computed isotopics for the LMFBR were used for computer code adjustment

purposes.

The principal results of this project are given in the form of
graphs in Appendix A and in tabular form in Appendix B, Because the
large number of isotopes conflict with legibility only the most radioactive
ones appear on the graphs. The tables provide more complete information

on all of the isotopes.
IITI. TECHNICAL APPROACH

In order to derive the desired curves presented in Appendix A, the
detailed tabular data presented in Appendix B was prepared using the
computer program ORIGEN.(]) The ORIGEN computer code is a survey
analysis tool used for estimating time dependent composition and

activities of fuel and clad materials in fission reactors.

The characterization of actinide waste activity present in spent fuel,
reprocessing plant waste and in recovered plutonium constitutes a complex
analysis problem largely because of the intricate decay schemes involved.

In addition to the complex decay calculations, the initial concentration of
the actinide isotopes in the waste requires an accurate calculation of the
neutron-induced transmutation events in the reactor core. Since ORIGEN

is a survey tool, it is based upon numerous simplifying assumptions. Its
validity, therefore, rests upon normalization results of higher order
calculations on measured data. Therefore, the first phase of study involved
calibration of the ORIGEN code to gain confidence in the accuracy of the

estimates of actinides for the LWR and LMFBR cycles studied.
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The ALTHAEA(Z) code was used to project discharge isotopics for
equilibrium fuel cycles in pressurized water reactors (PWRs) and boiling
water reactors (BWRs). This code represents the physics of tracking
the time-dependent burnup of fuel better than the ORIGEN code. The
ALTHEA code was normalized to experimental isotopic data obtained from
fuels irradiated in commercial power reactors. The results are given
in Section V. After this normalization, ALTHAEA was used to estimate
the discharge isotopics for BWR and PWR fuels. The ORIGEN code was
then calibrated to reproduce the discharge isotopics of the principal
fuel isotopes projected by the ALTHAEA code. For the LMFBR core, the
concentrations given in Reference 3 for an LMFBR were used in the absence
of any other information. Cooling periods of 100 and 150 days after

reactor shutdown were assumed for the LMFBR and the LWR, respectively.

Spent fuel from LWRs was assumed to be a mixture of 40% spent fuel
from boiling water reactors (BWRs) and 60% spant fuel from pressurized water
reactors (PWRs). Since there are three LWR cycles considered and two
types of LWRs, six standards were required. These were computed by the
program ALTHAEA after confirming that this code could adequately
reproduce the measured isotopic data of fuels irradiated in the Yankee
Rowe, Indian Point and Saxton reactors (see Section V - Methods Verification).
The typical BWR fuel bundle uses rods whose enrichment varies from less
than 2 wt.% to about 3 wt.%. However, the calculation to obtain the
standard concentration was based upon an average enrichment for rods in
the bundle of 2.60 wt.% U235 in uranium. This simplification was adopted

for two reasons, first, we did not have adequate data to verify more detailed



calculations, and second, reprocessors indicate that they will chop the
entire bundle without segregating pins by enrichment. For the first
plutonium recycle in a BWR, we assumed an average enrichment of 2.72 wt.%
fissile, consisting of 2.21 wt.% U235, .419 wt.% Pu239, and .087 wt.%
Pu241. For the second plutonium recycle in a BWR, we assumed an average
enrichment of 2.81 wt.%, consisting of 2.204 wt.% U235, .483 wt.% Pu239,
and .133 wt.% Pu241. In all three cases the goal exposure was assumed

to be 27000 megawatt days per metric ton of fuel (MWD/MT).

In PWR fuel bundles all of the fuel pins are the same enrichment.
We have taken 3.20 wt.% U235 as the proper enrichment to obtain the
assumed goal exposure of 32000 MWD/MT. For the first plutonium recycle
some fuel bundles will be all slightly enriched uranium and some will be
all mixed oxide (PuO2 plus natural U02). For this study, we used 3.20
weight percent U-235 enrichment for the slightly enriched uranium and
3.35 weight percent fissile enrichment for the mixed oxide fuel consisting
of .683 wt.§ U235, 2.160 wt.% Pu239, and .507 wt.% Pu241. In order
for the reactor to utilize all of the plutonium it makes, we have assumed
that the average PWR will contain, by volume, 23% mixed oxide fuel and
we have further assumed that the various reactor owners will buy and sell
plutonium in order to reach this goal while maintaining quarter core
symmetry (i.e., each owner loads a multiple of four bundles). The
presence of the mixed oxide bundles adjacent to a slightly enriched U02
bundle will alter the power generation in both bundles and thus produce
isotopic concentrations different from those calculated for these elements
based on full reactor loads of each. By calculating only the isotopic
concentrations averaged over the whole core we have ignored these secondary

affects since they tend to compensate each other to some extent.
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Since the recycled plutonium is in separate bundles, it is possible to
reprocess them separately and recover the plutonium for use in the second
recycle step. We used 3.50 wt.% fissile enrichment for this fuel,
consisting of .675 wt.% U235, 2.022 wt.% Pu239, and .803 wt.% Pu241. From
a material balance the average PWR should contain 13.7% second recycle
mixed oxide, 17.7% first recycle mixed oxide and 68.6% slightly enriched
uranium fuel during the period of second plutonium recycle operation.

Thus the three standards for the PWR were 3.20 wt.% enriched uranium,
3.35 wt.% fissile enriched mixed oxide using first recycle plutonium, and
3.50 wt.% fissile enriched mixed oxide using second recycle plutonium, all

to a goal exposure of 32000 MWD/MT.

Six different sets of cross sections for the principal isotopes were
derived for ORIGEN which reproduce the discharge isotopes for this
isotope from ALTHAEA calculations. The blends of these six types of
spent fuel were used to produce the three desired composites are given

in Table I.

TABLE I
SIX TYPES OF FUEL USED FOR THE BLEND

Kilograms Required per Metric Ton

Fuel Type Enr, UO2 Ist Pu Recycle 2nd Pu Recycle
BWR-2.60 wt.% Enr. UO2 400
BWR-2.72 wt.% fissile Enr. M.0. 400
BWR-2.81 wt.# fissile Enr. M.O. 400
PWR-3.20 wt.% Enr. U02 600 462 412
PWR-3.35 wt.% fissile Enr. M.0. 138 106
PWR-3.50 wt.% fissile Enr. M.O, 82

The cooling period was 150 days after reactor shutdown for these LWR fuel

cycles.



To obtain the data for the waste stream the above calculations were
performed for the lesser amount of spent fuel that would be required to
yield one kilogram of actinides in the waste after 99% of the uranium and
plutonium was removed. The amount of spent fuel for each case is listed

in Table II.

TABLE II
AMOUNT OF SPENT FUEL

Case Kilograms of Spent Fuel
LNR-UO2 96.2
LWR-1st Pu Recycle 93.8
LWR-2nd Pu Recycle 91.4
LMFBR 92.8

The isotopic concentrations from the spent fuel were used to obtain
the initial plutonium concentrations for the plutonium waste data. The

concentrations used are given in Table III.

TABLE III
PLUTONIUM COMPOSITIONS AND CONCENTRATIONS

Isotope LWR-U02__ LHR-1st Pu Recycle LWR-2nd Pu Recycle LMFBR
Pu 236  8.0x10™ 5,4x10™ 4.2x107° 2.8x10™°
Pu238  17.2 22.5 28.0 6.43
Pu 239  558. 475, 435, 699.

Pu 240 245, 273. 277. 223,

Pu 241 131. 149, 155. 46.0
Pu 242 48.6 80.3 105. 25.6
Pu 244  1.1x10° V) 3.1x10"10 4.3x10710 2.2x1074



IV. RESULTS

The principal results of this project are the graphs which depict
actinide activity as a function of time. These sixty graphs are
presented in Appendix A. The tables in Appendix B contain the complete
data from which the graphs in Appendix A were generated. Because a
plot of all of the information contained in the tables would produce an
illegible grapn in most cases, only the highest activity isotopes are

plotted. Appendix B therefore contains more information than Appendix A.



V. METHODS VERIFICATION

The calculation of isotopic compositions for fuel discharged from
nuciear reactors requires a knowledge of the neutron cross sections, decay
constants, and the initial composition of the fuel materials. In addition
the temperature and neutron flux history of the fuel in the reactor must be

known,

To test the validity of the method of calculation and the values of
the many physical constants used in calculating the reactor discharge
isotopic compositions, comparisons were made with the published isotopic

data from three light water reactors.

Although there is some data on spent fuel isotopics available from
various reactors available, both from analysis of small quantities of
spent fuel and from aliquot samples taken from large dissolver batches,
little of it contains results for elements beyond plutonium. Since the
higher elements are of importance at certain decay time-periods, two
of the available experimental data sets for small samples were chosen
because transplutonium isotopics were provided. These data were
obtained from fuel irradiated in the Yankee-Rowe and Saxton reactors.

The isotopic information available from large sample data was that for fuel

irradiated in Indian Point 1.

A, Yankee-Rowe Data

The Yankee Core Evaluation Program(4) has provided isotopic information
for fuel irradiated in this reactor which is a commercial PWR plant.
In addition to these studies, fuel discharged from the Yankee reactor has
been analyzed at Pacific Northwest Laboratory (PNL) to obtain data for

elements beyond plutonium.
-10-



These data are expressed as isotopic concentrations in nuclei per barn-

24). Tables IV, V and VI

centimeter (nuclei per cubic centimeter times 10°
present comparisons of calculated versus measured values of the uranium,
plutonium and transplutonium isotopes respectively. All isotopic concentrations
have been corrected for decay to the reactor shutdown date by the author of

Reference 5. The calculated isotopics include a decay period of 117 shutdown

days.

The overall agreement between calculated and measured isotopic
concentration in terms of the percent standard deviation of the sample-
averaged concentration is shown in Table IV, As expected, the isotopes which
are the end result of several neutron captures are predicted with the lowest

accuracy. The overall percentage deviation is 13.5% for all isotopes.

B. Saxton Reactor Data

As part of the AEC plutonium utilization program, the Saxton Reactor
Core II was loaded with PuOZ-UO2 fuel. At the end of life of Core II, the
mixed oxide fuel elements were reconstituted using the same fuel rods.
However, the lattice pitch of the reconstituted rods was doubled by leaving
alternate fuel rod positions empty. The reconstituted fuel was irradiated in
Core III. The isotopic analysis of sections from four high exposure fuel
rods included Am-241/Pu-239, Am-243/Pu-239, Cm-242/Pu239, Cm-244/Pu-239, and
Pu-239/U-238 ratios in addition to the usual plutonium and uranium isotopic

(6)

assay.

«11-



This Saxton data forms a particularly stringent test of burnup isotopic
calculational methods. Instead of starting with only UO2 present, four
of the major plutonium isotopes are present in significant amounts. Two
different lattice pitches are used which strongly effects the neutron

energy spectrum.

A comparison of calculated versus measured isotopics for the Core III
Saxton rods is given in Tables VIII, IX and X. Here the data is given
at the time the isotopic assay was made. A zero power decay period from
the reactor shutdown date to the analysis date is performed in the

calculations.

The overall standard deviation between measured and calculated
isotopic concentrations is given for Saxton in Table XI for each isotope.
The average deviation over all isotopes is 14.3% of the sample averaged

concentration.

C. Indian Point 1 Reprocessing Data

The Yankee and Saxton data result from small samples taken from rod
segments of fuel. The buildup of actinides during irradiation is
generally nonlinear. Hence, it is valid to ask if the average of widely
varying irradiation conditions typical of a nuclear reactor core can be
used to calculate isotopics in large batches of irradiated fuel.

Several metric tons of spent fuel from Indian Point reactor have been
reprocessed. Samples of the fuel batches have been analyzed.(7) A

straightforward comparison of calculated versus measured uranium and

-12-



plutonium compositions is given in Table XII. An examination of the
standard deviations shows that the uncertainty in the batch data is

comparable to that in the Yankee and Saxton small sample data.

D. Probable Accuracy of the Results

Based on the Yankee, Saxton and Indian Point data, specific activities
for the most abundant isotopes: U-235, U-238, Pu-239, Pu-240, Pu-241
and Pu-242 appear to be uncertain by +10%.

U-236 should be assigned a +20% uncertainty. Np-237 should require
+20%. while the Americium and Curium show a +40% uncertainty along with

the rarer plutonium isotopes Pu-236 and Pu-238.

In general, given a specific reactor type plus some isotopic data,
much closer agreement can be obtained. The present results must be
valid over all types of LWRs employing U02 and Pu02-U02 fuel and the
differences between calculated and measured isotopic data reflect these

rather stringent requirements.

-13-



TABLE IV. Yankee Uranium Isotopics

Isotopic Concentrations (N/B-cm)

a) b) BurnupC)
Sample U-234 U-235 U-236 U-238 GY/D/MTM
G4-C-f6 measured 3.48 -6 4,93 -4 5.73 -5 2.106 -2 13.629
calculated 1.303-9 4,93 -4 5.43 -5 2.139 -2 13.319
F5-C-al measured 3.07 -6 3.54 -4 8.58 -5 2.086 -2 23.770
calculated 7.96 -9 3.54 -4 7.91 =5 2.121 =2 23.131
F5-NW-b2 measured 3.33 -6 3.28 -4 9.26 -5 2.0891-2 23.914
calculated 1.07 -8 3.28 -4 8.34 -5 2.117 -2 25.324
F5-NWb2 measured 3.37 -6 3.22 -4 9.47 -5 2.081 -2 24,266
calculated 1.14 -8 3.22 -4 8.44 -5 2.116 -2 25.851

Standard Deviation

0.78 -5 033 -2

Between Code and Mean

Notes:

a)

b)

c)

d)

No initial concentration of U-234 was assumed since the initial
composition of the feed material did not contain a U-234 assay. The
calculated values reflect only buildup from Pu-238 alpha decay less
the U-234 burnup and are therefore not comparable to the measured
value.

The U-235 concentration is used to terminate the burnup calculation
hence all U-235 calculated values agree exactly with the measured
values.

The differences between calculated and measured burnup occur because
the calculation is terminated by specifying a final U-235
concentration instead of a final burnup.

Numerical entries in the table of the form X.ZWtY are X.Zw*loiY,

where X, Z, W, and Y are digits.

-14-



TABLE V. Yankee Plutonium Isotopics

Isotopic Concentrations (N/B-cm)
Sample Pu-236 Pu-238 Pu-239 Pu-240 Pu-241 Pu-242

G4-C-f6 measured 4.4 -12 4.8 -7 1.145-4 1.853-5 1.043-5 1.00-6
calcuiated 4.0 -12 4,19-7 1.148-4 1.956-5 1.079-5 1.03-6

F5-C-al measured 1.64-11 2.08-6 1.589-4 3.633-5 2.551-5 4.32-6
caliculated 1.27-11 1.56-6 1.440-4 3,597-5 2.506-5 4.40-6

F5-NW-b2 measured 1.50-11 2.04-6 1.384-4 3.844-5 2.454-5 5.13-6
(center)

calculated 1.52-11 1.95-6 1.477-4 3.,917-5 2.811-5 5.46-6

F5-NW-b2 measured 1.60-11 2.25-6 1.405-4 4.037-5 2.599-5 5.68-6
(bottom)

calculated 1.58-11 2.05-6 1.485-4 3,991-5 2.882-5 5.74-6

Standard Deviation
Calculated versus Measured .19-11 .42-6 .096-4 .070-5 0.230-5 0.17-6

-15-



TABLE VI. VYankee Neptunium, Americium and Curium Isotopics

Isotope Concentrations (N/B-cm)

Sample Np-237 Am-241 Am-243 Cm-242 Cm-244
64-CF6  measured  4.30-6  -1.0 -8 8.2 -8 4.09 -8  1.19 -8
calculated 3.77-6 1.82-7 8.84-8 2.89 -8 8.26 -9
F5-C-al measured 8.73-6 1.14-6 7.64-7 1.612=7 1.838-7
calculated 7.93-6 6.76-7 6.72-7 1.642-7 1.185-7
F5-NW-b2 measured 8.92-6 1.08-6 8.48-7 1.498-7 1.940-7
(center)
calculated 8.92-6 8.10-7 9.12-7 2.100-7 1.791-7
F5-NW-b2 measured 9.10-6 1.11-6 9,75-7 1.874-7 2.331-7
(bottom)
calculated 9.16-6 8.43-7 9,77-7 2.216-7 1.966-7
Standard Deviation ) 49 ¢ 0.31-6 0.56-7 0.35 -7 0.38 -7

Calculated versus Measuved

Notes:

a) When corrected back in time to the discharge date a negative
concentration was calculated by the author of Reference 2.
This indicates an error in the assay and/or decay constant.

-16-



TABLE VII. Yankee Standard Deviation - Calculated Versus Measured

Standard Deviation

Isotope (Calculated versus Sample-Averaged Percent

Concentration Standard Deviation

measured)
U-236 0.78 -5 8.26-2 9.4
U-238 .033-2 2.09-2 1.6
Pu-236 19-11 1.30-11 14.6
Pu-238 42 -6 1.71-6 24.4
Pu-239 .096-4 1.38-4 7.0
Pu-240 .070-5 3.34-5 2.1
Pu-241 0.23 -5 2.16-5 10.6
Pu-242 0.17 -6 4.03-6 4.2
Np-237 0.48 -6 7.76-6 6.2
Am-241 0.31 -6 0.83-6 37.3
Am-243 0.56 -7 6.31-6 8.4
Cm-242 0.35-7 1.35-7 25.9
Cm-244 0.38-7 1.56~7 24.3

Average 13.5%
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Samplea)

LS measured
LS calculated
PF measured
PF calculated
Standard Deviation

calculated versus
measured

TABLE VIII. Saxton Uranium Isotopics

Isotopic Concentrations (N/B-cm)

Burnup b)
U-234 U-235 U-236 U-238 GWD/MTM
1.035-6 8.59-5 1.30 -5 2.06-2 42.85
0.89 -6 8.07-5 1.548-5 2.05-2 42.85
1.036-6 7.40-5 1.47 -5 2.06-2 50.95
0.86 -6 7.12-5 1.72 -5 2.04-2 50.95
0.16 -6 0.42-5 0.25 -5 0.02-2

a) Four samples were measured in Reference 4.

isotopics.

b) The calculations were terminated by specifying the measured
burnup, hence there is exact agreement between measured and

calculated burnup.

-]18-
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Sample

TABLE IX. Saxton Plutonium Isotopics

Isotopic Concentrations (N/B-cm)

LS measured

range

LS calculated

PF measured

range

PF calculated

Standard Deviation
calculated versus

measured

Notes:

a) Experimental uncertainty was estimated for only these two plutonium isotopes.

Pu-2362)

5.23-12
(6.28-4.19)
7.28-12
6.14-12
(7.39-4.93)
9.30-12
2.66-12

pu-238°
6.60-6
(6.93-6.27)
6.63-6
8.24-6
(8.64-7.83)
8.09-6
0.10-6

Pu-239 Pu-240
4.52-4 3.18-4
4.57-4 3.35-4
3.82-4 3.43-4
3.81-4 3.38-4
0.04-4 0.13-4

Pu-241
9.31-5
9.60-5
1.06-4

1.01-4
0.04-4

Pu-242
2.71-5

2.66-5
3.66-5

3.48-5
0.13-5
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TABLE X. Saxton Neptunium, Americum
and Curium Isotopics

a)
Isotopic Concentrations (N/B-cm)

Sample Np-237 Am-241 Am-243 Cm-242 Cm-244
LS measured 2.70 -6 1.86-5 1.91-6 5.42-7 6.41-7

range (3.11-2.30) (2.04-1.66) (2.17-1.67) (6.00-4.90) (7.08-5.80)
LS calculated 3.70 -6 1.79-5 3.50-6 3.49-7 6.31-7
PF measured 4.,052-6 1.83-5 4.50-6 7.32-7 1.02-6

range (4.66-3.44) (2.01-1.65) (5.63-3.38) (8.06-6.59) (1.12-0.92)
PF calculated 4.33 -6 1.84-5 5.17-6 4,27-7 1.15-6
Standard Deviation 0.73 - 6 0.05 1.22-6 2.55-7 0.09-6
calculated versus
measured
Notes:

a) Since the test data for these isotopes are given in Reference 5 as atom ratios, the
"measured" concentrations in this table were calculated assuming that the measured
and calculated U-238 concentrations agree exactly. This assumption is justified by

the small overall change of U-238 concentration with burnup.



