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PURSE: -
A PLUTONIUM RADIATION SOURCE CODE

*R. YUMOTO*
H., SASAJIMA*
S. FURUDA**

ABSTRACT

PURSE has been developed to calculate alpha, beta,
gamma ray and neutron intenéity from fresh plutonium mixed-
oxide fuels which contain daughter nuclides of plutonium and
uranium,

PURSE also has an ability to calculate gamma ray spectrum
from mixed-oxide fuels.

Four main decay chains of uranium, actinium, thorium and °

neptunium are considered. In addition, decay chains of
transplutonium elements and some kinds of Fission Product
elements which will be slightly remained in plutonium after
reprocessing are also considered. |

Number of curies and emission energy of alpha, beta and
gamma ray from nuclides in these decay chains are calculated
as a function of time. The number of energy groups of gamma
ray can be taken up to 18, the total and average energy of
each groups can be calculated, and the gamma ray spectrum is
plotted by the use of a plotter. As for neutron generation,
spontaneus fission and (o, n) reaction with oxygen are
considered.

PURSE is written in FORTRAN IV for the CDC 6600 and a
running time is about one minute. A plotter is the CalComp
915-1136.

* Power Reactor and Nuclear Fuel Development Corporation.
** Century Research Center Corporation.
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1. INTRODUCTION

Plutonium is one of the transuranic elements and is
produced artificially except what is produced slightly by
spontanecus fission neutrons. Plutonium utilizable in
reactor is derived all from uranium fuels, the isotopes of
plutonium exist in the order 2%°pPu, 2*°pu, 2%*!lpu, 2%2pu,
238py, 23fpy and 2%?pu in weight. 2%%Pu is produced during
reactor operation but it exists little in plutonium isotopes
after reprocessing of spent fuels because the 2"°Pu having
short half life (about 5 hours) decays all to ?*®Am in
several days after reactor shutdown.

Plutonium involves more isotopes than uranium, so that
radiation and its quality are much more complicated. Pluto-
nium isotopes cover the all decay chains of uranium, actinium,
neptunium and thorium, and the daughter nuclides in the decay
chains are produced as a function of time. The specific
activity of plutonium is higher than that of uranium because
of plutonium having relatively short half lives than uranium.
The gamma rays from plutonium are included particularly very
soft energy gamma rays from 2*'Am and 2%7’U produced by decay
of %*'Pu and in addition high energy gamma rays from daughter
nuclides (mainly 22°%Th, 2!2Bi and 2°%7%) due to decay of
238py, Some problems of external exposure from these gamma
rays occur, so that the handling of plutonium is very
difficult.

The plutonium isotopes at first recycle involve rela-
tively low order isotopes (much 22°Pu and less 2*°Pu), and
according as isotopes become high order (relatively much
2%0py and less **°pu) radiocactivity tends to increase. The
radiocactivity increases as the time after reprocessing
proceeds. Some actinide elements and fission products will
also be contained slightly in plutonium after reprocessing,
thereby the radiocactivity increases.

Spontaneous fission neutron and (a, n) reaction neutron
with oxygen (!®0) are considered as neutron source. The
neutron intensity from plutonium-uranium mixed-oxide fuels

is much stronger than that from U0, fuels.
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PURSE has been developed to evaluate radiation source
from plutonium explicitly within an accuracy of nuclear data
present, from the viewpoint above mentioned. Four decay
chains (including transplutonium elements) and some fission
product decay chains were considered in the PURSE. The code
PURSE can be used to calculate the radiocactivity of plutonium
fuels which are handled in processes from reprocessing to
loading into reactors, that is conversion to PuQ, powder,
transportation of PuO., mixed-oxide fuel pelletizing and
assembling, transportation of assembly and handling of
reactor site. The radiocactivity from thorium fuels as well
as plutonium fuels can alsoc be calculated.
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2., FUNDAMENTAL EQUATIONS AND ANALYTICAL METHOD

Concentrations of nuclides in decay chain dependent on
time are represented by the following first order liner

differential equation;

M=A x(t)+1);1Y xtt) (2.1)

St 1%y 5Ly i3%5 (B eeeennn ceseneaasss .
(i =1, 2, 3, ccen. , 0)
where

xi(t) : concentrations of i-th nuclide at time t

iy : decay constant of i-th nuclide (sec™!)
i3 : branghing ratio from j-th nuclide to i-th

nuclide
n : number of nuclides in decay chain

The equation (2.1) is also represented by the following

simultaneous first order linear differential equations.

d t
x—(li_é—) = A11X1 (E)+Y1ax (E)+Y13x (L) +. ... .+Y1nxn(t) )
D2 l8) =, a3 (£)+4¥ 213, (£)4¥5 5%, (£) 4.0 us o +Eopxp (£)
: : : : : .. (2.2)
dxn(t)
—ac = )\nnxn (t)+Yn1X1 (t)+Yn2X2 (L) +..... +Ynnxn(t) )
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Using matrix notation the equations (2.2} may be
represented as

where A is an nxn matrix with elements Aii and Y

X is a vector (X1, Xz, Xas eesee-y xn)

dX

and 3t is the derivative vector (Xm dx, dx, dXn

dt " dt " dt """ o dt )

Then, A is the following lower triangular matrix.

FA11 0 f i enceesas 0 N
Y01 A22 ecenveoacconse 0
Y31 Y32 tveeeeceeaes 0
A= . . .
\Ynl YDZ ..... R ) ')‘nn/

where Aii and Yij elements are constants independent on time
to be determined by decay constants and branching ratios.

The equation (2.3} of a homogeneous system is solved by
giving an initial condition. The eigen values of A matrix
are the same as diagonal elements Aii (i=1 ~ n), and they are
difference one another. Eigen vectors for these eigen values
may be represented by Bj, the solution of the equation (2.3)
is obtained as follows.

X(e) = 7 o, "B; °* S (2.4)

i=1
where initial value X¢ is obtained at t=0, consequently a, B,
must satisfy the following relation.
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3. CALCULATIONAL METHOD OF RADIOACTIVITY

Concentrations of nuclides at time f are calculated by
equation (2.4). The calculation of radiocactivity, energy of
alpha, beta and gamma ray and neutron generation are des-
cribed in the following each sections where Xs is the con-
centration of i-th nuclide at time t and Ki.is a decay

constant.

3.1 Alpha and Beta Ray

The activity and energy of alpha and beta ray are

calculated by the following equations;

dgi = X, % Al X B i vecesroseneannns tesaeenanans ces (3.1)

Bdl = Xi X Al X ABi ...................... ceeesean (3.2)

Ggi = Ogi X Ejf *rrerroorrercenss ceseescasrercrnnns (3.3)

Bei = Bdl X EBi ............. P esesenaenes sreceenns . (3.4)
where

Ogq * number of disintegrations of alpha (dps)

R ;¢ number of disintegrations of beta (dps)

Azi, ABi : abundance of alpha and beta ray per decay,
respectively

@, ; ¢ energy of alpha ray (MeV/sec)

Bei : energy of beta ray (MeV/sec)

Eai, EBi ¢ average energy per decay of alpha and beta,
respectively (MeV).

The average alpha energy (Ea) is calculated by the following
equation

X.°A,*A B .
1171 ol Tal

&)
I
|

Q
{3 o I = Y [ o =
>
b
e
w
o

.

a
-
Q
E_I
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and the average beta energy (EB) also is calculated by the
same manher as the equation (3.5}).

3.2 Gamma Ray

The number of energy groups of gamma ray c¢an be taken
up to 18. For example, the cumulative abundance and energy
of gamma ray of K-th group are calculated by the following

egquations;

m
GX., e Y ¥ (3.6)
i,k i=2 i,]
m
GE = I AB, .°E., L  titieciitcnctsesasssessoanas 3.7
R N (3-7)
where
GXi K abundance of gamma ray per decay of i-th nuclide
r
of k-th group
ABi 3 ; abundance of gamma ray per decay of i-th nuclide
r
GE x § energy of gamma ray per decay of i-th nuclide
I
of k-th group (MeV)
E, . i energy of gamma ray per decay of i-th nuclide
(MeV)
8 ; lower energy limit index of k-th group
m ; upper energy limit index of k-th group.

The activity (Ydi) and energy (Yei) of gamma ray of k-th
group of i-th nuclide are calculated by the following

equations.
Yai (dps) = X; x Ai X Gxi,k .................... (3.8)
Yei (MeV/sec) = X, x Ai X GEi,k ................ (3.9)
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The average gamma energy of k-th group is calculated by the

following eqguation.

lXi'hicGEi,k

(ieaf]
I

.............. cresneseess (3.10)

H

X3"hi0C%5 x

1

e H-
heagill il

3.3 Neutron

The both of neutrons from spontaneus fission and (ao,n)
reaction with oxygen in oxide fuels are calculdted. When
NG; is neutron generation per second at an atom of i-th
nuclide, the number of neutrons from i-th nuclide at time
t, NGNj, is calculated by

and that from all nuclides is as follows.

NGN =
i

Hoes i3

NGNi  oveevevnnacnnnenanns e e (3.12)
1



PNCT852-78~13

4, DECAY CHAINS AND NUCLEAR CONSTANTS

4,1 Decay Chains

Plutonium isotopes in plutonium fuel handling are mainly
236py, 238py, 23%y, 2%%pyu, 2%*!'pu and 2%*2%Pu. These nuclides
decay to thorium chain (?3®Pu and 2"°Pu), neptunium chain
(2*'pu), uranium chain (2%%pPu and ?%*?Pu), and actinium chain
(23%Pu). These decay chains are shown in Fig. 4.1 through 4.4.

The following decay chains of fission product nuclides
which have relatively long half lives were considered as
impurity included in plutonium.

125mTe
~
89%r » g 125gp Y 143pr 5 8
\ S
08y » %% » 5 13%cs » 8 14%pr + 5
Slgy » 8 135cs » 8 1%7pm > S
1371
P Ba
°3zr > ?¥Nb > 5 137¢s ¥ 151gm > 5
T
9 5 S
85 7 Tb 149
Zr Ba + S 152p31 » 8
T
°’Nb » S
103Ru+ 103mRh+S lulce_}s IsliEu_)_S
IOSRu > loﬁRh . S 1'+'+Ce - 1‘+‘+Pr -3 S ISSEu -5 S

4.2 Half Life

Half lives have been taken from the 1974 4-th edition
of the "CHART OF THE NUCLIDES"!) (refer to appendix B).

4.3 Gamma Ray Energy and Abundance

The energy and abundance of gamma ray from actinide

nuclides and fission product nuclides have been taken from
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the 1974 volume 13 of the "ATOMIC DATA AND NUCLEAR DATA
TABLES". 2) They are shown in appendix B.

4.4 Neutron Yield

Neutron yield from spontaneous fission has been taken
from the paper by 3. Raman®) and the 1963 second edition of
the "REACTOR PHYSICS CONSTANTS"“), and that from (u,n)
reaction with oxygen has been calculated by semiemplical

equation which was used in ORIGEN®) code. These yields are
shown in appendix B.

4.5 Other Nuclear Data

The energy of alpha and beta ray has been taken from
the 1967 sixth edition of the "TABLE OF ISQTOPES".®) They
are shown in appendix B.



PNCT852-78-13

Atormic number

252

o8 Cf
267y
g7
248 244
26 Cm Cm
361x10% 18.099y
244
95 Am
10.1h
244 240 _ 236
94 Pu Pu Pu
82 6y 6.537x10y 2 B5y
240
93 Np
65m
240 236 232
92 U U U
14 th 234x10"y 7Ty
91
232 228
20 Th Th
1.41x10'y 1.91y
228
80 ] Ac [
228 6.13h 224
38 Ra Ra
575y 3.64y
o7 ‘
220
86 Rn
555
85 46s
f2m
216
84 Po Ny
0.15% S ZE0x1G%
21z [
83 Bi
606m
212 o8
o2 Pb lse% Pb
10.64h Stable
208
81 Tl
3im

Fig. 4.1 Advanced thorium decay chain
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Atomic number

o8

a7

96

95

94

23

92

o1

20

B9

88

BT

86

B85

84

83

82

81

242

Cm

64.2m

245

Pu

10.48h

249

Bk

314d

245

Am

205h

249
Cf
3506y
245
Cm
8532 x 10y
24
1 Am
433y
24
Pu
14.89y%
[onoza 2?:1
Pl
2.14x1
237 233
0 l U
6.75d 159x10
233
Pa
27d
229
Th
7340y =
\ Ac
104d
225
Ra
14.8d
221
Fr
48m
217
At
0.032s
213
Bi
45.59m
12.2%
209
Tl
2.2m

213

Po

4.2ps

D

\Bi/

209

Pb

325h

Stable

Fig. 4.2 Advanced neptunium decay chain
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Atomic nurmber

251

28 Cf
y
97 l'
247 243
96 Cm Cm||
1.56x10Yy 30y
293
95 Am
- 7 TAxIDY
243 239
o4 Pu Pu
496h 343910y
239
93 Np
23855d =1
92 U
7.04x10y
23
91 Pa
325710y
23 227
90 Th l Th
25.6h L /18.72d
218y
223
88 ll.?% Ra
__71i.434d
223
87 Fr
22m 219
86 Rn
' 3.96s
215
85 [ o At
6&ﬁOOOms
215 21t
84 Po .,§ Po
0001785 056
21
83 Bi
2.13m
21t /207
82 Pb \Ph/
36.1m o7 Stable
81 Tl
48m

Fig. 4.3 Advanced actinium decay chain
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Atomic number

250

98 Cf
13.08y
249
97 Bk 1
314 d
250 246 242
96 Cm Cm e Cm
113 10} a.82x0y____¥. 71634
246 242
85 Am JAm jl
25m 9/ 16n
24€ 242 . 238
94 Pu Pu Pu
109d 3.87x10% 87.75y
93 ]' l
) 238 234
92 U U
aa7x0y HEm 75 aax0y
91 [ 540.3"/1
234 6.75h 230
90 Th Th
24.1d 77x10y
9 j
226
88 Ra
' 160y
87 l
222 2|8.
86 Rn 4 RN
Q‘\
382d 0035s
85 J’ a At
N
& 2s
218 214 210
84 Po l Po - Po
3.5x10%
) 164 )
3.05m 4 6dps Tpmor /13840
83 ‘\ Bi N zlt
198m @,
Z149 210 @r5.01d 206
82 Pb \ém Pb fﬂ Pb
268m 223y Stable
210 { 206
81 Tl | TL
13m Y 7 42m
206
80 Hg
8m

Fig. 4.4 Advanced uranium decay chain
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5. CONSTITUTION OF PURSE PROGRAM

PURSE consists of three main sub-program, TSEARCH, NUDE
and PUGAM.

1) TSEARCH

~calculates lapse time from date when plutonium was
purified to date of chemical analysis and plutonium isotopic

composition just after purification.

