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FOREWORD

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 and 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-459), Office of Radiation Programs, U.S. Environmental

Protection Agency, Was?ii, D.C. ZOM

W. D. Rowe, Ph.D.
Deputy Assistant Administrator
for Radiation Programs
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1. INTRODUCTION AND SUMMARY

1.1 BACKGROUND

The advent of a viable nuclear power industry has given rise
to a rapidly increasing volume of spent fuel and attendant fission products.
The high specific activities associated with these materials and the poten-
tial biological and ecological consequences of their disposition creates
the need for environmental guidelines and standards. Serious questions
have been raised as to the feasibility for several modes of long term or
"permanent" storage of these large volumes of radioactive wastes,
Near term maintenance and engineered storage can be evaluated on the
basis of present technology. However, long term effects of stored
waste and inadvertent releases, beyond the control of the next few

generations, is of greater concern.
When considering the radiological consequences of spent fuel

storage or reprocessing, the major near term effects can be attributed to
the short lived fission product content. However, when looking at long term
considerations even such relatively long lived fission products as Cs=137
(30 year half-1life) and Sr-90 (28 year half-life) have decayed significantly
and the transuranic actinides become the predominant concern. These
actinides* possess a characteristically long half-1ife and much of their
resultant build-up and decay cannot be seen in short time periods of, say,
less than ten years. The decisions made with regard to spent fuel recycle,
fast breeder utilization, and reprocessing operations can play a significant
role in the long term concentrations which will result in the environment.
This role may not be immediately obvious to those in charge of such deci-
sions and environmental regulations and guidelines are being formulated to

minimize the environmental consequences of actinide buildup over the long tenw

*
Throughout this report the term actinide refers to '"actinides and their

daughters.
4y |
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In order to assist the Office of Radiation Programs (ORP) in its
standards setting activities related to the consequences of actinide
buildup in the environment, a data base of actinide concentrations
produced by nuclear reactors as a function of decay time was judged to
be useful. The first ORP data base which satisfied this requirement
was published(l) in October 1974 and concerned the actinides produced
by the light water reactor (LWR) fuel cycle and the liquid metal fast
breeder (LMFBR) fuel cycle. The second ORP data base, the subject
of this report, concerns the High Temperature Gas Cooled Reactor
(HTGR) fuel cycle., Most notably, the LWR and LMFBR concepts are
based on a uranium/plutonium fuel, whereas, the HTGR, as currently

envisioned, is based on a uranium/thorium fuel cycle.
1.2 SUMMARY

The Office of Radiation Protection of the Environmental
Protection Agency has commissioned SAI Services, a Division of
Science Applications, Inc. to undertake a study of the significant actinides
which are expected to be produced by a High Temperature Gas Cooled
Reactor. Because the HTGR industry is in its infancy, it is realized
that this study will require updating as the industry matures. In order
to estimate the quantity of actinides produced in the HTGR the most likely

fuel cycle schemes are considered. These schemes are:

° Initial cores for the HTGR consisting of 93.5 w/o

Uranium 235 and natural thorium;

[ "Equilibrium' cores for the HTGR consisting of fuel
elements made from 93,5 w/o' Uranium-235, recycle
Uranium-235 recovered during reprocessing,
Uranium-233 produced in the thorium seed, and

natural thorium;
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o ""Advanced fuel cycles" which utilize plutonium produced
in a light water reactor as a replacement for the highly
enriched Uranium fuel elements in the "equilibrium"

fuel cycle.

The use of plutonium in the HTGR is not a new concept, but the inclusion
of this mechanism for utilization of plutonium serves as a useful

data base for comparison with the LWR and LMFBR fuel cycles.

The principle output of this study consists of a series of graphs
and tables which depict the actinide concentrations in various streams
of the HTGR fuel cycle. These data are presented graphically for five
time periods of interest. All data are relative to the cooling period of
180 days after removal from the reactor. These time periods are:

1) 1 to 100 years

2) 1 to 1000 years

3) 1 to 10, 000 years
4) 1 to 100, 000 years
5) 1to 108 years.

The sources of actinides considered are the spent fuel, high level wastes,
and recovered uranium. The combination of fuel cycles, time periods,
and sources results in a total of 45 graphs and 9 tables.

The following sections of this report present the basic assump-

tions for the study and the mechanism used for calculating the data that
is presented,
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Table 1. Characteristics of Model HTGR

Reactor Output
Electrical Qutput (net)
Overall Station Efficiency
Core Diameter

Active Core Height
Number of Fuel Elements
Fuel Column Pitch

Total Quantity of Thorium
Total Quantity of Uranium
Uranium Enrichment
Fuel Burnup

Fuel Element Life Time
Load Factor

Core Inlet Temperature
Core Qutlet Temperature

Maximum Fuel Temperature

*
(U & Th)

3000 MW(t)
1160 MW(e)
38.6 %

8.41m
6.30 m
3944
361 mm

37, 500 kg (initial core)
1, 725 kg (initial core)
93.5%
94, 200 MWD/Ton*
4 years
80%

316°C
141°C
1410°C

2-2




refabrication of recycle fuel. Except for the case of plutonium utiliza-
tion in the HTGR, three fuel particles require fabrication: 1) fissile
particles; 2) fertile particles; and 3) recycle particles. The character-
istics of each particle are given in Table 2.

Table 2.
Characteristics of Fissile, Fertile and Recycle Particles
for HTGR Fuel Elements

Fissile Fertile Recycle
Particle Particle Particle
Composition 235UC2 ThO,, (Th, 233U)02
Th to U Ratio -- -- 4,25
Kernel Diam, um 200 500 400
Coating Thickness, um
Buffer 85 85 920
Inner Dense Coating 25 --
Silicon Carbide 25 -
Outer Dense Coating 35 75 80
Total Particle Diameter, um 540 820 740
235

In the fissile particle preparation, uranium oxide (93.5 w/o
granules are high fired converting the UO2 to UC2. The UC2 particles
are spheroidized in high temperature vacuum furnaces in preparation

for coating. The U02 microspheres are loaded into a fluid-bed reactor

U)

and the temperature is then raised to the required level. The micro-
spheres are suspended by passing a diluent and hydrocarbon gas
(acetylene, propane, and propylene are used) up through the bed. The
hydrocarbon gas dissociates, producing free carbon and the free carbon

then deposits on the suspended particles. Temperature and the




hydrocarbon gas are selected to deposit a coating with the desired
properties. The buffer, seal, and low temperature isotropic coatings

are similarly applied. Silicon carbide is applied over the low temperature
isotropic carbon coating by passing methyltrichorosilane through the

bed as in the case of the hydrocarbon gas. The final low temperature
carbon coating is applied over the silicon carbide coating in a similar
manner. The preparation of the fertile thorium oxide particle is quite
similar to the process required for preparation of fissile particles.

Two types of recycle fissile particles are expected to be produced. (4)

The 233U obtained from irradiated fertile particles will be made into a
233U)02. The 235
irradiated fissile particles will be made into UO2 particles. The

mixed oxide particle, (Th, U recovered from

233U
must be fabricated in the shielded facilities of the recycle plant because
the contained 232U gives rise to gamma-emitting decay products.

235U may not be necessary, the

Although remote fabrication of recycled
presence of high-specific-activity alpha emitters may require it.
Microspheres containing a mixture of thorium and 233U oxide are
expected to be prepared by what is technically known as a sol-gel

(5). 233U oxide

process In the first step of this sol-gel process, the
feed material is dissolved in nitric acid and mixed with Th(N03)4 to form
a nitrate feed solution with the required proportions of thorium and
uranium. For this study, a ratio of 4,25 parts thorium to one part
uranium was assumed. The nitrate will then be extracted from the
nitrate solution with an amine solution to form a (Th, U)O3 sol. Spherical
gel particles of Th02-U03 will be formed by injecting droplets of the

sol into a water-removing organic solvent contained in a vertical column.
After water removal, the microspheres will be reduced to (Th, U)O2

and sintered to greater than 95% of theoretical density in an electrie

furnace.
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The (Th, 23

of pyroltyic carbon, The first layer, which is the low-density (~1.0

U)O2 microspheres will be coated with two layers

g/cm3) buffer coating, is applied by passing a mixture of acetylene and
inert gas (helium or argon) through a fluidized bed of particles at about
1450°C. The hydrocarbon gas decomposes, depositing a layer of carbon
on the microspheres. The second layer, which is a high-density

(~1.9 g/cms) impermeable coating, is deposited by the decomposition

of propylene.

Microspheres of 235UO2 will be prepared by another sol-gel
(6)

process' ’. The preparation of these microspheres is very similar to

the preparation of the (Th, 233

U)O2 microspheres just described. The
recycle 235UO2 microspheres will be coated in the same manner as the
(Th, 233U)02 microspheres described above except that a SiC layer will
be sandwiched between two layers of the high-density pyrolytic carbon.
SiC is deposited by passing a mixture of methyltrichlorosilane and

hydrogen through a fluidized bed of particles at about 1650°C.

A fuel stick is then fabricated (molded) by mixing appropriate
quantities of the uranium bearing microspheres with fertile thorium
microspheres and embedded into a carbon matrix approximately 5/8
inches in diameter and 3 inches in length. These fuel blocks are then

loaded into hexagonal blocks of nuclear grade graphite. These large blocks
are the fuel elements which are stacked to form the reactor core. Ideally,
each fuel block contains only one type of uranium bearing fuel and the
stacking of blocks allows for flexibility in shaping the axial power
distribution by using the different fissile content in each fuel block.

A typical fuel element contains approximately 9.95 kg of heavy metal

(U + Th).
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2.2 FUEL CYCLE ANALYSIS

The goal of this study is to obtain graphical representations of
the actinide activity associated with three HTGR fuel cycles. In order
to accomplished this goal, several calculations were performed using
the ORIGEN'"
tion code which solves the equations of radioactive growthand decay for large

computer code. Briefly, ORIGEN is a versatile point deple-

numbers of isotopes with arbitrary coupling. The code uses the matrix
exponential method to solve a large system of coupled, linear, first-
order ordinary differential equations with constant coefficients. The
general nature of the matrix exponential method permits the treatment
of complex decay and transmutation schemes. An extensive library

of nuclear data has been compiled, including half-lives and decay
schemes, neutron absorption cross sections, fission yields, disintegra-
tion energies, and multigroup photon release data, ORIGEN has been
used to compute the compositions and radioactivity of fission products,
cladding materials, and fuel materials in LWRs, LMFBRs, MSBRs,
and HTGRs. Many of the studies involving the use of ORIGEN have
(8°11). The data
base used in ORIGEN has been verified against results obtained for a
1000 Mwe HTGR(B). We should pointzggt, however, that during the (14)
course of this study, an error in the U fission resonance integral

been directed toward studying the HTGR fuel cycle

discovered by ORNL was observed. The uncorrected value given in the
ORIGEN data base is a factor of 10 to large. The corrected resonance

integral was used in this study.