TABLE XI. Saxton Standard Deviation Calculated versus Measured

Standard Deviation

of Calculated versus Sample-Averaged Percent
Isotope Measured Values Concentration Standard Deviation
U-234 0.16 - 6 1.0355 - 6 15.5
U-235 0.42 - 5 8.00 -5 5.3
U-236 0.25 - 5 1.39 -5 18.0
U-238 0.02 - 2 2.06 -2 1.0
Pu-236 2.66 -12 5.685 -12 46.8
Pu-238 0.10 - 6 7.420 -6 1.3
Pu-239 0.04 - 4 4.17 -4 1.0
Pu-240 0.13 - 4 3.305 -4 3.9
Pu-241 0.04 - 4 0.9955 - 4 4.0
Pu-242 0.13 -5 3.185 -5 4.0
Np-237 0.73 - 6 3.376 -5 21.6
Am-241 0.05 -5 1.845 -5 2.7
Am-243 1.22 - 6 3.205 -6 38.1
Cm-242 2.55 - 7 6.37 -6 40.0
Cm-244 0.09 - 6 0.8305 - 6 10.8

Average 14.3
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TABLE XII. Indian Point 1 Batch Isotopics

Initial Uranium Composition (Wt %) _Plutonium Composition (Wt %) Pu/U Burnup

Batch Enrichment U-234 U-235 U-236 U-238 Pu-238 Pu-239 Pu-240 Pu-241 Pu-242 gms/tonne GWD/MT

3 2.78 0.021 1.804 0.220 97.955 0.409 75.587 15.455 7.378 1.171 6188 12.6
calculated 0.031 1.676 0.266 98.027 0.321 76.409 15.390 7.068 0.812 5642

5 2.78 0.019 1.786 0.218 97.955 0.432 74.546 15.456 7.381 1.185 6185 12.6
calculated 0.031 1.676 0.266 98.027 0.321 76.409 15.390 7.068 0.812 5642

9 3.263 0.016 1.758 0.310 97.916 0.834 70.043 17.296 9.808 2.019 7887 19.5
calculated 0.028 1.627 0.369 97.976 0.603 69.986 17.897 9.861 1.653 7278

1 4.076 0.019 2.022 0.422 97.537 1.309 68,083 17.381 10.790 2.437 9320 25.10
calculated 0.038 1.928 0.478 97.568 0.844 67.892 18.159 11.053 2.052 8200

Standard 0.014 0.117 0.053 0.061 0.269 1.023 0.244 0.067 0.195 745
Deviation

Percent of Batch 75.7a) 6.4 18.1 0.062 36.1 1.4 1.5 0.76 11.4 10.1

Averaged value

a) The larger discrepancy results from an estimated initial U-234 concentration. None was
provided in the data. A much more accurate guess could be made; however time did not
permit pursuing this further.
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Appendix A

EXPLANATION

A total of sixty (60) graphs with corresponding tables are presented.
Initial actinide inventories are based on calculational methods which are
justified by comparison to LWR spent fuel isotopic arrays in the case of
LWRs and on computer design isotopics for the LMFBR., These graphs may
be used to estimate the actinide activity of either high-level waste or
low-level waste. For example, U02 pellets from a spent fuel element
would be classified as high-level waste, while contaminated rags and tools
used during decontamination of the shipping cask it came in would be
classified as low-level waste because the over-all level of radioactivity
is much higher for the pellets. In spite of this, both samples would

contain the same activity level in units of curies per ton of heavy metal.



In other words, the usual criteria for high and low level wastes are
based on the gross activity, i.e., curies. The figures presented in
this appendix are specific activities, i.e., curies per mass of material.
This specific activity can be changed only by chemical separation,
irradiation or mixing with other materials. For a specific application

of the curves, the source of the waste material must be taken into account.

The first fifteen graphs apply to the assumed mixture of 40% BWR fuel
and 60% PWR fuel for the period when both reactor types are discharging
slightly enriched uranium fuel at goal exposure. The assumed goal
exposures were 27000 MWD/MT for BWRs and 32000 MWD/MT for PWRs. This
represents the period approximately 4 to 10 years after startup for BWRs
and 3 to 8 years after startup for PWRs. The earlier period when the
first cores from these reactors are being discharged at lower exposures

was not considered.

Graphs 16 through 30 apply to the period when both reactor types are
discharging fuel which includes the average amount of first recycle
plutonium. This is approximately 11 to 16 years after startup for BWRs

and 9 to 13 years after startup for PWRs.



Graphs 31 through 45 apply to the period when both reactor types are
discharging fuel which includes the average amount of first and second
recycle plutonium., This is approximately 17 to 22 years after startup

for BWRs and 14 to 18 years after startup for PWRs.

Graphs 46 through 60 apply to the 1000 MWe LMFBR reference design as
presented in GEAP-5678.

In each group of 15 graphs, the first 5 apply to the spent fuel, the
second 5 to the reprocessing plant waste stream, and third 5 to the
recovered plutonium. In each group of 5 graphs, the first covers the
period from date of shipment from the reactor (assumed 150 days after
reactor shutdown in LWR cases and 100 days after reactor shutdown in LMFBR
cases) to 140 years. The second graph in each group of 5 graphs covers
the period from 100 years to 1400 years. The data from 0 to 100 years
were purposely excluded since they are presented with greater accuracy on
the preceding graph. Note, however, the scale has changed and some
isotopes appear near the bottom of the graph that were not present on
the preceding graph, thus where possible data for these isotopes is

given from O to 100 years. The third graph in each group of 5 covers the



period from 1 thousand years to 14 thousand years. Again, please note
the change in scale. The fourth graph in each group of 5 covers the
period from 10 thousand years to 140 thousand years. The fifth graph

in each group of 5 covers the period from 1 year to 1 x 108 years on a
log-log plot. Some of the less significant isotopes have been left

off of this graph to improve its readibility. These isotopes include
californium, berkelium, the higher curium isotopes, uranium 237, plutonium
236 and its daughters. The isotopes on the graph contribute 1% or more

of the activity at some time. Data for the isotopes omitted are included

in the tables provided in Appendix B.

For those curves on any graph labeled with the symbols for more than
one isotope (cf Np237, Pa233) the value plotted represents the activity
of each isotope NOT their sum. This circumstance represents short-

lived daughters in secular equilibrium with a long-lived parent.
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FIGURE .3
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Appendix B

EXPLANATION

The tables in Appendix B present all the data used to prepare the
graphs in Appendix A along with some data not plotted. The 12 pairs of
tables are in th= same order as the graphs. The first table of each pair
for spent fuel has a column for the activity of the material charged to
the reactor. The second column labeled DISCHARGE is the activity at the
time of shipment from the reactor (150 days after reactor shutdown for LWR
cases and 100 days after reactor shutdown for the LMFBR). The remaining
columns present data for additional cooling times from 1. year to 1000.
years. The sernnd table of each pair repeats the activity of the material
charged and presents the data for cooling perfods from one thousand years

to one hundred million (1.0 x 108 years).

The first table of each pair for the waste stream has a column for

the activity of th: material charged to the reactor. The second column

B-i



labeled SEPARATION is the activity at the time of reprocessing (150 days
after reactor shutdown for LWR cases and 100 days after reactor shutdown
for the LMFBR). The remaining columns present data for additional
cooling periods of 1 year to 1000. years. The second table of each
pair repeats the activity of the material charged and presents the data

for cooling from 1 thousand years to 1 x 10° thousand years,

The first table of each pair for the recovered plutonium has a
column for the I'IITIAL activity at the time of reprocessing. The remain-
ing columns present the data for cooling periods of 1 year to 1000 years.
The second table of each pair presents the data for cooling periods from

1 thousand years to 100000 thousand years.

B-1i
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3,038001 2,85k<01 §,9AEe01 B,UUE02 3,19002 B8,31te00 1,07E«07 9,99e]2
2,08E003 2,SUEe03 2,93Ee03 2,G0E003 2,39t005 2,13Fe03 1,82E¢03 1,19E¢03
2,92€602 2,92E€¢02 2,92t ¢02 2,920 002 2,921¢02 2,924¢02 2,91£¢02 2,91te02
4,60L002 AQ,00E002 Q,00Fe02 W,0)Ee02 U, ,01Fe02 4, 01Le02 U ,b0Ee02 &, ,59te¢02
14126005 J,07E005 1,00E¢08 OB, uU% 00 7,0UEe0u 3,40 e0d 6,77Ee03 1,04te0)
$,02E6000 {,02E000 1,02E000 1,028000 1,02L000 1,062E¢00 §,062Le00 1,02t000
$400E=07 1,04Ee07 1,06E=07 1,04t=07 {|,0GEe07 {,00Een? {|,04t=07 |,06t=0?
1o87€¢02 3,02E002 b6,10E¢02 1,12E¢03 1,01Fe03 2,77E¢03 3,55t¢03 3,51t«03
14108001 1,10E001 1,13€001 1,118001 1,006001 1,02ten1 ©B,0REe00 7,23F«00
1414Es01  J,14Ee0] 1,13E¢01 1,186001 1,09t001 1,026¢01 O8,0Rte00 7,23L600
14376001 1,37E001 1,37E¢01 1,36E001 1,30€001 J,30Een] (1, ,80€e001 1,3% 001
1497004 G ,18E003 G, 15L¢02 1,09ce0] 8,90t¢00 B8,35¢¢00 7,11E¢00 5,93t¢00
Q,08E000 3,998000 3,80E¢00 3,588¢00 3,20E000 2,37€e00 1,11E¢00 4, ,nRE=0]}
1,25€003 §,208003 1,13Ee03 9,928002 8,51E002 G, 70Fe02 ),25E002 2,71E¢01
fo0UEe0l | ,0UEe0) 1,00F=01 1,60Fe0] §,06E=01 |,0uf=0] 11,03L=01 {,08E~0}
3,06E=02 3,00802 3, ,00E=02 3,05te02 3,05te02 3,05t=02 3,03Ee02 3,Nn1te=02
§,00E=07 §,04E*07 |,04E=e07 | ,00E=«0? 11,0407 {,0ut=07 ],0ute0? |,04f=07
3,01EL«07 3,01t»07 3,01Le0? 3,01ke07 3,02¢07 3,01t=0?7 3,01E«07 3,CG1E=07
9,16E=08 Q,09Ee04 |,22E«08 T,27E=06 2,89E=07 |, 02f=12 9,06t*25 B8,99e49
§132E=06 2,55€<06 J,24Ee0h 3,50E«00 3,0% =086 3, 30Fens 3, 10Ex0n 2,92t-00
1206209 1,21E«05 |,12keNS 9,30te00 7,53F=00 3, ufE=00 S,32t=07 &,39t-08
9,20E=08 9,23Een8 9,22t=08 9,20t=08 9,17t=08 9,006EeN8 P, N2E«08 O8,50E=00
1,U2E=05 1 ,09E=05 7,3REe00 2,95tLe00 1,0ute0d 2,04F=n8 2,}13E~12 o&,00t=}17
14376605 J,16E005 1,06L005 9,03t000 7,01t008 4, ,)11te0qd [|,29te0a o,57€00)
Jo37E005 1,10Ee05 1,006E¢05 O9,08E¢04 7V,01Ee00 a3, 118000 {,20E004 &,57E003

250,YR
Jo16t =0}
6,23E-01
¥R LINY }]
§ouat 27
3,12k 002
2,908 ¢0¢
4,92t ¢0?2
1,09€400
1,67L¢00
1,047
2,79 03
3,65€ ¢00
3,05t 00
§.34t o0
2,99t ¢00
1.,82E =02
8,09t =02
fe6ike0l
2.95E 02
1,04t =07
3,01E=07

0.

2.‘“* =06
2e20t =11
7.02[‘ =08
5.£|r"“
3,95€C¢0%
3,95¢ 403

800,YR
3,16E01
8,05E-01
1,29 01

L]
2,9%GLe01
2oRTEGO2
(PR LIXY T
1,560E=0%
feb2te00
1406k=07
1459E<03
Tubt =0}
T4u0t =01
1929k 00}
©,07L0}
9,27t =00
1.32t=07
l.Sbt-dl
2480k =02
l.o“l.°7
!.0”.-07

0,

1,09¢=00
2:7% =14
9,8¢E=08
0,

2¢38L003
IS LIXY K]

1000,YR
3,16E=01
1,02€¢00
1,2%€e0t
0

.
1,30E¢00
2.,RGke02
d4,18ke02
1,91E=04
Lo02Le00
1.082-07
8,41E002
1,196=01
l.l°t-0|
1,25E+0}
9,79E=02
1460ke09
3,2ut-1a
1.518=01
2404t =02
1,04ke07
3,01€E=07
0,

4,97L=07
2.,74tele
4,20t=08

0.
1,58€403
1,58E0)
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TL207
7,208
TL209
PH209
Pa230
PB211
PB212
PA214
81210
812t
Bl212
81215
8121¢
PO210
PO211
pPo2)2
Po213
PO214
PO1S
PO216
PO218
Ate1?
Rn219
RAN220
ANZ222
FR22}
Fuea2l
RA22)
RA224
Rag2s
RaA2206
RA228
AC22S
AC227
AC228
TH227
TH228
tH229
TH230
TH23y
\LTEY
TH234
Pa2iy
PAR33
PA23aN
PA2YY
U2l
uedd
ulls
uele
vas?
uals

CHARGE

%

2,23E000
0.,5!'02
J, 78t =02

0.
3,23E001

1.KYR
3,95€«04
60,1907
3,00E=00
1,38E-04
3,31€e03
3,96€=04
1,72E=06
3,31E-03
3,31€-03
3,96E04
1,72E=00
1,38E00
$,31t=08
3,31E<0}
1,19€«08
1,10E=00
|.l5l'00
3,31€-0%
3,9E~04
1,72E=08
3,31L-08
1,38k«04
3, 96E-04
1472E=006
3,31E008
1,38E=04
$,55L =006
3,96E=04
1,772€=00
1,38€00
$,31E=03
1.33€=08
1,38E=04
3, 90§00
1,308
3.°IE'00
l.72£-oo
1,38804
1,828 «02
1,72E«02
1,313g008
3,16k001
3,90E«04
1,02€¢00
3,16€001
3,16E«0a
3,17€«0)
2,23E000
1,72E=02
2,70E«01
3, 7AE=08
3,16k=01

POnERe 22,02%w, BURNYPO

2.5xyR
9,30€000
1s23Ee08
2,30€05
1,04E008
1,80E002
9,33E~04
3,a2¢=08
1,80E-02
1,80E=02
9,33E=040
3, 02E~-08
I.OHEGOS
|.‘°E'°e
1,80te02
2,80E06
2,19E<08
1,02€03
1,80E=02
9,33E-04
3,42t =08
1,80ke02
‘.o“l.os
9,33 =00
J,u2E-08
1,80L=02
§404E=03
||’|E.°5
9.33E00
I.HEEGOD
1,00E=03
I.GOEOOE
3,42E08
1,00E03
9,33E-08
3.“2[008
9,20€-04
,.“2E.°‘
1,00E008
§,6TE=02
1,76L=02
3,42€-08
3,18E=01
9,32E=04
1417€000
J.16E<01
3,16E=04
l.OSE-OI
2,22€400
14706E=0¢2
2,93E=01
3,33€«006
3,16Ee01t

TABLE 1B
LWR SPENT FUEL, A RIX OF Q0% BwR FUEL AND 903 PwR FPUEL o EOUILIBRIYm CyCLE

NUCLIDE RaAQIOACTYIVITY, CURIES

BaSIS =

boKYR 10,xYR
2,10E«03 3,53E«0)
3,10E=08 $,52£«08
1,39te0a 3,02E=00
6,33E«03 1,05E02
T,186202 1,u2E=01
2,176«03 3,54t-0)
8,7%£«08 1,53:+07
T,18Ee02 1,u¢E-01
T1,18E=02 1,42€=01
2,176003 3,54k =03
8,73k208 1,53te07
O.SSEOOS l.ost'oz
7,18602 1,u2t=01
7,18E=02 1,42E01
6,950t =06 1,086L=0S
5.59!-00 9.5!5'00
0,19E03 §,01E=02
T1,18E=02 1,02E01
2,17€=08 3,54E«0}
8,73E=08 1,53t=07
7,18E002 1,62E=01
6,33t=08 31,08L=02
2,176203 3,54€-03
8,73% 08 1,53E=07
T,18t=02 ,42t=01
6,356=0) 1,05ke02
3,03t=0S5 4,96E~0%
2,178«03 3,50Ea08
8,73E08 1,93Ee07?
0,33E=03 1,65E-02
7,188e02 §,42k-01
8,75k=08 1,53E~07
6,33k=0) },65t-02
2,1Tt=03 3,5%i¢-08
8,73k=08 1,58Ee07
2,10E=03 3,49F<03
8,75t=08 1,53t=07
6,33E03 1,065t 02
To11te0l 1,828e01
1,85€=02 1,94Ee02
8,73¢+08 1,53§07
3,16Ee01 3,16Ee01
2,1 7603 3,SUE=03
1,19L000 1,1AE¢00
3,16ke01 3,10E<01
3,10t=00 3,16608
2,80£<02 a,70te02
2,20£600 2,18£¢00
1,85k=02 1,94Ee02
3,25¢=01 $,07Ee0%
2,48E=06 3,78E<00
J,16E=01 3,16f001

I+ 3 X!
8,27F=03
1,53Le07
‘.0‘:'0‘
7,33L.02
3,A0Ee0]
R,30¢-08
4,20F=07
1,80F-01
J,80t=01
8,30t-0})
U, 26E=07
7.‘)[-02
3, 80t-01
3,80F=01
Z.“QCQOS
2,13E=07
7,17E=02
3,80E01
8,306-03
u,26L=07
3,806E=01}
T.83te02
8,30E03
Q4,208 =07
J,808=01
V,33E=02
l1el6t<04
8,30e08
U 20807
7,358=02
)ant.o‘
4,26E=07
T,85k=02
8,30608
“oa°l'°,
8,16¢0}3
4odote0?
7.33¢e02
4,20te01
2,21k=02
4,20t~07
S,10ke01
8, 30E=03
1,188 00
J,10t=01
).IOl-OU
1,18¢01
2,106000
2,21t=02
J,b4k=0])
5,0% =07
3,108001

ONE METRIC YON OF LwR FUEL

60, %YR
1,06te02
3,95€=07
4,89E=03
2,22€=0])
8,43€e0]
l.bh!-ﬂz
1,10E=006
B uVF=01
8,63E01
1,00E=02
1,10t=08
2,27t+01
8,d3€01
8,u3k=n}
u.°°.-°s
7,03€07
2,17E=01
A ,u3E~01
I.DOE'OZ
1410600
B,u3k=01
2,27k001
1,60E°02
1l 0E=00
8,43t-01
2,22€-01
2qe35¢04
1,06E202
I.IOF-OO
2,278001
8,43te01
I.IOEUOQ
2,228001
140002
1,10L«006
1,04F=02
I.IOE-OO
2,22E-01
A,37F=01
2,52802
1,10Ee00
3,16Ee01
1,00k 02
1,17E000
J,16L-01
3,10E=00
2,065Le01
1,93€00
2,52t =02
3,93E201
2,08L <08
3,1n6ke01

100,KYR
2,20€=02
6,74k=07
8,14t=03
3,70¢w=0}
1,14Ee00
2,21t=02
1,87E=06
l.l“EOOO
1,14t e00
2,21E=02
l.F7E°00
3,70t=0}
1,14E¢00
1.14E000
6,02F=05
1,20E=06
3,02€=0})
1,14€e00
2,21t=02
1,87€=00
1,14ken0
3,70t=01
2,21E=02
1.,87¢=008
1,14t400
3,70t=01
3.0'!-00
2.,21t=02
1,87¢=006
3,70€=01
14)Uted0
1.571'00
3, 70t=01
2,21t=02
1,67ke00
2,176=02
1,ATE=00
‘.'nt.o‘
l.l‘!'oo
2,05E=02
1,07t=00
,.‘bt.ol
2,20t=02
1,15L000
3,16E=01
l.lo!-OO
Go05t=01
14706000
2,05L=02
3,93t =01
9,38E+10
3,10E=01

29930,MuD, FLUXS | ,79Es13N/CMen2eSEC

300 ,xYR
2,69E=02
2,006Ee00
1,80E=02
8,1RE=01
1,31k¢00
2,70E=02
S,72¢ =00
1,31k 000
1,316000
2,10E=02
5,72e =00
8,1kt=01
1,31E00
1,31L000
8,11E«08
J,00F=008
8,0nE=01
1,31 000
2,7CE=02
9,728 00
1,31E¢00
8,18E01
2,70E=02
S, 72E=08
1,81L400
8,18E=01
3, 7804
2,70te02
9,72¢00
8,18€=01
I.SIEOOO
9,72k=08
8,18E=01
2,70t =02
$,72Le08
2,00k =02
$,72k =00
A 1AE=01
1,30€000
2,71E=02
9,72k =08
3,16E01
2,70E=02
1,08t 000
3, 16E=01
5, 16E=04
8,10E=01
1o14Ee00
.71k =02
3,91E-01
4,89Ee1?
3,10E01