2) NUDE

-calculates number density of nuclides in fuel as input
of plutonium isotopic composition obtained from TSEARCH and

other calculation conditions.

3) PUGAM

-calculates intensity of alpha, beta and gamma ray and
number of neutron release as input of number density of
nuclides obtained from NUDE and other calculation conditions.
Further the PUGAM consists of the following three parts.

C) Setting of data necessary to calculate.

Solution of differential equations and calculation of
concentrations of nuclides by time step.

C) Calculation of radiation intensity from concentrations
of nuclides.

Sub-program functions to constitute PUGAM are described below.

PUGAM : control calculation flow.

INPUT : read input data.

DATST : set constants.

GAMMA : read the gamma ray data from library.
GEMAD : make decay-matrix.

EIVEC : calculate eigen-vector.

ONOXONOROXC
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CALDN

APRINT

CPRINT

DPRINT

EPRINT

GPRINT

IPRINT

NPRINT

SPRINT

HEADWR

GRAPH

©OEOOOEOEOOLCOO® e O

DOSERAT

FPRODCT

calculate concentration-vector.

print

print

: print

print

: print

: print

print

print

: print

two dimensional matrix.

curie {including calculation of curie).
decay constants.

energy (including calculation of energy).
gamma ray library.

input data.

number density of nuclides.

summary of energy and curie.

title.

plot gamma ray spectrum.

calculate spatial dose rate of gamma ray

calculate FP activity. -

Calculational flow diagram of PURSE is shown in Fig. 5.1.
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{ START )

Calculation
condition

No

TSEARCH

NUDE

PUGAM Lo

Yes

Fig. 5.1 Flow Diagram of PURSE Program
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6. INPUT FORMAT AND QUTPUT CONTENTS

6.1 Input Format

Card No. Format Symbol Description
1 8210 TIT Title
2 15 KSA 1l - calculate TSEARCH.

~1 - do not calculate TSEARCH.

3Fi10.3 DELDAY Time interval from date when
plutonium isotopic composition was
analysed to date of calculation
(day) .

DELDAU Time interval from date when
uranium was purified to date of
calculation (day).

VOLUME Volume of fuel (cm?).

If KSA=-1, cards 3, 4 and 5 described below are not needed.

TSEARCH input section

3 2F10.3 HALF41 Half life of Pu-241 (year}.
DELT Time difference between two dates
of plutonium and americium analysis
(day). If plutonium was analysed

later than americium, add a minus
sign to DELT.

2(2X,A8)TITLEA Date when plutconium was analysed
in the order year(A.D.), month,

day. For example, Aug. 22, 1978
is input as 78. 8.22.

TITLEB Date when americium was analysed
in the order year (A.D.), month,
day.

4 415 IYEAR Date when plutonium was analysed,
year (A.D.).

IMON Date when plutonium was analysed,
menth.

IDAY Date when plutonium was analysed,
day.

JWEEK Date when plutonium was analysed,
a day of the week.

1 - Sunday
2 - Monday
3 - Tuesday
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Card No. Format Symbol Description

4 - Wednesday
5 - Thursday
6 - Friday

7 - Saturday

5 6F10.3 PU(I) Plutonium isotopic composition
(w/0) in the order Pu-238, Pu-239,
Pu-240, Pu-241, Pu-242.

2AM Am-241 concentration (ppm), Am-241
to Pu weight ratio.

NUDE input section

6 315 IWA Unit of input for plutonium and
uranium isotopic composition.
1l - w/o
-1 - a/o
IDA Calculation of theoritical density.

1 - calculate
-1 - use built-in values in this
code. (ppy=11.46, py=10.96 g/cm’).
NUO 1 - do not use natural uranium.
-1 - use natural uranium.
7 3F10.3 PUI Pu enrichment (w/o0)
DID Fuel density.

If fuel density is theoritical
density such as 95% T.D., enter
as 0.95.

If fuel density is effective
density such as 10.95 g/cm®, enter
as -10.95.

oM Oxygen to metal atomic ratio of
mixed-oxide fuel.

If NUO=-1, card 8 described below is not needed.

8 4F10.3 U(I) Uranium isotopic composition (unit:
see IWA) in the order U-234, U-235,
U-236, U-238.

If KSA=1, card 9 described below is not needed.

9 5F10.3 PU(I) Plutonium isotopic composition
(unit: see IWA) in the order Pu-238,
Pu-239, Pu-240, Pu-241, Pu-242,
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Card No. Format Symbol Description

PUGAM input section
10 715 NP (1) Print y-ray library (1/0; yes/no).

NP{2) Print decay constant and abundance
(1L/0; vyes/no).

NP (3) Print energy of «, B and y-ray

{(1/0; yes/no).

NP (4) Print matrix of decay (1/0; yes/
no) .

NP(5) Print curie by time step calcula-
tions (1/0; yes/no).

NP (6) Print energy by time step calcula-
tions (1/0; yes/no).

NFP Calculate FP activity (1/0;
yes/noj.

11 10I5 IYR Date of activity calculation,

year (A.D.). For example, 1978 is
input as 78.

IMT Date of activity calculation,
month. ;

I1DY Date of activity calculation,
day.

NSTEP Number of time steps (for time
step calculations).

NOPT 1-take a constant time interval.

Then, enter a constant time
interval in symbol IDELT.

0-take arbitrary time interwvals.

Then, enter time intervals in
symbol TXI(I) on card 12.

IDELT Time interval (year).
If NOPT=0, IDELT is =zero.

NPLT 1 - plot y-ray spectrum. :
0 - do not plot y-ray spectrum.
NTYP Type of plot.

1 - photon.
2 - energy.
- photon and energy.

3
NSP l - plot y-ray spectrum by time
steps.
0 - do not plot y-ray spectrum by
time steps.

NDC 1 - calculate spatial dose rate of
Y-ray.
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Card No. Format Symbol Description

0 - do not calculate spatial dose
rate of y-ray.

If NOPT=1, card 12 described below is not needed.

12 8EL0.0 TXI(I) Time interval from standard date®!
=1, to each time steps (day).
NSTEP
13 E10.4 PU236 Initial concentration of Pu-236
(atoms) .
14 3E10.4 TD3 Time interval from date when Th-232

and U-232 were purified to date of
calculation {(day).

TH(1) Initial concentration of Th-232
(atoms).
TH(2) Initial concentration of U-232
{atoms).
15 15 NGRP Number of y-ray energy groups,

maximum 18.

16 8E10.4 GRM(l) Lower limit energy of first y-ray
energy group (MeV).

GRM(2) Lower limit energy of second y-ray
energy group (MeV}.

GRM Lower limit energy of NGRP-th y-
(NGRP) ray energy group (MeV).
. GRM Upper limit energy of NGRP-th y-
(NGRP+1)ray energy group (MeV).
17 4E10.4 CF(I) Initial concentrations (atoms) in
I=1,4 the order Cf-252, Cf-251, C£f-250,
Cf-249.
18 2E10.4 BK(I) Initial concentrations (atoms) in
I=1,2 the order Byk-250, Bg-249,
19 8E10.4 CM(I) Initial concentrations (atoms) in

I=1,8 the order Cm-250, (Cm=-249, Cm-248,
Cm-247, Cm-246, Cm-245, Cm-244,

Cm-243.

20 E10.4 cM(9) Initial concentration (atoms) of
Cm-242,

21 6E10.4 AM(I) Initial concentrations ({(atoms) in

I=1,6 the order Am-246, Am-245, Am-244,
Am-243, Am-242, BAm-241.

22 4E10.4 OP(I) Initial concentrations (atoms) in
I=1,4 the order Pu-246, Pu-245, Pu-244,
Pu-243.

*1 Correspond to IYR, IMT and IDY in card No.ll.
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Description

Initial concentrations (atoms) in
the order Np-240, Np-239, U-240.

cards 24, 25, 26 and 27 described below are not

Initial concentrations (atoms) in
the order Sr-89, Sr-90, Sr-91,
¥-90, Zr-93, Zr-95, Nb-93m, Nb-95m.

Initial concentrations {(atoms) in
the order Nb-95, Ru-103, Rh-103m,
Ru-106, Rh-106, Sb-125, Te-125m,
Cs-134.

Initial concentrations (atoms) in
the order Cs-135, Cs-137, Ba-137m,
Ba-140, Ce-141, Ce-144, Pr-143,
Pr-144.

Initial concentrations (atcoms) in
the order Pr-148, Pm-147, Sm—-151,
Eu-152, Eu-154, Eu-155,

described below are not needed.

Number of detector points for
calculation of y-ray dose rate <10.

Distance from source.

card 30 described below is not needed.

Card No. Format Symbol
23 3E10.4 XNP(I)
' I=1,3
If NFP=0,
neaded.
24 8E10.4 FID(I)
I=1,8
25 8E10.4 FID(I)
I=9,16
26 8E10.4 FID(I)
I=17,24
27 E10.4 FID(30)
1=25,30
If NDC=0, cards 28 and 29
28 110 iDs
29 10F8.2 DIS(I)
I=1,1DS
If NSP=0,
30 1015 NP(I)
I=1,
NSTEP

6.2 Output Contents

Option to plot y-ray spectrum by
time steps (1/0; yes/no).

Output from PURSE is described below.

1) Plutonium composition just after purification and time

interval from date when plutonium was purified to date

of analysis.

2) Atomic number density of fuel just after purification.

3} Input condition for calculation of radiation

intensity.

For example, initial concentrations of each

nuclides, date of calculation and gamma ray energy

structure etc..
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4)

5}

6)

7)

8)

9)

10)

1)

2)

3)

5)

6)

Initial concentrations of transplutonium and FP nuclides.
Concentrations of each nuclides.

Disintegration number per second and curie number of

alpha, beta and gamma ray and number of neutron release.

Radiation intensity (MeV/sec) from each nuclides and

gamma ray spectrum.

As for time step calculations, radiation intensity and

concentrations of each nuclides by each time steps.

Weight and weight ratio (ppm: based on U+Pu weight) of

each nuclides.

Gamma ray spectrum diagram (output only when a plotter

is used).

' REFERENCES

W. Seelman-Eggebert et al., "CHART OF THE NUCLIDES 4-th
Edition 1974", Gesellschaft fiir Kernforschung m.b.H.
Karlsruhe (8.1974).

W.W. Bowman and K.W. Macmurdo, "Radiocactive-decay Gammas
Ordered by Energy and Nuclide", ATOMIC DATA AND NUCLEAR
DATA TABLES 13, 89-292 (2.1974).

S. Raman, "General Survey of Applications Which Require
Actinide Nuclear Data", Oak Ridge National Laboratory,
Oak Ridge, Tennessee 37830.

Reactor Physics Constants, ANL-5800 Second Edition,
{7.1963).

M.J. Bell, "ORIGEN-THE ORNL ISOTOPE GENERATION AND
DEPLETION CODE", ORNL-4628 (5.1973).

C.M. Ledere et al., "Table of Isotopes, Sixth Edition",
John Wiley and Sons, INC., (1.1967).
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Calculation Condition

Uranium composition
Plutonium enrichment
Plutonium composition
Date of assay
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242

Americium content
Date of assay
Am-241
0/M
Density

Date of calculation
{standard date)
Number of time steps

Input

*4% SAMPLE CALCULATIQN #%%

1 1580.0 730.0
14.89 -43.0 74. 4.27 74,
1974 4 27 7
0.11 76.04 19.78
1 1 -1
2.14 0.95 2.0
0 0 0 0 1 1
78 8 24 1 1 1
0.0
0.0 0.0 0.0
15
2,18E-2 2,88E-2  3.80E-2
2,40E-1 3.46E-1 4.99E-1
0.0 0.0 0.0
0.0 0.0
0.0 .0 0.0
0.0
0.0 0.0 0.0
0.0 6.0 0.0
0.0 0.0 0.0

oo

5.02E-2

Natural uranium
2.14 w/o

April 27, 1974
0.11 w/o
76.04
19.78
3.48
0.59

March 15, 1974
850 ppm
2.0
95% T.D.

August 24, 1978

1
3.15
3.48 0.59 850.0
0 o 0
6.63E-2 8.75E-2  1.156E-1
7.19E-1 1.036E+0  1.493B+0 2, 151E+0
0.0
0.0 0.0 0.0 0.0
0.0 0.0 .0
0.0

1.67E-1
3.10E+0

0.0



PNC - PU

INPUT DATA FORM pacE oF
JOB NUMBER MAIN PROGRAM LABEY | | . 1 |, |KEYPUNCH RECORD  pare NO. OF GARDS
PROBLEM MODIFICATION KEYPUNCHED B
CCDED BY DATE VERIFIEQ 8Y
t23455789|0|23456789%|234567893l23456789401234567898|234567893i23456789-{)|234567393
o1 o]/ &l, [zl6|olo], M1 [pla. i
02 TIDIA] ;| ol |afe|alelele|eielels |
ospsa Bl (o[FED| | | 1 L
oau/a’lelr) (al IR, |Ui=piu RlsiE [Visp=[p* *|* 4 |
osklEW N (2 i|co, TAREL) B :
osicloglvle|r (4, tlcoy | | ] | ; JREREREE 1] | L
orlclopy’a|e (al JrlalBE )| | || 1 o ] Ll jERERE
oejr:w 1;0.a(p| ([a]) : i | | ‘E i
osR g Wz ol (|zaplEy] | | ! N E IEEREE N RN R ]
1oLiG| o (12| i=|1|olojol 0 o)) |I ] 1 :
HLABEL(|A , W ,|L=|P|U RS E‘P‘LO‘I‘ (T=1 I! LT plptter :ils| not|ysed, | ! 1
12[RIBWIND (A&, Ellop)! | % Ho npY heed! these candsd L | i i
13c/d py BlE| (Tl EL|0},|A)) ' _ ' ; | !
'%NL@OZAD (2 n o i nn L :__ l
15[7\/|8/:9 | L Al | ! L . |
16 } | L A | 1 ‘ E o
'7p|aTA| |S|HT | . BN | l‘:_ HAH
el 1 ¢ ' ' INENES IURERNE R RN !( N
1of71/18( /9 3
20b | A7 A8l/!9 - | |
|23‘?56739(I)|234567392l23456739g|234567993|23456?5905|2345578906!23456789$|234567892

@

¢1-8/-7S8LONd
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Qutput for Semple Problem