The three HTGR fuel cycles studied each have unique features
which will now be discussed. Also information necessary to develop
the input data for ORIGEN will be given.
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2.2.1 Initial HTGR Cores

The initial cores in HTGR plants will consist of highly

235U) and natural thorium, The basis used

enriched uranium (93.5 %
in these calculations is one metric ton of heavy metal charged to the
reactor. On this basis, 855 kilograms of thorium and 115 kilograms
of uranium are charged to the reactor. The fuel is burned over a
four-year period at a power density sufficient to produce a burnup of
94,200 MWD/MT(U + Th) and with a flux spectrum given in Reference 3.
The fuel is then allowed to decay for a total of 180 days before it

enters the next stage in the analysis.

After the cooling period, the fuel is followed through three
paths -- spent fuel, high level wastes, and recovered uranium.

Spent Fuel

The spent fuel as discharged from the reactor is allowed to
decay for 108 years. The tabulation of actinide activities at various
times during this period are given in Appendix D,

High Level Wastes

After the fuel has cooled for 180 days, it is shipped to the
reprocessing plant and the thorium and uranium is recovered. At the
reprocessing plant, the fuel elements are crushed and burned to expose
the fissile and fertile microspheres. The microspheres are separated
according to size by a screening process. Ideally, the fissile and
fertile microspheres would be completely separated. In practice,
some of the microspheres will be crushed and will ""crossover" into the
different streams. We have assumed a separation factor of 99% for
the thorium and uranium, with the remainder of these elements and
other actinides then forming the '"high level waste''. The quantity of high
level waste is normalized to one kilogram of actinides and allowed to
decay for 108 years,

S —



Recovered Uranium

The uranium recovered at the reprocessing plant will be used to

233U would be obtained from
235

recycle back into the reactor. Ideally, the
the fertile microspheres and the remaining U would be recovered
from the fissile microspheres. The fissile stream contains large

236 .
amounts of U (~ 55%) which acts as a neutron poison and ft s there-
fore desirable to minimize the amount of crossover between the two

process streams. For this reason, the decision of whether to recycle the

235U is largely a question of fuel cycle economics and the method by

which the utility chooses to utilize this fuel,

For the case of uranium recovered at the reprocessing plant, we
have conveniently normalized the quantity of recovered uranium to one kilo-
gram and then allowed this amount to decay for 108 years. The tabulation

of the actinide activity during this time period is given in Appendix D.
2.2.2 Equilibrium Fuel Cycle

The most likely fuel utilization scheme in the HTGR(IO)

is based
on charging three types of fuel into the reactor, once an "equilibrium
cycle has been reached. These fuels are initial core fuel, recycle U-233
fuel, and recycle U-235 fuel. For this study, we haveassumed the feed
compositions in Ref. 10, normalized to one metric ton. These
compositions are given in Table 3. The fuel was irradiated for four years
to a burnup of 94,200 MWD/MT(U + Th), A cooling period of 180 days
was allowed before reprocessing. For the remainder of the fuel cycle,
the assumptions given in Section 2,2.1 were used. The tabulation of

the actinide inventory from 1 to 108 years for spent fuel, high level

wastes, and recovered uranium are given in Appendix D.

S —




Table 3.

Nuclide

232U

233U

234U

23 5U

23 6U

23 8U

Total

Kilograms (U)

Composition of HTGR Equilibrium Cycle Fuel

Fuel Composition %

Initial Recycle

Fuel U-233
0.03

55.4

23.3

93.5 9.5

11.5

6.5 0.3
43.49 41.417

Total Kilograms of Thorium ( 232Th ) 905.28

Recycle
U-235

3x10

0. 03

21,9

95.8

22.3

9.77
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2.2.3 Plutonium Cycle in HTGRs

The use of plutonium in the HTGR is a development that would
be somewhat preferable to the normal HTGR fuel cycle. Two types of
fuel cycles utilizing plutonium appear to be most attractive(lz). These
are partial replacement of some or all of the 23 5U makeup fuel with
plutonium and making up the remainder of the fuel from the available
233U recycle fuel. One quarter of the core is replaced at each reloading
so that there is a peaking factor due to fuel age and enrichment differ-
ence. Adding plutonium to the feed stream brings additional peaking
factors due to composition differences among fuel elements of the same
age. The product of these peaking factors must be held comparable
to peaking in the normal fuel cycle for HTGRs, in order to maintain the
core thermal rating.

The second type of cycle that has been offered is the so-called
Pheonic fuel cycle. This Pheonic fuel concept is realized in an all-Pu
HTGR and is characterized by having only Pu as fissile feed and using
a small amount of thorium compared to the normal HTGR. This system
can be operated in a single-region loading scheme with a refueling
interval of more than 2 1/2 years. Since all the fuel is of the same
age, no power peaks between fuel elements will be observed. This
first allows an increase in the power density by about 40% above the
level of normal HTGRs, and second, eliminates the necessity of having
variable flow orifices, The increased power density reduces the number
of fuel elements, therefore decreasing the fuel costs.

The case which we have considered to be of interest is the
partial Pu loading of the HTGR. The fuel composition suggested by
Dahlberg(m) was used and these data are given in Table 4. The fuel was
burned to an exposure of 94,200 MWD/MT (U + Th + Pu) over a period
of 4 years and then allowed to decay for 180 days before reprocessing.
The remainder of the assumptions for the fuel cycle are identical to




those in Section 2. 2.1, with the exception that a 99% recovery factor

for plutonium in reprocessing was assumed. Tabulations of the signifi-

cant actinide activity for decay times from 1 to 108 years for spent

fuel, high level waste, and recovered uranium are given in Appendix D.

Table 4. Composition of Fuel for the Plutonium Cycle

in the HTGR
Recycle U-233 Recycle U-235 Plutonium

Isotope % Isotope % Isotope %
232 0.03 232y 6x10°8 23%py 1.74
233y 55,39 293y 1x10° 239y 55.8
234, 22,23 23y 0.05  240p, 24,5
235y 9.53 3% 21,78  24lpy 13.1
236y 11,51 238y 54,87  242p, 4.8

238y 23.3
Total (kg) 32.39 3.79 73. 61
Total (kg)
of Thorium (23,0, ) 890, 31

/’/ -
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3. PRESENTATION OF RESULTS

The results of this study are a series of tables and graphs
which present the significant actinide activity for each component of the
fuel cycles studied. These data are organized into four Appendices.
Appendices A, B, and C contain graphs of the significant actinide
activity for the fuel cycles - initial HTGR cores, equilibrium HTGR
cores, and plutonium HTGR cores - respectively. Fach of these
appendices are divided into three sections of five graphs each. Each
section presents data for the spent fuel, high level wastes, and
recovered uranium. The five graphs within each section show the
actinide activity for the time periods from 1 to 100, 1,000, 10,000,
100, 000, and 10° years, respectively.

For this study, isotopes which contribute significantly to the
total actinide activity are defined to be those isotopes which at any
time contribute at least 1% of the total activity at that time, Only these
isotopes are shown in the plots. However, all actinide activities
considered are listed in the tables in Appendix D.

In presenting the data on the graphs, we have included those
isotopes which are in secular equilibrium in categories which are
labelled A thru E. Those isotopes in each category are given in
Table 5. The data plotted is for a single isotope, not the total.

Appendix D is organized in a manner similar to Appendices
A, B, and C. The actinide activities for each component of the fuel
cycles studied are given at 20 time periods from 1 to 108 years. All
time periods are relative to the time of fuel shipment to the reprocessing
plant, i.e., after a 180-day cooling period,
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Table 5. Categories of Isotopes as Shown on Graphs

A B C D
210Pb 226Ra 229Th 227Ac
210Bi 222Rn 225Ra 227Th
210Po 218Po 225Ac 223Ra

214Pb 221Fr 219Rn
214Bi 217At 215p0
214Po 213Bi 211Pb
213Po 211Bi
209Pb 207,1,1

228

224
220
216
212

Pb

212Bi
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APPENDIX A

GRAPHS OF ACTINIDE ACTIVITY FOR INITIAL HTGR CORES
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Figure A-1. Stgnificant Aciipde Activity In HTGR Initial Core
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Figure A-2. Significant Actinide Activity In HTGR Initial Core
Spent Fuel For The Period From 1 to 100 Years
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Figure A-3. Significant Actinide Activity in HTGR Initial Core
Spent Fuel For The Period From 1 to 1,000 Years
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Figure A-4. Significant Actinide Activity In HTGR Initial Core

Spent Fuel For The Period From 1 to 10,000 Years
1045

1 T ||IIII| L] ¥ lr"1f‘ 1 T llllll1 T ] LN LI AL

l]||l|
I

L bos s

T
L

1_l|x|||

!'_l!lll

12

T
d
3
?N
/8

Curies/Metric Ton of Heavy Metal Changed to Reactor

104-1
.:. pa233 ]
-"- ;
N //
i \ P | N \ N N U774
-_' uzas/ e E
: Fan1 ’ :
AN
10‘1 A 14 i 1 Lo boeeaeld i A)K‘l \/a 1 T
1 10 . 16 10 10

YEARS



Curies/Metric Ton of Heavy Metal Changed to Reactar

1°+5

Figure A-5, Significant Actinide Activity In HTGR Initial Core
Spent Fuel For The Period From 1 to 10° Years
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Curies/Kilogram of Actinides in High Level Waste
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" Figure A-8, Significant Actinide Activity In HTGR Initial Core
High Level Waste For The Period From 1 to 10° Years

|
z
%

L v T il ["'lll 1 T 1 l(”Tr 1 r[]"r‘-lrl' .‘ fﬁﬂ(ll L] LI} |||l|l t UI] 'T"lr L] L] fllr[
P B -
E. Py A B ¢ _p ® .
F P24 Mo, we ae,  mr, o me i
5 Moy, s s, w, My ]
E cm244 o, e, 2, 23 26y §
- Ny, em Aty a6, -
R o g nur,, ms, ary ’

Cm My g,

E— 281 23, 2y E
o Wy  Wip 3
#2190 ]

g L

A v
| e e A VN

E:_ uB4 3
C E 7
- e ]
< p212 ~p 231 e
3 o ‘5
o n¥e 3
E Ao 728, 728 ]
B 208 3
o u -
- 3
- ‘
_ AN . . \ !
LUV AN —
- ™0 -
]
3 A =
; l\L ]
roa bl e ebengd o0 g bl 0 e bvod gy sl L Lo vl L i beef
1 10 10° 10° 10* 10° 10° 10 10

YEARS



Curies/Kilogram of A¢tinides in High Leval Waste
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Figure A-7. Significant Agtinide Activity In HTGR Initial Core
High Level Waste For The Period From 1 to 100 Years