1000,xYR
2,70F=02
6,85E=00
2,01ke02
9,16¢e0]
g, R6E=0Y
2,11E=02
1,90E=0S
4,Bek=01
4 b0k =0
2.11t=02
1,90Le0%
9,16t=01
4,0bk=01
d,bot=0}
4,13t 08
1422€=n5
8,94k =01
u,heFen}
dellte02
1,90E=05
4 bbt=01
9,14t a0
2,71E=02
1490F 0y
U, 00ke0)
9,160E=01
$,79E<04
2411802
1,908 w0Y
9,1uE=01
U,hote0]
1,90E05
9,16tk e0}
2,711E=02
1,90te0%
2y07E=02
1,90E=0S
’.l“l.ol
U,b00ke0})
2,71k 002
1,90€=05
3,16E=01
2473t e02
8,00fe0}
J,16Ee0t
3,10E=04
Y,13k=0}
4y31E=01
2,71t=02
3,85t =01

0,
3,16E=01

10000,4XYR100000,XYN
2468k« 02 2,05k=02
6,05E=0S 2,26t=08
1903€203 2,45te10
G,00E=02 1,1)t=14
3,15E=01 §5,1tt=01
24060t =n2 2,anat=Qe2
1.08E=04 0,29 =04
3,15t=01 3,11k=01
Jel5t=01 3,11F=01
2469E=02 2,40t=02
lehRE=0u &,29t=08
Gebbted2 1,1tt=14
Jo)5Ee08 3,11E=01
3,15t=01 3,11L=01
B,08E=0S 7,58t=0S
JoONE=0U &, 02E=0u
UeSnE=02 1,091y
Se15t=01 3,110
eab¥t =02 2,ubt=02
1o0BEe04 o,29% =04
JelSt=01 3,11te01
Ugbbte02 |,11te=]a
2409 =02 2,4unf-02
lebRte04 6,29 =04
Se15t=01 3,11t=01
Geonte=02 1,11E~1a
3,76te04 3, u0uk=04
2469202 2, unk=02
tebREe0Ud 0,29 =04
dotnE=02 1,11te}a
3,15t=01 3,11E=01
lebHtm0U 0,29 <00
Gebob=02 §,11E=1u
2469 =02 2,ubt=02
l1obRE=04 b, 2% ~0a
2g0ht=02 2,42t=02
1,68k=04 o&,29F=0a
Uybbt=02 f,1ltela
Je15t=0) $,11E=01
2,09 =02 2,40E=02
LobBEt=0U 5,29 =04
Jy15ke01 3,110=01
2,09E=02 2,a6t<02
G,obte02 |,03Ee10Q"
Jo15E=01 3,11t=01
3,15€=04 3,11E-00
Go06t=02 t,11tela
3,15t=01 3,11E-01
2,069t =02 2,40t=02
2,95t =01 2,17t=)2
0, 18
3415201 3,1tte01
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TABLE IB (Continued)
LWR SPENT FUEL, A NIX OF a0% BwR FUEL AND 603 PwR FPUEL = EQUILIBRIUM (4149}

POsERE  22,02Mw, BURNUPE 2904a,MaD, FLUXS 1,79L¢i3N/CHae208EC

NUCLIOE RADIOCACTIVITY, CuRIES
BAS1S a ONE mETRIC tON OF _wR FULL

CHARGE ( 1.KYR 2.5kYR 0 RYR 10,XYR 25 ,%YR e0, YR JO0,RYR _ 300,XYR _1000,kYR J0000,XKYRI00G00,XYR
u2eo 0, 2,31E012 S,76Ee12 |,38fe1l 2,29Eell H,00Eell 1,31Ev10 2,100 9,23ke10 |,00tw09 §,08E«09 S,10Fel0
NP23? 0, 1,026000 §,17E600 1,19k000 1,186000 {,18E¢00 1,17Ee00 |,1SE000 1,08€000 O,00E=01 &,00E~02 §,03E=14
NP239 0, 1,25E¢01 1,09E¢01 7,93E¢00 S5,52E¢00 1,62€¢00 S,9% =02 |,%9E«0) 1,03E=07 9,98t=08 6,82E08 | ,52E«00
NP24Or 0, 2,318012 S,76fe12 1,J8Eell 2,29E=11 S,06¢tel]l 1,31E=10 2,10C=10 S5,23£«10 |,00E=09 31,08t«09 S, 10E=l0
Pu2se 0, 2,8UEe02 2,73E¢02 2,4BEe02 2,22E002 1,u0Ee02 S, 426001 1,74Ee0)l S,9uEe02 1,00L=07 o&,826=08 |,928=09
Puuo 0, G, 18E¢02 3,59E€002 2,51t002 1,00E002 35,570 001 S AhEen] {|,0U0E=202 5,00te10 |,01Ee09 §,09t«09 S,1}E=|0
Pu2u) 0, 191001 1,53ke0] 9,9UEen2 T,11L002 @,026«02 |,07L=03 3,7S5E=0% 1,9Et=12 O, 0, 0,
Pyau 0, 15028000 1,01E000 1,80L000 1,596000 1,59€+00 1,uSEe00 |, t5Le00 9,36E=01 2,00b«01 1I1,RS5E-0R O,
Py24} 0 1,006007 1,04E=07 §,04ke07 ),06t=07 §,00t=07 |,0uke07 ,00t=07 1,03te07 9,9 B8E«08 ©,R2E-08 |,9%2€«09
Py244 9, 2,31ke12 S,77E=12 1,38Fe)] 2,29E=)] S,bufell |,3JE=10 2,10F=10 S5,2%l0 §,01E=09 }),00t=09 S5,11t=]0
AM2uy 0, B,U1E002 7,6UEe01 3,86E=01 77,5002 2,026«02 11,0700} 3,75E«05 2,06tel2 O, 0, 0,
An243 'H 1089E¢01 1,09€e0] 7,93E¢00 5,520000 1,42t¢00 2,95Ew02 1,59€~03 11,0307 9,98t«00 A,EPE=08 1,52E-09
cmeus 0, 151801 1,353E01 0,92tke02 7,09E=02 2,02t~02 1,07t=03 3,75t«05 1,95€=12 0O, 0, 0,
Cw2us 0, 2,00E202 2,12t=02 {,20E02 7T,02E=03 7,73¢=04 G,u9EeQn |},25t=08 2,54F=19 {1,90E=3) O, 0.
CH2ar 9, 1,04Ee0? |,06te07 |,0ute0? {,04t=0? {,0ute0? 1 ,0uEe0? |,0uke0? J,03Ee0? O,9Bf=08 o,826e08 §,52E«09
Cmaus 0, $,016°07 3,00c=07 2,98E«07 2,90E=07 2,b7¢07 :,0hke07 2,4RE~07 |,67t=07 &,21E=08 B8,5%0teia O,

SUBYTOT 2,66E000 1,58L¢03 7,38Ee02 5,238002 G,09E002 1,97t002 1,35CEe01 3, 928¢01 2,03b001 1,71E001 5.%2t¢00 4,05 ¢00
TOTAL 2,66E¢00 |,SRE*03 7,38Ee07 S5,2)6002 4,006002 J,97Ee02 7,30F001 3,92€6001 2,63te01 3,71E001 9,52L¢00 4,065E000
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TABLE IIA
LWR WwASTE » A MIXTURE OF @0% BwR FUEL AND 60X PwR FutlL » EQUILIBIIUm CYCLE

PONERE  2,12MW, BURNUPS  2880,MaD, FLUXS §,72E+12N/CHen2eSEC

NUCLIOE RADIOACTIVITY, CURJIES
BASIS s ONE XILNGRAN OF A TINIDES In wASYE

CHARGE SEPARATION],0€900YR 2,5E¢00YR 0,0Ee00Y2 1,0E¢01YR 2,5Le01YR 6,0L¢01YR 1,0E¢02YR 2,5E¢02YR 6,0Ee02YR §,0603YR

naer o, 1,80E«07 2,98E<07 G4, ,50Ee07 7,78£e07 1,11E=06 2,0ute06 3,05E=06 3$,utE=06 3,59 06 3,69t=06 3§,80Le06
1208 o, 1.18L=00 8,37Ee05 5,076205 1,90E«0% 1,01E=05 7,01te06 5,02€%06 3,42€e00 B,076e07 2,78L=0R $,97te10
TL209 o, 1,30E=10 1,29€«10 1,30Ee10 1,35¢e]0 1,u76e10 2,34tei0 7,20tel0 1,70te09 1,02te08 5,85te08 1,02te0?
f8209 0, S,90E209 5,85€e09 5,90b009 6,166409 6,0676009 |, 07Ee08 3,2TE0N 7,996¢08 u,nbE=07 2,0biv06 7,47Ce00
pe210 0, 1,656=10 2,99t=10 5,80ke10 1,62E209 3,38£09 1,0SEe08 S,H9Ee08 1|,306=07 5,89E=07 3,ust=0s 9,18t=06
Pe21y o, 1,A6Ee07 2,99E«07 0, ,52E=07 7,80E«07 1,11€e006 Q,0uke0n 3,0hE=06 3,u2b=06 3,00E=06 3,70t=0C6 3, Bite06
PB212 0, 3,2BE=04 2,32L«04 1,41Ee00 5,286=05 2,d0Ee05 1,9% (S 1,u0Ee0% O,u0tedd 2,2ute08 T,72E~GB | hof=09
PB214 0, 3,556=09 S,0TE«09 7,35£e09 },2TE=0A |,BYE=0R 4,30Le08 1,086207 |,92E«07 7,16k«07 §,ubfefe 9,1AE=db
81210 o, 1,6562l0 2,99k «)0 5,8Ste10 1,02te09 3,38E=09 |, uSEe0R 5, A9Fe08 |,308e07 4,89 =07 3,ustaCé 9,18aCs
81213 o, 1o,86E=07 2,99te07 a,52te07 7,60¢<07 1,11te06 2,Gute0b6 3,06be086 3,u2te06 5,80Ee06 35,70te06 3,dit=06
8r212 o, 3,20E204 2,32te08 |,GlEe00 S5,2RE205 2,80£=05 1,95te0% 1,006=05 9,49 e0s 2,2ute06 7,72b-08 |,bot=09
At21s o, $,90E=09 5,85£=09 5,90te09 0,106=09 6,07E<09 1,07E«08 3,27t<08 7,99F<08 u,ont=07 2,6nE=06 T,87E=U®
a121¢ o, 3,556=09 5,07te09 7,35=09 |,27¢08 1,89 =08 4, SPE=08 },0hE=07 1,926«07 7,10f«07 3,4bE=06 9,)1RF=00
PO210 O, 1,156=10 2,20t=10 Q4,71Ee10 1,02E=09 3, 38g«09 |, ,uSE=0A §,89E008 11,3007 5,9 <07 S,unke06 9,1R8E=00
PO21t 0, 5,59E=10 6,98t=10 1,36Ee09 2,3UE=09 3,3UE«09 &,13Fe09 O9,180¢%09 1,03E=08 1,00t=08 1,11k=08 1§,1ut=08
po212 o, 2,10k=04 1,096 e0u 9,00E«0% 3,30E~05 §,796+05 1,25te05 8,93keNnr &6,0RFe06 §,u3E=086 &,94k=0B |,06Fe09
Po213 o, S, 776209 5,72t=09 $,776«09 6,02t=09 6,52te09 1,0ut=0R §,20t508 T7,81t=08 u,56te07 2,00L=06 7,21t=08
PO214 0, 3.956=09 S5,07¢=09 7,356e09 {,27t=08 §,89% =08 u,30be08 |,06t=07 1,92teU? 7,16te07 3,uscein 9,)1RE=Cod
PO215 O, 1,066=07 2,90L=07 G, ,528s07 7,80te0? },11ke08 2,0uEa0b 3,08Ee0b 3,42ea00 3,00fe06 3,70LsGe 3,R1E=06
PO2ie O, 3,28E=00 2,32E=04 1,41te04 5,28Ee0S 2,80Ee05 },95F«05 1,40te05 9,u0te06 2,20E=06 7,72E=08 |§,546Fe39
PO218 O, 3,59€200 5,07£e09 7,356200 |, 27608 |,89E«08 4,30te08 ],08E<07 |,92¢<07 7,10Ee07 3,unbedr 9,jHLeCa
ar217 o, S,90E09 S5,85E=00 5,90€e09 b,16€209 6,676-09 1,07€+08 3,276+08 7,99t<08 4,06b=07 2,6nt=Ch 7,37ke00
an219 o, 1,80E07 2,99te07 4,92f«07 7,80Ee07 |,11Fe06 2,0uEs06 3,00Ee06 3,u2te06 3,60ke0s 3,70t=06 3, Altedd
HN220 0, 3,28t=00 2,32Ee0d §,ujEe0U 5,206-05 2,80te05 |,95E«05 {,u0te05 Q,uVtedd 2,luba0b T,72E=08 |,p6t=d0
RN222 0, 3,556=09 S,0TE<09 7,856209 1,27¢08 |,89¢e08 U, 30Ee08 1,06Ee07 1,926=07 7,16t=07 J,upke0n 9, ,1RE=v8
FR22) O, $,90E=09 S,0%Ee00 5,906009 b6,160<09 6,07E<00 §,07«08 3,27E=08 7,99£¢08 ,08E=07 2,66E=C6 7,37Fe08
FR228 0, 2,716209 U, 18E=09 ©,32E«09 |,09E«08 1,56Ee08 2,80F=08 u,2REe08 G,79be08 5,0ute0f S$,19E=0R 5,sut=08
Ra223 o, 1,86E=07 2,99t=07 4,52te07 7,80F=07 1,11te08 2,0UEe06 3,08Ee06 3,u2t=06 3,00te0¢ 3,70EeC6 3,R1te0s
RA224 0, 3,288200 2,32E04 {,4lfe0d S,28E-05 2,80E205 1,95be05 1,u0te0S OQ,u0te06 2,20E~06 T7,72E«08 {,08E«09
RA22S O, S,A5t=09 S5,85Ee09 5,90E«09 06,16t=00 o,876009 1,07Fe08 3,27E08 7,99t=08 d,oht=07 2,68t=06 7,37teds
RA220 0, 3,556=09 5,07E«09 7,35€009 },27te08 1,89te00 u,30E=08 1,00te07 1,92¢=07 7,16€=07 3,u0ke00 9,10Ew00
Ac22s o, $,90E=09 S$,85te09 5,90¢009 6,16£e09 6,67¢009 11,0708 3,27E=08 7,99E08 u,68be07 2,66E«fe 7,37ke06
ac22? o, 1.936207 2,99Ee07 4,51Ee0? 17,7907 1,11Ev06 2,0uFe06 3,06t=086 3,42Ee06 3,060Ee06 3,70E<06 3,B1t=00
™M22Y 0, 1,83E07 2,05¢=07 4,uSEe0? T,69Ee07 |,30ge06 2,01Fe00 3,02E=06 3,SRE<06 3,55E=06 J,05t<08 3,T0Ee0s
tH228 0, 3,27E908 2,316e08 |,40Ee06 5,26E=0% 2,796205 1,9%€+05 1,40b*05 Q,u9Ee06 2,20Ee00 7,72b<08 §,86tLe09
™™229 0, $,83E=09 S,85Ee09 5,906009 6,16E«09 0,870009 1,07¢08 3,27te0R 7,99E«08 4,68E«07 2,06E~06 7,37Ee0s
™230 0, 3,50E=06 3,51ke06 3,536e06 §,57Fabb 3,02E=06 3,85Fe08 G,50te08 $,726°06 1,10Ee05 2,88E<05 4,99Ee0S
14231 o, 1,63k003 §,63Ee05 1,63Ee05 |,63te05 1,03ta0S |,03Ee05 §,63t005 §,83te05 §,08Ee05 ],85Le0% 1,08E«0S
tu2da o0, 3,04b=02 3,00Ee0d 3,04ke08 3, 00ee08 3,0ute04 3, 00be0u 3,00te00 3,04Pe04 3,0dbv08 3,00ke0d 3,00t=04
PA2Y1 O, 3,50€E=06 3,54k=00 3,50te06 3,Sut=06 3,%sEe06 3,55Ee086 3,55E¢06 3,57te06 3,01Ee06 3,70E06 3,B1Ee00
Pa233 o, 3,5RE=02 3,58E=02 3,58Ee02 3,58E«02 3,59Ee02 3,00Ee02 3,02E002 3,00be02 3,72Es02 3,B8%E=02 3,93te02
Pa23ur 0, 3,00E=02 J§,0UEe08 3,0ufe08 3,00Fe08 3,06f=04 3,00E=08 3,00k=04 3,006=0a 3,0uE=00 3,0af<00 3,0UEe0u
PA23¢ O, 3,040E=05 3,00E=07 3,0at=07 3,00Ee07 3,00f«07 §,0ube0? §,0uEe0? 3,0u0te0? 3,0uten? 3,0aEeu? 3,00te0?
uase o, 9,81E206 |,27E~0% 1,5%8E=05 1,95¢=05 2,07¢<0% 1,90E05 1,36Ee05 9,20k=06 2,18E<086 T,51t=08 §,80E«09
u2l}s 8,50E«08 2,55E«07 5,01E«07 1,00te06 1,05te08 3,96E«06 9,36E006 §,56E=05 3,926<05 9,59t=05 1,02Ee04

9,
(TT3 1 2,15€00) ) ,2% =03 1,2Tee0Y 1,31t=0) ) udpe03 1,95L=08 ],99te03 2,80E003 3,02620) S5,15€e03 5,96f«03 0o,0% 0}
yals 6,106003 1,63t=05 {,03ke05% ],03E«08 1,63E205 1,63£=0% 1,038005 1,03E«09 1,03t=05 1,0uEe0S §.05L<05 |,00E¢0%
U236  3,06Ee03 2,53E04 2,53E=08 2,53te04 2,53£200 2,530 2,53Ee00 2,5UEe0d 2,55€-04 2,58£e04 2,60k=04 2,7uEe0d
vas? o, 2,05 =03 2,586203 2,41E=03 2,04ge03 1,70603 B,unEe00 1,63E=00 2,55F05 4,10Ee07 3,76E«07 3,03te07
u23%  S,11Ee02 3,04k=0d 3,0UE=00 J,0UE=0u 3,0uE=00 3,00f«00 3,00Ffe00 3,0uE~00 3,0ute0d 3,0ufe0a 3,0ute0u 3,04t=dd
NP23? 0, 3,% k=02 §,98E002 5,58E002 3,5%8Ee02 3,9%9t«02 3,008002 3,02te02 3,068e02 3,72Ee02 3,8% =02 3,93te02
NP239 0, 1,316000 1,351E000 1,31€000 1,31Ee00 1,31€000 1,38E¢00 1,31£000 1,30E¢00 1,28t000 1,29E¢00 1,20L000
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TABLE IIA {Continued)

LWR WASTE o A MIXTURE OF GOK B8wR PUEL AND 403 PwR PUEL = EQUILIBRIUN CYCLE
POwtRs  2,124w, BURNUPS  2880,"40, FLUXS |,72Ee12N/Cnes2-3EC

NUCLICE RADIOACTIVITY, CURIES
BASIS & ONE X[LOGRAw OF ACTINIDES IN wasTE

CHARGE SEPARATION],0Ee00YR 2,5E+00YR 6,0F600VR § ,0Ee0)vQ 2,5S6¢01YR 6,0Ce01YR |,0E+02YR 2,56002YR 6,0Ee02YR |,0E¢03VR
0

Py2le o, 3,49E«08 2,7ake0d 1,90Ee08 B8,128=05 3,07¢«05 8,00te0? |],61Esl0 9,861Eel5 1§,39Ee30 0, .