#ax SAMPLE CALCULATION wen

— - VSEAHGH = (CALCULATION OF EEFECTYVE TIWE 70 PU ANALYSIS FRON FURIF

TCATION

"AND ¥ COMPOSITION}

INPUT DATA ARRRRARRRR B
ARRAREAANE _ & U =237 k<CGaAnake ALPHA .
ARKREREARA - <0,002% X )
DELT ==—-= PU ANALYSIS 74, 4,27 i - . * R
AH ANALYSIS The 315 =43,0 DAY ] » ARARKNARAN
HALE4Y ~=— PU-2641 HALF LIFE 44 ,820YEAR * aaxhaknnes Pleb] w
WALF51 —-= AM=2L1 HALF LIFE 433, 000YFAR * BETA FEREXNERRR
ISDTOPE COMPOSEITION(W/0}  PU=238(PU(IY) 110 v ®
PU-239¢PUC2)) 78,040 ¥
PU=240PULIIY 19,740 ¥ 2 BETA
PU=241(PUCS)Y 3,480 ARARRRAARR x (99,9977 %)
PU-262 (PULL)Y A590 & NP=237 #gicusannn ¥
AM=241 CAM) 850,000 PPH ARARKAARRRA #® ALPHA v
. v
L] RAAR RN N
wakhxhahnk AM=241 &
AkRAAAERNN
RESULT
AARRNA
1} TTME TU PU CHEMICAL ANALYSLS FROM PURIFICATION TTC(P)= 239,466 DAYS THAT [3  1973- 9- 4 (SAIURDAY}
25 MASS RALAMCE{G/G FUEL)
T1ME (DAY) PU-23R PH-239 Pl=240 PU-24% PU=742 TOTAL
# INITEAL # 0.000 A104E-02 . I5P8E+00 J1974E+G0 L3581E~01 L58%6E-02 +1000E+01
x Pl C A, % 231,406 ,1099€-02 LTSFAELD0 +1978E400 3478E=01 +5894E~02 SPIVQEHQD
a AM C A, & 188,460 L1100E-02 J7596E400 +1978E400 L3495E~01 .SBPLE=D2 FIRIE+OD
-MATCRIAL GEMERATED FROM PHi=241 DECAY= (PPH/E FUEL}
NP=237
ARRRARARRER A
L LLHECDAYY AM=241 U=237 {PU~251) (AHm2s1) C_IMBL FOTAL oo
« [NITYLAL * 9,000 0, 0. 0. L 0.
% PU C,A, & 231,456 L01ERDL 9?7803 L2258E-01 +5222E400 JH042ZE+0%
* AM G,A, »  1BH, 460 JH500E+03 L9B31E~Q3 «1B25E=91 JSL69E40D ASOLE+D3
13 PLUTUMIUE COMPUSITLIONCW/O)
VIME CDAY) PlI-?3B PU-239 PU-240 Ptin2a1 EITEH ¥4
— - % INITLAL » 0,000 000 t5.900 . 19.738 Ja381_ 1L I, -
*x P C.A, & 231,488 R3] 76,040 19,780 1,480 590
a AM C,R, *  THAL44E e 76,025 19,776 3,698 L590
ENU UF TSEARCH
wan SAMPLF CALCULATIUN #ww
o = BUBE -_ . (CALCULATLOM_QE AJOMIC NUMBER QENSITY2 . - .
PU ENRTCHHERNT DENSITY (G/CM%3)
TR ANRFARARAN EE TR EEE LR LRSS L)
win AR PUOZ uoz PlOZ-102
PUGZ / tPIp2=102) 2.,1400 T Earw ~ T.p,. 0100 0/0) 11,4703 “10.9579 10,9685
un2 7 (PYRZ-ung) 97,6600 $7,8701 EFFECTIVE DEN, 10,8967 10,4100 10,4201
1SDTARIC COMPUSIYTION
AAAAARARRARAF R AN SR AR e sie e e — i o — - - —
W/D CEINPUT) Aro’ Wi0
U=234 L0054 L0057 L0048
u=23% L7110 L7200 L6153
u-236 0.0000 ¢.0000 0.48000
_— _u-2%8 99,2854, _F9.2740 B3, 56458 _- R —— _
py-238 106 REL 0021
PHa?39 75, %606 74,0507 1.4339
#1-240 19,7591 19,7003 L3730
PU~241 3.5865 3.5530 L0676
PlI=242 L5894 L5828 L0111
AM-201 L 0.0000. - _ . 0.0000  _ _0.0000 _ — . P
(PFH) 0.,0000
HP-757 04,0000 2,9000 0,0000
(PPHY 0,0000
0-14 11,8449
ATOMIC HASS : ) ) - oo
ERAARKRAIRE
pu PUL2 PUSPUO2 U w02 urun2 (PUsUI02
23%.3372 271,3858 L8821 258.0282 270.,0268 «BB1S 270,057
ATOMIC NUMBER DERSITY  (K/CHan3)a10wh2i
AAREAATR ke ko ko
u=234 .127635E=05
u-21s A6 S7LIEQT
=236 .
y=-238 225779E~01
PU~238 W569555€=06
PU-25% L 3764L09E~03
PU~240 +975053E-0%
PU=241 2175951E=04
PU-262 . 288437E-09
AM=241 Q. -
NP=237 0,
. 0-16 P bGLTIBE=D1 3 _ e
_ END OF HUDE
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*#a SAMPLE CALCULATION wae ———_DATE _09422/78 = BAGE 1 _

ANRARNERANARNRR RN
* INPUT DATA L]
thphRaRR R RTARR AN

PRINT OPTION
ANRNN ANGEES

PRINT GOWTENLS OF GAMMA=RAY LIBRARY / NO PRINT }
PRINT DECAY CONSTANT AND ABUNUAKCE DAFA / NO PRINT )
PRINT ENERGY DATA OF RAYS /7 MO PRINT.)
PRINT D{I-J) MATRIX / ND PRINT }

1 £ NGO PRINT )

s
-~
-
-
=

PRINY D73 AND CURIE QUTHU
PRINT RAY INTENSITY OQTPUT / NO PRINT )

INLTIAL NUCLIDE QENSITY (NUMBER DENSIFY t ATOMS/CNAm+S )
KRREREAR AERRANR RRRXAAK

PU~SERTES T1 = 18711,(04TS) PUn242 = Z,BBLSE+16  PU=241 = 1,.7595E+19 PU-240 = 9,7505E+19
PU=23% = 3,7441E+20 PU=238 = 5,4956E+17 FU=236 = 0.
U=SERIES T2 = 730,{0AYS) U=238 = 2,2574Fs22 U-236 = 0, U235 = 1,6575E+20
U=234 = 1,29865F+18
TH=SERIES 13 = 0. (0AYS) TH=-232 = 9. T u-252 z 0, . T
DATE OF CALCULATION
AkkR *h AREARAREkRR
SDATE = 78/ 8724 (STANDARD GRIE} oo omee -
TYEAR T 79/ /7%
TOAYS = 343,
STRUCTURE OF GAMMA RAY GHOLP
ANARAAAAR Ad ARARd RAN SXRRA
NGRP =15 { HUMRLR OF GAMMA HAY GRUUP )
THEY) GAMMA 1 GAMMA 277 GAMMA 3 GAHMA & GAMMA b GAMMA & GABMA §  GAMMA B GANNA §
LUMER BOUNDARY 02980 L0288U LO340U 05020 Lu66%0 LT L11560 L1670 JZhung

UPPER  BOUNDARY 02880 3800 L5020 08039 «0R754 11560 16700 240D «Skoho

TNEV) GAMMAI0  GAMMAYS  GAMMAIZ  GAMMA1S  GAMMATL  GAKMA1S

LOWER BOUNQZARY 5600 2h2V00 41900 103800 1.42300 42,1510y

HPPER  BOUNDARY 49900 21500 103500 T.4%500 2.15100 ERR L

aka SAMPLE CALCULATION #aw DATE  O9F22:¢78 PAGE 2

T TTHANS=B[UTONTDR TR TTAL vALUE

RhERERAA KRR kRAR KANAARA ANAER

CF=252 CF=25% CF=250 = U, CF=24% = 0,
BK~250 BK~249
- _ CH=25Q CH=24Y tH=2hy CH=247 CH=24b = O,
CH=245 CH=2614 CH=-¢gL 3 LH=2u2
AM=24b AN=245 AM=2lt AN=243 AH=2L2 = O,
AM=241
PU=-24b Pu«2Ly = Q, PU-24k = u, PU-2&3 = D,
NP=240Q NE=239% = 0, u=z24y = U,
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TE o9/22/78

PAGE 33 _

wka SAMPLE CALCULATIUN wix DA
NUCLIDE NUMBER DEKSITY DATE 1 78/ B/24
ARESAEE BARAAS ARALANS AARA ARARKEKN
HUCLTGE  PU-SERIES U-SERTES  TH-SERTES TaTaL HUCLIDE  PU-SERIES U«SERIES  TH=SERIES TOTAL
CF-252 0. 04 0, 0. 1H=229 G155E405 0. 0. Sh155E+05
__CE=25% 0. . 0. 9. D, TH=228 2 2955€=01 0, 9, 22955E=01
CF-250 0, o, 0, 0, TR=227 LPTITE+DT  ,T4GI1E+05 0. “T4Lk2E+QS
CFe24¥ 0. 0. 0. ' Ate228 L3242F=04 0, o, #3242E~06
AK=250 0, 0. 0, Q. AC=227 JG590E+D4  ,670BF+07 0. 5710E+07
8K=24%  OC, 0, 0, 0. AC-223 (1435E400 0, a, +1433E+00
cM-250 Q. [ Uy 0. HA=228 . 2G45E+00 0. +2645E+00
CH=2L8 0, I 0, 9s . RA=226 ,2238F+07 L 6628E«0R 0. 8; +
CH=28d 7, v, 0. 0. RA-Z2% «2190E+00 0. 9, «2190E+00
CH=267 Q. 0. 0. 0. RA=224 L1425E=03 0, a, «1525E=03
CH=245 Q. 0, 0. Q. HA=223 LS873E401  ,A5%56E404 0, +B582E+04
CH=24% 0, 0, 0, o, ER-223 «T4Z0E-03  L2169E+00 0. +E1TOE+00
CH=244 1§, 0. 0. 0. FH-221 LTTPE-0L 0, a, JATTIE-OG
CH-243 0, _ 0, . P Qu ... _ RN=222 | L1452F402 L G279EeQS Q. WALZOESGT
cH=24Z 0, 0, ' 0. =220 .2896E=07 0, 0, 2496E~OT
AH=248 0. ' 0. 0, RN-219 L2357E=04  ,3431E-01 @, W3433E-01
BH=245 O, 0, 0. 0, RN=218 J2923F=12  LB00GE-11 0. LBEYTE“11
AM=Zok 0. 9. 0. N AT-218 JABTHE=07  4917E-06 O, .5084E=Db
RM=243 0, Q. 2. O, AT=-217 25357E-08 O, 0. L5357E-08
AM=gL2 = 0, o, ' Qo _. .o AT-215 #1369E-74  (1993E-11 Q.. . _ 1994E=11
Ain 244 LS415E419 D, 0. J5EI5E4ER PO-218 JADASE~02  ,238BE400 O, +244AE+00
PyU=244 0. ' 0. a. PO=216 J7272E~10 0. 0. JJd2T2E-10
PU=245 U, a. 0. o, PO-215 JHO59E=07 L 1542E-04 D, A543E=04
PU-Zhie [N 0. 0. 0. PO=254 «7E07E=08 212%8=08 0, «2193E=08
Pu=z43 0. u. 0. 0. pO=233 JAH12E=12 D, 0, J6R12E=12
PU=-242 $288LE+19 U, [T s 2BBLE+19 | #0=2128 «722TE-08 0. 0, _«2227E-08_
PY=246) J1397E420 U, 0. LAIY7ES20 no=212 JPZ95E-14 0, 0. .9295E=16
PY=240 .9765E+20 0, 0. JITUSE+2ZD pPO=211 +FI32E-CH «1554E-04 0, W1559E-04
PUR2IY JSTOLEHZT U, u, LSToLES2Y P0-210 J2aB6E¥01  ,2920E+02 0. 3168E+02
py=238 LH2H6ES1E 0. u, L5284E+18 81-29¢ L52226=01 L1537F+01 0. L1589E+09
Pu=236 0, u. U. 0. HI~2%3 4536E~05 0. 0. .4530E=-03
NP=240 0, u, 0, 0, HT-2%2 JIISRE=05 B, 0. W1759E=05
np=235¢ 0, u. u. 0. al-231 J7609E-03  .1108E+01 O, 1H08E+0Y
MP-g%7 SASUZEHIT b, 0. Ja502Ea7? 8l=230H LHIE+GE 2311E+05 0, «260VE+DS
u-240 0. v, u, . Hr=-230 JA330E+00 L2093E+01 O, L2226E+01
=278 L250LE+14  L2PSRE+23 O, CZTIREHET 81-2095  .V53eE+01 0. 0. «3534E401
u=237 L3995E412 0, a, +3OVLE+12 PR=214 L7047E=01  ,20R0E+D1 O, LZ1S9E+DY
u-238 51308417 0, 0, WY150E417 pR-212 J1B55E=06 0, 0, 213535E-04
U=23h L5309e417 L 1437E+21 0, LI63RE+21 FA=211 L1289E=01  1878E+02 O, JA878F+02
u-234 L2V13E+17 1294E419 0, 13176419 PR=211 LA155E406 18L3Fs05 0, L1958E+0%
u-213 JIT29ESI0 0. u. JITZEH1D PR~20% LIYLOE-D2 0. a. L1960E-02
u=232 o, v, u, o, ph-2085  ,112BF=01 0, o, J112BE=01
PA=234M  L1263E=01  .1134E408 0, LA136E+04 PR=2075  L1588F+03  .1196E+0¢ 6, 1198E+08
PA=234 (SB3LE=02  L908NE+UT U, LSN60E+07 PH-2065  ,L181E+0Y  ,2291F+02 O, L2T09E+02
BA=213 JUOB0ESDT 0, u, JLOBNE+YS TL=210 JJZNQE=Ns L 2119E=Da4 0. 2 2191E=0k
PA=231 LA295k409 L 321RES1Z U, W3219E412 TL-20% L4816E~Ds O, 0. JLB14E-06
TH=234 L3TVAESDS L3335E412 WL V33856412 1L =208 J31P4F-07 0. o, L3194E-07
TH=232 J$74AL+10 O, V. «STHAE+1D Tt=207 «1709E=02 «24B8F+01 0, «2490E+01
TH=231 L2202E408  L6T9PESU9 U, +BRUNESDT TL-206 LH007E-DF  L15BLE-08 O, .1485E-08
TH=230 IGPFEHIZ L7T650413 0, WF315E4117
TUTAL  4,9u94F+20 2,2743E+7Z O, 2.323BE+E2
xna SAMPLE CALCULATIUN aas NATE  Gw/e2/78 PaGE 34
OFCAY KATF ANP CURLE HUMBER DATF = 78/ 8724
kkhkdh ARAk ik RAAAk ok LY Rk Ak ok
4LPHA=DECAY BE[A-DECAY GAMMA-NECAY WEUTRON
HUCL TUE u/s cI [ET53 A D/s cl S,FCN/SECY  A~hCH/SELY  TOT(N/SFC)
CF=252 o, 1, U, v, - n, 8 'R 0.
CF=251 'N 0. 0. a. 0. 0. 0. Q. 0.
CF=250 &, . u, a, 0, n, U, 0, Q.
CF=24% o, &, v, Y. o, 0, a, Q. a.
Br-250 D, o, U, 0. 0, n, '8 0. 0.
RK=2&9 Q. 0y u, U, T n, 0. 0. 0,
Th=¢50 0. 0. U, ' 0 n, v, 0, 0.
SHm24Y o, 0, u. [N o, 0, O, o, 0,
CM=Zhb 0. 0, u. U, 0. 0, U, 0. 0.
GH=Zh? [ n, 0, u, a1, n. 0. 0. 0.
LTV [ 0, 0, 0, LN n, ' Ou 0,
CHM=Z45 o, a, 0. 0. o, n, u, 0. 0.
Ch-2ht [ n, u, v, o, 0, 0. 0, 0,
Cr=g43 o, 0. u. 0. f. n, 0. U, 0.
CH=262 e, 0, v, 0. [ n, 0. [N [
AM-246 0. n. u. ' o, 0. 0. 0. 0.
LRIV 0, n, o, u, ¢, 0, 0. Q. 0.
LLEY 293 [ a, e 0. qy 0. 0. Q. (Y
AM=Z4 8 ' n, v, 0. o, n, '8 0. a,
AM=-242 0. 0. u. 0, a. 0, Ua 0, 0.
AM=zh 1,8568E+08  4,959UE=0F W, 0. S.B137E+07  1,7B7SF=05  B.2318E=04 9,0849E+00 9,0857E+00
PU=248 . . u, Vs a. . u. . 0,
PU=245 Q, C. U, 0. 0, @y U, 0, 0.
PU=244 [N 0. o, 0. 0. e, 0. o, 9,
PU-243 0. 0. Ve u, a, 0. 0. 0, Q.
PuU-242 1,6381E¢0S 4 ,4L274E=06 D, 0. B.6561F+NY  1,79R4E=09  $.5419E400 5,3R80E-01 1,3473L+00
PU=241 4.7613E+05  1,7814E=05  2.0614E+10  5,5713k-071  2.7509E4NS 7,4349F=06  2,7628E=-04 1,506AE~02 14,53I24E=02
PU-240 3,2767F+05 A ,B559F-03 O, 0. 1,7251E+05  4,6625E-06  3.6787E+01 1,8252k+01 4. 8049E+()
py-2139 3,3916E+05  9,186%FE=03 0, O 2.0778E405  §,6157E=-08  3,3AF0E~03  1,5425L+0V  §,3L29E+0
Pu-234 1.3236E408 3,5773E-03 0. a, 6,36473E406  1.7155F=00 5.296LE«01 6,6330E+00  7,1427E+0D
Pu-238 Q. 0. u, a, o, o, . 0, 0,
HP=240 0. 0. 0. 0. 0. 0. 0. 0. 0,
Np=239 . 0. o, u, a, o, 0. 0, 0,
Np-257 1.5422E+02 4,.1682E-09 0. v. LoB255E€0T  1.3041E-09 4. FTI6E=10 G 2¥5LE~06 4 Z741E-06
- U=gaQ T P Qo P . 0. . 0. .
uU-236 1,1102E+0%  3,000SE-04 0, 9, 0, o, ?.8268E-02 2,0679k-03 1,0034E-01
u=23¢ 0. L by 7H72E4Q5  1,2B30E-05 L.5T66E+05 1,2207E-05 2.6067E-18 0. 2.6087E=-16
u-236 LB1L3E+01  A.Y012E-09 0. 0. Le6297E=02 1.2691E-12  9.3020E-08 1.1455E-06 1.2385E-06
u=235 S,1124E+03  1,3817E=07 0, 0. L 9515E+03  1,33B2E-07  1.7435E-05 1.1508E-QL 1,3251E-0&
u=2%4 1,1864E+05 3,2075E-06 0. 0, 1,0§47F+03  2,9317E~08  2,9501E-084 3,5254E-03 3,5284E-03
=233 1.06B3E-03 2.3B78E-14. O, IO | PR Sa7005E-04 1,3807E-16 _1.4214E-15 3,2557E-11 3,25858E-11
Uel3z [ X . o, a, o, a, 0. 9. 0,
PA=d3tH 0, 0, 1.1030E+05  2,97576-06  1,2325F+«038 3,3310E-08 0, 0, 0.
PA=23L 0. qa, T 44536402 5,9007E-09  2,6513E+02 7,1657E-09 0. ' 0,
PA-233 0, [ 1.6798E402  3,9995E-09  1,1529E+02 3,1158E-09 0, 0, 0,
PA=231 2.176%E=01  95,.BR36E=1Z2 0, 0, 1,6656F=0¢2 4,50t6E=13 0, FohBITE=0F  7,4BFTE=0Y
TH=-234 O, [ T.140ZE405  5,Q008E-06 1, 6639F+0h 4, 4431E~02 Qe _ . . O¢ ____ . 0u .__ .
THmZ32 5.B9R4LE~09 1,591 E-19 0. 0. [H @, 2, 1532E=19  9.2579E=37 9.279LE-17
TH-231 o, [ S,1440L+03  1,38226-07  1,1436E+03  3,0908E-08 O, 0, 0,
TH=230 2,1452E+00 S.7978E=-11 . 0. 1.6842E~02 4,0115E-13 1.3695E=12 5,9536F=08 5.953BE-08