T

+ L ) S N T T T T T =T
_
- e :
i P2
- ]
C -1
o -y
: sz44 ]
3 Am24!
cm242
- ]
| .,um\ J
\ P 239
: ]
| 233 4
- Pe Np T30, Am243 N
5 -4
\ Um
= N\ —
l 237
Ne /
\\\\,; \\ \
B




Curieg/Kilogram of Actinides in High Level Waste

Figure A-8. Significant Actinide Activity In HTGR Initial Core
High Level Waste For The Period From 1 to 1, 000 Years
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Curies/Kilogram of Actinides in High Lavel Waste
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Figure A-9. Significant Actinide Activity In HTGR Initial Core High
Level Waste For The Period From 1 to 10, 000 Years
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Curies/Kllogram of Actinides in High Level Wogte

Figure A-10, Significant Actinide Activity In HTGR Initial Core High
Level Waste For The Period From 1 to 10> Years

10 ' = ¥ ¥ S o T I 1 1 LANR DR ELELI ' Ly 1 T el l 1 T P rrwy l 1 1 LA BRI
- -t

- P o

L ]

P21
"
10" |- E
N om2% ]
\ AmdM 4
g 92

16°° |- -
—

51@'3 (U T B I W B gt 1l i La el [ il O I A VAYE
1 10 102 10 10* 10

TI]IIII
EN
8
2
8
(2]
. %
>




Curies/Kilogram of Recovered Uranium
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Figure A-11. Significant Actinide Activity In HTGR Initial Core Recovered
Uranium For The Period From 1 to 108 Years
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Curies/Kilegram of Recovered Uranium
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Figure A-12. Significant Actinide Activity In HTGR Initial Core Recovered
Uranium For The Period From 1 to 100 Years
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Curies/Kilogram of Recovered Uranium
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Figure A-13. Sigmificant Actinide Activity In HTGR Initial Core Recovered
Uranium For Tho Peried From 1 to 1,000 Years
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Curies/Kilogram of Recovered Uranium
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Figure A-14. Significant Actinide Activity In HTGR Initial Core Recovered
Uranium For The Period From 1 to 10, 000 Years
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Curies/Kilogram of Recovered Uranium
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Significant Actinide Activity In HTGR Initial Core Recovered

Uranium For The Period From 1 to 105 Years
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APPENDIX B

GRAPHS OF ACTINIDE ACTIVITY FOR EQUILIBRIUM CYCLE

HTGR CORES
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Figure B-3. Significant Actinide Activity In HTGR Equilibrium Core

Spent Fuel For The Period From 1 to 1,000 Years
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Figure B-5, Significant Actinide Activity In HTGR Equilibrium Core
Spent Fuel For The Period From 1 to 105 Years
| T l|l|lll L rT1ll|'ll L] T T]_IlIll ) T lllllf] L) ] T yrery

py238

L vl /L o0 byt 1 [ e N i [ B |

1

L toiagt

D

bl

10

102 10° 10t



Curies/Kilogram of Actinides in High Level Waste

Figure B-6. Significant Actinide Activity In HTGR Equilibrium: Core-
High Level Waste For The Period From 1 to 10° Years
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Curies/Kilogram of Actinides in High Level Waste
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Figure B-7. Significant Actinide Activity In HTGR Equilibrium Core
High Level Waste For The Period From 1 to 100 Years
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Figure B-8, Significant Actinide Activity In HTGR Equilibrium Core
High Level Waste For The Period From 1 to:1,000 Years
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Figure B-9. Significant Actinide Activity In HTGR Equilibrium Core
High Level Waste For The Period From 1 to 10,000 Years
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Significant Actinide Activity In HTGR Equilibrium Core

Recovered Uranium For The Period From 1 to 10~ Years
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Figure B-12.  Signifieant Actinide Activity In HTGR Equilibrium Core
Recovered Uranium For The Period From I to.100 Years
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Figure B-13.  Significant Actinide Activity In HTGR Equilibrium Core
Recovered Uranium For The Period From 1 to 1,000 Years
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Curies/Kllogram of Recovered Uranium

1

Figure B-14, Significant Actinide Activity In HTGR Equilibrium Core
Recovered Uranium For The Period From 1 to 10,000 Years
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APPENDIX C

GRAPHS OF ACTINIDE ACTIVITY FOR PARTIAL PLUTONIUM
LOADING IN HTGR CORES
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Figure C-1, Significant Actinide Activity In HTGR Piutonium Cycle

Spent Fuel For The Period From 1 to 108 Years
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C-2

Figure C-2, Significant Actinide Activity In HTGR Plutonium Cycle
' Spent Fuel For The Period From.1 to 100 Years
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Curies/Metric Ton of Heavy Metal Changed to Reactor
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Figure C-5. Significant Actinide Activity In HTGR Plutonium Cycle
Spent Fuel For The Period From 1 to 105 Years
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Curies/Kilogram of Actinides in High Level Waste

C-6

Figure C-6, Significant Actinide Activity In HTGR Plutontum Cycle
High Level Waste For The Period From 1 to 1()8 Years
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Curies/Kilogram of Actinides in High Level Waste
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Figure C-17.

Significant Actinide Activity In HTGR Plutonium Cycle
High Level Waste For The Period From 1 to 100 Years
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Curies/Kilogram of Actinides in High Level Waste
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Significant Actinide Activity In HTGR Plutonium Cycle
High Level Waste For The Period From 1 to 1,000 Years

Figure C-8,
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Curies/Kilogram of Actinides in High Level Waste
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Figure C-9,
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Significant Actinide Activity In HTGR Plutonium Cycle
High Level Waste For The Period From 1 to 10,000 Years
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Curies/Kilogram of Actinides in High Level Waste
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Figure C-10.
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-Significant Actinide Activity In HTGR Plutonium Cycle:
High Level Waste For The Period From 1 to »105*Yéars
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Curies/Kllogram of Recovered Uramium
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Figure C-11. Significant Actinide Activity In HTGR Plutonium Cycle

Recovered Uranium For The Period From 1 to 108 Years
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Curies/Kilogram of Recovered Uranium
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Figure C-12.  Significant Actinide Activity In HTGR Plutonium Cycle
" Recovered Uranium For The Period From 1 to 100 Years
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Curies/Kilogram of Recovered Uranium
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Figure C-13,
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Significant Actinide Activity In HTGR Plutonium Cycle
Recovered Uranium For The Period From 1 to 1,000 Years
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Curies/Kllogram of Recovered Uranium
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Figure C-14, Significant Actinide Activity In HTGR Plutonium Cycle

Recovered Uranium For The Period From 1 to 10,000 Years
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Curies/Kllogram of Recovered Uranium

1

1072

1678

104

167°

Figure C-15.
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Significant Actinide Activity In HTGR Plutonium Cycle
Recovered Uranium For The Period From 1 to 105 Years
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APPENDIX D

TABULATION OF ACTINIDE ACTIVITY FOR CASES STUDIED
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Table D3. Significant Actinide Activity From HTGR Initial Core - Recovered Uranum

Curies Per Kilogram of Recovered Uranium
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Table D4, Significant Actinide Activity From HTGR Equilibrium Fuel Cycle - Spent Fuel
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Table D5. Significant Actinide Activity From HTGR Equlibrium Fuel Cycle - High Level Waste

Curies Per Kilogram of Actinides In High Level Waste
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1.36E~-ul
1.12€-J1
5.87E-03
l.18E=-15

T4-22%
d.52E-05
lodaE=Ds
1.5dt=-04
£ e9E~ D4
v IVE-D%
7.72c-0%
l.37€-93
3.00c~-VU3
d.¥2¢-03
l.73E-02
3e30t-ue
Ta¢cub-22
lelbc~-Jl
1.50€~J1
l.d1E-01
leTRE-J1
l.36t=-0l
Lolébk=-ul
5.d7c-J3
l.18E-15

FR-223
3.10€=-0Y
3.97e-95
6.25-05
9.5VE-US5
lewvwE-u4
2.32E-0¢
2.TI1E=-J4
2.80E-J4
2.3>E=-)4
2.32E-94
2. 15E-0%
2.,59E-V%
2.33c"0¢
1.33€E-04
9.95e-05
3.0 7€6~9>
de.52E-VU7
8.45E-07
8.37E-07
7.67e-07

n~-230
4.30E-06
4.T5E~0¢
6,35E-05%
9.72€E-vo
1.92c=-V5
0. 7T1lt=-05
1.9dE-ve
5.33t-04
2.19E-03
©.31E-J3
1.02E-02
2.8J0E=-02
S5.126-92
9.73t-02
2.uuk=-01
3.13E-01
2.18c=-01
5eb6E~J2
3,d4E-V6
3.68k-06
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RA-¢c2s Ra-24 nA=-225 RA-226 RA~223 AC-22>
2.20t-Us 8.32L-U2 B.55E-U5 &,40E-07 2,326-03 8,.55E-u>
2. 8503 8.d7€-02 1.J%E-U4 4.42E-07 2,09E-03 1.04E-04
Q. 67c-03 9.55E-02 l.23E=-04 4,48E-07 1.55c~03 1.58E-Je
6.86E=03 F.50E=02 2.99E~064 ©.65E-07 9.5%E-D4 2.49E-06
leUot-J2 0e04E-02 ©.3UE-04 5.24E-07 3.82t-04 «.30E-04
Lo 00E-ve bLeo&t-ULZ 90 T2E-U4 1.05E=06 R.l0E=-05 F.T72E-Ve
le9ue-ul 3e20b-02 ledTt-03 3.77€6-006 6,75c~-05 1.87E-0)
2.05E-u2 1452E-02 3.26€-03 1.98E-05 6.75t-05 3.60E-03
2.045-02 J.13k-vés 8.92€E-U3 1.3VE-04 6,.75¢-05 8,92E-03
2. 01E=-U2 2.v3c=~)Y 1.73E=-02 B.27E-V04 b.750+05 1.73E-92
1. 976~-0¢ 0+75c-0> 3.30E-02 3.24E-03 6,.75€6~05 3,3VUE-V2
1.85e-VU¢ 0.,75E=-05 7.2UE-02 1.53€E-02 6.75€E-05 T.20E-02
le 50E-U2 2¢72c~J3 l.lok=01 3.94E-02 0,75c~05 1.16E-0}
1e34E-V2 0. 73E-US5 1.60k-J]1 B.TIE-D2 6.755-0U5 1.6VE-QL
Tolie=dd 5.75c=U> 1.81e=01 1.99€-01 6.75E=05 1.81k=U])
2. 43c-93 0.75c=U> l.T9E-0) 3.10E-01 6.75€~05 1.74E-v}
6. 0ve=U5 be75L=U5 l.3bk-Ul 2.20e-01 6.75E-U5 1.36E-J}
Ue0sk-U> 5.758-35 1.12k-ul 5.70E-02 6.75¢-05 1.12E-v1l
5. 9dt~u5 5.8lc-0% 5.87€~03 3.84E-00 6.3lE-05 S.87E-V3
5, 48E-U5 5,90k~0> 1.1UE-15 3.68t-06 6.95E-05 1.1BE-15