PURYS 0, 2,396400 9,03E+00 1,15C¢01 1,10Fe01 1,11Fe01 9,97F000 7,77€¢00 9,86£000 2,09£000 2,32L=01 2,0RE-02
Py23e 0, 2,81t°0t 2,81E-01 2,81E=01 2,81E-01 2,81E=0] 2,82E«01 2,83¢=0) 2,8uEe01 2,88E«0) 2,98E=01 3,00t=01
Py24o o, Q,u3te01 4,55Ee0) 4, T2FEe0] 5,08Ee01 5,udfe0] o,39E=01 7,28k-01 7,5%0L=01 7,u58«0t 7,19 =0) 6,90E-0}
Py2¢i 0, 1,086402 1,03E002 9,02E¢01 O,37Ee0) ©,778¢01 3,30E001 ©6,53te00 1,020000 1,06L=02 1,50t=02 1,65te02
py2ue o, 1,56t=03 1,56E«03 |,56E«03 1,56¢e03 |,56ke08 1,56te03 1,58E°03 §,%9te03 1,01E=03 1,63E=0% |,6uE=0)}
Py2as 0, 1,00610 },00E«08 §,00E«08 1,00t=08 ],00t=08 1,00fe08 |,00E=08 1,006«08 3,00E=«08 1,00i=08 },00E=-08
am2al 0, 1,808001 1,83E001 1,83E001 J,087E003 1,91Fe01 1,90E001 |,96E00] 1,MSEe01 1,unke0] 8,3nte00 U, 01Le00
Amgun 9, 1,108400 §,09€E0e00 1,08E¢00 1,07E000 1,05 000 O9,79Een] &,35% 01 6,95te0] 3,51k«01 7T,12t=0? {§,)% 02
Am2a2 0, 1,106400 |} ,09E¢00 §,08E¢00 J,07Ee00 1,05€¢00 OQ,79E=nt &,3S5¢t=01 &6,95¢=01 3,51Fe01 7,12t=02 1,15t~02
AMul o, 1,31E400 3,31E¢00 1,31E400 1,31E000 1,31E000 1,31L000 1,31Ee00 1,30L000 1,28E¢00 1,20be00 1,20L0¢00
Cn2e2 0, 1.90E40% G,02Ee02 J,99ke01 },05Ee00 B,02t°01 8,03%e01 o6,84E=01 5,70t01 2,r0k=0] S, tute2 9,42te0}
cn2as 0, 3,92b201 35,80ke01 3, ,72£001 3,40pe01 3,10Ee0] 2,2Ate01 §,0T7E«01 &,50e=02 §,75c<08 B8,92t=07 {,%te10
Cx244 0, §1,20E402 §,106E002 1,00E¢02 9,50Ee01 B,18E¢0] &,61Ee01 1,21Ee01 2,01F¢00 8,36t=03 |,276=08 3,12E~1S
(4 11 L 1,58E02 1,58E«02 1,%8Ee02 §,9%BE=02 1,%E=02 1,97E=02 1,57E=02 1,9%0E=02 1,502 1,5%0t=02 11,4502
(4119 0, 2,90t <03 2,94E03 2,90Ee0) 2,94Ee03 2,9ute0) 2,93 03 2,91Ee08 2,90t«03 2,A3E=03 ¢,69t=03 2, ,5ut~-0}
Cn2u? 0, 1,00608 1,00E-08 §,00t=08 {|,00ten8 1,00E«0A 1|,00f=C8 1,00te08 §,00te0B §,00f=08 },00L=NA 1,00t~08
cn2us 0, 2,90E08 2,90E-08 2,90E«08 2,90L<08 2,90E=08 2,90t=08 2?,90F«08 2,9Nte0f 2,00te0B 2,90E=08 2,89E-0A
8x249 0, 8,81E«0% 3,93Ee05 1,17te0% ©,99€a07 2,70Led8 |,%CEel} &,71te6 B,05tvu0 O, 0, 0,

CF2u9 o0, 1,27L=07 2,45E«07 3,12¢e07 3,37:=07 3,30Ee07 3, ,26Ee07 3,04E=0T7 2,81te07 2,09E=07 1,05t=07 4,7RE=DB
cF2so o, 1,23Ee0b §,17E06 1,08Ee00 B,95€=07 ?7,24Ee0? 3,2TE=07 S5,12t=08 b,1% =09 2,18t=12 2,08t=15 2,00t=15
CF251 0, 8,89t00 §8,88E«09 B,87E-09 B8,85t209 B,R2E*09 #,72t°09 A, U9Ee09 §,23:09 7,53te09 5,60Ee09 4, 12E+00
cra2s2 o, 1,37E=06 3 ,05Ee00 7,10Ee07 Q2,8uE=07 9,96E=08 1,96E=09 2,05te13 S,77te18 5,01t=3% O, 0,

SYBTOY 2,56800] 2,15E403 0,550002 2,81€602 2,14Ee02 1,87€407 {(,10E002 S5,21E+01 3,36ke01 2,14Ee01 1,24ke01 7,99E¢00
T0TAL 2,56E«0) 2,156403 5,55E002 2,81E002 2,14Ee02 1,87t002 ,,1nEe02 5,21Le01 3,3RFe01 2,14E001 1,24be0) 7,998400



TABLE TI1IB
L¥R wWABTE s 4 WIXTURE OF Q0% BwR PUEL AND 00% PwR FURL = EQUILIBRIuUn CYCLE
PONERS  2,12M, BURNUPE  2880,4D, FLUXS 1,72E¢12N/CNee2aSEC

NUCLIOt RADIOACTIVIYY, CURIES
BASIS s ONE XJLOGRAM OF ACTINIDES IN waldTe

CHARGE 1.0E+OOKYR 2 SE¢00XYRS,0Ee00XKYR] ,0E00)NYR2 SEeOIKYRG,0Fe01%XYR] ,0E0Q2KYRI, 0E002XYR] ,0C00IXKYR] ,0E004KYR],0F0Q5KYR

TL207 o, 3.80Ee06 Q,21ke06 5,18E=06 ©0,31Ee06 1,00t-05 2,16Le0% 3,0UEe05S 3,98€e05 a,006e0% 3,96t«05 3,03te0S
208 o0, $,97E=10 1,3SEeil 3,38Eel1l 6,026=11 1,70E¢10 G, 61Ee10 T7,93E=10 2,4dE=09 B,1UE=09 7,206=08 2,a9E=07
Twane o, 1,626=07 9,93k e07 5,20E=06 1,306205 5,57E«05 1,676¢06 2,76t00 6,10F=00 6,81E«00 3,uTk=05 &8,30te)8
PH209 O, 7.376«06 4,51€=05S 2,38E«08 S,93t-04 2,53F=03 7,57Fe0) 1,26E=02 2,77t=02 3,10t=02 1,58t=0% 3,77ctels
PB210 0, 9,18E=08 G,90E=0S |,96t=04 5,86Ee0u §,056e08 2,2AE«03 3,07E«03 5,3GE«03 B,19:=0d 3,03E-0u4 2,99E«04
PR211 0, 3,81E=06 0,22606 S5,19E«06 6,33E«06 1,00p=05 2,17¢=05 3,05E=05 3,99¢=05 a,01E=05 3,97E<05 3,6ate0S
pa212 0, 1,66E«09 3,7dkell 9,39tell 1,67Ee10 4 ,Bute]l0 §,2PE=N9 2,20E=09 06,79E=09 2,20E=0R 2,006<07 7,4% =07
PB21d 0, 9,186=06 U,906«05 1,96Fe04 3,B86€<04 1,05¢e03 2,28te03 3,07E«0) §,30¢=03 8,19e=04 3,05t=04 2,99F=0Q
Bl210 o0, 9,18E906 4,90£e05 1,966-00 3,80£e04 1,05Ee03 2,2R€<03 3,07E=03 3,34E=03 &,19t=04 3,03E=04 2,99te04
812ty o, 3,8160006 0,22E«06 S,19606 6,33E=00 1,09¢05 2,176205 1,05te05 3,99F«05 4, 01«05 3,97E«NS 3,64t«05
ar212 o, 1,00E909 3,74Eell 9,39Fe1l 1,87E210 G, Auteld |,28E=09 2,20t=N9 &6,79E«09 2,26F=0R 2,00E=07 7,a9t=07
et213 o, 7,376206 0,S1E=05 2,38F«04 5,93t04 2,53E03 7,57k=08 1,20Ew02 2,77&=02 $,10b«02 |,58E€=03 3,77t=1h
arais o, 9,1RE=086 G,90£«0S 1,96k«0U 3,86E<00 1,0S5¢e03 2,28EeH3 3,07¢e08 §,30k=03 8,19t=00 3,03t08 2,99t<04
pn210 o, 9,18E=06 4,90£e05 1,96F04 5,86f<04 1,05E+03 2,2Rte03 3,07te08 3, ,30t=03 8,19:=04 3,03te00d 2,99Ee04
PO211 0, 1,10E=08 §,276«08 ],50ke08 1,90te08 3,297e08 ©6,51te08 9,jotw0f |,20807 1,20t=07 1§,]19te07 1,09E=07
poci2 o, 1,066209 2,00kl b,01Eell §,076e10 3,108e10 8,20F10 1,01Fe09 G, 36F=09 |,u5 =08 {,28k=07 4, 7% =)7
P0213 0, 7.21E06 0,U2E=05 2,33600 5,80¢08 2,u8Ee03 7,d1€=03 1,23te02 2,71t=02 3,03£02 1,%4te03 3,09t=16
PN214 o, 9,18E=06 4,00E«05 },96E«04 3, ABEe00 |,05k=08 2,28f«03 3,07t=03 S5,30Fa03 8,19F=04 3,03¢=00 2,99te0d
PN21S O, 3,81Ee06 U,22Ew06 5,19te08 &,338<06 1,006005 2,17€«03 3,0%Ee0S 3,99E=0% 4,01E=0% 3,97E=05 3,00t«0%
Po21e 0, 1,666209 3,76Eafl 9,39Ee]l 1,67tel0 U, BUEa10 1,28Fe00 2,20E«09 ©6,796=09 2,26E<08 ¢@,00t=07 7,49¢<07
P0218 0, 9,18E=06 4,90t=05 1,96Ee0u 3,86E=00 1,056-03 2,28¢=03 3,07te03 3,506=03 8,19 =0a 3,03te04 2,99ta04
ar217 o, 7,376e06 G,51605 2,38Le0a 5,93Le00 2,53ke03 7,57te03 1,256£202 2,77E=02 §,10E<02 1,5Rt03 3,7Ttels
RN219 0, 3,B1E=06 G,22Ee06 5,19t«06 6,33E°06 1,09605 2,17€«0S 3,05t=0% 3,996=05 u,01E«05 3,97¢=05 3,04f=0%
RN220 0, 1,06E200 3,7UEej} 9,80Le]} 1,67Le10 Q,B8GEe10 | ,28L=09 2,20E=00 6&6,79E=09 2,20F~08 2,00t=07 7,49% <07
AN222 0, 9,1862006 G,90E=0% 1,90te08 3,86E=04 1,05¢203 2,2AFe0) 3,07t=03 3,3ut=03 B,19te08 3,03te0u 2,99k=0d
FR221 0, T,376=06 G4, ,SIE+0S 2,38E=08 5,936008 2,53603 7,57Fe0) ],20E002 2,77¢<02 3,10b=02 |},566=03 3,77t=io
FR22} 0, S,30Le08 5,91Ee08 7,27E=08 8,86E+08 1,53E=07 3,0ute07 6 ,27€e07 5,59£=07 &,61E07 5,56E«0? $,09t=07
RA223 0, 3,81E=06 8,22€06 5,19Ee06 6,33te00 1,09605 2,17te05 3,05te05 §,99e=05 4,01E=05 3,97¢=05 3,04t-05
RA224 0, 1,66E209 3,7aLel] 9,39 el] §,67tel0 &,B8Ufel0 {,20Ee09 2,20Ee09 06,7909 2,26E=08 2,008<07 7,49 eQ?
Qa225 o0, 7,37606 4,51E=05 2,38E«0u 5,93te08 2,536<03 7,57E=03 1,266002 2,776«02 8,10t«02 1,58t=08 3,77E-1s
RAZ26 0, 9.186=06 0,90E<05 |,96E0G¢ $,86ke0u 1,05 «03 2,2Rt=03 3,07te03 3,50te03 8,19+=00 3,03E=04 2,99C-04
as2s o, 1,626°11 3,70Eeil 9,39Ee11 1,67€e10 U,BUteiD 1,28E=09 2,20Ee09 6,79Fe00 2,78t=08 2,00t-07 7,49E-07
ac225 o0, 7.37E0086 G4,51E«05 2,38E0a 5,93k«00 2,53608 7,57te0) 1,20k202 2,77k=02 S$,10E02 1,58t=03 3,77t=jo
ac2ar o, 3,01E06 G,22Ee06 S5,19E+08 8,336006 1,09e0% 2,17F=0% 3,05 05 3,99E=05 &,01E=05 3,97t=05 3,64t+08
Ac228 0, 1,626ei1 3,73kell 9,39Lell 1,07E=10 u,8ukel0 1,2AFe09 Q,20E=09 o,79E«09 2,20t=08 2,00E«07 7,49 =07
™227 o, 3,76E<06 Q,16Ev06 3,12E=06 6,2uE=00 1,086005 2,1uE=05 3,01€=05 3,94E=05 3,95t205 3,92E-05 3,%9E«0S
228 0, 1,60E00 3,7aEe1]l 9,39Ee1] 1,67E=10 &,8aFui0 1,28E«09 2,20te09 08,79E~09 2,20te08 2,00E=07 7,49te07
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uess 0, 8,14E=00 2,02t«03 4 ,79t«03 7,085 =03 1,85Le)2 3, V1Fe02 S,2/t-U2 B,9hte02 J1,Lut=Q) ],05%t=yl
yaiss 0, 3,30E=08 B8,35¢L=08 @,00E~07 3, ,34g=07 O,35ce)] 2,00Fenn 3,38k=00 &,52t=08 1,99t=0Y 3, 29E=05
y2se 0, 1e578=06 J,92E=08 9,59k=06 1,57t=05 I, vi€e'y Q 5760% 1,90t=06 I, 87Ced4 9,11E=C4 1,49t=Q)
uel? 0, JolUEe0l 2,93k=01 2,49E~01 2,00€=01 J,02i=)1 1,98E=02 3,0% =038 2,/2L=00 2,0/E~13 1},%2t~2}
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| ]
SUBTOT §1,35Le00 3,30€000 |,21E004 ), 0LEGOU QB,77E+03 W, PIECO0S L ubbend 7,36F002 Q,41E002 2,00E¢02 1,77be02
TotaL 1o35€004 1 ,30E00u 1,21€¢04 §,04Ee00 B,77E008 WG, 71Eed) 1,006Ee03 7,3nke02 u,ulbe02 2,00E¢02 1,77€¢02
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S,unb=01
dolut=06
9,20tk=06
0,

2,34E=0S
6,00k=13
2,14t=00
[]

2,02L003
2,02t00%
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TABLE IVB
LwR SPENT PUEL. A Mix OF anv RuR FUEL AND 60% PwR FUEL = FIRAT PLITONTUN RECYCLE
POWERS 22,02Mu, BURNUPS 29934,Ma0, FLUXS® ] ,d9Ee)3InN/Cree2eSEC

NUCLIDE RADIOACT]IVITY, CURIES
BASIS s ONE NETRIC T0N OF | wR FUEL

. CHARGE | 1.KYR 2.5KYR _ 6, NVYR 10,1VYR 2%,%VvR 60,¥YR  J00,KYR  300,XYR 1000,XYR 10000,KYR}000CO, RYR
TL207 o, 3,67E008 8,09 04 2,00Ee03 3,37E03 B8,14te0l §,70ten2 2,50ke02 2,ABE=02 2,89E=02 2,8MFe0? 2,02te=Q2
1208 o, 6,32E007 1,07€6e08 2,88te08 5,20Le08 1,9%8Le07 &,26Fen? 7,34Ee07 2,2Tte06 7T,59te06 06,71E«05 2,5%1E«04
74,209 0, 3,70C€e06 3,11E«05 11,9700 S5,18F«00 2,35f«03 7, 10€e0) ), ,18E002 2,02t=02 ¢2,Y3E~D2 1,u% 03 3,STtein
PR209 O, 1,70E€04 1,41te03 8,90E=03 2,36L«02 1,08Ee0] J,23kEwul 5,38Le01 1,19E000 1,53te00 o,79 «02 1,62E~1u
PB210 O, 0,276203 2,30602 9,606e02 1,91E=01 H,21E-01 1,14¢e00 1,56Fe00 §,72E¢00 5,%F=01 3,14t=01 3,10E«01
PR21) 0, 3,69E208 B8,72E=04 2,056=0) 3, 3REe03 B, 10E=03 }J,70te02 2,31t=02 2,89te02 2,90t=02 2,87t02 2,03t«02
PR212 0, 1,70E06 2,97E«08 8,00E=08 1,47E-07 U, 3QF«07 J,1hE=06 2,0uEe0b ©,31Ee06 2,11E=05 1,rbk=0d &,98t=04
PR21G 0, G,27€«03 2,39t =02 9,60te02 1,91te0] S,21Ee0] 1,14Ee00 |,5uEe00 §,7P°E«00 5,56E=01 3,jute0] 3,10E=01
81210 o, Q,27Ee03 2,39E02 9,00E002 1,91Ee01 S,21te01 §,16E000 1,5%E000 1,72E¢00 5,5t=01 3,1uEe01 3I,10E=0]
81211 0, 3,09E00 B,726=08 2,05¢03 3,38Ee03 B,15E«03 §,70Fe02 2,31E=02 2,89E-02 2,90t=02 2,ATEe02 2,0lt<02
B1212 o, 1,70E«06 2,97L=08 B8,006«08 |§,u7E«07 4, ,39Ee0? 1,1HEe00 2,0uke0b b6,31E=06 2,116=05 1,86k=0u 0,98L=04
Bl213 o, 1,706=00 J,ulEe03 8,9GFe0) 2,36F«02 1,06fe01 3, 23Fent S, 3AFe0] |,19F000 1,33b¢00 6,790 {,62E=14
B121¢ 0, U, 2TE=03 2,39 =02 9,66E«07 1,91E=01 S,21F001 §,16EeNn0 §,50E400 J,726000 S,%E=01 3, 14t=01 §,10E=01
pPo210 o, G,27E=03 2,39e=02 9,66E=02 1,91E=01 5,21601 J,16te00 1,50F000 1,72F000 S,50te0) I, Juted] 3,10k=0}
fO211 O, 1,11E6«006 2,02E=06 ©6,14dke00 1,01E005 ¢@,45Ee05 S, 11815 6,93t=05 B,06te05 B8,09t=05 B8,nlked% 7,89Ee(5
PO2l2 0, 1,12be06 1,90L008 9,12t008 9,30te0R 2,81Ee07 7,957E€«07 §,31Lc00 4, 0ube0b6 1,3% =09 1,19t=04¢ W,47E=04
po213 o, 1,06E200 |, 3BE«03 B,74Ee03 2,30£002 1,04E=01 D, 10601 H,26E=01 1,17€¢00 1,30L000 O,6u4Eed2 1,59 14
PN21e 0, Q,276=03 2,30te02 9,066E«02 1,91E«01 $,21¢=0] },1UEe00 |,S5UE+00 1,77E400 5,5bF=01 3,34E=01 3,10¢=01
PO21IS O, 3, 696204 B8,72600 2,0% «03 3, 3Ape03 8,10te03 1,79F02 2,318202 2,h9t=02 2,906=02 2,87t«02 2,08t=02
PO216 O, 1,76F=06 2,97E=08 B8,006=08 |,u76<07 &,39F=07 ,16€«ne 2,0ufe06 &,31E=06 2,11E=05 1,~o0F=04 ©,9Rke04
Po218 O, 4, 27E=03 2,39k=02 9,686Ee02 1,91E<01 S5,21Ee01  ,14Ee00 1,5GE¢00 1,72E¢00 S,%E=01 3,016t=01 3,10L=01
At217 0, 1,70Ee04 |, u1E«0) B,94ted3 2,30L=02 |,N0fe0l ,P3Fe0]l S, Rte0] 1,19F¢00 1,35L000 &6,79L=72 },62tetd
RN219 0, 3,69ke04 6,72ke0d 2,05te03 3,38Ee03 8,15te0) ,70£e02 2,31Ee02 2,89t=02 2,Y0E=02 ¢.87t=02 ¢2,nltep
nN220 0, 1,766206 2,976=08 B,006«08 |, u76e0? & ,39Ee07 ,1AEe06 2,0ute06 o0,31E=08 2,11E«05 1,Art=04d o,9At=04
N222 0, G,27603 2,30L02 Q,0b6be02 1,90ke01 S,21Fe01  ,14be00 §,5Fe00 1, 72E¢N0 S5 ,5At«01 3,14Ee01 $,10t=01
PR223 O, 1,70620G 1 ,01E«03 B,94Ee0) 2,38E=02 1,00ke08 . 23F=01 S,3AE01 1,196¢00 1,356000 &,79k=32 ],0ltelu
#R22} 0, S,10E=08 1,22E«05 2,RbE«0S 4, 73«05 ), 1ube0d . 3QFEe0u 3,2uEe0U u,0ut=0U U,0% 0u &,N2E=0u 3,68t=04
RA22} 0, 3,60€=04 B,72k=00 2,05te0% 3,38E«03 @,16Ee03 705002 2,31Fe0? 2,89t=02 2,90Ee02 2,A7€=C2 2,63teC2
RA224 0, §,76t=08 2,97Ee08 B8,00Ee08 1,u7te07 &, S9Ee07 ,18Ewns 2,06Ee086 O,5l1ke0d 2,116=05 ],86te0u 6&,958Ee04
AA2725 0, 1,70E=04 |, ulke0) O,90Ee03 2,36t=02 |],00bedl 1,2%6001 9,3RE01 1,19E400 1,336000 o,79te02 1,62t=14
RA226 O, U, 27603 2,39€«02 9,b0Ee02 §,91¢w01 5,21601 ., 10E¢00 |,5UEeD0 1,72Fe00 S,%E=01 3,1uE=01 3,10t=01
na228 0, 1,116208 2,97¢<08 8,008e08 |,u?Ee07 4, 39t=07 |,lRte0b 2,00t06 o,31E«06 2,11t=05 1,86k=04 n, 9AL=04
ac22s 0, $1,70E=08 J,41E~03 B,94E=03 2,366=02 1,00¢01 3,2%F =01 5,38F001 1,19k000 1,33£000 0,79E-02 |, n2teid
ac221 o0, 3,00£00 B8,728«06 2,05te03 3,38t003 8,168003 1,706202 2,31E202 2,B89te02 2,90te02 2,A7t=02 2,n3E=02
ag28 o0, 1,11808 2,97E«08 B8,00e08 |,a7€e07 4 39F=0? 1 18Ee0b 2,0uEc06 b6,31t=08 2,11L=05 ), HoL=0d4 6,98L=0d
w227 o, 3,61te0d B8,60ke04 2,02€203 3,336=03 A, N5Fe0) |,68FeN2 2,28Ee02 2,45E=02 2,85F<02 2,B83t=02 2,59E=02 _
14228 0, 1,76t 208 2,97E«08 8,00k=08 |, ,u7te07 G, 39te0? |,18Ff=06 2,0UEe0b O0,51E«00 2,11t=0% |,86t=04 b,98t=04
™29 o, 1,70600 J,U1E=03 8,94fe03 2,36E«02 1,06E01 3,23E=01 S,3AL=0] 1,196¢00 1,33L000 06,79E=<02 13,07t=14
TH230 O, 2,U0€=02 6,25€<02 1,50E=01 2,40E=01 S,68E=01 1,137¢00 1,52L000 1,72E¢00 9,56t=01 3,1uke01 3,30E=0}|
w2l 0, 1,61€202 1,66E~02 1,77E02 |,B9E«02 2,2dE=02 2,65€<02 2,826=02 2,90€=02 £,90F=02 2,H76=02 2,63t«02
TM232 0, 1,11E208 2,97t=0A ©,006=08 1,37te07 4,39ke07? |, ,1REeN® 2,04Pe06 o&,31t=086 2,11t=05 1,R6E=04 b,98E04
tTi2te O, 3,14E«01 J,10E=01 3,3Ute01 3,10E«01 3,18k01 3,10fe0) 3,15k =01 3, 1% =01 S,1S5L=01 3,9uk=01 3,108=01_
PA23L O, 3,08E04 B,71E=00 2,05E=03 §,386=03 B,15Ee0) |,70FeNn2 2,31Fe02 2,8YEe02 2,90E~02 2,H7E=02 2,63te02
Pa23% 0, §,03E000 1, ,Y0E600 1,72E600 1,72E000 1,72F000 §,708400 1,08Ee00 1,57TE¢00 §,25€000 &6,79k=02 {,50Es14
PA234n 0, 3,106001 3 ,10E«01 3, 10601 3, 14Ee01 3,14Ee01 J,1uEe01 §,156«01 3,15C«01 3,15€=01 3,14t=01 3,10te01
PA2SS 0, J,1UEe00 3, 1uke04 J,1dEe00 3,14Eed8 8, ,1GEe0d §,1uEa0d 3, 15€00 3,15E=08 3,1% 04 3,14k=04 3,10te0q

valy o, 4,38Ee03 1,47€=02 G, 00Ee02 0,80£e02 1,71E=01 3,85Ee01 OS,90Ee0] 1,18t400 1,336¢00 6,79€=02 §,62k~l4