-7 -
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_axm SAMPLE CALCULATEON was . DATE 09/z2/78 PAGE 35
ALPHA~GECAY BETA=DECAY GAMHA=DECAY WEYTRON
NUGLIDE 0/s <l DS [ uis [ S, CN/SECY A~h(H/SEC) TOT(N/SEC)
TH-229 1.2e43E=07 3,3629E-15 0. 0. 1,3351E«07 3,40B3E=18 0, 3,9973E=15 5,9973E=15
TH~228 3,3954E=-10 9,1763E=21 0. 0. 4,8673E=10 1,3101E-20 0. 1.5A09E~17  1,5B809E-17
Th=227 6, 1799E-05 1,8702E=13 0, Oy o __2,9319E-~05  7,9240E-14 0, _ 3,54%6E=-10  3,5L56E-10
ACuZ7B 0, 0. 1,0182E=09 2,7519E-20 1.0740E-09 2,9081E-20 0. 0. .
AC=227 1,1500E-0& 3,10B2F=15  4,6499E-0% 1,7973E=13  6,1225E-D4 1.65LPE-1L 0, 4,0105Er12  &,0105E-12
AC-225 1,1497e=07  3,1072E-%8  O. 0. 8.5189F-09  7,3024E=19 0. 7.0072E-1% 7,0072E=15
RA=228 0, 0. 1,0188E=09 2,7534k-20 0. 0. 0, 0. 0,
RA=226 9.4127E=06  2,5440E=14 U, 0. 1.9588E=03 5,2942E-14 V. 2,8318k=11  2,8%18E~11
RA=225 0. _ 0. 1,1873E~07  3,20886-18 _ 3.9179F=08 1,0589E-128 1y, U, 0.
RA=274 E.3604LE-10 9,0B21E~21 &, 0. 1,2497F=11  3,371eF-22 0. 1. B600E=1T  1.860DE=17
RA-2235 6.0093E=03 1,6241F=15 0, 0. 2.060986FE-0F G 35%6E-14 Oy 5,7095e-10 3,7095E=-10
FR=22% . 0, 1.,1500E=04 3,1087E-13 T.2119E=05 1,94%2F=15 0. Q. Qe
FRe221 1.1697E-07 3107318 0, u. 1,4L463E-NH  5,9090E=1% U, 9,5817E-15 9,3817E~15
RN=222 9.2734F=M4  Z.5065E-14 0. 0. 6,491LE=0F 1,7544F=37 0, 4.0617E=11 &, 8417E=11
Rh=220 3,3608E~10  9,M877E=21 = 0. [ PR 1.00B2E=13 2,7248E-20  (, 2.7589E=17  2.7389E-17
AN~219 6.,0095E=03 1,624ZE~-13 Q. "N 1,0B14E-05 2.9228F=14 U, 6.4835E-10 6.&b635E-10
RN-218 1,7619E=10 4.7619E-27 0. o, 3,5238E~13  9,523%E=-24 U, #,2%09E=17  2,2969E-17
AT=218 1,7602E-07 &,757ZE=18  1,7619E-10 4,7620E~21 &, 0, 0. 1,81726~14 1.81/2E=14
AT=217 1.449%E=0¢  3,1008E-18 0. 0. G, 0. 0, 1,4L85E=16 1,4685E=14
A1=215 1.3821E=-08 3.7355E-19 . 0. 0. o, U. o labTE-1S  2,7467E-13
____ PO=218 9,2716E=04 2,5058E=14 _ 1.¢619~07 &,7629k-18 0. 0. o, $.423RE=41  5.4238E=11
FO=216 3,1605E-10 9,0520E-1 . u, 0. 0, " 3,p282E=37 5,6282e-17
PO~215 JOU9IE~N3  1,661E=13  1,3BZ1E-D8  3.7355e-19 O, 0, v, 8, 874630 B,8734E10
PO-214 9, 270%E=Nk  2,5055E-14 0. u. 1,2979F-07 3,5077F=18 0. 14585310 1, 5853E=10
Pe=213 1.1243E-07 3.0386F=18 [N (LY . n, Yo 2,6%176-14  2,6312E-14
Pp-212M 1, 0, v, 0. 1,5436E-12 4 1720E=25 0, 0, Q.
o Pp=242  2,1677E=10 5,8045E=21_ 0, 0. a, n, O, 9,9790L=17 5,.97Y0L-17
Po-211 1.6825E-05 4,5474E-16 o, 0, 1,6825€-07 L. 5074E-18 ¢, u. a.
Pu-210 1, R389F =06  4,96L9F=-17 0, 0, 7.2062F-11  5,9974k=22 . B 11%0E=14  B8,1150E=14
Bl-214 1.9472E%07 5.7626E=16  ¥,2703L-uUL 2.5055€=16  1,4006F-0% 3,.7854F=14 0. 9,5325E=15  9.9325€-1%
AL-213 2,5289E=09 A,BIS0E=20 1,12420<07 3,0345E-18  3.7HToE-08 B, B55F=5¢ 0, 1.6187E=18  1,6181E=16
ar=212 1.2081F=10 3,2651E=21  2,14¢7E-10 ), B0L7E-2%  2.9958F=10 R, N9A2E-27 U, tJPOHNE=1R 7, 7FBOE-LR
B1-211 . 5,9964E~03 1,6201E=13  1,6R$1E-05 4. 5490E=16 R G157F-0u 2,7765F-70 0, 5.fT11E=10  5.7711E-30
Ri=2194 0, 0. 9. ' 7 A0A%E=1¢ 7,2122E=73 V. 0. 0.
B1=210 4,63IHE =12 1,2524k=27  $5.%644E-06 ¥,8356E-17 0, o, 0. 3,3601E=19  5,.5607E-19
RBI-2095  ©. n, G. Ua n, ", u. [N 0.
PH=Z14 T, n, $.270% =04 2.5058E=14 L5401 E~NG  1,7670E-10 U, u, Ou
P=-z12 o, G, 3,35076-10 9.0707E=21  1,46R3E-10 3.%6R5E-21 0. 9. 0.
PL=211 0. O 6,0087E=03  1.06240E=33  1.7151E=03 G, 6554F-10 0, 0. 0.
FH-210 a. [N 1,9307E=-05 5.216RL=14  7,7208F=07 2.0887E-17 . g, 0.
PB=209 a, a, 1,1690L=07  5,1055E-18 0, n, 0, 0. u.
Pa~2085 0, N, u, 0. n. n, u. U Q.
[l [ 0, v. Q. n. n, u, ' 0.
PU=2045 D, 0. u, 0. 0. 0. U g, a.
T=210 0. 0. 1,96720=07 5,2628E=1R  5,9/78E~N? 1,4356F-17 4, 1, Q.
TL=209 n, a, 2.57890-09  6,.8350E-20  1,138QE=NY  3.0/57F-20 U, 0. o,
TL-208 0, 0. 1.,2081E=10 3,2850E-21 2. Au96E-%0 7.59%6k=21 o, 0, C.
TL=207 a, n, 5,9920L-0%  §.6195&-13  1.6175E=05 4, 3/25F=-1e w. v, o.
TL=206 0. 0, G 635AE~12  1,2523E-22  P.GARSE=16 A HETVF-27 4, v, T,
TOTAL F.8355E+08 2, A582E-0¢2 2,0A5E410  3,5715E=01 4,7353E+07  1,B19gF=03 3,7269E401  w,2%d2bE+ut T.RO4IEHIY
akx SAMPLE CALCULATIUN awxa nATE  09/e2ltn Pait  $&
oY IMTERSITY (HFY/SEC) OATE 3 747 RiP4
Whk Akkkkkkda EL 2 ARMNAAAN N
HyeLTDE ALPHA BEIA LAMAE 1 Ral'ME ? figv¥Ma % FaMrA & GRMGA 5 (R TT] nasMa 7 faMin #
GF=2%2 o, n, . n, ", n. 0 e n,
CF=-251 0. 0, . a, 0. L f, o, 0. f,
CF=-250 0. a, n, hy o, Py a, n, 0, n,
CF=249 0. a, 0, n., n, 0, N. n. n, 1,
HE=-250 0. o, n, n, o, n. o, LN 0. n,
DX=24% o, ot 0, n. n. o, b n, n, .
Cn=-250 0, 0, 0, L 0, n. n, L8 n, o,
CH=24% 0. 0. 0, L a, [ n, n. 4. 0,
CH=248 9, [ n, 0. 0. a, n, n, 0. n,
CH=247 0. n. n, . L n. n, fi. n, n,
CHmzh b o, 0, 0. o, 0, ft, LB n, N, a,
CH=ZLS o. n. a, . 0, 0. . n, 0. o,
CM=244 O 0, 0, L 0. n, T n, n, .
Cr=-243 0. 0, LN 0. a, n, h. n. a. t
CH=242 [ n. o, n, n, n, 0. n, a, o,
AH=-240 0. 0. L n. n, 0. 0 . &, fr,
Ap=245 o, n, . n. 0. n, . LS T, [
AM=2ht 0. n, . n, n, " n, n. . [
AM=243 a, o, 0. fty 0. n, 0, e L n,
A=242 0. a, n, LY n. L n. o, . a,
AM=241 1,00F+0% O, n, LN 7.25F+N5  3,92Fens  2,5cF4+n  R.A%E4ns  1.30Eens  3.70F4N2
PU~2Ls& 0. . o, n, B, . n, n, n, .
PU=245 0. o, o, n, o, o L a, LB ,
PUmdidk 0. . n. n, 0, [ D n, a, n,
Py-263 0, . n, n, n. n, n, n, n, 0,
Pu=2h2 #,.02E+05 N, o, LN Z,u8F400 0, n. 1,2¢F4fu 1,09k=01 0,
PU-281 2,30E+06 & ?9Fr08 D, 0. S AIFs0Y 4,287 +01 4,228 ¢n2  2,.79F40s  A,N3E+05 0,
PU~2460 1,70E+0% 0. 0, o, b 67Ee0) a, Z, unpkens 2, 21E40¢ 0,
Pu-239 1,75840% 0, n, Z.266+02 RA,SPE+NZ  T,R6E4NE §,T0F4N2 L, 9BFsNS 5,510408 4, 50E+02
pu~2318 - 7,77E408 0. 0. ", 7,76L+03 0, i, 1,0¢Fens 7.0aF402 1, 16F 400
PU=234 0, o, 0, 0, a, 0, , n. n, .
HE=2LD 0. 0. q. n, n, n, f, n, a, o,
Np=239 o, n, o, n. n, n. n, e . n.
np-237 7.20E+02 O, a, §.AGFanT 1, M1F=nZ  1,94F-n2 1,0¢04n0  1,64E-01 2.90E-m  3,p1F-M)
u=240 . n. h, 0. n, n, n. e . n,
u=238 4,85E+0% 0. [ 0, T i f, 0. a, o,
y=237 . 1,188+0% 3, 0uEenZ 1,84T+01 0, 1,0/F+06 0, 1. 410406 1,56F+03  2,33F+04
u-z3s 2.16E+02 D, 0. . 1.835E=05 N, fi. 1.0sF=n3 0, 0.
u=235 2,25E406 N, 1,65E+01 0, 7,195-01 3, pOF=n3 2,79F+n1 1,0vtent 3,13F4n2 5, R4E+N?
u-234 5,65E+05 0, 0. a, o, (S ELED 2 N o, 3, %4E+0] B,
u-233 5,12E=03 0, 0, V. 12E-08  B,56E-ng  2,5/E=Nd 1,25 -Nns  7,10F-08 1,20E=07 5,14F-08
y=232 0. o, 0, % . 0ty n, o, 0, h,
. PA=2344 0, 2,52F+05 0, 0 0. 0. a. n, n, h,
PFa=234 0, 7,9uE401 0, . 2,56F-0n1 0, n, 5,100+00 &, 66F+00
PA=233 0. 3,45E+01 0, o, B, 9/E-04 0, 5.A¢F=01 35.9/Fenu  9,a7F=02 0,
PA=23% 1.08E+00 0, Q. 9, o, o, L 1,25F=N5 1,26E=D6 4, 357=07
TH=234 0. 1,77F+06 0. 0. 0. 4, RBE+NT O, 1.26F4Ns 2, 4UF+02 4, 86E+01
TH=232 2,36E-086 0. a, n, a, n, . a, a, a
. = Ju=2E 0. 1,71F+03  1,23E+01 D, 0, 1.9/C+N0 4, 2BE+01  4,31F+01 0, ¢,
THw=2%0 1,006+01 0, 9, . 0. . B, h1F=04 2,56E=n7 2,%5E=D4 5,33E-05
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ask 3AMPLE CALCULATIUN x#x DATE 09/22/78 PAGE 37
RUELTDE ™ T &FRA  TTHETA  BAMRA 1 GAMPA 7 GAPRA 3 GARAR & GAYMA §  GAMNA & GAMRA 7 GAFRA ©
TH=229 &,056-07 0. 0. 0, 0. O, n, 0. 1,46E-08  6,13E=0%
TH=228 1,83E-09 0, 0. 0. 5,07F=1% 0. 1.7BE-95  2,10E-13 1.15E=13 3,75€=11
Tr=227 3,526-02 0, o, 0. 2,8/F-05 %,66F=07 B.R7E-06 1,24E~05 2,00E=06 2,03E~04
ACm228 2. 1,23F-0%_ 0, 0, 0. O _ 0. L 14228212 L 62E-12  BL9RE-12
AC-227 5,72E~04  3,06E=n4 0, 0. o, . 2,11E=0% 1 L2E=D% 2,62E-05 S5.Y0E-06
AG~22Y &,66F-07 0. n, 1.266=12 10, 3,05F=11 S.226=11 3.37F-10 2,97E~10 2,%1F=10
Ra=228 o, 1,59E-11 @, Q. . b o, 0. n,
RA=225 4.4%E-03 . 0, Q. - . a, N, 7.01E-~08
RA=225 0. I.9F-08 0, 0. 1.576-09 0, o, 0. .
AA=224 1,90E=0% 6, [ o, . L s 9. 0, S0 _
Ra=223 3, L9E-02 O, n, 2.026-07 0, 2,09E~07 0, 6,07E=07 2,08E-00
FR=-223 0. 1.32F-06 0, n, 2.30E=-ns 1, 1,20F=06  1,156=0/ 6,1BE-08 1,32E~08
Fr=-221 7.22F=0¢ 0, o, Q. o, 0. a, 1,3/6-11  1.926-11  3,02F=09
An=222 5.09E-03% 0, 0, n, 0, 0, e 0, @, 0.