TH-2s1 TH-2 32 TH-Z 36 PA=-23) PA-233 PA-234M
ledac=ud 0. I5%-UY 2. 18E=V06 2.J6E-02 T.37E 0V 2.T8BE-Vo
le03E-Jd5 0.75c-J5 8.95c-07 2.06£-02 1.32€-01 B8.95E-07
1. 03L-05 0. 750~-05% 8.95c~37 2.06E-02 1.32E-01 8.95E-0?
le 03c-ub 00 T3k=0> B.956-07 2.06E-02 1.326-01 3.95E~J7
le 3c~05 5.756-05 da92E=-0T 2.06E-02 [.32E-01 8.95E-07
16 03c-U> 0+ 75E-09% B8.95E~07 2.05E-02 1.32E-U1 3.95E-J47
le9aL-u2 2.72E-J5 8.95E~07 2.05€-02 1.33t-01 8.35€E-97
1. 05c=u5 5.75c~J> B8.90k=-07 2.05E-02 1.33E-J]1 B,.96E-07
1. 09t -u5 0.75t=-05 8.97E-u7 2.03E-v2 1.35€E-ul B.97E-U7
lo12E-U> 0eT5c-93 Y.U0E-07 2.0lE-02 1.37€-01 9,00E-u7
1o 271e=U5 3.75c=05 9.U3E=UT 1.97E-02 1.33E-01 9.05E-u7
Le62E=U5 6 75c-uU5 9.21E-07T 1.85E-02 |.38E-01 9,21E~-07
2. loL=U2 2.753E=03 9.40E-UT7 l.50E-02 1,.33k-01 9.46E-07
3.00t=UY 5.75k=05 9.97E-07 1.306E-02 1. 37E~-01 9.97€E-07
4o TOE~J9 5.75E~u5 l.LleE-V0 T.10E-03 1.36E-01 l.l14E-Q6
9¢ T3E=JD del2e=-J5 1.37E-UL 2.%43E-03 1,34L-01 1.37€-J6
6. Uet=uU5 5.72E-05 2.00E-00 6.UBE-05 1.18E-01 2.60E-06
6.U3E~UD 5.75E-05 3.2dE-J0 b.UIE-U5 1.,00L-01 3.28E-vo
5,9%¢c-U> 5.81t-0% 3.73E-06 5.93E-05 5.42t-03 3.73E-vo
5. 4ot -U5 be90t~-J5 3.08E-06 5.48€E-05 1,183E~15 3.68E-D6

AL-227
2.25E-V3
2.8 3E-03
4s%0E-U3
0+35E-03
Loubk-02
Le0dE-Q2
le98E~02
2493E-02
2.94E-02
2eV01E-U2
le9lE-ue
lLeddE~-02
labok~-02
le34E~-02
T.11€E=-0)
2.%dE-03
2ed/E~-Ud
0. J3k-03
3.9dt-05
5.48E-05

PA-~234
2.80kE-UY
3.95t-10
d«95E-10
de95E-1V
de93k-10
de¥d5E- 1V
de35c-1U
d.90k- 10
d.97E-10
Jeudk=10
J.05E~-10
J.21E~10
GewbE=-1V
Y97k~ 1V
lal4E-09
1.376-09
2ebUE=UY
3o 2BE=VY
3eT3E-09
3.0d4€E-09

AC-~223
2.32€-03
2.106-03
1.55€-03
9.54E-04
3.82c-04
d.16E-05
6. 715€-05
6.75e-05
6.75€-05
6.75€6-05
6.15E-05
6.75E-05
6.75c-05
6.75E-05
0.15E-05
6.75€-05
6.15E-05
6.7T5E-05
6.81E~05
6.96E-0S

u-232
9.83E~-02
9.82€E-02
9.60E-02
9.19€~-02
8.30E-02
6.26€-02
3.d07E-02
lewdl~02
8.23E-04
6.03E-06
4.90E-10
l.20E-22
l.50E-43

TH=227
2.23E-03
2.80€-03
4.41E-03
6,77€-03
1.05€-Q2
1.65€-02
1.95E-02
2.02¢-02
2.91t-02
1.99€-02
1.9+€-02
1.82E-02
l.64E-02
1.32E-02
7.01¢-03
2.45L-03
6.00E-05
5.95t-95
5.90E-U5
5.49E-05

u-233
1.91e-01
1.91€E-01
1.91e-01
1.91t-01
1,91t-01
1.91€-ul
1.91€~-01
1.91E-01
1.91e-91
1.91E-01
1.90€-01
1.90€-01
1.d9€-01
1.87E-91
1.81E-01
l. 72E-01
1.32€-01
1.09€-01
5.87€-03
1. 13E-15
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YEAR
1.uE
2.0F
5.3t
1.9¢
2.J0¢
S.0t
1. JE
2.JE
5.JE
1.0E
2.9L
5. JE
lJF
2.3t
5.VE
levi
5.J¢E
1.0t
l.uE
1.JE

YEAR
1. UE
2.UE
SeuE
1.9E
2.JE
5.0t
l1.98
2.Vt
5.J¢t
1. 0F
2.J0E
5.UE
l.JE
Z-UE
5.8
l.Ut
5.0k
1.0E
1.0t
1.VE

J)
Q0
99
Jl
vl
J1
J2
92
vl
J3
vl
)4
Jéh
us
Pl
5
Jé
vl
Ja

Q0
00
Jo
01
ol
01
J2
Je
[\ 13
93
vl
03
Ue
0%
Je
05
95
vs
u?
04

U=-23~
4.92E-)¢
S.ele-J2
o.758-02
3,90E-u2
ledur=-91
2.342-01
J.03E-ul
Sevasz-Jl
6.20z-J1
0e31lk-01
6.29z=-J1
0e24L-J1
6.15z-21
H5eur-ul
3.5uE-J1
4o 132-01
Leb53c-ul
3.d2r-2¢
. 155-0b
Je.bok=Jdb

PU-240
2eb0E J)
2.64t JI
2«00 Ju
2.73E J0
2.8l VI
2.91E J)
294 uJ
2492 JI
2¢83E QU
2e69t JU
2043 JV
le TBE vJ
107t J0
3.83€-0l
Le77t =-J2
LeUDE=-VU%
T.97C-1v
l.09t~J9
lelot=-uvy
%.55t=1v

=235
1.03e=-35
1433c-05
1.J3E-05
1.03E-J5
leJ3E~-Jd5
1.03e-05
lader~9>
leuS5c~05
l.uvt=U5
l.l3E-05
lo2lc-0>
1.52E-J5
2.168-95
3eJ0dE-UY
a.75€~J5
5.73¢-35
Seurt-J5
veJd3dL-J>5
5.93k-05
S5e43L-05

PU=241
3.62E J2
3.22E J2
T.13E J2
5.52€8 U2
3.2 N2
3.92t 01
7.35€ 00
3.5Jc=-v2
1.57Ti-v2
1.5JE-02
l.e7c=02
leleE~-u2
7.52E-03
3.25E-J3
2.62k-V%
3«90E-V5
1.00t=-20
vedlE~33
Jod
Jod

u-23s6
1.06E-04
l.Uoc=VUs
T.05t-04
7.97c=-04
T.01c=V4
1.10€-0%
T.14E-04
1.23c-J4
T.40E-04
1.833c-J4
3.525-v4
Ledot-23
le23E-u3s
l.44c=-03
led4F-03
1eS5er-03
le53c-vu3
le.50e-J)
Lalot=-03
Be52E-US

PU-242
3.37c-02
3.37€-02
3.37e-02
3.37c-92
3.,37e-22
3.37E-0V2
3.37e-02
3.37E-v2
3.37e-02
3.37c-02
3.30E-02
3. 3oE-02
3.32E-02
3.25E-02
3.09€E-02
2.8 2E-02
1.30£-02
5.4 3€~23
3.82E-10
JeV
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U-237
2407c-02
le9ai-a¢
1. 7ac-92
l.35€6-02
da4lt=-03
2.Nc~v3
l.d9L-ue
2.09c~vVeb
“eQus=-07
3.8wc-u?
3.55¢6~ul
2,Te+t=-017
lesuc—ui
7. 8ut-usd
6.30k-uYy
9.50¢E-1,
2. 50c-2>
leSuc=%3
J. 0
V.V

PU=-¢es
5., 52¢c-04d
5.55t-ud
5.55%-08
5.55E~ug
5.5%¢c-ua
5.55E-J38
5,53c-08
S5¢55c~-va
3.53t-Ja
5.52&-08
9.55¢-ud
5. 55c- Vo
S.53¢c~-ud
5. 5%t-vd
5, S5+E-u8
5. 53t-04d
5. 44c~vo
5.3¢0L=veo
3. 04~
d. LLE=1V

J=259
Be Y5E-0U7
Be92E~u7
8. 953E~-07
3.95E-u7
deddt-u?
8.932E-U7
8e95E-27
beYok-J7
Be9lt~vu?
9.99c-37
9.u3E-07
9.21E=97
dee0t=27
Y.91e-07
l.1+E-J0
LesTe-do
Zs0UE-Jb
3.2dk-~Vo
3. 7sc-Vo
J.obe-Jo

dU=L

e.elL-15
5.9dE~-1l>
led3E-14
2.71t-14%
2.22E-14
le2s=-13
2.5953C-14s
2educ-1l3
Ledok-12
2e.51L-12
5.J2e-12
leddk-11
2eb9t-L1
Qev3c-11
L.2VE-1V
2el8E-10
1.97c-10
Leviie=uy
LeloE-u0Y
5.95% =10

U-240
©.4T7E~-15
6e97E-15
leuSE-le
2« TUE-14
5.21E-14
1.27E-13
de53E-13
SaleE=23
lel2bE-12
JedlE=-12
S5.Vlz~12
1.25E-11
2evwdt~1l
we92t-}1
l.19€E-10
¢eldr=-lu
l.95c-14
leuvyE-U9
teloE-09
5. 04E-10

AN=24]
2.92E OV
4.27E VO
1.92E8 O
1.29E 01
le9dt UL
2. Tok 01
2.T9E 0l
2e4ut UL
1.49t ul
0s 0BE VO
1+20E 00
2e29E-V2
T.det=-vl
3.25E-03
2402E-04
3e90E-Ub
l. 12E-2V
Le ddE-39
JeU
VeV

NP-237
1.32€-01
1.32€-01
1.32€-01
1.32k-01
1.32E-01
1.328-01
1.33e-01
1.33€-01
1.35€~-01
1.37E-01
1.38E-01
1.34€E-01
l.38E-01
1.37t-01
1.36E~01
l.34E-01
leloc-vl
1.0JE-UL
5.%42€-03
1.13€E-15