U236 1,9GFe00 3,01E+00 3, 00400 2,98E¢00 2,95€¢00 2,8Q6¢00 2,00E¢00 2,36F400 1,4AE+00 G,70€=01 3,19E=01 3,10t=01
U235  S,27Ee02 1,01E«02 1,60E02 1,776=02 1,89E=02 2,2uEe02 2,65Fe02 ¢,826=02 2,90E~02 2,90Le02 2,87t=02 2,63te02
U236  3,20Ee02 2,57te01 2,09 <01 3, 17€=01 3,57te0) G,20teN] G4, 36Fenl U, 36Ee0) 4, 33Le0] ©,25%=01 $,27t-01 2,41fe02
u231 o, G,0uke09 3,91E+05 2,926e05 2,09t«05 $,93be08 3,15¢=07 1,10E=08 S,76tele O, 0, 0,

U238 3,226001 3, 1UEe0L 3,106«0] J,10Ee01 3,10€e01 3,190Ee01 S ,1ute01 3,156001 3,15€=03 3,156e01 3,1¢E=01 3,10Ee0]
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TABLE IVB (Continued)
LWR SPENT PUEL, & MIX OF 00X BWR PUEL AND 00% PwR FPUEL = FIRST PLUTONIUM RECYCLE

POwWERs 22,02Mw, BURNYUPS 2994a,MuD, PLUX® |, G9Eei3N/CHee2eSEC

NUCLI10OE RADIOACYIVITY, Cumlts
BA3]3 s ONE METRIC TON OF LwR FUEL

_CraRGE_ V.KYR___ 2.5nyR__ b,%YR 10,%YR 25.%yE b0,XYR 100,xYR J00,KYR 1000,KYR 10000,XYR100000,1YR
vaaeo 0, TodiBell §,77€010 G, 20Ee]0 T7,0Ufel0 1,70E«09 G,02600 0o,uS5E909 1,01Fe08 3,00:e08 3,%4t=08 1,57L-08
NP237 0, 1,03E¢00 §,70E000 §,726000 |, 72E¢00 |,72£¢00 |, TOEe00 1,08E¢00 |,STE¢00 1,25€¢00 &,79% =02 1,50t~10
NP2Y9 0, Q,60Ee01 G,01Ee01 2,92E401 2,03k¢0) 5,23E¢00 2,19E=n1 S,806=03 2,12t=06 2,05E=0b 1|, u0t=08 3,13L-08
NP2UON O, Tol1Eeyl 11,7710 &, 20Eej0 7,00Eel0 {, 76kl 4, 02E=00 o,u5E«00 |, ,01t~08 3,00te08 3,3uE«08 {,57Le08

PU2)S 2,B0E002 3,01E002 3,07E002 3,18te02 2,006k002 1,91E002 7,13Ee91 2,29€001 7,83ke02 2,05t=00 1,40L=00 3,313E6-08
PU240 Q,56E¢02 7,00E402 6,0RE002 G,25E¢02 2,82E¢02 ©06,05F¢01 1,0T7ten0 2,77€02 |,b01E=08 3,10te08 J§,34t=n8 |,57€=08

Pu2at 1,05E605 1,776¢00 J,57E¢00 1,17E«00 8,3ute01 ¢2,37E-0) 1,20F=N2 4, ,ulEe04 2,30Le1) O, 0, O

Py2u2 1,59€¢00 3,98E400 3, Q76400 35,056000 35,92E¢00 3,81£000 3 ,9RFen0 3,32b¢00 2,31€400 o,41t=01 4,5%7t=08 0,

PUR43 0, 2,10t°006 2,1UE=00 2,14dE=00 2,1uE=00 2,14f=00 2,14f00 2,13k=00 2,17F=00 2,0% =06 J,u0t-00 3,13E=0R
Py2au 0, T,126211 1,78Ee)0 a,?SEe}0 7,05t=j0 §,76Ee09 G, 03809 o,uok=09 1,01E«08 3,10t=08 35,34t=08 1,57E=08
AM241 1,90E¢02 1,80k¢03% §,328002 1,70Le00 B, ,70Fe01 2,370l 1,266eN2 u,ultelu 2,u2E=1) O, 0, 0,

[LF{}) 0, 4,60E¢01 G, 01001 @,92E¢01 2,03Ee01 5,238¢00 2,19 <01 S,80t00) 2,12E°00 2,09E=006 1,u0te00 I,13E«08
tmaus 0, 1,776600 1,56E00 1,16Ee00 B8,383Ee0) 2,37¢<01 |,26teN2 4, ,u0E=0u 2,29E~31 O, 0, 0,

Cm2ue 0, 3,dbEe08 2,788«0] 1,006Ee01 9,21t=02 1,01E=02 5,89L=05 1,64t=07 6,08E=18 u,T2t=30 0, 0,

cmau? 0, 2,1UE 08 2,1UEe0b 2,1ubelb 2,1UE=06 2,14te0n 2,j1ul=0b 2,13006 2,120206 2,05(=06 1,u0k=0n 3, 13E-08
cM248 0 9,20k 06 9, 20E=06 9, 17«00 9, 1000 6,b4Ew06 A,?5t=00 7,000°00 S,luE=g0 1,306=06 2,62t=14

SUBTOT  1,06E¢0S 2,616403 1,106¢03 8,186¢02 6,256002 2,80F+02 9,90LeAl 5,39E¢01 3,876¢01 2,29k001 5,79L+00 G,o6Ee00
TOTAL |,08E+05 2,62E¢03 |,{REe03 B8,18E002 0,25E002 2,808¢02 9,90ke01 5,39E001 3,07ke01 2,29001 95,7900 u,006E00
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TABLE VA

LWR wASTE « & MEIXTURE OF GCX BwR Fuss AND 60X PwR FUEL o PIRSY PLUTONIUM RECYCLE
PONERS  2,07MN, BURNUPS  2809,mwD, FLUXS |,a0Ce12N/CNen2alEC

NUCLIOE RADIOACTIVITY, CuRlfs
84818 ® ONE KILOGRAn OF ACYINIDES IN wASTE

e -CMARGE _SEPARATION]L QEe00YR 2,SE000YR 6,0C400YR 1,0Ee01YR 2,5E001VYR 0,0E001YR 1,0E002YR 2,5E¢02YR 0,0€¢02YR_1,0E¢03YR_

T,207 0, 1,05E=07 2,05te07 3,99te07 0,8AC«07 O,82E¢07 |,080E000 2,70€=06 3,02te00 3,17€«06 3,27te0o 3,37Ee00
TL208 0, 1,51600 {,07€«00 &,82e=05 2,286<05 §,10E«05 7,00e=00 S,01t=08 3 ,01te086 O8,008«07 2,77E=0R 5,95Ee10
L2009 0, 1,506«10 1,408Ee10 §,49F«10 1,5UEe10 1,06UEel0 2,00E«10 o,02Ee0 1,57€09 O9,08E«09 5,20L=08 {,49E-07
PB209 0, 6,80E=00 b,73E«09 &6,78E<00 7,000,009 T ULE=09 | O9C«08 3,01E~08 7,13t=0A U, ,13Ee07 2,40E=0b &,78L=006
PB210 0, 1,076230 2,6S5E010 S,1U0Ewl0 |,U26«09 2,90k«00 | 27E«08 S,37ie08 |,2RE=07 7,91E=07 &,u43E=06 |],89t=0%
pB211 9, 1,06E€07 2,65C«07 Q,006e07 6,90E=0? O,85t«07 | 81Fe0b Q2,71E-06 3,03f=08 3,18E«06 3,28F=06 3, 38L=00
PB212 0, Q,20E=00 2,90€=00 §,78Ee00 6,306e05 3I,056<05 | QUEe0S 1,39te05 O,47E=08 2,23E«00 7,69C=08 |,65E-09
PB214 0, 3,12€009 G, 4uCe09 06,G3Ee09 1,112208 |,05E«08 3 B0Fe08 9,88fc08 1,97€e07 1,00Ee086 o,¢3E=086 1,89t=05
81210 0, 1,47E=10 2,658e10 S, 14bel0 J,4U2Ew09 2,90€«09 | 27808 5,37:t=08 |,28E«07 7,91€=07 o,ult=086 |,89E=0S
81211 0, 1400E=07 2,05¢07 4Q,00Ee07 &,90e«07 ©@,85¢=07 | O81L=06 2,71te06 3,03t=06 3,18Et=06 3,28t=06 3,38E=006
81212 0, Q,206204 2,96E«04 1,78E«0U O,36E=0S 3,056«05 1 9utenS §,39L«05 9,u7te06 2,23k=00 7,n9Ct=08 {,05L-09
81213 0, 0,806009 6,73L«09 6,78L=09 7,00E=09 7,44f=09 | 0900 3,01t=08 7,13t*08 4, 13E=07 2,40t=00 o,78E~00
81214 0, 3,12t009 G, QUEe09 ©6,03E009 §,11E=08 §,065Le08 3 80E=08 O,88¢«08 §,97t=07 §,00E=0b6 o,ulte08 |§,89=05
Po2310 0, 1403800 | ,99E«10 U 1SEe]0 |,25€009 Q,96(e09 | 27E=08 S,37t«08 1,28¢e07 7,91E007 Ob,43Ee060 §,89E~05
pPo211Y 0, Q,97€«10 7,96Ee10 11,2009 2,078=00 2,9%e09 S u2(€=090 8,]12Le09 9,08809 9,5ite0? O9,AuE=09 §,01L=08
Po2i2 0, 2,09€=00 1,90£08 1,136004 Q,00Ee08 |,95008 | 2uFe0S O,90E=006 o6,06Ec00 1,d3Fe06 4,92E=08 1,00L=09
Po213 0, 0,05€6=09 0,58E«09 0,009 0©,85E=09 7,28E°09 | . 07E=0A 2,9GEs08 6,97¢=08 U4, 0uE=0T7 2,55t=006 o,63Le0n
Po214 0, 3,12€090 a,uute09 O, UIEe09 1,11E«00 1,065C<00 J . A0Ee0R O,808L=08 |,97t=07 |,000=00 o,udlt=0b |,89L=0%
P021YS 0, 1,000007 2,05t07 d4,00Ee07 6,90t«07 9,85E~07 ., 81te0® 2,71L~06 3,03t=06 3,18E=00 §,28L=06 3,38k«00
PO216 0, 4,20E-008 2,96E«04 | ,78Ee00 &,3uE«05 3,05t«05 | ,90E«0S J,39E=05 9,47t«06 2,23t=006 7,09E=08 |,0%-09
PO2108 0, 3,126009 G ,uGEe09 ,03Ee009 §,11E6000 {,05E008 ) ,80Le08 9, N8Ee08 |,97E«07 |,00E=00 oO,ulte00 |,89€=05
AT21? 0, 0,80E¢09 06,71E00 &,78E«09 7,006e00 7,4UEe09 | ,09€«08 3,01Fe08 7,13E«08 4,13ke07 2,u0te00 b,7ALe00
ANZI9 0, 1,06E007 2,05Ee07 &,00te07 06,90Ee07 0,85E+07 | ,81ke00 2,71Le06 3,03te006 3,18Ee00 3,28t=006 3,38E=00
RN220 0, Q,20E000 2,906008 §,78Ee04 0, ,30Ee05 3 ,05€e0S | ,90€=05 1,39E=05 9,ultedd 2,236=00 7,09E«08 |},05E6-09
RN222 0, 3,12€209 G, Q4Ee09 6,a38000 1,11€e08 1,05E08 3,00E08 O,88Le08 1,97te07 1,00Ee00 o6,ult=00 |,89t«05
FrR22} 0, 6,80E09 6,736<09 6,78E=09 7,00te09 7T, dufe09 |,000en8 3,01E«08 7,13t=08 4, 13t=07 2,40t=006 0&,7RE«06
PR22S 0, 2,00Ee09 3, 716000 §,S9E009 9,05t009 |,38£e08 2,53L008 3,79Ee08 G,2ut"08 4, uSE=08 4,59E=08 G, 73Ee0DB
RA223 0, 1,66E=07 2,05¢e07 @&,00E=07 06,908207 G, 8S5t=07 ,81E«00 2,71E=08 3,03t«006 3, ,i8Ee00 3, 2RL=00 3,38ke00
RA224 0, Q,20Le08 2,908004 |,78E008 &,3uFe0S 3,05t0% | ,90E=05 J,30ke0S Q,07E«086 2,25t006 7,69L«08 |,65LE«09
RA22S 0, 6,70E=09 b,73Ee09 b,78E«09 7,00E~00 7T udte09 §,09tend 3,01E«08 7,13t~08 u,13£=07 2,4u0t<06 ©o,78t=06 _
RA220 0, 3,1262090 U U0Ee09 &,0lpe09 1,11Ee08 |,05E008 3,80E08 OQ,88Le08 1,97E=07 1,00k«006 o&,43ke0d |,89L<08
Ac2es 0, 6,80E«0C 0,73«09 06,788009 7,00E~09 7V, ,qi4ted9 |, 00FeN8 3,01Ee08 7,13E=08 4,13E6=07 2,d0te06 o&,78Lk~00
AC227 0, 1,728007 2,08te0? aq,008e07 o6,89Le07 O9,83E«07 |,80E-06 2,706c06 3,03t=06 3,)1Mhke06 3,28te00 3,3Ate00
™227 0, 1,636007 2,02LeQ7 3,9% 07 0,81E«07 O ,71E=07 1,78Ee00 2,07E=006 2,9Rt=006 3,l4te00 3,23E<06 3,33Ee008
TH228 0, Q,19¢004 2,95¢08 §,77ee04 6,32£008 3,056008 | ,9UEe0S §,39Ee05 O,u7¢6206 2,23E°06 7T,00Le08 §,0%«09
™29 0, 0,72E200 ©6,73Z09 &,78E=09 7,00Em00 TV, ,GUEe09 1,00008 3,018w08 7,13E=08 4, 13F=07 2,40E<00 ©&,78E=00 _
TH230 0, 3,05600 3,06ke086 3,07t=00 3,128<06 I, 1AEc08 3,5%0fc006 &,7AE00b6 b,99te00 §,97E=05 5,9nL=0S |§,09E«04
THalt 0, 1,488203 | ,0AEe0S 1,48Ee0S 1,08Ee05 1,48Ee05 |, ul8E=05 {§,uB8te0S8 1,UAF=05 J,0B8E=05 §,%0Ee05% 1§,52E~08
THasae 0, 2,95L002 2,96E«08 2,95E=08 2,95E=00 2,9% =00 2,95%fe0u 2,95L=08 2,95E=00 2,95E€=00 2,9%E =04 2,95E=~04
PA23Y 0, 3,13€06 3,13E«006 3, 13ke06 3,13Ee000 3,13te00 S, 13E=08 3, 10Ee0n 3,15¢2006 3,19t=00 3,20E«006 3,38E=0h
PA23 S 0, 3,09E«02 3,10E002 3,10£002 3,11E02 3,11£002 3,13E202 3,18E=02 5,23t«02 3,u0t=02 3,00t=02 3,83Lt=02
PA234n 0, 2,95E°02 2,90f00 2,958004 2,95(<00 2,950¢04 2,95E200 2,95Le00 2,95C004 2,95t=00 2,9S5te=0a 2,95%-04
PA234 3, 2,956205 2,96E«07 2,95€007 2,95C«07 2,95¢«07 2,95Ee07 @2,9SEe0T7 2,9S5t=07 2,95Ek«07 2,95t«07 2,95%t=0?
u2ie 8, 1,00E209 {,33E=05 [,02E005 1,90E=0% 2,07¢=05 |,089805 |,35F=05 9,21L=006 2,17t=006 7,49 =08 |[,99E~09
P33 ] 0, 7,52t08 2,22t=07 4, 35¢E=07 9,00€«07 §, 4300 !, a%te0b B,10E=086 11,3005 3,49Ee0S O8,78E=05 1,%2Ee04

U239 1,82€001 1,00te0Y §,16Ee03 1,266003 1,955€e03 1,88Ee03 3,08EenY S,33Fe03 7,36Ee03 |,16E202 1,40t~02 1,a3Ee02
U235  Q,90Ee03 1,0Bte0S |,G8Ee05 ,4REe0S 1,uAEe05 §,48E~05 1,08te0S 1,uBtw0S |,dAE=05 1,4BE=05 1,50te05 |,52E~05
vass 3,00Ee03 2,02te00 2,02Ee04 2,02ke0d 2,02<00 2,02te04 ¢,00Ee08 2,05Le0G 2,0ME=00 2,206e04 2,uTEe00 2,70Es0u
uad? o, 4,57Ee0) G,20Ee03 3,95£003 3,36£e03 2,78£e08 1,38Ee03 2,72te0d @,%Ee05 U, uTE=06 4,31L<08 &, )0E=06
U238  3,026002 2,95Ee00 2,05Ew04 2,99Ee00 2,95Ee08 2,95€00 ,95Ee0u 2,95Ee00 2,95te08 2,95€=00 2,95te00 2,95¢e04
nP237 0, 3,10602 3,10E=02 3,10E002 3,116202 3,11€202 :,13E=02 3,18E=02 3,23E«02 3,40E=02 3,06E«02 3,83te02
NP219 0, Q,720400 G, T72E000 G,72E400 4, 72E400 &,T2E+00 &, 71Ee00 a,70E000 4,0AEe00 4,52Ee00 U, UTES00 &,31L+00