. RN=-220 2.11E=09 0, 0, 0. 0. 0. T, 0, 0, o,
Riy=219 4,07E-02 0, G 0, 0 0. 0, 2,29E-08 1.02E=00 0.
Riu=218 1.266-09 0, G. n, 0. L n. 0. 0, o,
AT=2%8 1,14E=06 4,99E~10 0, 0, fl, 0, 0, 0, 0, 0.
hi=g17 B.12E-07 . G, 0. n, 0, N. 0. o, 0.
a31-235 1,49F=07 0, | fy, 0. n, 0. 0, 0. n, 0.
POrZY8 5,56k=03 S5,BiE~N8 @, 0, 0. 0, 0, o, 0. o,
PO=216 2,2BE=09 0, ¢, 0, 0, 0, 0, n, 0. 0.
PO=23%5 L LAE=DZ  1,02B-nb N, n, n. 0. n, 0. 0. 0,
PO=244 7.15F=-03 0. 0, 0, n, . 0. o, . n,
PO=213 S.k2k=07 0, 0. a2, L% 0, a, . . n,
Pp=d12M n. n, n, a, 0, 0, n, 0, a, D,
Pue=z12 1.A9F=0% 0, n, 0. 0. a, 0, a, 0. 0.
Pu=g11 . a, n, 0, . 0. 0, o 0. [N
np=z10 9.74E=DO 0, n, 0. a. [ 0, o, a, a.
=214 1,06E=06 1,54F-03 o0, o, ., a, 0, 0, 0. a,
AL[=218 1,LBE=DE  1,58F=n¢ 0, a, 0. 0, n, 0, 0, o,
ar-21¢ 7,11E=10 &, A3E=10 0, o, 1.47E«15 0, , o, ?7,L5F=1% @,
Bl1=211 3.96Em02  9,95E=06 0, 0. o, f, n. n, o, 0.
Rl=2194 0, f, o, n, 4, 0, o, n, Q. 9.
rI=-210 Z,82E=11 4,13Eens 0, [ L 0. n, n, 0, n,
n=2098 n, . 0, Q. 0. o, ., 0, 0. n.
PU=214 0. S, F1E-DG 0, a, n, 1.03F=06 0, a, 1,29E-07 9, 1DE=N§
Pu=212 0. 1.98F=10 0, . n, n, 0. 2,24E=13 O, 3.45F=11
PB=211 o. 7.RUE-05 N, o, 0, 4, 79E-8 O, 1,17€=-08 ¢, 0,
[ 0, 4,5dF=07 0, my 3,59E=0n 9, o, 0, [N 0,
Prr28Y 0, 7.30F=n8 O, n. 0, n, o, 0. t, 0,
vy-2085 0, n. o n, f, a0, 9, 0. 1. 0.
Phe2n?s 0, ., 0, L f, 0, a, 0, n, n.
Py=2n85 0, 1. o a, LS n, n, o, n, 0,
=210 0, 3,56E=07 0, a. 0, n, 0. ?,55F~1p n, n.
tL=-209 n, 5.03E-0% 0, 0, 0, n, i, 0, 4 iuE=11 0,
Te=20a 0. 1,9F-10 0, a, 0. n, 0, o, n, 1,3k-13
TL=207 0, R.63E-N3 0, n, f, 0, a, o, n, .
TL-208 0, ?.00E-%2 O n, f, 0. 9, o, n, 0,
101aL S.10F+D9 L 2VE#NE 3, 29F¢n2  2,45R402 1,71F+04  3,94E+06 1,0¥E+05 5,3Fe04 1,531E+06  2,.47E4D4
AVE-FHG  5,26F+00 ?,08F-02 2,65E-N2 3,32F-02 4, 3YF=02  5,95F-02 7, 4DE-07 1.0FE=01 1,43E-0) 2_0D7E=01

anw SAMPLE CALUULATIUN #xe RATE  DY/22/78 FaGE 38
HUCLIUE  GAMMA 9 GAMMAIA RAMMATY  GAMMAYZ  GAMHA1T  GAMMAIL  GAMMA1S GAM=TNTAL
GF =252 ", . n, n. n. 0. o, a.

CF=251 0. T o, 0, n, T 0. 0,
Ch=25%0 0. o, n, o, 0, O . 0,
CF=2u% 0. T, 0, o, n. ¢, 0, 0,
AK=254 o, e n, . 0, a4, n, 0.
AR =26F o, 0. 0, o, n, a, 0. o,
CH=251 o, ", n. o, n, n. . n,
Ch=2u9 0. L o, ¢, a, a. 0. o,
CaA=2ls n. 9. 0. a, 0, n, [N n,
CH=2L7 a, n, o, a, 0, 0, G, - 0,
CH=2it 0, i, o, n, o, 0. n, f.
CH=245 0. n, o, 9, a, o, n, o,
CH=244 o, n, t, n, 0. . 0, .
CM=243 0. n, n, 0, o, 0, o, .
Cr-242 a, 0, n, n, 0. ft, 0. 0,
MM=246 0, o, a, o, n, 0, 0. o,
AH=2LY 0. o, 0, 0. . o, 0, 0.
AM=20 4 0. [N 0, 0, o, [ o, Oy
AM=243 o, fl, n, n, o, o, n. fy
AM=24 2 o, 0. 0. [ o, fi, n, o,
an=241 5,606E402 3.54E¢02 6.09E+02 2,B8Fs02 0, o, n, 3,94E+00
PU=24p L . o, 0, a, L a, 0,
Pu=24% [ 0. a, n, 0, n. n. b,
PU-244 0. o, a. n, n, o, n, n,
Py=2a3 0. 1. . 0, 0. 0, o, o,

R Pu-242 o, o, n, o, a, . [ 3, 76E+00
Pu=261 o, L 0, o, 0, . 0, 2.96E+ DL
PU=24p a, o, 3.A%E+01 O, n, o, o, 9,359F+05
PU=23% V,BUE+03 A, LDE+N3  1,41Eens L 11Fe01  1,61E=01 0, . P 20E+06
PlU=23d 2,316-02 0. S, L6E=NT 4, 02E#01 6 45F=01 O, a, 3,52F408
PU~23& a, 0. o, 0. 0, 0. 2. 0,
HP=260 0. LN 0. 0, n, Q. . 0.
NPe23% n, ", 0. ., 0. 0. 0. 0.
NBs237 1,06E-02 10, o, ' a, ¢, [N 3318400
u=2410 0. . o, Ny o, B, . 0,
u-23d 0, 0. o, a, 0, 0, t 0.

u=237 3.72E+03  2,99E+n2 0, a. 0, qa, ¢, S.22E4NL
u-234 a, . o, 0. 0. 0, 0. 7 AsE-03
u=23% 1,7¢ke00 0, 0, n, a, n, n, 7.59F0¢
u=23s  _ 0, 0, L0 04 L 0, 0, ?,65E+01
u=233 2,34E=07 9,77E-0% 0, n, 0. 0. 0. 8,21E-07
u-z32 0. 0. 0. 0. N 0. 0, 0.
PA=236H  1,45E+01 4.65F+00 9,22E+00 9,.61E+0Z2 3,95E+01 1,28E402 0, 1,16E+03
PA=234 3,5te+00 2,99E400 2.73E+01  1,20F+02 1,198+0% 7,53F+00 O, 1,77€+02
Pa=233 2,085401 2,08F+0Q O, 0. [N 0, 0, Z.T0E+04
L PA=231 4. 61k-05. 3,50F-04 N, o, 9, . o ___ 0. A SE-03_ -
TH=-234 a, . 0. 0. [N 0. 0. 1,63E405
TH=232 0. 0. 0. 0. e 0. 0, N
TH=-231 . 0. 0, a, o, [ . 6, A1E+01
TH=230 9.66E-05 D, g, L8 0. n. 0. 1.25E%035



PNCT852--78-13

#*a SAMPLE CALCULATION #as DATE 09722478 PAGE 3%
WOCLTOE ~ GARMA 9 GAMMAI0  GAMAA1T  GAMMAT2Z 'GRFMA1Y  GAMHA1L  GAMMAYS  GARM-TOTAL
TH=229 0, a, 0. L 0, 0y n. 2,06E=08
TH-228 TL65E-12  S.BHE-13  7.05E=11 3.42F=11 2,42E-12 9,19E=12 3,06F-10 4,89F-1u
TH=227 3.46E-04 2,08F=06 0. o, 0, o, N &.N0F=04