AM-2424
4.10E-02
4. leE-02
4.09E-02
3.99E-v2
3.82E-92
3.33E-02
2.63E-02
1.68E-v2
4.2dE-93
%.37E-V%
©.57E-06
5.23E-12
6.6)E-22
1.01E-41

NP-239
5.97¢-01
5.97E-01
5.97£-01
5.97€-01
9.96E-01
5«94E-01
5.92c-01
S.dot-vl
5.71E-01
5.45C-01
4.v3E-0l
3.90E~-01
2.«lE~-0l)
Y. T5E-02
0. 43c-03
6.v3E-25
Seeet-v3
5.336-04
3.66E-08
B.11E~-10

AM=-264C

“.l0€-02
4.14E-02
©.09€E-02
3.99E-02
3.32E~-02
3.33g-02
2.05k-J2
1,688-02
4.248E-0)
4,37c-04%
4.57€E-06
5.23E-12
6+.55E-22
l.0lE-41
0.0

NP~-240M
4.47€E-L1>
6.97E-15
1.45€E-14
2.T0E-14
5.,21E~14
1.27€-13
2.53E-13
5.06E-15
1,26E-12
2.51E-12
5.01€E-12
1.25€E~11
2,48E-11
4.32F-11
1.192-10
.28k 1V
T.J0E-lu
1.0JE-uvy
1.13€E-09
5.54E-10

AM-243
5.97E-01
5.97€~01
5.97E-01
S5.97€-01
5.96E-01
5.94E-0]
5.92E-ul
S,80E-v}
S.7TLE-U]
5.45€E-91
4.93E-0ul
3. 8U€E-V1
2.41E-01
9.75€-92
6.43E-03
6,93E-u5
S.44E~-ud
2.33E~-u3
3.64E-08
8.11€E~10

PU~2s0
3.91E-02
3e07E-U2
le@dE~02
4.33E-03
3.85€-0e
2entt~-ul
le30c-12
3.13E-23
leoJE~-55
Je U
[F )

A4-244
S.o0lkt-138
9.07E~-1n
leavE-17
3.o2k-117
6. 73t-17
L.60E-16
J.29t~lo
beSok~ 16
leodt~15
3.27t-15
6.52E-15
Len3E-14
3.5k~ 14
Do LlE- Ll
Le52E~13
2¢90E-13
led4E-12
loole=-12
led3E~12
1.21E-13

PU-238

L.52E
l.61E
L.57E
1.51E
1.40E
1.10E
T.48E
3e43E
3.32E

oeToE~
2.87E~
L ebYE-
S5.59E-
2.UlE~-

0.0
0.0
v.d
0.0
0.y
o.o

k)
03
03
03
03
03
02
02
0l
01
0%
12
22
4l

AM=-245

del 4E-
3.03E~
3.23E-

a9
09
10

S.74E~-12

le81lE-
5.64E-

15
26

LeT4E~43

PU-239

1.27€
1.27E
1.27€
1.27E
1.2
1.27€
1.27€
1.27€
1.20f
1.25¢
1.23€
1.17E
1. 05¢

a. 30t~
3. 70€~
Ya01le-
1elJE-
4. wE-
3. 04E-
8.11E-

00
(1M
00
00
[+]+]
D]
20

00
ol
o1
02
[+ 1)
vb
0od
19

CM-242

3.79E
daUeE

1. 09€E-
3.23E-

vl
09
ol
02

3.13€-02

Z. T3t~
2. 076~
1o 36E-
3.51€-

02
Q2
02
03

3.53E-04

3. 156~
©.29E-
S5.37E-
GeI4E~

0.0
o.

QocCco
coccoco

06
12
22
42
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vEal C4=243 Cu-244 M=265 CH-2606 cN=241 Cr=-248 CM=-249 CH=250 BK =249 BK=250 CF=249 CF=250
1.9€ 39 Te33E-J2 1e3JE 02 LeTHE-w2 1.05€-02 5.556~U8 3.4TE-0T 1,.32€~10 1.40E-13 5.42E-06% l.41E-13 3.27E-06 2.81E-09
2.0L YO TelTt=d¢ 14256 I2 LaT4E-0Q02 1,V2E-v2 5e55c-U8 3al7E-U7 8.84E-23 lo4lE=13 2.42E-04 Loe®lE-13 3.99E-06 2,066E-05
5.0 J) 36728=02 1.12E 02 1.T3E=02 1.05t-U2 5.25E-08 3.27E-07 2.55€-%1 1.42E~13 2.15€E-05 l.4lE-1ls 4.50E-06 2.27E-0S
1.0E D} 5euU3E=J2 9.c1E Ol 1,73~02 1,05e~U2 5.25k-ud 3.27E-0T 0.0 Le4lE=13 3.82E-07 l.ekE=13 4.51E-06 1.T74£-05
2.UE I +e306E-U2 0423€ Ol 1 T3E-U2 1.U5t-U2 5455L-V0 327e-07 0.0 lo61t=13 1.20€6-10 L.«lE-13 4.42E-06 1.03E-D>
5.3t 0l 2e54E~02 L1.99E VUl 1.T736-02 1.04E-U¢ 5.53E-u8 3.27E-07 0.3 Lo4dE~13 3.76E-21 Llo4UE~-13 4.17€E-06 2.U9t~ub
1.0 J2 6439E=03 2493k U L1oT2E-J2 loU3E-UL 2455E-08 3ecle~d7 0.0 1,600E-13 1.16E-33 L.4UE-L) 3.73E~-00 lewdt-0?
2.9k V2 JeBbr-Jv 6.375-U2 1. T71E-02 1,02e-V¢ 5.55>E-Js 3.27€-07 0.2 l.40&-13 0.0 le%0E-13 3.10€E-06 7.39E-10
S.IE V2 1o94E=0> 0.51E-UT 1.56E-02 9.70t=U3 5.55E-U8 3.27t=-07 3.0 1.38¢=-13 0,0 lo3nE~13 1.72E~006 1.33E~-13
1.2€ )3 2¢93E=11 60.32E-15 1.,50E-02 3.07e~-v3 3.>5c-Jd 3.27t~-07 O.J 1.35c—-13 0.0 1 35E-13 6.42E~07 1.3%-13
2.0z U3 lelaf-20 545215 le®7E-32 T.83k-U3 2.23E-Ud 3ecot-07T VG0 1.30€-13 0.0 1a30c-13 d.90E-U8 1.30E-13
S.JE vl 0e32i~+Y 1.53k-14 1,14E-02 5.29k-U3 5.55E-Jd 3..4E-J7 0.0 1.156-13 0.9 1o U5E-13 2.04E-10 1.1%~1L3
1.9t 04 Jed 3.230=14 7.50E-03 2.41E-03 >.5%E-J08 3.21c=-07 0. 9.45€-14 0.0 9.45E-14 L.29E-14 9.6S5E-14
2.0t J4 ded SewlE-14 3.295-03 5.5%c-U% 2.35E-9d 3.15-07 U.d 6.35E-14 O.u DedbE~14 I.6LE-23 6-35E-14
S.UE ue v.d 1.55€-13 2.02E-04 b6.70t"Ub 3.54E-Ud 2.v7c-07 0.0 1.92E-14 0.0 LeB2E~16 7.92€-49 1.92E-1&
1.0t uS Ved 2.90E-13 3.952-34 %.27c-J9 5.55c-J0 2.09c-J7 J.I 2.028-15 0.0 2.0lc-15 0.0 2.62t-15
5.JE 95 0.0 LeduE-12 1.006-20 3.12k-4d2 d.%4%E-U0 1.422E-U7 0.0 3.14E-22 J.0 3.14E-2¢2 0.9 3.14E-22
1.J€E V6 2.0 lee2E=12 6.51E=39 3.83k~C0 2.,320=-J08 4.,57c=-08 9.J 0.9 0.0 8.90E-20 0.0 8.90c-26
1.0€ 27 v.0 l.53E-12 0.V 0.0 3.94E~-vd 9.17t-16 0.2 V.0 0.0 Jed 0.0 J.0

1.vE Jd Jed T.2lk-13 V.0 V.9 d.1llg-1v 0,2 0.0 Je 9 0.0 Jeu ved 0.0

YEAR CF=251 CF=-292 CF-253 CF-25+ €S-253

1.0E 00 2.599E-0T7 9.16E-U5 4.25E-14 3.92€-11 9.7dL-12
2.t W 2e29E-27 T .USE=U5 2.3%E-2V 5.FEk~13 ¢.55k~1L7
b.ut UJ 2.50E-07 3.21E-05 B8.54t-39 2.11c-18 3.19€-33

1.0 Ot 2.97E-J7 o.0TE=U6 JU.J J.0 Y.alt-ov
2.VE 0l 2.55E=07 6.31E=uT 0.0 0.0 (V)
5.3 vl 2.09€-U7 2.44E-10 0.0 0.0 Je0
lL.JvE J2 2.405-07 4.99E-l6 0.0 V.0 veud
2.V 22 2.22E=-07 2.09E-27 0.0 Ve 0 Jed
5.0E u2 1.76L~U7 1.54E-51 V.0 0.0 [V}

1.9E J3 1.2vE~-J7 9.0 Q.9 0.0 Oev
2.9 03 5.55E~U3 D0 V.0 V.V Ved
5.3k 03 5.51E-0v 0.0 u.0 0.0 ve 0
1.0€ 24 lel7E=10 V.0 0.0 [+ g} Jed
2.,0E 04 5.29-14 V.0 0.0 0.0 Jeu
5.0E J& 4.d7E-24 Q.0 V.0 V.0 JeV
1.0t 05 9., L7t~41 V.U Q0 Ve U Jed
S.JE 05 0.0 V.0 (V] 0.0 v.0
1.0E V6 J.V V.J 0.0 2.0 JaV
1.0 07 ved Ve Jeu V.0 Jod
1.JE 08 V.0 Q.0 0.0 Q.0 Jeu
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Table D6. Significant Actinide Activity From HTGR Equilibrium Fuel Cycle - Recovered Uranium