L£1-4

TABLE VA (Continued)
LWR MASTE o A MIXTURE OF 0% OWR PUEL AND 60K PuR PUEL o FIRST PLUTONIUM RECYCLE

POnERs  2,07Mu, BURNUP®  2809,MwD, FLUXS 1,40E012N/Cnoa2e8EC

NUCLIOE RADIDACTIVITY, CURIES
BASIS = ONE KILOGRAM OF ACTINIDES IN wASTE

CHARGE SEPARATION],0E+00YR 2,35E400YR 6,0Ee00YR |,0Ee01YH 2,5E¢01YR 6,0E001YR |,0€e02YR 2,5C¢02YR 6,0E002YR |,0E¢03YR
PU236  2,2TE«02 3,28E«04 2,58E«00 |,T9Ee0ad 7,04Ee0S 2,89Ee0% 7,52€e07 1,52E«10 9,04E=15 §,31ke30 0, 0,
PU238  2,08E002 U,52E400 2,53£401 3,00E¢01 2,996e01 2,90E¢01 22,6201 2,00E001 1,58E401 5,95E000 7,83E=01 9,85£002
PU239  2,08E+01 3,47E=01 3,07E«01 J,A47Ee01 3,086«0f 3,48t<01 3,51€=01 J,55E«01 3,60E«0l 3,79t=01 &,20E~01 4,8%€=01
PU200  4,28Ee01 7,17E«01 7,93E=01 99,0101 1,13E000 1,36E¢00 1,96£400 2,53E400 ¢2,0RAE¢U0 2,68E000 2,58E¢00 2,QBE+00
PU241  9,8UEe03 1,78E402 |,60E402 1,586002 {,34Ee02 1,11E602 5,52Ee01 1,09E001 1,82t000 1,79te0i 1,72te01 1{,0T7t=0}
PU242  1,30ke01 3,TUEe0Y 3,74te03} 3,74te03 3,750} 3,75ke03 3,77(=0% 3,81E«08 3,86E«03 3,96£e03 G, 00ke03 4,10p=0}

Pu24} 0, 2,01Ee09 2,01E«07 2,01E=07 2,01E«07 2,01€«07 2,01t=07 &,01E«07 2,01E«07 2,01t=07 2,01E=07 2,01ke0?
AM2d1  §,78Ee01 3,92E001 3,9GEe01 3,97Ee01 &,03Ee01 &,08Fe01 &, 18E001 G, 09Ee01 3,878601 3,056001 1,75Ee01 9,35E00
Am2u2n 0, U,300000 4,28E400 U, 256400 G 186400 a,11E400 3,6ute00 3,276¢00 2,72E¢00 |,386000 2,79E«0)1 a,50t=02
AN222 o, 4,30E000 4,286¢00 U, 25E¢00 G, 18E000 W 11E+00 3,8UEe00 3,276¢00 2,72E400 1,38Ee00 2,79E=01 u,50E=02
AM243 0, W,72E000 &,T2E+00 U,T2Ee00 @&,72¢600 4, T2Ee00 4,7T1Ee00 &,70Ee00 &,0BE+00 G,062E600 W,GTE+00 G, 35Ee00
AM235 0, S,TAE=08 2,586«08 7,70E09 &,5% =10 1,82E=11 1,02¢=16 S,71E«29 5,67€«43 0, 0, 0,

(LITT I S,286003 1,126403 1,126002 3,91Ee00 3,38E¢00 3,1SE+00 2,68E000 2,256¢00 1,13£000 2,29:=01 3,a9€=02
Ce2al 0, 1,08E000 1,00€600 1,038¢00 9,52f0) 8,75E01 6,316+0] 2,98Ee0] ],24te0] G, A3Ee0) 2,uTE-06 &,2Tt=}0
cM2a4 0, T,57E002 7,28£402 6,876002 6,01£002 5,16E002 2,90F002 7,51E¢01 §,06Eed1 5,cTkw02 7,98E=08 2,05 =14
tnaus 0, 1,816201 1,81Ee01 1,81Ee0) 1,81Ee0) 1,81Ea0) §,808a0f §,80te01 1,79te01 §,77Ew0f §,72E=01 1,686E=01
cM266 0, 3,76E002 3,70E002 3, 76E«02 3,76Ee02 3,70E202 3,75ke02 3,73E002 3 ,71te02 3,636002 3,4¢Ee02 3,25E=02
cm2e? 0, 2,01E=07 2,01F«07 2,01E«07 2,01Ee0? 2,01Ee07 2,01F=07 2,01E=07 2,01t«07 2,0lE=07 2,0lt<07 2,01E=07
cu2uas 0, 8,71E<07 6,71t=07 B8,71E«07 A, 7107 8,71E07 6,71E<07 8,7T1te07 8,71t=07 ©,71E«07 8,70E=07 8,89E«07
BR249 0, $,85E=03 1,72t03 5,11€e04 3,06Ee05 ],22E«06 o,R2Fe12 3,A1Es2u 3,7AE«38 O, 0, 0.

cF249 0, 5,30E206 1,15E¢05 1,UUEe0S 1,55€w0S 11,5405 1,50EenS 1,u0E~0% 1,296=0% 9,81ke00 &,83L=06 2,20f=00
cF2so o, 4,52E=05 4,28t¢0% 3,96£e05 3,29E=05 2,68Le05 ],20620% |,8AEe06 2,2At=07 b,00tel] &,29=ld 6,19 =]d
cF251 0, G, 34te0? G, 30te0? U, $AFe07 G ,32E=07 G, 81Ee0) G 26Ee07 G,15te07 4,026e07 3,958ke07 2,74Ee0T 2,01t=07
cras2 o0, $,95€205 0,586905 3,09€e0% [|,20ee08 a4, 3Ufe06 8,53¢¢08 8,91Ee]2 2,51fele 2,18te3} O, 0,

SUBTOT | ,018e08 6,28E¢03 2,106¢03 1,056003 B8,30002 7,21E002 4,376002 §,71E6002 9,33E¢01 9,326001 3,15E¢01 2,186E+0}
TOTAL 1,01000 6,28t¢03 2,106403 §,056003 O8,30E002 7,21€002 a,376002 1,71E002 9,338¢08 5,32te01 3,156¢0f 2,16t¢01



8L-1

TABLE VB
LWR WASTE » A WIXTURE OF 40X BWR FUEL AND 60X PuR FUEL = FIRSY PLUTONIUM RECYCLE

PORERR  2,07Ww, BURNUPE  2809,MwD, FLUX® 1,30E¢12N/CHendestC

NUCLIDE RADIOACTIVITY, CURIES
BASIS s ONE XJLOGRAN OF ACTINIDES IN waASTE

_ — -_CHARGE 1.OE*00KYR 2,5E400KYR6,0E000KYR] ,0E¢0|KYR2,5E00]X RS, OEeQ)1NYR] OE¢02KYRS ,0E402KYR] 0E003KYR] ,0E00URYRY] ,OEe05KYR

1207 "o, 3,37E«06 3,7SE«06 &, ,71Le006 5,98E206 1,20E=0% 3,38E«05 5,39Ee05 7,09Le05 7,73£e05 7,66te05 7,02E«0%
L2080, 5,95€=10 1,38E=11 4,31tell B8,78Eell 3,09Ec10 9,04f=10 1,59E=09 S$,03t=09 1,09Ee08 [,50¢«07 5,02E«07
200 o0, 1,006=07 Q,47E«07 S,13E000 1,29€=05 5,58E«05 1,08L=04 2,80t-0G4 0,19t=00 0,91E04 3,53t=0% 8,¢2Eeld
PR209 0, 6,78E=06 Q,30E=05 2,33E000 55,8708 2,540} 7,60Ce03 1,27€<02 2,61ke02 3,10E=02 1,00E«03 $,83Ee}s
P10 Q, 1,09€=05 1,11E-04 4,50te00 9,006008 2,4BEe0) 5,39E=03 7,24E=0) 7,76E«03 131,50ke04 2,95tw04 2,91E=04d
PB21} [ 3,38E«006 1} 70Ee06 G ,73te0b &6,00E=06 |,27E«05 3,39be0S S, U0Ee0S T7,718e0% 7,7S5E0S 7,09 <05 7,0at=0%
PaQL2 0, 1,09€«09 3,8uEell 1,20Ee10 2,4ubel0 8,59 <10 2,51£e09 d,ulE=09 §,00E«08 U,70E«08 4,i7ke0? |,5aE=08
PR214G 0, 1489605 1 ,11E004 0,56Ee04 9,00f=00 2,48Ffe0) S5,39Ec0) 7,2uEe0) 7,76Ee03 |,56E00) 2,95Ee04 2,91Ee00
81210 0, 1,89 =05 1,116008 G,56E000 9,006e00 2,4B8Ev0t 5,39€<0) 7,20Ee0) 7,70E=«03 1,56E«08 2,9% <00 2,91Ee04
B1211 0, 3,38e-06 3,T0Ee06 G, 73Ee00 O6,00E«00 1,27€-05 3,39 <05 S5,40Ee0S 7,71E=05 7,75F«05 7,89F=0S 7?7,00te0$
81212 0, 1,05600 3,84Ew11 1,20ke30 2,4uEel0 B,59Ee}0 2,51Ee09 4, 03E09 |,40Ee08 U4, ,T7O0E=08 U, ,17E«07 1,50E«08
821} 0, 6,78E~00 U, ,30E=05S 2,33Ee04 S5,87Ee04 2,5Uge03 7,04E=0) 1,27€202 2,81Ee02 5, 14Ee02 |,60F03 S, 81Ee]b
arane 0, 1,89E05 1,11Ee0@ G ,50t000 9,00kw0d 2,4dB8Ee0) 5,390} 7,20t=03 7,76E03 §,56E¢03 2,95 <04 2,91E00
PoO210 0, 189E05 |, 11Ee0d &,50FeQ00 9,00Ee0d 2,uBE~0Y S5,39E«03 7,20E=03 T,70€=03 [,90Ee03 2,95te00 2,91Ee00
podll 0, 1,01Ee08 §,13Ee08 J,42€e00 ],80E008 3,80£=08 §,02€=07 1,02E07 2,51E=07 2,33Le07 2,31te0? 2,11te0?
PO212 0, 1,00E<09 2,06Eell 7,06Ee1] 1,50Ee10 S,50Eei0 1,01€09 2,83Ee00 B8,95€e09 3,01te08 2,0Tke0? 9,98£e0?
P0O213 0, 6,063E206 G,21E«09 2,28E¢00 S,7UEe0d 2,dNE«0) ?7,08AEe0) 1,20E02 2,75E=02 3I,07E=02 1,57te03 3,7uEelb
PO214 0. 1,89E608 |, 11ke00 4,56Fe00 9,00E=00 Q2,4BEe0Y 5,359€e03 7,20Ee0) 7,78E«03 §,56E=0) 2,9% 08 2,91Ee00
P0O21% 0, 3,58E=06 3,70E«006 AQ,78Ee06 06,00E«00 1,27E<05 5,39ke05 S,u0E=05 7,71Ee0S 7,75t«0S 7,69t«05 7,04t«0S
PO216 0, 1,05E=00 3,8uEeyl 1,208e30 2,4aEel0 B8,59%Eel) 2,51te09 ¢, ulE009 §,u0te0B 4, 70Ee0A 4,17te07 |],56E=00
Po218 0, 1,89E=0% J,11E=00 a,50E200 9,008«00 2,4% =03 5,39E«0) 7,24Ee0) 7,75E«03 |1,56Ee0) 2,9% <04 2,91Ee04
Ar2)1? 0, 6,788=06 G, 30E«0S 2,53Ee04 9,87te0d 2,5UEe03 T, 04te0) |,27tw02 2,81E°02 3, ,14Ee02 {,80be0} 3,83Ee}p
RN219 0, 3,38E<06 3,76E°006 Q,73Ee0b0 6,00E000 1,27E«08 3,59Ee05 9,00Ee05 7,71E=05 7,75F«05 7,49E=05 7,0ute0S
AN229 0, 1,656209 3,80Eel] 1,208010 2,40ke]0 O8,59C«10 2,51E09 4,ulte09 |, G0E=08 G, T0LeQA 4 l7E=0T |,58t=00
ANZ2Q 0, 1,09€905 §,11Ee008 4,506E000 9,00t000 2,48E003 5,39Ee03 7,24E=0y 7,70Fe0) 1{,%E=n) 2,95b=0a 2,91te04
FR22} 0, 6,78E=06 Q,30E=09 2,35E00 S, AVEe04 2,50E~03 7,0WEe0) |,276002 2,81E=02 J,14Ee02 1,60Le03 3, 83Eels
FR223 0, Q,73E=08 $,27Le08 6,628008 O8,40Ee08 |,78te07 Q,V4Ee0? 7,57Ee07 |,08Ee06 1,09Ee08 |,08E«08 9,85E«07
RAP2}S 0, J,38ke06 3,70E«086 G, 73Ee00 b6,00Ee06 J,27Ee0S 3,39E<0% 5,40C€«05 7,71€«0% 7,75E«05 7,a9E«05 7,0ute0S
RA224 0, 1,65609 3,84kel1 1,20Ee10 2,44Eel0 8,590 2,51E«09 4, 0)te09 |,40Ee08 &,70Ee08 G, 17E=07 1,50E«00
RA22S 0, 6,7AE=00 A4, 30E=05 2,336«00 S5,87¢«04 2,%GE~03 7,00Ee03 |,27te02 2,R1Ee02 §,14E=02 1960E=03 3,83ke]n
RA220 0, 1,096=05 1,11E000 4, 50E=00 9,06¢e00 2,98Fe03 5,39E=0) 7,20k=03 7,76E=03 {,56E«03 2,95Ce04 2,91E~04
RA228 0, 1,83€=11 3,84Ee11 1,206°10 2,44Ee10 B8,%9t=10 2,51E«09 4, U3E=09 |,40Ee08 4, ,70t=08 U, 17t=0? |,%Le00
AC22S 0, 6,78E=00 G, 30E=05 2,33E-00 5,87E=04 2,5%4E=03 7,0uUEe03 1,27E=02 2,81F=02 3,14t=02 1,60Et«08 $,83Le10
Ac2? 0, 3,30k=00 3, ,76Ee00 4,73EeQb &,00€00 {,27E205 3,19E=05 G,40E«05 7,71E«05 7,75E=0% 7,69E«05 7,00t«05
AC228 0, 1,03Eejl 3,80Ee)) 1,20Eet0 2,44t=l0 08,5910 2,518=09 a,Q3b=)9 |, GO0E=08 G, ,70Le0B8 G, ,17te07 §,Sotels
TH227 0, 5433606 3,71E«086 G,b606E«00 5,92¢=06 |,25E«0% 3,JuEe0S S,33Ew08 7,60E=05 7,85t=05 7,58E=05 &,9uLeQS
TH228 0, 1,65¢200 3,84k=11 1,20E«10 2,4UE~10 8,59t 10 2,51E«09 Q,43E=09 |,U0E=08 4,70L=08 &,17E~07 |, Sot«06
1H229 0, 6,78E=06 G,30Ee0S 2,33E«08 5,87E=00 2,50te03 7,0uE«03 1,27Ee02 2,R1E=02 3,14E=02 §,60t=01 S _A3teis
T™M230 0, 1,09E=04 2,93t-08 7,10608 (1,17E=03 2,70Ee0) S5,35te0) 7,17€=03 7,73¢<03 1,5 E=03 2,95{«00 Z,91C=04a
TH231 0, 1,526=05 1,59E~05 1,85605 2,22E=05 3,77te0S 6,20E«05 7,26E=05 7,76E=05 7,7SE=05 7,09E=9S 7,0uE=0S
TH212 0, 1,08E=11 3,80Ee11 1,20Ee10 2,4ui=]0 &,59Fe10 2,511=09 4, u3F=09 |}, u0L=08 4,70t=0R W4, 17t=07 13 ,56te08
TH234 0, 2,958204 2,95Ee00 2,95E<04 2,95Ee08 2,95te0u 2,95E=04 2,95E=00 2,95Ee04 2,95%te=04 2,95t=04¢ 2,91te00
PA2IY 0, 3,38g=00 3,76Ec00 4,72C«06 06,00806 §,27F=0S 3, 39E=0S S,40E=05 T,71E=05 7,7%t=05 7,69t=05 7,04te0S
PA23)Y 0, 3,03E002 G,00Ee02 4, 0VE=02 4,04Ee02 &, 0UF=02 G,01F=02 3,95tw02 3,71ke02 2,95t=02 1,60F«03 3,93E=10
PAJUM 0, 2,95t°00 2,95E=04 2,95E208 2,95t=04 2,95E«00 2,95te04 2,95E=04 2,9% =08 2,95 «04 2,95t=08 2,9iEs04
PA2SY 0, 2,95¢=07 2,05k=07 2,95t=07 2,95¢=07 2,95E07 2,95¢=07 2,95E=07 2,9% <07 2,9% =07 2,95t=07 2,01fe0?
u2ls 0, 1,52k=00 4,05E=0Q0 9,9% 04 1,660=03 4,070e03 9,10E=03 §,39bm02 2,78te02 3,14E=02 |,60t=03 3.82€a}b

U2l 1,82C001 1,43E002 §,03Ee002 1,02Ee02 ], U0Ee02 |, 3%a02 |,226202 1,10te02 o,39Ee03 1,15%«03 ¢,95te0a 2,9%1E=0a
U238 6,90Ee03 1,52L=0S 1,59E<05 1,85E«05 2,226«05 3,77Fe05 6,00608 7,26ke05 7,70£=05 7,75 =058 7,09te05 T,0uEs0%
uase 3,06€203 2,70ke«0a 3,76E«00 H,57E=04 06,98ke0d 9,17te0d O, 7abt«0d 9,75Fe04 9,09Ee04 9,50E=04 7,32E00 S _3Ate0S
vai? 0, Q,16E«00 3,07E«00 2,7uE<06 |,96E<08 S,S57E«07 2,96€-08 1,03te09 S,39E=}7 O, 0, 0,

U23p  3,028002 2,905t=0d 2,9%E=04 2,95Ee04 2,95 =00 2,95€=04 2,95E=00 2,956-08 2,95%t=04 2,95E=04 2,95C«0d 2.91te0Q



6L-9

TABLE VB (Continued)

LWR NASTE o A MINTURE OF Q0% BuR FUEL AND 60X PWR FUEL e FIRST PLJTONIUN RECYCLE
POwERS  2,07My, BURNUP®  2809,MuD, FLUX® 1,00Ee12N/CHes2e8LC

NUCLIDE RADIOACTIVITY, CURIES
BAS1S = ONE KILOGRAM OF ACTYINIDFS IN waSTE

CHARGE 1.0E*00KYR 2,SE+00KYRG ,0E+00XYR] ,OE+01XYR2,5E¢01XYRO,0F 001N YR],0E¢02KYRY, 0E¢02XYR],0E¢0IXYRL 0E@QunYR] ,QE*OSNYR

U240 0, 6,67E=12 |,b6ke11 3 ,9BLell b,b1Ee11 1,03tel0 3,7AE=10 6,06f°10 1,%1809 2,90€000 3,13Ee09 1,aT7te00
NP23Y 0, },83E02 4, ,008=02 4,03te02 U,0UE=02 &,00(=02 &,01E=~02 3,95E+«02 3,71k=02 2,95te02 1,00k=03 3,5%3te=}e
NP239 0, G,31E¢00 3,77te00 2,70E¢00 1,916000 &, Q1«01 2,0A8E=02 O,50E«04 §,99E«07 1,93(=07 1,32E=07 2,9qk=09
NP240OM 0, 6,67€212 {,b8E=11 3,9BEell b,b1Eeil {,03te10 3, ,TRE=]0 o,00te]0 1,516=00 2,90E=00 3,13E=09 1,47t=09

PU239  2,68E¢01 4,65t=01 6,14tw0] B8,060t=0] 1,01€600 §,01E400 <, unfel] ],ubte0) 5,006=04 §,93L=07 1,32E=07 2,9ute09
PU2UO  4,28E¢0] 2,4BES00 2,13Ee00 |, G9Ee00 Q,Abfe0] 2,12L°01 S5,80E=03 9,70E+05 1,51E=09 2,90E=09 3,}4E=09 |, GREe0Q

PyU24y 9,B4E¢03 1,07E«0!l 1,47tw0] },09 <01 7,83E-02 2,25Le02 1,1PL=03 4,138=05 2,18te=12 O, 0, 0,
PyGe 1,50E00) 4, 10E=03 4, ,17te03 &, 28«03 4,303 U,31F=03 G ,05E«03 3,77t=03 2,01t=03 7,206k04 S,1AE=s1y 0O,
P1I243 0, 2,01t207 2,01t=07 2,01¢=07 2,01E«07 2,0)t=07 2,01E«07 2,00t+07 1,99F«07 1,98E«07 1,32E=07 ¢2,9ut~00
Puada 0, b,68te12 (,67t=11 3,00tei] &,026~11 §,03k=)0 §,TAE=10 bH,0068+10 §,51t=09 2,908=09 3,10t«09 |, ult=00
AM24Y 1,788001 O,31£¢00 ©9,82¢6«01 1,18t«01 @A,21E=02 2,2%t«02 1,18F=03 G,13t05 2,27t~12 O, 0, 0,
A4} 0, U,31E000 3I,77E000 2,708¢00 1,91£¢00 &,9)t=01 2,00t~02 9,50E=0U 11,9907 1,93t=07 1,528=07 2,90L=09
tM2us 0, 1,66k«01 §,U7E=0] 1,09te0) 7,82t=02 2,226202 1,1REe08 &,138e05 2,15k~12 O, 0, da
4. 11} 0, 3,256202 2,00Fe02 J,56t202 @8,04te03 9,S1t=04 9,92E=06 |,5ute08 H,70¢«19 4,03t-31 O, 0,
cMea? 0, 2,01t=07 2,01E=07? 2,01E=07 2,0)6e07 2,01Lw07 2,01£~07 2,00t»07 1,99te07 {,93t=07 |,3Pte07 2,9¢te09
CM248 0 8,696007 6,07te0Y B8,01ta07 8,54fe07 8,200207 7,74€e07 7,15t007 4, 83Ee07 |,22€-07 2,u5C~1S O,

susrtor 9:925003 2o13L00) 3176001 8,290400 O,18E000 2,42¢900 7,20be01 u,32t°01 G, ,17¢=01 3,02E«0] 2,)3k=02 4,92t=0)}
TOYAL | ,03Ee04 2,36E001 1,17E¢01 8,290¢00 &,18L000 2,02E900 7,2nEe01 4, 328201 G, ,17€E=01 3,0P76=01 2.33E=02 4,92t«0}