28 B,37E~11  2,7BE-11 _7,056-12 §,06E-10 3,62F=11 1,18F=10 O, 7.ME-18

27 0. o, 0, . o, a, 0. A 6BF-0%
Ac-225 6.BUE=91  7,39F-11 1,206-11 D, o, o, 0, 1,1¢F=09
RA=228 0. 0, a, 0. o, 0. 0. LR
RA=22& 7.056+0% 1, 38F=04 2,93E=04 9.8ZE=N5 4,07E-06 &, 58F=04 1,55F=04 1,635F-03
RA=225 [ 0, ¢, 0. 0. n, fie 1.57F=0%

o RA=226 _3,01E-12 5,51E-15 1,31€-16 O, o, 0. n, 3, 02E=12
RA~223 3,69E=04 4 94F=05 &.93€-06 O, 0, 0, n, 5.70E=04
Frm223 8.54E-D7 G.24F=0B O, 1,18E06 0, N, 0. A BsE-NE
Fr-221 1.07F=-%1 1,04E=10 9, o, 0. 0, n, 3,1/E-09
AN=Z22 0. 0. 3,31E-07 0, o, 0. n, 3,81e=n7
RN=220 0. n, S.heE-14 0, n, 0, n, S h6F=th
RN=218 _ _1.81t~04 1.62E=04 2,63E=06 O, 0. 0, 9, S.ubE«0u
RN=-278 0. 0. Z,15F-13 a0, n, f, n, 2,15E=138
A1-218 o, 0. 0, n. o, 0, n, n,
n1-217 0. . 0, 0, o, 0, n, 0,
at=215 0. t, a, n. o, 0, t, n,
#0-214 [N 9, n, n, 0, n, ", n.
ny=216 a, 9, o, n, n, n. 9, n,
PO~215 a, n. 0, n, o, n. o, 0,
PU«214 n, 0, 0, 9,.76F-0d 0, n, L P.l6F=ny
Fu=213 0, o, 0, 0. 0, n, o, .
PU=2712% 0, 0. 3.R3E-13 0, n, n, 2,.74F-12 2.88ku12
PO=212 0, O, 0, 0. n, 0. . n,
PO-21% a, o, 4,71E=06 7,40F=08 0, t, 2, 1. 21E-D7
PO-216 [ ", 0, 1,77E-11 0, o, ., 1, 2E=-11
Al-214 1,34E=05 K.57F=06 2,¥1E-04 1,00E-04 4. 98F =06 S5.41F=0u  1,RSF=06 1,56F-0N3
AL=213 2.08E=10 1.37F=08  7.5YF=11 3,7i0=10 4,35F-1¢ A, n. 1. 49E=nNB
ar-212 5,076=15 6,63E=13 7,70E-11 2,0%k-11 2.02E=12 1,11F=11 4, 15F=10 4,2/F=10
Ar-211 0. 2.9%E=04 0, 0, o, o n, 2, 95E-04
AE=g10M  7,188=15 7,R5F-15 35,94F-14 0O, 0, n, n. 7. d4kety
RI=2%0 n. n. 0. 8. 0. o, n, L
R1=2095 0. 0. 0. n, 2. n, n, 0.
Pa-216 FLAUE-DS  1.216-D6  3,11E-06 1,18F=0% O, n, n, 2,157 =04
Py-212 0. ?.79F=14 0, n, . 0, n, 3.6dE-11
Py=211 7 BE~0F 5.NOF-N&  2,FUE-DY  2,66E-N4 R RSL-Np N, A, 7. Gak=fi4
Pu=210 0. a, 0, n, 0. . n, 4.59F=0b
Pu=249 [ n, n, n. 0. n, n, n,
Pa~208S 0, n. [ n, o, n, n, o,
AY-2A7S 0, 0, 0, n, n, n, n, n,
Py-206S 0. n. n, 0. n, n, 0, n,
TLe210 G, H1E-08  6.R9E=0% P AYF=0G 1, 72E=07 1,55L-07 A_6aF-D4 9_27F-08  S,Luf-07
TL=209 0. 1.85F-10 0, n, 0, h.7SE=10 0, B, FGF=11
TL-20B 2.58E-12 3,52E=14 T, LBE-11  1,52F-11 A,92K=135 1,94F=14 3,167=00 L 09F=1y
TL-207 'N 0, 0, 1.45E-05 N, n, n, 1,69f =0}
TL-200 a, n, 0, 2.05E=14 N, o, n, 2.05F=1¢

INTAL 5,62F+03 7.08E+03 R, ZUF+02 1, 45F+ns S5,22F+0 1.59Ts02 3. 59F =0 L . NeFens

AVE=ENG S, t7E~0Y  3,95E=01 A,54E=N1 B 42F=01 1,26FeNc  1,74keNd 2 2/ReN0 ALDIF-NZ
atx GAMPLE CALCULATIUN wws NaTL  Dere?ile PARL &0
HEUTHNY SPECTRUM DATE ; ¢FR) nldk

AARARKARNARERRR AL

AARARRERRAKRNERK

HROUP EHERGY IMEY) SEOMTANENIS (NZSEC)Y  ALPHA=M(N/SEC)  TUTALCIASLED
1 FLLY2EHDT 14 YL U0QF M 7.21UF=02 0. FLE10E=07
2 Y,00DE+01 0, TNSE+NG 6.59vE=-01 LN A 49001
4 6.703t+u0 4, 908E+00 1.571E+00 Ua 1.571E400
L h,PebESDN 4, GREE+ND S FA5E+ND 7 k2yFany 1.31R7E+01
5 4,DobE+0D 3.012F+00 3.212F 400 7,8Y/E400 1.103E+01
6 1,0%2E+40 2, 466F+00 5L A7SE+NG 1.050F+0] 1,575E+u1
7 7 LbaE+0D 1.827F400 L HTYF AL £ 5n9E+0U 17270 +01
B 1,827L+00 1.553F+ny S, 56uF+00 5,5R2E4+00 1.0v6t+Y1
9 1,353E+00 9.07¢F-M) L U7oF+Ny 2. 12E400 6, 630 +yn
10 9,072E-01 b UR1E=-NY 2. h65E400 ¥ HFYF =01 Fu6h20+00
11 ANS1E-01 LoyteF=ny . 5PuUF+n0 CPEEALELE] 3.797E+uN
1¢ & N/6E=-01 1.111F=-01 o utet=n1 Va A DFRE=nt
15 1,1 1E-1 1.503F-n2 2o 2btFuny v, 2.7405-02
14  1.503£-02 3355603 Ua 0. o,
TGTAL 5.076F+01 4,2%aF ey LA TTITY
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ane SAHPLE CALCULATION ##= DATE 09/22/78 PAGE_ 41
BECAY RATE AND CURIE NUFGER DATE 1 797 Bidb
ARARS ANRE WAR ARRAR BReRHA anan ARRRRANR
ALPHA=DECAY BETA=DECAY GAMHA=DECAY NEUTRON
NUCL1DE 0/8 24 D/s 34 ofs c1 «FON/GEC) A=NCN/SECY TOT(N/SEC)
CF=252 0, . 0, 0y 0, 0, 0a [
CFe251 0, 0, 04 0. 0. [ 0,
L. GF=2%0 0. _ 9, 8, 0, 0y 0, O
CF=249 0. 0. ['® q, 0, 0, [
AK=250 0, 9, 0. 9, 0. 0. 0
BK=249 [ 0, o, 0, 0. 0. 0.
CH=250 O, [ | PR Qo .. 0. [/ — O,
CH=249 [ 0, 0. 0, 0, 0. [N
CH=248 o, D Ga 0, 0. O ]
CH=247 0, 0. [N 0. 0. 0, 0,
CH246 [ 1. o Q 0 0 o
CH=245 0. 0. 0. 9, [ [ [N
CH-244 0, 0. Ou Qe B Qe I | T
CH=243 0. 0, 0, 0, [ 0. 0.
CH=242 o0, .0, - 0, O | PUIUUUNY P | T -
aN=246 0, 0. 0. 0, 0. 0.
AM=245 0, 0. 0, 0. Q 0
AM-244 [ 0. 0. 0, a, 0.
AN=E43 0, 0. Gu_ Sl.. . = SRR A [/ F—
AMe242 o0, 0. 0, 0. . 0, 0.
AM=241 2,1541E+08  5,8218E-05 0, 0. T TOGLE+OT z._o_qase-o; . A63BE=04. 1,0642E401 1.0843E+0]
Pu=24¢ 0. 0. v, 0, 0. f . . .
PU-245 0, 0, 0. 0. 0 0 o
Py=2ié 0. 0. [ 0, 0, 0, 0, [
PU=243 0, 0, 0, 0, 0, 0, .. [ 0a
PU=242 1.6381E405 L L274E-06 O, 0. 6,6561E401  1,798LE=09 JBLYFE+Q0 s 3B80E=03 1,8473E400
PU=241 4.5256E405 1,2231E=05  1,9474E410 5,317%E=01  2,462506#05 7,0067E=0¢  2,0370E=0% 1.%363E«02 1.4427E-02
Pu=240 3,2768E+08 A,B550E-03 0, a, 1 7zue+os N aa:oE-nt 367836401 1 V3231E401 Gy BOT4E+DT
Py=239 3,39156408 §,1662E=03 0, 0. 2,077 6RYEw
PU-238 1,31326+08 3,5492E~03 Q. 0. A.zwssma 1, 7nzuE-uo S 254RE=01 6,5B09E+00 7,1063Z400
PU=236 0. o, 04 0, Ou . 0. - Qe 0. -
NP=240 o, n. 9, 0. 0. 0, 0, a, 0.
Np=239 0, 0. 0, 0, 0, 0, I 0a - .
Np=237 2,1902E4+02  5,9194F=0% 0, 0. 6,8526E+01 1,8521E=09  B,7645E~10 &,0689E=06 6,0897E=04
u=240 0, 0, 0. 0. Oa ] 0 0 0
u=238 1,1102E+405 3,0005E«06 0, 0, 0. 0, 9,8268E=02 2,0679E-03 1,0034E-01
y=237 o, . . 531TE405  1.2247E=G5 L 3111E+05  1,1652E-05  2,4991E=16 0. L. 2 RFUIE=16
=230 S.7841E+01  1,5633E-0% O, 0, $5.5527E=02 1,5Q07E=12  1,1176E=~07 1.3762E=04 1,48B0E-06
=235 S.1128L+05 1,3318E-07 o, 0. 4.9316E+03  1,3383E=07  1.7435E~05 1.1509E-04 1.3252E~04
u-234 1.1905E+05  1,2974E-06 Q. 0. 1.0881E+03  2,9409E-08  2,9594E=04 3,5365E=03 3,5395E=03
y=233 1,B487E=05 &,09984F=16 O, 0, 9.8027F+06 2.6856E~%6 2,6593E-15 5,063208E~11 5,6330E=11
U-23¢ 0. 0, 0, 0, [N 0, [ [ 0,
Pa=2%4M 0, 0, 1,1010E+05 2,9757E-06  1,2325E+03 3,3310E=08 0, Ge '
PA=234 0. 0. 1 6433E407  3,9007E~09  2.8513E+02 7,1657E-09 0, 0, 0.
PRw235 0. o, 2,1167E+02 s f207E=09  1,6490E+02 &,L568E-09 0. R [N 0.
PA=271 3.2676E=01 A 8314E=12 0. 2.5001E-02 6,7569E~13 0, 1.,1239E~08  1.1239€-0a
TH=2%4 0, 0, 111026405 s 0006E=08  1,6439F«04 &,64316-07 0 Q 0.
Th=232 B.5087€-09 2.2997E-1% O, 0, 0, 5, 1082E-19 1.5364E-16 1,3395E-1%
TH~231 . o, S.1144E403 n.mss-o? 1.1637F+03  5,0990E=08  On D 0.
TH=-230 3,21526+00 B,4894E=11 Q. Q. 2,2246E=02 6,012uF=13  2,0466E~12 8,9232E=08 B,92356-08
ade SAHPLE CALGCULATION ax# patk 09/22/78 PAGE 42
ALPHA-DECAY BETA-DECAY GAMMA=-DECAY _HEUTHON
RUCLIDE ITE] c1 n/s cr 078 €1 S.F(N/SEC) A=N(N/SECY TOT(N/SEC)
TH=229 2,5997E~07 7,0281E=18 0, 0. 2,7894E~07 7,5390E-16 0. BoS517E~15  B.3517E~13
THe2Z8 6,5281E-10 1,7644E-20 0O, 0, 9.3194E=10 2,5188E=20 0. 3,0595E~17 3,0395E=17
AC-228 0. [N 1. 7188E~09  4,6447E=20  1,8181E~0% &,9083E»20 0, [N 04
AG=227 2,5639E=04  6,9294E=15  1.6B25E=02 4,0060E=13  1,3449E~03 3,68B9E-16 0, __. B.94088=17 B,%408E-12
AC=225 2.4547E=07 &,5803E-18 O, 0, 1.80L1E=-08 4,.B760E-10 Q.- 1.6BL0E=16 1,6840E=14
RA=228 0, 0, 1,7193E-09  4,0L68E-20 O, 0. N Oa 0.
RA=226 2.1096E=03  5,6800E=14 . 0. 4. 3736E=03 1,1820e-13 0, 6,32256~11 4,%225E~11
RA-225 0, 0, 2,5004kw07 6,757%k=18 8,2514E=08 2.2301Ewi8 0, 0. 0
RAv2Z4 6,4730E=10 1,7495E=20 Q. [ 2.L073E-11  &,5063E=22 0, 5,3R20E-17  3,5829E~17
RA=223 1.3947E402 3,7695E-13 0, 0, 4, 75T0E-03 1,2857E-13 0, 8,40976-10 B,6097E-1¢
FR=223 . 0. 2.563%E-04  6,.929LE-15  1.807BE-D4  &,34556-15 0, o, 0,
FR=221 2,434BE-07 6,5805E~14 0, 04 3,0430E~08 B,27B3E=19 0, 1.986BE=14 1,986BE=14
RiH=222 2,08076=03 5,6235E=14 0. ['® 1.4565E-06  3,9364E-17 0, 1,0415E+40  1,0615E~10
Ri=220 6,67ISE=0 1,7696E«20 0, N 1.9420F= BE= - =
RN=219 1.3948E-02 3,7697FE-13 0, 0. 2,5098E-03  6,7433E-14 O, 1.5002E-0%  1,5002E~-09
Ri=218 3.9532E-10 1,0684E=-20 0, 0, 7,9086E=13  2,1369E-23 9, o 5.1535Ee37  3.1535E-17
AF-218 3.9493E-07 1,0674E-17  3,9532E-10 1,0684E=20 0, o, 0. 4,0772E=44 &, 0772E=14
AT=217 Zah3LLE=07  6,5795F-18  {, 0. 0. [ Qe L 3.0834E=14_ . 320634E14
AF~E15 3.2079E-08 B,4700E-1% 0, o, 0, a, Q. 4,3750E=15  4,3750E=15
Pp=218 2,0L03E=08 5,6226t=14  $,05336=07  1,0884E=17 0, 0, 9, 1,66 13E=40 1,4613E~10
PU-21¢ 6,4L733E=10 1,7495E-20 O, . B o, 0. 4,9889E=17 ¢&,9BBYE-17
PO=215 1.3947E=02 3,7096E«13  3,2079E-08 B,67006-1% . O._.. _ _ .04 _ .. D . 240595E~09 2,0595E-09
PO=214 2.0801E-63 §,6217E=14 0, 0. 2,9122E=07  7,8707E=18 0. 3,5571E=10 3,5571E=10
Po=213 2. 3U10E-07 4,4352E-18 0, 0. R M R PO _5,5723E=14 _ 5,5723E=14 _
PO=2124 0, 9. 0. 0. 2,9742E-12 8,0384E-23 0, [ 0.
PQ-212 6,1381F=10 1,1%84F=20 0, 0. 0, 0 9 1 1520E=36__ 1.1520E=16
Pp=211 3,9052E=05 1,0555E=1% 0. 0. 31.9052E-07 1,0555E-17 D, 0.
PQ=210 7.3400E=06 1,983BE-14 0, O, .. . . B,80B0E~11 2,3805E=21 0, 3_.2_&_1_25_—15 31,%419E-13
Br=216 L,3691E-07 1,1808E-17  2,0B01E-03 5,8298E-1%  3.1428E-03 B, 4935E-14 0, 2, 1389E-16 2,1389E-14
BI-213 5.3558Em09 1,4075E=19  2,3B09€~07  8,4369E=18 __ 8,9626E=08  1.8818E=16_ Qs _ ___ 5.0228E=14 _Jub27E=16_
BI=212 2.3277E=10 4,2912E=21  4.1382k=10  1211B5E520 s 7718E=10 1,5599E=20 Q. 1,5025E=17  1.5025E«17
Rf=211 1.39136-02 3.7603E=1%  3.90676-05 1.0550E=15 _ 1,9533E=03 5.2793F<14 N 1o 3395E=09 1,3395E=0%
BE=210M 0, 0, [ o. 1,2790E-11  3,4568E=22 4, [ Ou
BE=210 1.5523E=11 &, 16B%E=22  1,1844E+05  3,20856=1¢ o. - o. , e 0y _1a11B4E=18_ 1,1186E=18
8I~-2093 0. a, 0. 0, Do Qe
 PR=214 0, 0, _ Z.080ZE=03_ 5. ozz_gJ_n_l.ie?s_F-q;_._voe'LE-M Da . D, 0.
PB=212 0, 0. b, hE8LE=TD 1, 7:.775-20 2,8291E= u 7 6461E=21 0. 0. o,
PB=211 0, 0, 1,394 4E~ 1,0759E=13 0, 0. Oa
PB=210 0, 0, 6,364BE~05 1.72025-15 2.5&59E-oo 6,B8808E-17 0, [ Co
PE=209 0, 0, _ _2.4336E~07  6,5773E-1B 0, a, 04 0, Ou
PB=2083 0. [ 0, [N 0. 0. 0. 0. [N
PE~2073 0O, I M s Q. 0. 0, O 0 Ba
PE=2068 0, o, [N [N 0, 0, [ o, .
=210 L BATIE=Q? S08E=%7  1,3L13E=~ 3,6251E=17 G, Qs 0o
TL=20% 5,3558E=07 1,6475E~19 2,4101E=09 6,5138E=20 O, o, [N
Th=208 PE=10 $,2910E=21  5,4135E=10 1,4639E=20 g, 'N [
TL=207 1,3908E~02 3,7589E~13  3,7SS1E-05 1,0949E-15 4. (B [
_.. TL=20¢ 1,5423E=19 &, 1484E=22 B, 4B27E=16 2,2924E=26 4, 0, Ga
T0TAL  1.D144E+09 2, 7615€w02 1 POTPESIN_ 5.5181E=01 7, 8BOFES E= + ) .
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tak GAMPLE CALCULATION www DATE G9/22/78 PAGE 43
RAY INTENBITY (HMEV/SEC) DATE 3 797 By2%
ARl RAgkAAREN atrh LT
NUCLIDE ALPHA BETA _GAMMA 1 GAMWA 2 GAMMA 3 GRMMA & GAMMA § GARMA & GAMMA 7  GAMHMA 8
CF=252 Oy a, 0, Oy 0 0, [ 1]
CFe2sT U, [ o, 0. 0. 0. O, 0,
CF=250 0, O, ___ .0 Gy 0, 0, G, 0,
CFe249 ‘N 0. o, O, 0, Da g, o,
BK-~250 0, I 0, Oy 0. 0, Gy 0,
BR=247 0. 0, o0, 0, o0, 0. o, o,
CM=250 0, 0, 0, Oa 0, 0, 'N [N
CH=249 [ 0, 0. Qe 0. 0. s [
N 0. . 0, a, 0, o0, 0. Qu
0. 0, 0. 0. 0, 0, 0, 0,
0 . 9 0 _ .0, 0 0. 0. L O.
0. a, 0, 0, Ne 0. 0, 0.
0, . 0 a Da 1 2 i
0, 0, 0, 0. 0. a, o, |8
[ 0, 0, 04 0, 0, 0. 0,
[N 0. 0. 0. 0. 0. 0. ¢.
Oy . 0, 0, 0, 0, 0, 0. ¢
o, 0, 0. Ou 0. 0, O, a,
0, D 0. L Q. 0. Ou [/
0. 0. 0, 0. 0, [H o, [N
1.,18E+0? 0. A S1E+03 L 80F+06 3,03E402 9.40E+03 1.59E+03  &,042E+02
o, 0, o, . . . - .
0, __ . 0. 0. 4, 0. o, Gy 0,
0, 0, 0, 0. Q. 0. G, 0.
Da 0. [} 9 0 fi 9 il o Go .
B,D2E+05 0, o, 0, 2,L3E400 O, 0. 1.22E400 1,0%E=01 4,
2,196406 4, 09E+08 D, 0, 4,RPE#NT 4, 0FE+01 4,03E402 2,1BE«04 5,7BE+03 O,
1.70E+09 0, 0. 0. 6.57E+03 0. 0, 2,46E403  2,21F+02 0,
1756409 0, 0a 2,28E+02 B,57E+02 3.BaFe03 3.39F+02 L.PBE+05  3.31E403  4,50E+02
?.21€+08 0. o, 0, 2,24F+05 D, 0, +.01E+03  2,03E+02 1,13E+00
Q . 0. 0. 0. fa 0. a [ Os  _
0. 0. 0, 0, o, 0, 0, 0. G, '
0. _ . _ D, 0o 0. 0, 0, 0, 0, O, g,
1,02E405 0, o, B,376-0% 1,L3E=02 2,76F=02 2,73E+00 2,33E=01 4,12E=01 4,27E-01
. a, 0, 0, a, 0, 0, 0, . .
4,65E+05 0, 0, g, a, 0. 0. 0. L Oy
+ ) + EeOh D, . _ ¥, 25«04 1,4%Fend 2,.20E+04
2.59E+02 0, 0, 0, 2,20E-05 D, 0, 1.24E=05 0, 0.
2,23E404 0, 1.03E+01 0, 2,19E=01 3,00E=-03 2,75E+01 1,.09E+01 1,135F+02 S.ABE+02
S5.67E+05 0, 0. 0, 0, 4, 320+01 0, 0. 3.35€401 0,
8,84E~03 0, 0. 1.964E=08 1,48E=-07 4,.L4E-08 2.16F=08 1,23E-07 2,08£-07 8,%0t-08
0, 0. 0. 0, o, 0, 0, . . .
[\ 2.52E405 _ 0, 0. 0, 0. ] 0 0. 0, .
0. 7.90E401 0, 0, . 2,.50E-0% 0, 0, 5. 10E400 6, 46E+00
0, 4,93E+01. 0, 0, 1,28E=03% O, b, 39E-01 5,68E+0U 1,35F~-01 0,
1.62E400 0O, 0. 0, . a, n, 1.B76-05 1,89F-06 6,4%E-07
0, 1,776404 0, 0, 0. 6,58E+M 0, 1,28E+403 2,49E+402 &.46F+01
5.40E=08 - o, 0, 0, 0. n. 0, 0, 0.
TH=231 0, 1,21E+03  1,23E+01 0, 0, 1.97E+00  4.28E+01  1.11E+01 6, 0.
TR=230 1.50E+01 0, [N 0, 0. [N 1.296-03  5.54E-07 3,20F-04 B,25E-05
wwn SAHPLE CALCULATIUN »an DATE D9/22/78 PAGE 44
HUCLTDE ALPHA BETA GAMMA 1 GAMHA 2 GAMMA 3 fiAMMA & GRHMA § GRMMA & GAMMA 7 GAMHA &
THu22¥ 1,26€E~06 0. 0, 0. 0. n, 0, 0, 3.0ZE-08  1,24F-08
TH=228 3.51E=0% 0. 0. Oe tI7E=15 0, 2,60E-13 &, 05E-13 P,21F-13 7,22F-11
THe227 8,05E-02 0, 0, o, 6,57F=05 2,21E-06 2,03E~05 2,RSE~D5 &, S57E=08 4,A5E-0&
= = SN | U PR M _. 2.05E=12 _t.80F-12 1.31E-11
ace227 1,27E-03  6,B2E=04 O, 0. 0. 0. 4,7T1E=05 3,96E-05 5,.B84E=05 1,18E=05
. BG=R25 1.41E~06 0. 0, 2.,80E~12 0, 6,62E=11 T,21E=10 7.74E~10 6.28E=10 &,16E=10
RA=228 0. 6,03E=11 0, ¢. 0, 0. 0, 4. a. 0.