Curies Per Kilogram of Recovered Uranium

YEAR TL=297 TL-204 TL=-229 P3-2u9 P3-210 Pe-211 PB-212 P3-21« BI-210
ledz IO del7c-11 2.5%-01 7.72€E-Jo 3.5ic-ue 2.l%c=11 B.19E-1l1 7.Ju9E-01 1.99E-09 2.14E-11
2+9C JO 3225810 @.32E-U1 1.54E-05 To0ck~us l.Tit=1U 3.26E-10 1.20€ 00 7.96E-09 1.T1E-14
S.0E 0D 1.9T7E-J3 6.87TE-U1l 3.85€-U5 1.75t-03 2.6¢20=-09 L.97E-09 1.91E 00 4.97E-08 2.62E-29
leJdf vl TawBE~JY Teook~Jdl 7.T2E-0% 3.51c-uUs ¢.JAE-vd T.51E~uY 2,13E 00 1.,99€-07 2.01E-vs
23k J1 2.71E-03 T.19E-01 L.5«E~Ut T.0lt=u3 L.ev¥E-uT 2. 72E~U8 1.93F 0U 7.94Lt=07 1.649E-07
5.0E I 1a29E£-07 5.35E=01 3.85E-04 1.75t-0¢ L.09c-vo L.IJUE-UT 1,49E 00U 4.94t-06 1.89E-vo
levt J2 Joole-27 3.31e-91 1,03E-94 3,4v:-Uc 1.llc-u5 3.62E-07 9.19E-01 1.90E-05 1.12E-05
2.uvE J2 8.68E=-)7 1.20E~Ul 1.536-03 6.95t~uve 5.76E-U5 8.7UE-UT 3.51€-01 7.73E-05 5,.T0E-05
Seui J2 2.99E-05 7.03¢e=03 3,7Te=93 1. 71E=J1 %.12c=J6% 2.41E=06 L.95E=02 4.03t=04 4.12E-J&
lode 03 4.93t-J0 5.7Je=05 7.32E~03 3¢3wc-ul 1:035c-03 4.99%E-06 1,58E~0% 1.72E-0) 1.63E-J)
2.0 J3 LoULE=J5 +.35c-09 1.90E~VZ 0.350-J1 3.J9E=03 L.JOLE-0U5 1.21€-08 0.0+E-03 6.04E-03s
5.Jt vl 2044L=05 LlatelE-UY 3.UE=02 1.33E VU Cedor=J2 Z2.45E=05 4.08E-09 2,066E-02 2.60E-J2
1.JE 2% 4.63E-U5 2.94E-UY 4.80E-02 2.21t Uy 5.77E-UZ 4.6%-U> 3.10E-09 6.77E-02 6.77E-02
2.ut D4 d.335-05 5.87E-J9 b6e9+E=J02 2,97t JU 1.4TE=-J]l 8.49c-U5 1.03E-U8 L. «TE-01 1.47E-91
5.uC V4 1.93€-J9 1.,497E-08 0.8)c-U2 3.UYk vV 3,.34E-)1 1.50E-04 4.0dE-08 3.34E-01 3.34t-0l
1.0 95 2.13c-J0 2,93E-08 5.53E-02 2.52t OV 5.2Ut-ul 2.1JE-V4 B.15E-08 5,20E-vl 5,29E-J1
5.9E 05 2evlu=J4 1 oeok=07 1.00E-02 4.55E=Ul 3.09E~J1 2.420-04 4.U5E-u7 3.,69c-01 3.69E-J1
1.9 25 2.41E-J4 2.d9E-07 1.13E-03 5.30c-ud Yed>0c-02 2.42L-0% B, USE-0T 9.56E-02 9.50E-V2
1.0 7 2¢39c-24 2.55€-06 t.62c-13 T1.37e-12 2.170-9Y 2.39E-U4 7.0dt-06 2.17E-05 2.17€-u>
1.9 Jd Zel9T=J% F.54E-06 3.26E-26 l.40t-24 2aVdE-ud 2-19L-Ve 2.09E-03 2.J8E-05 2.03€-05

YEAK gl-21s PJ-210 PI-211 PO-¢12 Pa=-213 r0-214 PO-215 PU-216 PO-218
1.8 4 1.99£=-J9 5.35€~12 2.60k=13 4.5%t-J1 3e%3c=04 L,.99:-U9 B.19E-11 T.09E-01 1.99E-09
2euE WD 7.96c-39 8.50E~1) 9,7dc~13 7.00t-us v.d7t=3% 7.90E-UY 3.,26E-10 1.20E 00 7.96E-uy
5.0t 00 ©.972-0d 1 .91E-U9 5.92E~-12 1.22b Uu 1e72c-U3 4.97E~U8 L1.9TE-09 L.91E 00 4.97€-ud
L.0E J1 1o99F-07 L T0E=-08 2.,2%E-11 1.30t JJ 3.¢38-03 1e99E-07 T.51E-UY 2.13E VI L.99E-0!
2,98 J1 T.94t-317 1.49t=-27 d.15F=-11 1.27t UV b.doc~-U3 7.94E-0T7 2,728-08 1,.93E 00 7.94E-u?
5.Vt Ul 4.940-J6 1 so9b-006 3,09E-1V 9,51t~V 171t =J2 %.99E-V06 L1e30E-UT L1.49E 00 4.94E-06
1.0E 22 LeW6E=05 1.128=95 1.udE-09 5.83c-Ul Sewlc=-d2 1.90E-U5 3.62t-07 9.19E-V1 1.96E-US
Ze0t D2 T.73E-05 2 .70E-05 2.01E-09 2.2vc~-Yl s.0uUt-Jd¢ T./3E-ub 8.TUE-UT7 3.51E-0L 7.73E-05
5.JE 02 0 03k=-U 42E=04 7.2¢L-UY 1.25L-u¢l LealE=-Ul 4.63E=-U& 2.91t-06 1.95t-02 «.03E~Ue
1.VE u3 LeT25-03 1.63E-33 1.,493€E-03 1,01e-Us 3.27c=01l L.72E-U3 4.95€E-06 1.S58E-04 1.T72€E-03
2.0 03 6.UGE=U3 6.uGE~JU3 3.03t-U8d T.T73t=uY o0.24E-Ul bB.IwE=US L1,VLE~05 1.,21E~-D8 6,04E~J3s
S.vt 23 2460E~02 2.56E~-J2 T1.34k-0c 2.61L=-VY L.35c JU 2.00k=-02 2.45E-05 4.UBE-09 2.60E-V2
1.UE V4 6 TTL=02 6.77E=-02 1.39E-07 5,22c-uY 2elout 00 0. 7TE-U2 4.955E-05 B.16E-09 6.TTE-V?
2.4E Q6 1e6TE=01 1 o47E=-U1 2.52E-07 L. Uec~uo 2.91k V0 L.47E~01 8.4UE-05 L.63E-08 1.647E-ul
5.0t Je Je34r~ul 3e36k-ul “o70b-07 2.61L-UBd 3e¢02E JU 3e3vk-Ul 1.59E-U% 4.UBE-U3 3,3%E-0L
1.0k 2% 5020e-U1 3.20E=-J] 6.40E-07 5.21c-vd ¢2.47c V0 5.20E-Ul 2.13c~04 8.15€~-08 5.20E-ul
5.0 05 3,69k-ul 3.09E-J1 7.25t-07 2.59k-U7 %.45E-J] 3.09E-0l 2.%42E-04 4.05E-07 3,69E-V}
1.JE 06 9450E-U2 Fe56E-02 Ta25t-07 S.loc-v7 5,¢9t-9¢ 9.54E-V2 2.492E-04 8.04t~07 9.50E-02
1.0k 07 L TE=I5 2. 7TE-UY TJ1IE~07 4.53k-vo 1.2VE=12 2.1TE-U5 2.39t-U% T.08E-06 2.17E-U5

1.0E v3 2.UBE=J3 2.U8E=US5 6.58k=U7 Ll,09E=Ud L.+5k-24 2.0dt-U5 2.19E-V4 2.65E-05 2.08E-05
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vo
vo
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v5
v5
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tevlE-
‘c’bb'
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De?dE~
l- llt'
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l.3of
2.21E
2.97E
3.V%
2.52E

425k~
Se JbE'
1.37€-
le 4ot~

e
[
o3
J3
vl
v2
02
ue
vl
ol
Jl
w
[+ V]
U
w
Jo
oL
[$74
12
24

8l-212
7.09E-01
1.20€ 00
1.91€ 00
2.13E 00
1.98E VI
1.49E VO
9.19€-vl
3.%51€E-01
1.95E~-02
1.58E-U%
l1.21E-08
4.UHE-0Y
B8.16E-09
1.63E-08
4.0oc-03
R.l15E-08
4.UdE-Q7
B.J4E-O07
T.0d&-26
2.65€E-U5

RN~-219
8.19E~11}
3.2%€E-10
1.97¢-09
7.51c~-09
2.T2€E-08
le30E-07
3.02E-07
8.TUE-O7
2.41E-00
4«95E-06
1.01E-05
2+45E-US
4.65E-05
8 .40E~05
1«59€E-U4
2.13E-04
2.42E-04
2.42E-04%
2.37E-04
2.19E-04

8l-213
3.51E-04
1.02E~04
1.75€-03
3.,51E-03
7.0lE=-03
Le T5E-02
3.69€-02
6.9%E-02
1.71¢=-01
3.342-01
6.36E-01
1.38€ J0
2.21€ 09
2.37€E J0
5.0% 00
2.52€ 09
4.55E-01
5.36E-02
T.31e-12
l.43t-24

RN=-220
Teu9t-ul
l1.20& 00
1.91E 00
2.13€ 0O
1.94E 00
L.49€E 00
9.19€E-01
3.51€E-01
1.9%€-02
1.58€E-04
i.21t-08
4.03E-09
8.16E-VY
l.63E-08
4.08t-08
8.15€E~-08
©.J5E-07
8. 04E-07
T.J8€E-06
2+65E-05
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Table D6, Cont'd.

YEAR
1.0 J)
2.9€ JO
5.J€E
1.9 J1
Z.JE V1
2.0 V1
1.0 )2
2.JE 32
9.JE ud
1.0 23
2.JE I3
5S.uE u3
1.JE I~
2.JE D6
5.JE Je
1.JE 25
2.J8 JS
1eJC Jdo
1.UE J7
1.9 J8

YEAR
1.0 Vo
2.8 JI
5.uc CJ
1,9E J1
2.J3E D1
5.JE o1
1.0F v2
2,3E J2
5.3k w2
1,0E 03
2.UE u3
5.0 03
l.JE Vs
2.JE 04
5.3 V&
1.JE 05
5.JE 0S5
l.Jc J6
1.JE J7
l.Jt 08

RN=-222
le99E-39
T.96t-29
4.9 7e-Jy
1.99E-07
7.94E-07
weVek=00
le9r-J35
7T.73€-2>
G b 3=V
1.720-05
b,04-J3
2.00F~02
0,17£-)2
l.47=-)1
3.,34c-0,
5.2JE-01
3,09 =01
Y.502-02
2.,17e-J>
2.00E"05

TH-2¢3
7.09E=-)J1
l.20c JJ
1.90E o
2.42c 90
l1.986€ J0O
L.a9E 2
Y.1dE-01
3.51E-d1
1.9%€E-)2
1.58k-94%
l.21E=Js
4.,U3E-99
3.16t-03
leu3E-vy
4.ubE-JU3
8,15%-J4d
w.05E-)17
3.04£-J7
f.udt-uo
2.65C-J35