02-9

-.1L208
ro210
r8212
Pe2ie
81210
0gas2
ngate
0240
ro212
Po216
Po2se
Podte
/4220
n222
asd2e
R422e
Ind2e
nd}3o
1LT3])]
PASS

udid
udss
yase
uadse
(P41
uasr
w217
Pudse
[ (TAT)
Py e
Pyl
Pydey
Pyde2
LT
sver107
1074,

sutesaL

s
‘.."..’
3,70¢002
"."00'
6,0%¢ 041
1,608 006
3,13Fe04

1,78
1oa78e09
’.’.t."
....t.o’
0,08Cet )
S, 40Lo18
6,09¢009
...“‘."
1,47009%
‘..zt.o’
o,04le4}
8,09L008
b,0utet)
8,04 «0%
...‘."‘
0.09100’
boblbel )
4,098 098
0,59t +9¢
2,84t e9n
3,971 06
2494L004
’.70.']‘
'.o...ﬂ’
2,00Le00
‘o""oo
3,57¢01
3.92¢e06
2,25¢ 02
IMLIXY]]
?.0!!001
6,058 009
toldt 004
3,158e08

35k008

e, 2
§o94L00s l.l’toOd

§,30C000

2.5va
0.l1to°!
3.9"015
’."t"‘
140041
2,08¢18
’.""“
$o06Le11
1500018
l.lllOOI
1o05Ceyy
'.o’..O‘
1,058041
$491L=04
1,05k
’.Q‘..o“
14058114
|.°‘f'°.
206Le(h
Teiit=08
'.‘5'.0’
Se19600
8,708l
l.oll-Oi
'."‘.o.
‘9”‘.0.
3,200
3.!5(009
$.940002
3,72k 002
l.'!lool
6,02t 001
$o308000
.."l'o'
S,05L001

’.'&‘00“

10072004 §,30C000

TABLE VIA

PU »ASTE o A NISTURE OF 408 BoR PUEl AND 008 Pei FULL » FIRST SLUTOVIU® ACCYCLE

MUCLIOE R4030aCTEvETY, CiRiLs
8 Ok NILOGRAN OF (L yf1Nafym

i« o,
- ‘.‘o““
0,15€012
§,02t-04
|.“2‘.‘o
‘.'st.“
§,02¢-00
$.402t-19
'.'“""
$,718E000
t,udtey0
5.02t'0‘
1,678210
,‘l‘t.,“
foudtey0d
5.02(-00
fel2be40
S.Dlt-o.
1.016007
$e/1L07
278008
8o4tred8
|.l°¢'°.
O.l!t'OI
|.’|"°'
l.ﬂ&i-OS
d,02ke014
14278200
0,67¢00)
3,62¢002
2,01t0014
6,020001
1o880004
3,13¢te01
§o04C0002
lolal0°“
§o188e00

16,v8
‘."‘.a‘
§,09L011
..”..0.
0.§l£-l0
$,08¢e11
8,528-068
0,%2£-10
’.4‘.."
$,088e04
6,5%2C=19
R,52¢00¢
0,%26-10
8,92Ce04
hoh2begd
beddLecd
6,%2¢240
8,%1t=Ca
4,00 007
2.06t=07
3402 0¢
9,790 =04
4,070 09
1,02¢0ud
2.!'!-01
1.75¢<09
d,36te0}
I LT
‘o"‘.o'
I.SlloOl
2,080}
0,920 004
..lbloﬂl
,.""°|
l."..o‘

2%,v8
Joutteldq
1e70tkmie®
Q,ultets
9,80 009
teToteld
9,4ty
Y 8e8Lel9
l.’.l.‘.
..00.-(0
9,0nte0Q
9,870l
V,8nlal
Y,378(8
S,nape(q
Q,utte(d
QoANt (e
S,ultec s
‘.'ﬂt.‘.
'."“"
‘..’t.“
9,278 4
0,53k~ 4
dot2te 2
Teltter?
‘.”l."
‘.l.'.“
je07¢e: )
6,87k &
,.ll‘Q"
2001000y
hoit e
(LY IXXA
3,13k euy
Souute?

'.041003 $.308008

9,90£00)

el ,v@
3.“9!000
6,93f0(8
0,02t=04
1,276007
C.S!!.U.
6,92 00a
t.8/E07
0.5‘0.00
(PRLIXD])
fe2/€au?
0,28 end
1,270007
..Pll'ﬂd
§ed21ted?
0,870 004
1.87C=07
.."‘.0‘
l.“ll'Ol
1.70€00
..’“"o‘
0,00ge0q
6,%1¢207
S.IOIOOI
170800
1.0%te04
2,2%k00¢
..’0"°,
'.’?"0“
230t 002
2,910008
9,99L¢01
8,998 002
$,13Le0Y
dufte02

1407F 003

100,v8
f1.07Le00
3.10!-07
d,0utele
9,47t07
2,10te07
Q,6utel8
Seullen?
‘.,(..o’
2,97f«08
’.“’..o'
4o06Le00
§,u7Ee97
O.OGE'OC
S,ulteQ?
I.OHQOOI
9,47L 07
Yo0uf =0y
3,01t008
‘.‘“l'o.
1,270002
0.52(-00
2edutene
1,3%0a02
2400be0d
1e7ube04d
‘.00!005
Jedfte02
T,90¢e13
(PR LI XTI ]
2,902004
S.90Le01
10308002
!.I!t-ﬁl
4udteld

2a%0,vR

’."‘.0’
G, ABL00
$,008008
6,01t edb
G nélels
l.o‘l-ﬂﬂ
’..‘t'o‘
(LIS T
7.6!!-05
hooite0b
I.OUOOOU
0onibele
fs0%ee04
°.°‘t.n.
1,09Le04
°.°‘t.“°
'.o“.'o‘
IPLIXTT]
T,68Le00
Joinke02
f40760y¢
I.bSt'Oﬁ
1s178 00}
7.00&-00
CPYIIXI]
3.0‘!'00
Jolnte02
‘.'“t“‘
S.uttety
2,801 0018
S.87Le01
1ed5Fe0t
3,15te014
$,50b002

000,78
Sodeteld
§,07¢00%
3,77¢800
S,0678e0%
9.01!-05
3,178 <00
5.0It-4$
S,070=0%
2,401Le00
S5,07¢20%
3,770e00
5.07i005
3el7Le0
’.0’..95
3,17t=00
$,07L =08
‘."l-ob
Q.Shl-cﬂ
l.e’t-d&
hytute02
Jo0Tt =008
0.49|00§
1.35L201
1900C00h
fevdtey)d
2e5%=13
0.20!-02
L0
3,95t 000
2,80L001
5.07!00!
9,59t =00
3,13¢te01
2,02b002

30070003 B,47Le02 q,%0L002 2,92L002

8,47t 00 2,92t 02

1000,v8

2,09t 008.
1075¢ 208
8,03t-08
1,798 000
1.7%C=08
8,03¢08
1,75t e06
I.1§l-°‘
,.|“(.°.
1475t=08
8,03t =08
1,75t =00
..o’t.d‘
1,78¢Lat0
0.0!&-00
t¢7%0 208
0.01!-00
1408te0)
2,83L08
A,17¢202
T,0ite08
2.16k=04
|.’°"°‘
€0t =08
’.‘.“"
Jo75tedd
:.l?t-ol

[
1.97€e01
do0steny
S,04kedd
(TLLIXTR)
’.l“.o‘
1.07¢8002

1.90Le02
1,908002



L2-4

1L207
TL209
PB209
PB210
PB211
PB212
pPa214
Brelo
81211
81212
81213
8121y
PO210
Po211
PO213}
PL2IW
Pu21sS
PO21e
pr218
Ar217
RN219Q
RN22V
RN2¢22
FR221
FrR22%
RAPPS
RA224
Ra22s
RAZ226
HA22Y
AC22S
AC227
AC228
1"227
1H228
1n229
INelo
\LTal!
\LTAY
234
Pa2l})
PA2SY
pPA2%um
uess
yesy
v2is
vele
(P2 L]
Np2Y?
Pu2le
Py2uo
Puue
suator
T0T4AL

“1.KYR
2.°1l007
|,§9§-01
1,21E=086
1o 75E=nd
2,98F=07
8.0!['-0!
1,75E=04
1,75t=00
2,9Re =07
8,03t =08
1,21Ee00
14715 =04
1,75L=04
6.95t-lo
T,06E=00
1,75E=0u
2,98E=07
8,05E=08
1,75¢k=94
7,21k =00
2,98k =07
8,03t =0R
1475604
7,21t =08
a.lﬂt-oq
2,9k =07
8,03k =08
7,21t e00
1,75t =04
G, 15=11
1.°21E=0D0
2.95}-07
4,15¢=11
2,9%uE-07
8,03L=08
7.216006
1.0\[-03
2,00t =09
Uy15¢e11
d,6itent
2,98¢=07
8,17L=02
U, B1f=NRA
2,14 =04
1o36p=01
2,80c=0%
fe00f=03
4,81Fe08
8,17te02
2,63L0¢0)
S,6ute01
J,13¢e01

[ PR LIXIA!
1,990 e02

PU ®ABTE » A MIXTURE

2.5k1R
.l.blt'ﬂb
1,08E=06
T,uot=0%
1,04L=03
1,62b=00
2,47t 10
1,04e=03
1,0UE=0)
1,82L =00
2,UTEe) 0
7,00k =05
1,064k=08
1,04 =08
5,45k <09
7,30t 0%
l.n“t.o‘
1., 82Eelh
2,ul/E=10
1404t =0}
7,46k =05
1,82L=006
2,4Tte=1N
1,0ute0}
7,46t 05
e556=08
1,82t =00
a7l =10
7,406E«0S
1,Ndr =0}
2,u7e=10
T,40f =05
1,8¢k=po
2,47 =)0
1,79 =006
2,47E=10
T,Ubt=0S
2,773
6, AbE=NS
2,47k=10
1,20E=y7
{,b2e=00
1,01E0t
1,20E207
8,20L=04¢
1,36E201
b,86ENS
3,85t=08
1,20ke07
1,218 =01
2,71E+01
G,hhEeN]
3,17:=01
T,k 001
W01k

O, KYR
9,6bkv00
1,18€=05
512604
4,32(03
9,89E=006
1,27€=09
4, 32603
G,32te0)
9,h9% =00
1,278 =09
S12E=N4
4 32Ee08
4,52E-23
2,97€6=08
9.00F =04
4,32E-0%
92,89 <08
1,27L=09
4,52e-0)3
S.,126=04
Q,89E =08
127t =07
4,32¢=03
S,12teud
1,308=07
9.6’)&'00
14278 =09
5,12t «04
4,328=03
1,276=09
S.126<08
9,89E=006
14dTE=0®
9,75k =06
1,27F =07
S.128«04
o,7/2L=V)
1,57F =04
1.27(-a0
2,67607
9,A% a0
l.O‘EOOI
?.97t'°’
2y 34E=0S
143dten]
1.57t=04
7.,63E=03
2,87t=07
1,036=0)
2,46E00)
Y,260¢01
3,10t=0}

5,79E 001
9, /9L ¢ 01

OF 0% BwR FUEL AND 00X PWR FULL o FIRST

TABLE VIB

NUCLIOE RADIOACTIVITY, CURIES
OME XILOGRaw OF PLYUTONIUN

10,8k
2e57L=0%
3,03E=05
1,38E«038
8,57¢=03
2,57t =095
J,14E009
8,57t=03
'.57[.0‘
2,%7809
3,1ut=09
1,34E=0}
8,57¢-03
8.57e=0)
7,72E«08
1o85 =03
8,57t=013
2,57€=09%
J,1uEk=v9
51575'0,
1,3RE=03
2,957E=vS
3, 14uE=09
8,576=0)
1,38t=03
S,00e=07
2,57t =08
3,1uk=09
§.3RF=0)
8,579}
3,1Uue=09
1.32L=03
2,57t=05
3. 1ug=09
2,54E=05
3,iuE=09
1,3AL=0}
1o19k=02
e,i4nf=04
b,14E=09
“,17t=07
2,57€=09%
1,0 801
Wy 1TE=07
4,0ug=03
1,33F=01
2,97t =04
t.09t =02
4, 77te07
1e2%=01
2,19¢+0)
P,1hEe0
3,%78k=01}

d,ulg et

Q,d5ke0])

2S.,aR
te20tr 04
1,18t=0d
6,23ke(Y
r PR LIXY T
1,27k =04
1,3Ut=(4
2,3Uce02
2,%uéet?
l.e'!.ﬂ"
1,3uge0d
6,29E08
e,3uE=02
2,34ty
3,80L-07
0,1% =0}
2.5uk=02
1,27€=049
1,34t=i8
2,54t=02
6,29¢+903
1,27L=0¢
fdut=0h
.34k
6,29t =0%
1.,77L=00
1427k e04
f1o3ut=0R
6,79L«04
2 duf=9¢
1,ug=08
b,¢9E-0%
127t a0y
1.34k=0d
1,25e=014
1:,3490=03
0,29te03
2.59% =02
9,09E=01
I.S"iﬁt‘ﬂ
1,18Le00
'.?,t-o"
1,02F=01
1alBE=0b
1,02eCe
1,27C-01
5,09t =04
197t =02
1,18t=00
1,02t=01
f,43b001
P LI XY
2,99t =01

1,99E001

ke

80,471
Go3LEwD
d,2% =014
1,92E("
9,09
4,32b=u
U 21E=v
§,0% wu?
5,0% ey
Uy32Een
Go2lter
1,920=0"
5.09l -,
S,09k =02
1,30k=0n
1,80C=02
5,09¢ce07
Go82t=04
4,01beun
S,09c~02
1,920 0"
Gy32be’
4,21t snn
9,09Ee0.
1,928y
0.0St-‘) .
dy82te0
“.2|t.a|.
1,92y
'3.0‘3!-\ o
4,21kt
1,920
4, 32feve
u,21Fe0kh
4,20k=0u
4,21t=04
I.QP"J?
9,05t=0e
8,19te0un
U, 21Es0n
247Uk mun
4,32t enu
|.°‘£-ﬁ‘
QoTdL=Ch
2,2%=v?
1o15%k=0!
ﬂ.l"!-o‘
1470t =0
2,74kent
1,0tte=0"
5,30k 0t
1e2BLey
2.81ke0:

6,74 ¢d)
0Tk o 0D

100 ,%VYR
6,99t 000
7,00t end
3,21t =02
o,08%L=02
7,01 =04
7,55t =R
6,83E=02
6, 83twn2
T.,01te0d
7,55E=nA
3,21t«02
B,b3Fen2
b,B83k-02
2.1)1E=00
S,14t=02
6,43ken2
T1,0tE=04
7,5%t N8
6,63k =02
y,21t =02
T.C1E=nu
7,590 enA
b N3FeN2
3,21€=32
9.82¢=n0
T,01tend
T,455keuA
3,721E=n2
[ PEEI XY
T.55t =086
J,21E=D2
T2t =9u
1495t =08
6,91E=Ny
1455E=N8
3, 218=)2
b, /nten2
Qg uifmnd
1,55t=08
4eult=90
1,01E=04
1,00ka0y
G,42L=00
3,51t
1,03F=01
9,43E=nu
1.TUE=D2
4 ubtene
1,00t =01
1,700 000
2.1VL=0)
2,01t=01

§,27000
Y.elt 006

"LUTONTyYn RECYCLE
300 ,KYR  J000,KYR
9,92E904 ..9,97Ew04 .
1,508=03 §,75%E=0}
1,11E=02 7,45t=02
7,25k=02 (,20Ee02
9,49%te0d 1,0%E=C)
2,U2E=«07 K, 1PLaG?
T4¢3Ee02 t,280L002
1,23t =0¢ 1,22Fev2
9,9%E=d4 1 ,00EeD}
2 u2l=07 B8,18k=07
7.11E=02 7,95E=02
Te23p =02 1,27 =4y2
T,28EG2 },2¢2b902
2,9PFele 3,00E-00
6,99 =02 t,/7cev?
T,23002 1,°2be0?
9,95 =04 |, LULe0}
2.u21007 8,1kFe)?
1,23k=02 1,22t=v¢
T,11E=02 7,94t ey?
9,95Le0d f, "e=0}
Qou2ke07 W 1AEedT
Tecddkn0? 1,¢2b=02
T 11keu2 7,95t=u2
1,39E-05 J,utte0S
9,95 =04 1,00 e0}
2,u4lf«07 RB,1Fte07
T.,11E=02 7,95L=02
7.2"'02 l.£2t°02
2,ult=07 @,18Len?
Te11E=02 7,45E-02
9,9%  «0u |, r{Pe0)
2,u2t=07 ©,18te07
9,R1E=0¢ Q9 RAEwOU
2,42k=07 P, 1BE=Q?
7,11t=02 7,05ty
Ta21E=02 1,22te02
1.00t=03 1,0Nhken}
2,42€=07 b, 1kE=07
1,11E«0% 2,21E-05
9,55E«04 | ,NO0EeNS
9, 378=02 7,ulEe02
1el16°0% 2,21E=0Y
7.,00kw02 7,9%\Ee02
S,n0t =02 B,24E=0)
1,00tedY 1 ,00E=03
1,09E=02 | ,660k=02
1,11E=0% 2,21k=08
9, ¥7E=0¢ T,4lt-02
S.81E=03 1,350}
2.60L=12 S,3RL=1S
1,01te08 5,08te02
1,82Le0N 1407t 00
1,82F¢00 1,07Fe00

10000,xYR100000,XYR
9,88E=04 9,05E=040-
8,926«0% 2,13t=17
U,25¢=03 9,0Atet0
Pet3Le0S 2,59L=0%
9,91te0d4 9 ,0Rt 04
T,20be06  2,72t=08
2,05L00S 2,59L«0S
2,03€E=05 2,99t«0S
9,91ke)u 9,08k =0d
7.25F=08 2,72+«05
4,05L=03 9Y,08tLel0
2.n8E=35 2,99 ~05
2,05L=)5 2,57 =05
2,97k=N0 2,72€=06
3J,9L=03 9,ult=}0
2,08kenN  2,99E=05
9,91=04 9,08t=04
7,20k =00 2,72L=0%
2e58E=9% ¢,55L=0%
G, N9k =08 Q9 ek alp
9,91L=04 9,00t =04
T.2nt=06 2,77t=CS
2,03t 209 2,59t e0Y
W NSE=03 9, ,n8Ee1b
1,39t=29% 1,27L=05
Y,51F=04 9,00bepu
T.20k=)o 2,72E=0S
4,%5L=03 Q bARLe]p
203 o0y 2,959F 09
T.¢bk=00 2,72t=¢%
4,056+03 6G,t8t=10
Y,91Ltevd Y, (k=04
T,208be086 2,12L=08
9,7Rt=0u AR,95L =04
T.2nE=08 2,72E=0S
4,95t =03 9, 68ke]0
2.05&-05 2,959t =0Y
9,91F=04 9, 0ALe0d
To2rt =006 2,72t =09
2,08t =05 2,59t =05
9,91t end 9,06k =04
4,05k=03 B,928~14
2003629 2,959t =05
4, 05k=03 9,05t ~10
2,6L=0% 2,99% 0%
9 Vit=vd 9,04k =03
14dRE®02 9,38L=04
2,63L=08 2,9%Yke0Y%
4,05E-03 8,72t=18
o! ol
GoV9 =15 2,55tL=1%
3,59%=09 o,

6,AT+=02 1,15E=02
h,8Tte0l 1,10Fe0¢



¢2-4

TL207
TL208
TL209
pPB209¢
pa21o
PB211
PB212
PB4
81210
8121}
81212
Bl2y}
Blety
PO210
PO211
pPo212
PoO21}
P21
P05
PO21%6
Po218
AtT287
RN219
RN220
RNZ222
FR2?21
FR22}3
RA223
RaA224
RA22S
RA220
RA228
AC225
Ac227
Ac228
tHa27
TH228
Tue29
Tn230
T3]
TH232
tTh23e
Pa231
Pa23}
PA2tum
Pa2vu
uale
uels
velde
uess
u2ls
vesr