_ RA=226 1,008=0¢ 0, 0, Gy 0, o, a, o, o, 1,56F 05
RA=225% . 8,37E=08 0, 0, 3.30F=09 0, o, 1, o, 0.
RA=224 3.85E-09 0, 0. 0. 0, 0o _ .__0, . 0, 0. 0,
RA-223 B, 1E-0Z Q. 0. 4.69E=07 0, L, B5E=07 0, 1,41E=06 2.13F=04 4,84E=06

B FR-223 0, 2,95E=04 0, 0. 5.13F-06 0, 2.67F-06 2.56E-07 1,38(-07 2,94E~06
FR=221 1,556-08 0, 0, oy 0, 0. 0, 2,%1E=11 4.07F=11 8,40F-09

_____RN=222  1,14E=0Z 0, 0, 0., o, 0. 0, 3. 0. 0.
RN-220 4, 07E-0% 0. 0, O, t. 0, 9, o, 0, 0,
BH=219 Q. L4E=02 B 9 o UL PN PO Y . S.V1E=08  2,37E-06 0,
Rh-218 Z,82E-0% 0, 0, 0. 0, 0. e, 0. 0. n,

_AT=218 Z,b4E=08  1,12E-09 0, 0y [ o, 4, 0. 0. 0.
AT=217 1,72E-06 0, n, O, e o, 0, O, 0, 0,

. . AI-215 2.57E=07 10, 0, ' 0. . [ 0o 0. 0.
Po=-218 1.25E=02 1,30E=-07 0, 0. 0, o, a, 0, n, 0.
POu216 4,39€+09 0, q, 0, o, .o, I [ PO 0. . 0,
PO=215 1.03E-01 2,57E-0B 0, 0. o, 0, e 9, 0, 0,

. PO=214 1.60E-02 0, a, 0, o, 0, %y Q. 0, [
=213 1.99E=06 0, 9, 0. G, 0. y Oa a, o,

. . Po=2128 0, 0, 0, O, 0, o, . 0, 0, 0.
PO=212 3.64FE~09 0, 0. Oy g, 0. L e 0. 0.
po=21) n 0, 1 0 1 0, 0, . 0. 0, 0.
Fo=210 1.69E-0% 0. 0, 0. [N 0. a, ¢, n, D,

.. 8l=214 __ 2,3BE=08 3,45F=03 0, 0, 0. 0. a, o, o, 0.
61-213 3,14E-08 3,31E-07 0, a, 0, 0, a, 0, 0, 0,

o _AI=212 _ 1,37E=09 9.31FE=10 0, o, 2,84E-13 0, a, G. 1, 64E=10 O,
BI-211 9,14E-02 2,30E-05 O, O, 0. 0, n, 0, 0, 0,
AI=210K D, 0, 0, 0, 0, 0, L 0, L TR
9I=210 9.37€-17 1,38E-05 0, [N 0. 0. 0. [N 0. 0.

_ . ._91=209% 0, 0, . Q. 0, 0, o, a, 0, L O,
PB=214 0. 1,286-03 0. 4. 0. 2.30E=08 0, 9. 2,89E=07 2.04E~07

B pB=212 . 0, . 3,81E=10 0, 0y 0, 0, 0, 4, 32615 O, 6,60E-11%
pp=211 0. 1.B1E-02 0. 0. 0. 1.19E=0¢ 0, 2,72E=08 0. 0.
pB=210 0. 1,51E=06 0, 0, 1,.18E-07 0, 9, 0, n 0.
PO=209 0. 1,55E=0F 0, Go . [ [B 0, 0. .
PR-2085 0, 0n_ . 0, o, 0. 0, 0, 0, 0. 0,
PB=2075 O, 0, 0. Qe 0. De 0. 0. 0. 'R
PB=2043 @, 0. 0. O, 0, o, 0, O, o, 0.
TL=210 [N 7.96E=07 0, 0, 0. 0, a, t,70E-09 0, 0,
TL=209 0, 1,0FE=08 0, [ 0, 0. 0, 0, 8, 77E=%) O,
T|L=208 [N 3.706=30 0, 0. ¢, [ [ 0. [N ?LBIE=13
FL=2 0, ___ 2,00E=02_ 40, . Oy Oy 0y a9, 0, 0. f,
TL=206 0, 2,53E-11 0, Gy 0, 0, 0, 0, L 0.

TATAL S.3SE+0F  G,10E+DB 3,%5E+02 2,44E+02 $.B5E+04 4,62E+00 1,12E+03 S.3SE+06 1,30E+06 2,37F+04
AVE=ENG 5 + E = - b BYFw - - - -
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44 SAMPLE CALCULATION anw