FR-221
3edle~06
1.92e-04
1.75e-93
JedlE-ul
1.J1E-J3
Lel5E-02
d.09t-02
0eI2E~V2
Le71E=-u}
3.348-01
vesot=-vl
lesde JOQ
2.2t D)
2.97E W)
399 M)
2.52E Q0
L P YT
5430E=02
T.31€~-1¢
leedE~=24

T14-229
3.S1E=-04
722k~
1.75e-J3
3.51lE=-03
Tewle=-J3
1.75E=02
3.49E~22
6.95E~-02
Pe7lE-01
3.56k-01
o.3dbE=-Jl
l.33E Ju
2.2l 3D
2.37t W
J.uvE W
2.52E W
455E-D1
5.36k~V2
l.37k-12
l.0dE-24

FR-223
1.15€E-12
“.55€-12
2+.710E~11
1.95&-10
J.due-lv
La32E-u9
5.00E-J9
l.22E~ul
3.37€E~vo
6.953E-03
lowlE-07
3et3z-01
oedlE-ul
le.13dk-Jdo
2.22-Co
2.99L-J0
3.33c-00
3.38E-0Vo
3.35E-00
3.07E-ve

T4-230
9.19E=-d0
1.84E-3%
4. 60E-U>
9.19E-95
l.34E-04
©.59E-04
9.1 7k~ue
le34t-J3
w.iéE-J]
9.14E-03
1.82€-92
bowlE-J2
8.58E-02
le5«E-vl
3.40€E-v1
5.25E-01
3.65E-01
v.bde-V2
2.17E-V5
2.03E-95

RA-42s
3. 19€-11
3. 20E-10
1.97t-09
T.3lc-v9
2. 12L~vo
le3ur=-u?
3. oct-u?
8.Tue-u7
2.41~v0o
we IDL-VOL
l.dac-us
2. e3k-US
@, buc-uUd
Bobue-ud
l.597c~-ve
2.13c-vb
e wct=Ut
2. 4i-04
2.39t-v%e
2. 19c-ue

Th-231
2o 42E-V6
Lo kcE"US
2.42E-ub
2.42E-U0
2.42c-V%
2.4e=Je
2e2b-uUb
2.4%2t~vb
2, %lc-U%
2. 42E-ut
2.4LE-V4
2. 42E-04
2ebcr~Us
2.4¢L=VU%
2. % L-vs
2.%ct=0L4
2e0lE-US
2 4ck-ue
2.37t-ue
2. l¥E-ub

Curies Per Kilogram of Recovered Uranium

Ra=-2¢%
Toeuw9E=~J1]
1.2VE 00
Ls91lt J0
dolie IV
lewsE wu
l.ave JV
Jerve-ul
3.51e=U}
lo92E=02
1.5dc-046
1.21E-ud
v, udt-J9
g.lot~J9
L.63E~-U8
2eVdc-VY
d. l5E-Jy8
+eUdc=Jd7
o.Je=07
l.,J3c-Vo
2.65c=J5

I4-232
B.l06E~-13
Leboc-12
4.Jdk-12
oelok-l2
l.03E~11
v.JdE-1 1
g, loe-i1l
Leb3E-10
4.08c-10
g.16E-10
l,03E~-09
s.vuyE-J9
d.lOE-U9
Len3c-J8B
4. u3E-J8
o.l 5E=vey
“,U%=Jl7
0.04E-07
l.vdE~-vo
2e35E~)5

RA-225
JedlE-0%
T.02€-v4
1.75E=-03
3.51E-03
T.VlE-ul}
le7%E-02
3.49E-02
6,95-U2
l.71E-ul
3.3~€-01
o.3LE-ul
1.30E VO
2.21E WV
2.97e OO
3.UvE U0
2,52 V0
“advE=Jl
5.30k-v2
Ted7E-12
l.42e-24

TH-234
2.11e-05
2.11€-05
2.11E~-V5
2. LLE-US
2.11E-05
2.11E-05
2.11E-05
2.11E-05
2.11E-05
2.11E-05
2.11£-05
2.11E-05
2. 11E-05
2.11C-05
2.11E-05
2.11E-05
2.11E-05
2.11€E-05
2. lVE-V5
2.930-05

RA-220
1«99€-09
7.96E-09
*«97E-048
1.99E-07
1.94E-07
©.94E-206
1.96E~05
1.73E-05
4.03E-06
l.72€-03
6.06¢E-03
de50t-J2
be7lE-U2
1.07€E-01
3.34E-01
5.2VE-OL
Jeove=Ul
Y.53E-02
2.17E-05
2.0d€-05

PaA-231
9.16E-09
1.34C-08
2.59E-04
S.1JE-08
1.03£-07
2.58€-07
5.16E-07
1.03E-06
2.57t-06
S.10E-06
1.01E=05
2.45E-05
4.65E-05
8.4V0E-Q5
1.59E-04
2.13E-04
2.42E-04
2.42E-04
2439€E-04
2.19E-04

RA-228
4.J8E-14
1.58-13
8.95-13
3.08€-12
Q,.43E-12
Je3VE-11
Te37e-11
1.55k~13
%,03c-19
d.16E-10
1.63E-V9
©“.08€E~-09
8.16€-U9
1.63E-03
“©.08t~-08
d.15E-02
4e05c-07
3.04E-07
7.08c-008
2.05E-05

PA-23)
1.74E-10
1.74E-10
te7-c-190
L.7¢t~-10
1.74E-})
l.7«E-19D
L.74E-10
1.74E-10
10735‘10
1.73€E-10
1.73E-10
1.73E-10
1.73t-10
1.,72t-1v
1.71t-10
1.68E-10
l.48E-10
1.25E-10
6.82€-12
lLe4BE-24

AC-225
3.51E-ve
1.92€-Vv4e
1.75€6=-u3
3.51€E-03
1.01€£-03
1. 75€-02
3.09E-u2
6.95€=-02
1.71E~-ul
3.34E-01l
6.36E~-0l
1.34€ WV
2.21E Jv
2.91€ vu
3.9 W
2.52€ Ju
©.55E-vl
%.36E-v2
7.37€-1¢
1.48E-2¢4

PA-236M
2.11E=U>
2.11€-05
2.11E-u>
2. 11E-05
2.11€E-U5
2.11€E-05
2.11€-U5
2.11E-05
201‘5‘05
2.11€-U5
2.11E-U5
2.11E-05
2.11€E-u5
2e11E-V5
2.11E-05
2.11E-25
2. 11F~V>
2.11E-U5
2.10E-u>
2.08E-u>

AC-2217
B.19€E~-11
3a25E-10
L. 9TE=-V9
Te9c-09
2,7T1E-ud
Lad0c-u?
3,.0628~-07
8eTUc-J7
2.91E-vo
4e95E-V0
loulEe-0d
2.45E-05
@.05E~-u>
3. Ut
1.59E~0U%
¢eLIE-U0
o4l =ue
2.%02E-0%
24 39E~-04
2e19E-Ue

PA=¢3%
2.11E-ud
2ollE-vd
ZellE-ud
2.11e-04d
2.11E-V8
2.11E~-0b
2.11E-0b
2.11E=-08
Ze LAE- VUG
cellE-ud
.1 1E-08
2.11g-08
2.11E-ud
2.11E-UB
2.11t~-038
2.,11E=-08
dellE~-ud
2,11g~vd
2eluE-ud
2.U3E-uUd

aC-228
4.08E-14
1.58€-13
8.95€-13
3.08€E-12
9.43€E-12
3.30€-11
T.37€~11
L.55€E=10
©.08E-10
8.160E-10
L.63E=0Y
4.08E-09
d.16E-u9
L.63E-v8
4.08g-08
8.15€E-08
4.05k-07
8.04E-07
T.08E€E-06
2.65E-U5

uU-232
2.32E VO
2.30€ 00
2.23E 00
2.13€E 00
1.93€E w0
L.«5E 00
8.94E-01
3.61E~V1
l.90€E-02
1.54E~-04
1.02t-08
2.90€-21
3.60E-42

TH=-227
8.U8E-11
3.21€-10
1.9%€-09
T«40E-09Y
2.68E-08
l=ZB8E~-O07
3.57€-07
B8.58E-07
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Table D6, Cont'd.

YEAR
1.0 J0
2.9 M
S.UE
l.vE 21
2,08 1
S5.JE V1
L.uE J2
2.JE 92
S.JE 02
1.2 J>
2.0L J3
S.0L 23
1.0t V%
2.0E 94
20k Jb
L.vE U5
S.ut U
1.9t V6
1.0F 07
L.vE ud

J-234
leVbE JJ
l.udt 22
1.J0t YO
l.0uE Ju
1.00€ JJ
1.0 )
l.v0c JJ
1.95Et JJ
lL.J0: JJ
levos JI
1.25¢ 29
.35 Jo
1.23e Jv
L.due )
Y,22e-J1
0e.0lt=Jl
2.0LE=-Ul
o.vli=-02
2.10c-05
Z.V0C~Jd

Curies Per Kilogram of Recovered Uranium
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Table D7, Significant Actinide Activity From HTGR Plutonium Fuel Cycle - Spent Fuel

Curies Per Metric Ton of Heavy Metal Charged To Reactor
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Table D7. Cont'd.
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Curies Per Metric Ton of Heavy Metal Charged To Reactor
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Table D8. Significant Actinide Activity From HTGR Plutonium Fuel Cycle - High Level Waste

Curies Per Kilogram of Actinides In High Level Waste
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5.95E=-33 2.48E-03
2.380-97 4.95E-03
F.5JE=07 9.vIE-0S
5.,7912-Jo 2.615-02
24300=05 4493E-VU2
F.20c-J9> 9,.81k-02
5.54c-0+ 2.42E-01
2.068-03 +.T1E-vl
Tel3t=03 deFoE-ul
3,03-92 1.95c I
a.ldt=d2 3.12€ W
Lolor-u1 4,2VE I
4.0VE=JL 4.36E Uy
6.22c-J1 3.%0c W
@ewli=Jl seb3E-VI
L.lee-g1 7.5T€-v2
6.5 -Ju F.1%€E-12
2eC¢9E-ud 1 .05E-24

Tri-224d 14-229
3.39c-01 «.Y5E-0%
1502 UJ 9.90E-04
2,38 Ju 2.4bE-U3
2.60F OV 4.95E-03
2,49 39 9,.3VUg-vu3
l.80E JJ 2.47E-02
1.15¢ JJ 4.95E-02
4.49UE-U1 J.31E-y2
2,45F =02 2.42E-vl
1499t -J4 +.71€E-u}
lesve=93 3,93C-01
2.18k-09 1.95E V0
4,37TE=-u9 3.12€
B.735-0y 4.2JE D0
2,13E-U8 w.30E uI
4.30k-u8 3.%0E
2,17c-97 o0.53E-31
4.30E-07 T.57E-92
3.79e-96 ?.19t-12
Lebce-U5 1l.45E-24