LuR

CHARGE _DISCHARGE

0,
1,83k¢00
$,00E002
3,07te02
9,

1,708=06
1457E=08
1,08F=09
6,73E=08
1,52k 09
t.,71E=00
4,37€=03
3,21E=08
1,52L=09
1,71¢=06
4,37E-03
6,73k =08
3,21t =08
1,08E=09
S,12L=09
2,79E-08
6,58t <G8
5,21E-08
1,71E=006
4,37t-03
J,21E=08
6,73k=08
1,7T1E=00
Q,37€-0)
3, 21t-08
6,73te08
2,U8E=08
1,718=006
Q,37L=03
6,68E=08
3,21C08
J,069¢ke12
6,73t =08
1,77€006
J,09Ce12
1,67L =06
4,35 =03
b6,65€=08
3,14E=05
1,57L=02
2,58ket]
3,14k e01
3,21L =08
J,18E=01
3,1UE=01
l. 14E=04
1,10Ee02
7,72€05
1,13E000
1,97¢ =02
2,01t =01
6,05¢t+00

. 1,8
2,13E=00
2,U6E<03
1,63E09
7.39F08
2,75€=09
2,74k =006
6,85€«03
4,78E=08
2,715e-09
2,TUF=08
6,85€E=03
7,%9E=08
U,78E~08
2,00F =09
8,21L=09
4,38ke0}
7,23E«0A
U,78€E-08
2,74Ee008
©,85te08
4,78t=08
7,39E=08
2,74Ev00
0,85t=03
4,78E-08
7,39E208
J,82ke08
2,TuEe00
6,856=03
T,39€=08
4,78ke08
6,35€=12
7,39k =08
2,73k =006
6,55¢=12
2,70E=08
6,83te03
T7.,390E-08
4,12E=0%
1,97¢e02
3,57E=11
3, 14¢e01
3,2%F=0%
3,18k~0}
3, 14E=01
3,14t=00
1,38te02
7,87E05
1,15E400
1,97€«02
2,01t=01
S,05Fe00

22,02nu, BUANYPSE

2.5¢R
d4,13E«00
35,7803
1,88E09
8,5ite08
5,05t «09
4,15t=n0
1405 @02
7,94t =08
S, 065¢ =09
dy15 =na
1,05b02
8,53t «nA
7,94t 08
U,ubfen®
1424k =08
6,72k03
A,5UE=08
7,90t =08
dy15E=006
1,05t=02
7.9ﬂfnuﬂ
8,53E08
4,15t =00
1,05t=02
T.9dt =08
8,53E=n8
5,80t enn
d,15¢ =00
1,05¢02
8,%3EenA
7,94t =08
Lot 7Em1
8,953t =08
U,14Le0s
1,17¢e)1
4,09t 00
1,05k 02
8,53¢08
S.b“l.ﬂs
1,57t «n2
9,05 =11
S 14Fe01
l.!ol 05
3,19t <01
S,1uE=01
34,14t e0u
1,68E02
8,09t=05
1,18€+00
1.%7te02
2,01te0}
54271000

TABLE VIIA

SPENT PUFI . & MIX OF Q0% BwWR FUEL AND o0% PwR FUEL

NUCLIDE RaDIOACTIVITY, CLQIES

19 8 ONE METRIC TON OF LwR PUEL

0,YR
7,25€e06
6,05€=03
2,40k=00
1,13€=07
1,94t =08
7,27E=08
1,08pe02
1,92€=07
1,96E=08
T.27t =00
1,68k<02
1,13€E=0Q7
1,92€«07
1,60608
2,18t-08
1,07€02
1,10E=07
1,92E=07
7.27t=08
1,08E=02
1,92E=07
I.IIE-O7
T,27E=008
1,08E=02
1,92€07
1413E=07
1,02E«07
71,27E«00
1,68€=02
1413E=07
1,92E=07
2,90k =11
1,107
T,2Tte00
2,90E=11
T417E=00
1,68L=02
1,13E07
9,32€6205
1,57€«02
8,52Ew}
J,14E=O1
JoulEe0S
3,21€=01
$,14k=01
3,14k =00
2,00E=02
8,56E08
1.256000
1,57€02
2,02E=01
U uTEe00

10,YR
1,06t05
Te27808§
3,22E-09
loddte0?
S,20E=08
1,00€08
2,02L=02
3,92k 07
S.26E=08
1,008=05
2,02¢+02
1,40t07
3,92¢-07
5,20€=08
3 1HE=ON
1 ,29€02
1,43E=07
3,928=07
1,00E«05
2,02k=02
3,92€-07
1,4bE=07
1,00t=0%
2,02F=02
3,92€-07
1,46E=07
1,U8Ee]?
1,06E«05
2,02¢8«02
J,uoke07
3,92¢«07
$,52g=11
1,40E=07
1406E<0S
5,%2€=1}
1,04L =05
2,02€8=02
1,4bE«0T
1,30E=04
1,57€=02
1,285te}0
3,14e=01
3.55E 0S8
$,25€«01
3,1u€=0]
3,14t =0a
2,159€e02
9,12€05
1433000
1.97E=02
2,02E=0}
3,71E400

29,1R
2,11F=05S
7,25€=0%
6,41Le09
2,91€=07
4,00t =07
2,11E=08
2,01Fm02
1.8%F=00
4,07C=07
2,11t =05
2,01Fen2
2,91t =97
1,84t =00
4,8)L=07
6,34f =08
1,29€=02
2,85€E=07
1,83E=06
2,11E=05
2,01t=02
1,83E=0b
2,91E=07
2,11L=0S
2,01te02
1,83F06
2,91Ek=07
2,95t =07
2,11E205
2,01t=02
2,91E=07
1,88E=00
1,83 =10
2,91E=07
2,11L=05
1,88E=}10
2,04t =05
2,01Fe0?
2,%1E=07
3,29E=04
1,57€=02
2,7uke}0
3,1ut=01
4,05€=0S
3,00€-01
J,1it=01
3,11E=04
1,9'e=02
1.11E=04
1,0 E000
1,5'€=02
2,0°'t=ny
1,818e00

e @ND PLUTONIUM RECYCLE

°°.'q
3,87t«0%
95,2060}
1,67t =08
7,57t=07
d,03L=0n
J,ARE=DS
f,dufte0?
1,09L=05%
U,bikedsn
3, ARF =06
fJdut =02
1,57E=27
1,09t=0%
U,83k=08
|.‘7P_-o1
9,2%E-013
7,U1E°07
1,09€«08
3,8Rt =05
1,40ut=02
1,09t 0S5
7,57t~07
},88t«0S
boGut=02
1,00t«0S
Te57L=07
S,uut=0Q7
3 ,R8E=0S
{ Uit =02
7,57k =07
1,09t =08
S.20E=10
T:.57te07
3,88Ee0S
S,2nt=10
3,R3E=0S
1,4ut=02
7,57t=07
9,02t=04
1,57Le02
6,22t=}0
J,1dk=01
5,21t=05
4,29k =0}
J,14E=01
J, 14t =04
1,41t=02
1,718e04
22,1500
157802
2,03L=01
3,%7t=01

299400 ,"aD, FLUXS | ,38E¢13IN/CMee2eSEC

100,YR
9,41E=05
3,54E=03
J,uit=08
14955t =00
1,h3t=0%
S,ulE=05
9,83L=0%
3,51E=05
1 ,83F=0b
S5,43Fe«0S
9,A¥ =03
1,95t=00
§,51L=05
1,81E=08
{,n3t=0?
6,29 =03
1,52E=00
3,81E-05
S,u3EenS
9,83E=03
3,8318=05%
1455E=00
5,405
V,83t=03
3,31t =05
1,95E=008
7,60E07
S,u3E09
9,83 =03
1455¢F=06
1,314 =05
9,2%=10
1,55¢=00
SeulEedS
9,2% =10
S¢35E=05
Q,A\-0}
1,55%E=00
1,736=0)
1,57E=02
1,028-09
J,tut=01
6,55E«05
9,2RE=01
8,14t =01
J,lue=00
9,57F=0}%
2,53t=04
2,01E¢00
1,%7t=02
2,0ug=01
S,49 =02

2950,¥YR
1,05€E=0u
8,35t =04
1,776=07
R,03t =00
2,01Eenu
1,05¢=00
2,32t=0)3
dob it =04
2,01F=uq
10504
2,876=0%
B,08E=9n
2,08t =04
2,01t=04
$,15ke07
1,49E08
ALLIXITY
2,03t =04
1,05t =04
2,320
PRI T
8,04E=008
1,0% =04
2,37te0}
2,03t e04d
8,03k=00
1,47E=00
1,09€=04
2,320}
8,03t~008
2,030y
2454k =09
8,03E=00
1405t =04
2,54k =09
1,03E=04
2,52t =03
8,03t-00
S,78F =03
1,58t e02
2.5“[ «09
Jo1dtbe0y
1,1St~04
8,57¢-01
3,14k=01
J,1uk =N
2,20k+0)
7.,01E=04
3,udEe00
1,%8E=02
2,08E=01
1,30F =04

600,YR
2,3°Fe04
2yH6L =05
1,2% =08
S,0nt =05
1,hut =0}
2.32E~04
7,99k =05
1Rt =03
1,84t e}
243°PE =04
7,99 =08
EPLLLEY LY
leRit ey}
1ybut =]
0,97E=07
S.11E=05%
545Ut =05
I FLEI TR ]
2,32E=04
7,99t «05
{qtureny
Setbte0Y
ey3°E =04
7.,99¢ =04
1.08Gk=0}
S,t6t=05
3e25%Ew0b
24328 =00
7,99t =05
SenrE=0%
{1,34L =03
6,21E«u9
S.66t=0%
24 32E=04
6,21E=09
2,29 =04
799k =05
ETTLIXY Y
1,TIE=02
1,59 =02
8,21L=09
3,14k =0}
2,3°2E=04
1,38E 00
S,14uk=01
J,1uk=04
T.7RE=0%
2,4lte0}
3,0k ey0
1,99 =02
ésidt =0}
B,45t =08

1000,YR
3,05t=04
6,16t=07
4,25t =006
1,92b=04¢
Se3ak=03
S, ont=04d
1,71t 08
S,8cE=03
S,3nk=03
J,ont=0nu
1,71t =006
1.92F =04
Se.3nt=0)
Sedbk~03§
1,10L=06
1.10t=06
1,RAt=04
S,int=0)
J,ont=04d
1,71t =008
5,300}
1,9°8=04
J,ont=04
{71t =00
5,30t =03}
1.,92E=04
5,13t =08
IFLLIEN D]
1,71t=006
1,92t=04
S,inL=0}
1,06F«08
1,92k =04
J,onte0u4
1,00E=08
J,01L=04
1e/1k =00
1,97t =00
$,0ut~02
t.00t=02
1,00te08
J,luk=01
S,0nk=04
1,70E«00
Jelut=01
SoluE=04
1.06E=08
5,07t=0)
3,ABLe00
1,00k=02
2,28Lk=01
8,17t=0%



€2¢-9

uals

NP2YTY

NP239

PU23b

Pu2ils

PuU239

Pyauo

Pu24y

Py242

Puy2usl

AM24y

AvM2UH
Am242

am243

AmM24Y
€242

[4.71'}]
(4 T{1]
(4 TLE ]
Cm24p
(4. FL'}}
Cm248
Bxou9
Craao
CF2so
Crasy
CFes2

sSusrort
107AL

LR SPENT PUEL,

CHARGE DJSCMARGE

3,21t=01
%,

0,

2,31E=04
4,92E+03
J,03E002
T,5%1ke02
1.73k¢0S
3,86E400
0,
3,09E¢02

1.792405
1,79€005

¥, 14Ee01
3,48E01
8,13E001
3,U2e=01
7,17E+03
4,05¢8002
9,26E402
2,36E¢05
6,21E400
3, TeE=08
5,09t ¢02
7.55€+01
7,55t ¢01
8,18E¢01
1,06E=00
7.8Ree04
1,U8k001
1.39€¢04
3,55€+00
6,97t =01
3,76E-08
1,01t «05
T,0ug=02
1o1TEe04
7,99 <04
7,11E=08
1,00ee03
1,39 405
3.,39E€¢ 05

POwER® 22,02Muw, BURNUPS

YR
3,1Gk01
3,18E«01
8,13E¢01
2,08E001
T,428003
4,05E002
9,27E402
2,206E40%
6,21L400
3,76E=00
9,37€¢02
T.952E¢01
1,52E¢01
8,130t
4,72k =07
ls0T¢e00
1,0S5t+01
1,340E004
3,556¢00
6,97E=01}
3, 76E=00
f1401Le05
3,1%=02
l.lZE-O“
7.58g=04
TeT1E=00
T,70¢e04
2,65¢ 05
2.60[005

2.5vR
3,14E«01
3,19t =01
8,13t001
1,86E=01
T,0tte03
4,05k +02
9,29t 002
2,10L005
8,21L400
Jy7nte0p
1eUnt o0}
TouTieot
7,47k 001
B8,13€401
1odike0d?
1,68L403
J.ulk 0}
1,26F004
3,55t 00
6,97E~0)
§,70t =00
1,01 0%
9,59 =08
2,65t =04
7,00genu
7,70e-006
5,20F«04
2,35€+0S
2,35k 009

TABLE VIIA (Cont¥ued)

A MIX OF Q0% BwR FUEL AND 60X PwR FUEL, o

NUCLIDE RADIOACTIVITY, CURIES
IS = ONt HETRIC TON

&, YR
3, 14E=01
3,21E=0}
8,13E001
7,956=02
7.22800)
4,05Ee02
9,33L002
1,79€¢09
6,21E600
J,70te0p
2,53k e0)
Ta35E001
7,35Ce01
8,13ke0}
8,38E=09
6,75% 001}
1,30E001
1o11E000
3,55£¢00
6,97€01
J,76E=00
1401F=05
$,59% =04
2,85¢L=04
5,82Fe04
T,08E=00
2,08E=04
2,01E009
2,01E409

10,¥R
3,10¢01
!.355-01
8,12E+01
3,01E=n2
7,00E00)
4,05Fe02
9,37€e02
j,uBLe0S
6,21E400
J,70E=00
3,9%E¢03
T,21L¢0}
7,21E00¢8
8,12¢t¢01}
3,34Eel0
5,936001
1,19€01
9,09E003
3,5%E¢00
6,90E=01
3,76F=n0
1,61€06
2,228=0S
2,8UufFe04
4,71E=04
7,85¢6000
71,29L=05
1,70E40S
1708005

CF w2 Futl

29,YR
J,16tLe0
3,d9F 0]
8,11Ee01
7,8uE=04
6,2UEe0)
4,05 en2
9,uTEe02
T,34Ee0u
0,21€400
J,76tk=00
5,99F¢0)
O, Tudkedl
0,7dbend
8,11Ee01)
1,87k-15
5,5%2E¢01
B8,0uEen0
9.3UEen}
3,S5uEe00
0,95€-01
3,70E=00
1,61E05
1,25E~10
2,708k en0
2,13E04
T.56F=06
1,U8Ee08
9,27E000
9,27k e0d

2ND PLUTONIUM RECYCLE

29944 MaD, FLUXS | ,38Ee13N/CMee2s8EC

60, YR
Jolut=0]y
§,29% =y
8,09F 01
1,58€«07
4y,TbEe0)
4,05F¢02
9,5uk e02
1,u2Fe0u
8,21 e00
Y70t =00
Tsn2Ee0)}
SeTube0}
S,Tukeny
8,09Ce01
1.0ul=??
CPRAT XL}
4,05k N0
1,U0Ee03
3,53E020
0,91F=0]
},76koun
1,01E=2%
[P LIXTS )
2.5t 004
3,83E05
T,30Ee0n
1.50k=10
2,978 <04
2,9TE¢04

100,¥YR
3,14k=01
5,28F#0)
8,006F001
9,u2E12
$,50L¢03
4,00f 007
9,5¥ 002
2,19t ¢n}
6,21t 00
3, 7nE=00
TSk 03
4,79 +01
U 798¢0}
8,00F0}
} qVuteul
3,970}
1,70t 00
J, 08802
3,52L«00
0 ,b7Ee01
5,70t =0n
1,61E=uS
6,91t =37
2,8AF<04
4, 00L=06
T,1ute0n
4,28t =18
192800
14528 ¢04

250,YR
J.14€E=01
8,57Le01
T.95E 01
t,J6te27
1411L¢03
W, 036002
9,39t 002
S48t e0n
6,21400
3,7ht =00
5,99t ¢038
2,42t o0}
2,ult e
T,95L¢01

1
}9HE 0O
6,01t=02
9,10t =01
§,4Ak 000
0,72E%01
Y, 70k «0n
1,061L=0%
0,
1 ?77F =04
{,4l2b=09
5,36t=00
J,07te32
8,09 603
8,09t 03

600,YR
S.1ut=0}
1,3RL¢00
1,70k 601
0,
7191k 0}
4,n0E en¢
9,00t ey
38Rk 00
6,21k «C0
S,76k =00
S,u2t 003
MACETET
4,90E N
T410Leu}
0,
4, Pk 0
J,3nt 25
14u7F =00
S437E«00
0y SPE=D}
A PRLIX Y
1¢61L=0%
[
R AQE =S
1,052
(YLILIT
0,
5400t 03
5,00k ¢0}%

1000, YR
Setlut=01
1,708 ¢CO
7T,43ke01
0,
4,05k¢00
3,9t 02
b,7Cte02
5,27t +00
b,21L 00
Y, 1t sle
1M1t e03
Te91t =01
1,91k =v1
7,93k}
0.

6, uE=01
S.tut=09
"li"l'ls
J.¢nteC0
6,02t =G}
S, 7rte 0
l,nfbe’8
0.

teutte0S
1,01te12
},57t=006
0.

Jo2hte0}
3,25t 03



ve-4

TABLE VIIB
UNR SPENT FUELs A “IX OF 80X BuwR PURL AND 60K PwR FUEL = 2nD PLUTONIUM RECYCLE

POnERS 22,02Mm, BURNUPE 2994a,MaD, FLUXSE |,38E¢)IN/CHaadelEC

NUCLIDE ®aDlOACTIVITY, ZJRIES
BASIS = GNL mETRIC TON OF . wR SUEL

cHaRGE . 1.KYR 2.5xyR 0,XYR 10,nYR 25.%YR 80,XYR  100,KYR  300,%YR 1000,%YF 10000,KYR{J00C0,XYR
207 o, 3,65Ee04 B8,b6ke0u 2,04Ee03 3,39ke0) 8,28Ee0) 1,76E=02 2,u06e02 3,02E=02 3,03Eeu2 3,N1E=02 2,75ts02
L2080, 0,16Ee07 1,03E=08 2,87608 S,37E=08 1,66E=07 4, 50E«07 7,90f=07 2,ubE=0h B8,22E206 7,276=05 2,72€=04
2o o, G,23E<06 3,60k=05 2,34Ee0d4 6,20Ee04¢ 2,80t~03 B,50Ee03 | ,u2Ee02 3,15€«02 3,53Ee02 ) t0E=0% 4, 30E=16
PB209 0, J,926=04 {,0606E=03 ],00Ec02 2,82E¢02 |,278c0] 3,8M€=01 b&,uTEe0] ], 43Fe00 §,00E000 B,17€«02 1,95fs]y
PB210 O, S,38E=03 3,0%E=02 1,20te01 2,06E=01 &,71E=0] 1,ubEe00 1,97E000 2,1BFe00 6,35F=01 3,1ufe01 3,00r=01
P21} 0, 3,60Ee04 B,60Ee04 2,05E03 I, 40Ee03) @,31E=03 1,70E=02 2,01t=02 3, 03E«02 3, 0ute02 3, 2Ee02 2,76E=02
pa212 0, Y, T1E=086 2,87Ew08 7,97Ee0A | ,uSe07 U,02E«07 1,27be0b 2,206%08 O6,A83FEedd 2,2MEwdS 2,12k=04 7,56¢e04
PB214d 0, S,30Ee08 3,05E«02 |,24E<0!} Q,4b6E<01 6,71€=01 Lo4AEC00 1 ,97ke00 2,18€¢00 o,83te0] Sal14€=01 $,09E€ =01
1210 0, 8,36£°03 3,05€6e02 1,2uEe01 2,36Ee01 &,T1E«01 1,UnEe00 §,97Ee00 2,1BE600 6,33E00) 3,iuc=01 3,09te0]
B121y o, 3,66E00 8,69Ee0u 2,056e03 3,u0E<03 B,31Fe0) 1,78Ee02 2,ulke02 3,08Ee02 3,04Fe02 35,0200 2,76p=02
8rai