FR-223
3.,57:-13
3.00k-12
2.J0E-11
Tod4E-11
2«34E-1V
le 302-09
3s TaE~-UY
Y. lUE-U9
2+952E-08
5.17E-Jd
ledoE-u7
2.55E-017
4ed6E-J1T
Be 79E=-U7T
levoe-ué
2.23t-J¢6
2.53k-V0b
2.53E-08
2.32JE-V6
2.29k-J6

7T4-230
1.10E-US5
2:2J)E-V5
5.%J=-05
lelle-04
2.20E-0¢
5e5JE-U«
l.lJE-V3
2.20c-93
S5.48E=03
leJdYE-02
2.11E-02
5.35£E-02
LeJdaE~V1
L«96E-U1l
ol oE-01L
6.23E-D1
4.37E-0U1l
le13E~ul
be.S55k-Ub
0.2 1E-UH

Curies Per Kilogram of Recovered Uramum

RA-223 RA=22¢ RA-225 Ra-226 RA-228

5. 12£~11 B.89c-U]l 4.95E-064 2.33E-09 2.18E-1%
2ewt=lU lo5vE VO 9.91E-04 9.53E-09 B.e%E-l
Lo®7E~UY .39t U0 (.9dE-03 5.95t-08 4.79E-13
S.6lk=-u% 2.0t UV 4.9%E-03 2.33E-07 1.65€-12
2.03e-08 L.49k U0 Y.99E-03 9,50E-U7 S.U5E-12
Y. TUL=UD L.80E UV £.4TE-02 S5.91E-06 1.76E~11
2.TLL=UT L U9 QU %, 13E=VU2 2.35E~05 3.94E-L1
6.50Lt~uT 2.9VE=J] 92.3LE-02 9.26E-05 d.31lE~-11
1.8UL-Ub 2.45c-02 2,426~-01 5.54E-04 2.18E-10
3.%ue-00 l.99E-)6 «.T7LE-0! 2.06E-03 «.37E-10
1.55c-ub l.39c~Jo b.,90Ec-01 7.,23&-03 3.73E-10
1.83E-ud 2.13c~J9 1.95E QU 3.14E-02 2.18E-09
Jeble~ud 4.37c-u9 3,12t VI B,10E-02 4.376-09
0. 26t-U5 daToE-U9 .20t U l.70E-Ul 8.73£-09
leloe-U% 2.18c-0d 4,36k VU %.00E-V] 2.18E-03
1.59E-J% 4.30E-J)8 3.%6F U0 6.22€-J01 4.30E-04
leBuk=uU~ 2.10c=U7 Low3E~-UL %.42E-01 2.17€-07
1.8ub=04 2.3UE=)T7 7.,07E-02 1.14E=01 4.30E-07
le 73c-v% 3.79c-00 9.19c-12 6.%0£-00 3.79E-0a
leboE~Ue La92E-05 1.35E-29 6.29E-06 L .42E-05

TH-c>1 Tr-232 TH=234% Pa-231 PA-233
le Ble=0+ %.37L=13 €.39E-006 3.85E-09 2.17€E-10
le8BlE-V6 8.73E~13 0.39E-06 7,.74E-09 2.1T7E-1D
1e81E-Ut 2.13E-12 0.39E-U6 1.93E-08 2.LT7E-10
1.8lc-J% 4.37t-12 0.39E-U6 3.87€E-08 2,.17E-1V
leBlE-ue d.73E-12 06.39E-uo 7.126-08 2.17€-10
le8le-Ue 2.1dc-11 ©,39E-V6 1.93E-37 2.17E-10
1. BLlE-U% 9. 3TL=11 b.39E-06 3.85E-07 2.17E~-10
1.81C-v% d.73E-11 ¢.39E-0o T.u9E-JD7 2.17E-1D
le31€=0% 2.13E-10 0.39t-06 1.92E-06 2.17E~10
1.8lE-u% #.37c-10 6.5>9€E-Y6 3.81E-06 2.1l0E-1D
leBlt=u4 Be7IE-LlU 0.39€E-006 TH5E~Q6 2.l0c~-10
leBie-U% 2.10E=09 c,39E-Ub6 1.B3E-U5 2.l6t-1J
1.81E=04 ©e37t=J9 C.I¥E=-Vo 3.47E-05 2.16E-10
1.8le-0% d.7oe-JY c.39E-06 6.27E-05 2.15¢&~10
l.81t-uU4 Z.18k~0d ©.39€E-06 L.18E-0% 2.13r-10
1.8le~J& .30E-J8 0.39-06 1.59E-04 2.10E-10
1.8iE-U% 2.1 7c=07 6.59E-U6 1.81E-D4 1.84E-10
1o BUE-U4 4.3uE-Jd7 6.38c-Ub 1.3VUE-06 1.57E-10
le79E=J4% 3.79E-J0 ©,38E-00 1.79E-04 B.49E-12
lebba=Je L.42E-US5 6.29E=-06 1.54E-04 1.85E-24

AC~225
©.95E-04
9.91E-04
2.48€E-03
©.95€E-us
9.9JE-UI
2.4TE-02
4.93E-u¢
9.31€E-02
2.42E-01
4.71E-01
8.98E-01
1.95€ 00
3.12E uo
4.20€ 00
4,36 O
3.56E WO
6.43E-01L
Te57TE-U2
9,19E-12
L<85€-2¢«

PA-2134M
6.39E-00
6.39E~-us
G.39E-V0
6.39E-Us
6.39E-00
6.39E-06
6.39E-00
6. 39E-V0o
6439€-00
6.39E~ub
6.39E-vo
6.39E-Jo
6.39E~-V6
6.39E-00
6.39E-V0
6.39E-Ub
6.39E-00
6.38E-00
6« 38E-Vo
6.29E=-vo

AC-227
6.12E-11
2.%3E-10
L.4TE~-09
S.00C=-09
2403E-08
9.69E-ud
2o TUE=VT
0,.50£-07
le3uE-ve
3.70t-00
1.55E~006
l.43€E-05
3eoTt-uUd
6.<8kL-V5
l.ldt-vs
LedYe-%
laolbt=-ve
L.duE~0k
le 79E- O
leooE~Ue

PA-234
6. 39E- 09
5+39E-09
Do 39E-U9
6.39€E-V9
0.39E-09
0e39c-09
6.39E~09
be39E-VU9
0s39E-09
6.39t—-09
0, 39E-V9
6e3YE=-JY
6e39E~-u9
0o JYE—09
0e39t~uY
6. 39E-u9
6.39E-09
6.38E-0Y
0. 38c-09
0.29E-09

AC-228
2.18E-14
H.44E-14
4.79E-13
1.65€~12
5.05E-12
1.7T6€E-11
3.934E-11
8.31€-11
2.13E-10
4,37E-10
8.73k-10
2,l8g~-09
4.37E-09
8.73E-09
2.183€E-08
4.36E-0R
2.1 TE-07
4.30E-01
3.79€-06
l.42E-05

u-232
2.91E 00
2.88E€ 00
2.,80€ 00
2.67€ 00
2,42 00
1.31€ 00
1.12€ 00
4.23E-01
2,38E-02
1.93k-06
I'Z7E'ua
3.04E-21
‘ISIE—“Z

TH-227
6.uiE-L1
2.4V0E~-10
l.45€6-09
5.593€E-09
2.00€E-08
9.56E-08
2.67E-017
6.41€E-07
1. 77€E=-06
J.0kE-Vo
T.44E~-06
1.80E-05
3.42E-05
6. L9E-05
1.17€E-04
1.57e-04
1.78E-04
1.73€E-04
1. 76E-04
ltsz'°~

u-233
S5.22E 00
5.22E 00
5.21€E 00
%.21€ 00
5.21E 00
5.21E 00
5.2t 00
5.21€ 00
5.20€ 00
S.19€ 00
S.17€ 00
S.10E 00
$.00E 00
4. 79€ Q0
4.21t 00
3.40E VO
6.14E-01
7.23E-02
9.18€-12
1.85e=24




ge-d

' ¢

Table D9, Cont'd.

YEAR
1.0t OO
2.9 VO
5.uE 00
1.0 2J1
2.VE UL
S5.2€ 01
levE J2
2.3 J2
5.JE 02
1.JE 23
2.JE V3
5.3¢ 03
ledE Jo
22Ul 04
5.3 J&
1.JE 05
5.0t 05
L.0E 06
1. VE 07
l.UE 038

u=234
1.27€ 20
1,27 IV
1.27E 20
1,27 20
Le2TE WV
L.27t 20
1.27€ )0
1.272 )0
1.27€ J0
1.27€ 9O
Le20€ Wy
1.25€E J0
Le23E N
L.29E W
laluE W
9.59€-vl
3.12t-01
T.67E-J2
oe3B8k-J6
6.29t-06

Curies Per Kilogram of Recovered Uranium

J=235
1.81E-04
1.81E=-Ve
1.81E~Q4
1.81E-04
le3lE~V4
1.81E~-04
1+31E=0%
1.31c~-34
leslE=-06
lL.3lk-ve
1.81E-06
1.91E-04
ledlE-V%
l.81E-ve
lole'Ub
1.81E=04
1.81£~-04
1l .8UE=-ve
l019E‘°‘
l.04E-0%

U=236
d.8d4E-03
8.,88E-03
8.88E-03
8.84t-03
Y.88E-0)
8, 88E~-03
8.83t-03
8.03€-03
d.88t-03
d.dd€-03
¥.88E-03
8.84E-03
6.33E-23
8.84E~-03
8.87€E-93
8.86E-03
8. 75€E-03
6.53E-03
60605-0’
6.88E-06

U-237

J=233

le28t-i0 0.39E-v0
b.5dt-35 b.39E~00

0«0
v.0
0.0
0.0
Ve
J. 0
0.0
0.0
0.0

6. 39E~-V6
o.d¥C~-vo
0+39t-006
6.39E-06
0.39E-U06
2.3 L-Jo
be.39E-Vo
5.39E-06
6.39%-J0
6. 39L-006
Se 3VE-VO
0. 39k-U6
6.39%c-Ub
8+39E-Ud
5e3%9% -V
0e3dE~-vo
6.3dE-J6
6. 29E=-VO

NP-237
2.17€-10
2.17€-10
2.17e-10
24 1TE=1V
2.17€-10
2-1TE-10
2.17E-10
2.17E-19
2.17€-10
2. l0E-10
2.16k-10
2.16E-10
2eloE~10
2.15E-10
2.13€-10
2.VE=-1V
l.8%E~-1V
1.57€E~-10
8.v9€E-12
1.86¢E-24

PJ=240
3.32€-20
3.32¢-20
3.32€-290
3.32E-20
3.326-20
3.31€-20
3, 29E-20
3.255-20
3,16E-20
3,00€-20
2,7T1€-20
1.99€E-20
le19E-20
4.24dE-21
2.,0)1€E-22