DATE _Q9/22/78

PAGE_ &5

i AFART 7 APHAT CARAATG GAFWATS GAR=TOTAL
CF=2%2 0. 0. B [ [ [ [ 0.
CF=251 0. Oy o, Oy O, Oy Dy 0,
CF=250 0, 0, 0, [N [ 0, 0, 0,
CF=249 0, 0, 0, 0, 0. [ 0, 0,
BK=250 [ 0, [ [ [N 0, 0, 0,
BK=24% 0. 0. 0, By 0, 0, 0, 0
CH=250 0. 0. 0, 0. [N 0, [ 0,
__ CH=24% 0, 0, Qe 0y . G ____ D Qs O
CH=248 0. 0. 0, 0, [ 0, 0. 04
CH=247 0, 0, 0, %, [N
CH=248 0, 0. 0, 0, 0.
CHu2&5 0, 0, 0. - . Be . 0. _ -
CM=244 0, 0. 0, 0, 0.
CMe243 0, 0, 0o ... .0, . _ 0. e
CH=242 0. 0, o0, 0, 0.
AM=246 0, 0, ] 0 0
AM=245 [ 9, o, 0, 0,
AM=244 0, LB 0, 0, 0, R .
AM=243 0, 0, 0. 0. 0,
AM=242 0, 0. .. . .. 0, . . -~ —
AH=241 6.64E+02 4, 16E402 7,15E402 3,3BE+02 O, 0. G. 5,03E400
Pi=246 0. 0, 0. N 0, 0. Ou 0.
PUn245 0. 9. 0. 0, 0, 0. o, 0,
PU-244 0, 0. o, 0, 0, 9. G Qe
Pu=243 0. Q. 0, 0, 0, 0, 0. 0,
Py=242 0, a, O, 0, 0, e 0. _ 3.76E+00 _
Py=241 0. 0. 0, 0, 0, 0, o0, 2, B1E+04
Pu=240D 9, 0. 3,.88E+07_ 0, 0. 0. Da 9.3PE+Q3
fg-239 1,B0E+D5 6,60E+03 1,41E%02 4,11E+01 1.61E=01 0. o, 2. 28E404
Py-2318 2,30E=02 0, 5.61E=01 5,99E+01 4,40E~01__ 9, Ou TL,4PE+03
PU=-234 0. 0. 2. 0, 0. Q. N .
HP=240 0, Oy 0y 0, 0. RN O 0.
Hp=239 0. 0. 0. 0, 0. o, [N 0,
HP-237 1,48E-02 0, Da N 0, 0 ) 6. 69F+00
u=249 0. 0, 0. 0, 0, 0, [N [N
u-238 0, 0, 0, 0, 0. Q. 0. 0. -
=237 3.07E405 2.85E+02 O, 0. 0, 0, ¢, & FHE+DL
u=236 0, . o, 0, 0, 0, 0. 3 b4E=03
u=235 1.72E+00 0. 0, 0, 0, 0, o, 7.5PE+02
y=234 0, a, 0. 0 ] 0 (1 7.67E+01
U-253 4,056-07 1,69F-08 O, 0, 0. [B [= 1.08E=00
=232 9, 0. 0, 0, 0, 0. o, o,
PA=234M  1,45E+01 L.ASE+00 9,72€+00 9,41E402 3,95E+01 1.28E+02 0. 1,16E+03
Pa-234 3,51E400 2,99E¢00 2,15€401 1,20E+402 1,19E+01 7,53E400 O, 1.77E+02
PA=233 2.94E401 2,98F+00 ¢, 0. 0. Q. 0, 3,87E401
3 PA-23% 6,92E-D5  5,20E=04 O, 0, 0. 9. 0. 7.k6E=03
TH=2%4 [N 0. 0, 0, [B 0. [N 7,65E+03
TH-232 0, 0. 0, 0, 0, ' 0, 0.
TH=231 0. o, R 0, 0, O. o, 6. ATE+D
TH=230 1,45E=04 @, 0, 0. 0. o, 0, 1,84E=03
#ar GAMPLE CALCULATIUN #asn DATE 09722478 PAGE 46
NMUCLIDE  GAMHA 9  GAMHAIG  GAMMAYY  GAMMA1Z  GAMMATY  GAMNAT4  GAMBAYS GAM=TOTAL
TH=22Y 0, 0, 0. 0. 9, 0. 6, 4 I0E=08
TH=228 1,47E=11  1,076=32 1,35E=10 6,58F=11 4 45E-12 1,77E-11 S.A9E~10 9,01E~10
TH=227 7, 04E=04 L, 70FE=08 0, . . Oe t. 1.38F=03
- - S =11 8,51E=10 #£,92E~11 1.99E=10 O 1.34F=09
AC=227 0. 0. [ . f N [N 1.L9E=04
ag-225 1,65E-10 1,58E-10 2,54E-11 0, 0, o, 0, 2,L7E=09
RA=228 0. 0. 0, a, 0, 0, 0. 0.
RA=226 1,70E=04 3,07Fwlt &,556=04 2,19E=04 9.09F=04 1,020~03 3, 47E=04 3,65E-03
RA~225 0. 0, Q. 0, n, o, o, 3,30£-09
_ RA=2Zh 5,79E=12 1.08E=%6 2,52E=14_ 0, o, 9 i S RRE~12
RA=223 B,56E-04 1,15E-06 J,&41E-05 O, 0, 0. 0. 1,21E-03
FR=273 1.666-08 9,06E-08 o, 2,63F-06 0, ¢. 0. 1,53E-0%
FReZ21 2,27E=11  2,22E=10 ¢, 0, 0, te 0, 6.72E-0%
RN=222 o, o, 7,43E-07 0. o, 0, 0. 7.43E=07
RN=220 0. 0. 1,056=13 0, o, 0. 0. 1,05E=15
_ Rii= = - ~if 0 0 0 0 B OsEalls
RN=21B o, 0. 4, 826=15 0. 0. 0, 0, & B2En13
AT-218 o, o, 0, n, o, a, 0, o,
Ap=217 0. 0. 0, 0, 0, 0, 0. o0,
AT=-215% [ e 0. 0. 0, 0, 0, Qe
Pp=218 0. t. 0, 0. 0. 0, 0. 0.
PO=214 0. 0, 0, 0 (] 0, 0. Do
PO~215 0, 0, 0, 0 0, 0, 0, [B
PO=214 'Y 0. 0. 2,19E~07 0. 0. 0. 2,19E=07
Pp=213 0. 9. 9, . 0. 0. 0, 0,
Pu=212¢ 0, N, TL3TE-13 0, 0. 0. L 39E=12 S, 1ZE=12 -
Po=212 0. 0. . 0. 0. 0, 0, 0.
Pp-211 0. 0, 1.00E~07 1.72F=0? 0 a 0 2. A1E=07
PO=210 [B n, R 7.07E-11 O, 0, 7.07E=11
Bl-214 3,01E=05 1,92E-05 &,53E=0 2,25E-04 9,.38F=04 1,21F=03 &,12E-05 3,49E-03
AI=213 4,56E-10 2,89E-08 1,61€~10 7,B4E-10 9.34F-09% O, 3, 46E=08
8I=212 P 76E=14% 1,25E=12 1,4BE=10 4,02E-11 3,90E=12 2,14E-11 6,07E-10 8,23E~10
a=211 0, 6.856~04 O, 0. 0. 0, 0. 8. B5E=04
BI=210M _3,63E«1? 3,.74F=14 2, BSE=13 O 0 0 0 3 T6E=12
AI-210 ' 0, . [ a, 0, [N 0,
Al=2093 9, 0, 0, o 0. 0, 0. 0.
PB=214 1.70E=04 2,72E=04 6,97E=06 2,84E=05 4. 0, 0, P IT 1Y
PE-212 0. 5,37E~14 0, . . C 0. 0. §.70E=11
PB=211 1.82F=08 1.17E~03 6,20E=05 §,72E-0% 2,05¢-05 O, 0. 1,83E=03
PE=210 [ 0. N 5. a 0 0 lal8E=02
PR=20% [N 0. 0. ['H O, 0. 0, [H
PB-2085 0, 0, 0, 0, ' 0. 0, 0,
PB=2075 0. 0. 0, [N 0. 0. o, 0.
PR~2088 0, o, 0. | SO Ou . 0. V0 . __ Q0 __ _- e -
TL=210 1,036-07 1,55E-08 S, 05E-09 3,06E~07 3,45E=07 1,LPEw07 2,08E=07 1.21E=0s
Ii=~ =10 0 9 1.63E=09 9 1. B4E=09
TL=208 4, 92E=12 B,79Er1h 1,44Em10 2,P2E=11 1,33E~12 3,82E~t4 6,006=10 7.88E=10
TL=297 - . - e e 05 Oa O P 3.57E=05% _ __ .
TH~208 [N o, 16 0, 0. 0. 6,81E=16
TOTAL §.5BE+03  7,11E+03 ©,26E+0Z 1,50E403 5.22E+00 1,35F402 7.90E=0k 4.74E406
AYE=FHE - 93Ew - 8,57F~ + 74E+ . 4.02E=02
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#as HANPLE CALCULATION #an GATE Nwidzits HARE &7
HEUTR{N SPECTRUM NATE 2 /97 arii6
AAREAKANMEA RAAKE Adxskpddiahidara
LHAuP EREREY (MEV) SPONTAKEUUSAN/SEN)  ALPHA=N(M/SEE)  TuTal {9/SEC)
1 1.ARESDT T3, 000C+01 F.ZNBE-NZ e 7,708E-02
1,n00E+01 G TO3Fs00 6.397E-01 ' A3V 7E-0Y
5 4,TDIE+DD 4. 900F +00 T OTUE+DY Ua 1.5/0E+01
& 4,966E+00 4. 0A0F Y S.70uFeng Fahhob+ny 1.5u5E401
5 LaNBBESDD 30120400 $.212E400 5.096F +0u 1.931E+01
& 1.N1ZE+00 2, 4h6E400 5.172E+00 1,096F+01 1.615E+01
¢ 2,4e6L+0D 1.827F+00 4a37gE+NY 7.o71E404 1.255E+01
& 1,8Z7E+40D 1,355F+00 5,559 +0D S O70E+0Y 1.113+01
¢ 1.3%3E400 Y, U72F=N1 L.028E+DU 2,499+ A, 52LE40D
10 9.0728-01 8, ATF-N] Z.682E400 1.u25E 400 T, ABTESUD
11 4. 081E-01 U u7eE-NT S.31FE+ 00 by FH2F-01 F.R15E+uD
12 4, 076k=01 1.111F-01 6.UTSF=11 0. Ay N fSEwi]
13 1,11E-0 1.3036=02 2,2845k-N2 U, 2.245E=02
1o  1,303E-02 5.555F-03 v, '8 n,
ToIaL 4.725F+01 4. $90E+D R 1IRE+DT
aur SANPLE CALCULATION #aa PATE  0R/22F78 PAGE &8
SUHMARY QUIPUT DF CUHLE NIMBER AnD PAY FuEHGY
ARAAkAAR SBANEN Ak ARAAR RAATRA wax Aww kAAwhk
CURLE MUMHER FAERGY (MEV/SECY
DATE ALPHA AeTaA GaM4a ALPHA uFta GAMMA SF NEUTRUM AN HEIH) U rojaL
7BF RJZC  2,GBE=U2  5,576-01 1,820=0%  S,VHE409 4, 29E+D8  L.08FeN6  5.7261E+y1 L, 23820401 7,.9845ee0
797 AI2G E PLE=D2 5. 57E-01 2,13Lk-y? $,35E40% & 1Q0F+08 4, T4E+na 3,72560401 4, 590LE*01  H,113RE401
ank SAMPLE CALCULATTON aan BATE  09/22/78 PAGE &Y a#a SAMPLF CALCULAFIUN ana DATE 09/22/78
WUCL IRE DENSITY ¥5 TI™t R CCOMTINHED)
AAkFAAR NANBNAK LL] AREh
NUCLIDE 78F 8124 79/ 4/2k
HUCLTuE fBF Br2k 79/ el
TH=229 L E551E4D4 B, ABTGESDY
CF=-252 [ a, TH-274 ?7,9554E=02 5,4420E=02
tF-251 0. 0. N TH=227 1,4L20F+0k  3,2955F 404
CF=25U 0. L8 at-228 3,2616E-05  5.4714F=0%
CF-249 0. LS Ag=227 6. TUYSE 0B 1,4959T+07
PR=~250 Q. 0. AC-22% 1.4330E=01 3, N348E-M
RR=ZLY Q. Gy RA=-228 2,6652E=01 &, 4979E=-01
CH-250 0. Q. PA=¢26 6.BY210+07  1,5299E+08
CH-249 0. . _— RA-#25 2,1905E=01 &, 6128E=01
CH=248 0. T Ram2P4 V.56 7F=RG 2.95TUE=O4
CH~247 0, o, RA=223 H,5617F408 1, P871E+0L
CH-2646 n. t, FH-223 2.1701E=01 &, R3R1E=11
CH-z45 0, n, FH=221 L 77A9E-05  1,0M1&6F=ny
CH=244 0. 0. Ri=e?22 G A203E+02  9.9179Fe02
CHw243 a, o, AH=270 2,8956E~0K  5,19725E~08
tH=242 o, n, RH=¢19 3,4532E=02  7,P6RUE~DZ
Ad-260 0. n,. Ru-214 B.BY65E=12 1,9942E=11
AH=2435 0. AT=218 5.0839E-D¢F 1,1607E=08
AM=2bd 0. Rl-217 5,3573E-0%  1.1346F=08
AM=2LT i, AT=21% 1.9940E-12  4.AZRVE-12
A=242 0, . _ Pu~218 Z.4L683E=01  5,493ZEnDY
LLEFIN] 3,8164E+14 &, 2835E4%8 Bp-214 7.2722E=11  1,4008F=10
Pu=244 [ 0. nu=-21% 1,563526-05 3,SHI7E-D%
PUn245 Q, LN Py=214 2,1936E=N4 4, 92Y0E-N7
Pu=244 a, fty pPu=213 B.6122E~15 1.b&27E-12
PU=24 5 0, 0, BQe21ZM  2,2270E=09 4. 2910E-0v
pU-242 2,88G3F+18  2,RH43E+14 I PO=212 9,2953E-17 1,7910E=14
PU=-241 1.3745F+19  1,3330E419 pp-211 1.3593E=-05  3,1550E-03
fyr2ug 9. TLSLESTY  9,744LE+TY PO=2t0 3,18B4E¢01  1.7689E402
PU=231% 3.7636E+20  3,7635E470 Hl=2%4 1,5492E+00  3.5058F+00
By=-238 S.ZBLIEH17 S.2427F417 Al-213 LL,5586E=NG  9,6072F=04
Py=-236 . 0. nr=-2tz 1.75B3C=-N  3,34900=N6
HNp=24L0 [\ 0, AL-211 YL10R3E+MY 2,5725E+M0
NP=233 [ 1 RI=210M4 2.80N5E402 1 240LE+NS
Np=237 1.5015F+16  2,1524E+16 =21y 7.2260E400  7.G091E+0U
u=249 0. 0, NI-2095  5.5538E+N0  A,9826E+00
u=-238 2.757HF#22  2.257HE+Z2 PH=21L 21507400 4,.B257E+00
u=2%7 J.994384%1 381266410 PH-212 1 A5LYF=015  3,5734LF-N5
u=236 S,1299€+18  4,1632F+16 . =211 1,B774E+N}  &,55R1E+0
u=255 1,6580F+20  4.A5AYE+20 Py=210 1.9984F+Ma  £.4576E+04
u=g3s 1. 5175E+18  1.321466414 PH=209 1,93950-035  4.107HE=03
u-233 7.7295E+09 1. 3373E+10 Pu=¢0s5  1,12B2E-0¢ 2.4396E=02
u=-232 0. L PR=2073 1AGTEE+NY 4, 2H06F+0)
PA=Z3 LM 1,1340E407  1.154L0E+07 Py=20865 2,7G94E+0%  1,5830E4112
Pa-234 5,0597E+04 5.0397F+06 . TL-210 2,1912E=0% 4,9145E=0%
Pa=233 4,9804E4+08  7,1237k+08 TL-20% L B160E=N?  1,019YE=06
Pa-231 3,2189E+11 4, B317E+11 TL=208 3,1934E-08  &.,1534F=D4
TH-2%4 FLISHME+1T 3,3351E+M1 TL=207 ZLLBG0F4NY 5,7 /RLE+00
TrH=2%2 3,767BE+NY  S.43F0E+09 Te=208 1,68L6E-N%  5,.60728-09
TH-231 6,7996E+408 A, AUOOE4NS
TH=230 TOO154F 412 1,1264E415

—_ 3‘4 —

PAGE 50
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#t4 SAMPLE CALCULATION »as DATE 09/23/78 PAGE 31
HASE AMD PPH DATE 3 78/ B/24
ARAA ARA NAA Atan Uty atAng
NUCLIDE MABSTGY PERT{U+ALY HUCLIDE HAB3(E) FPH/CU+PU)
CFe252 0, [ TH=229 1,500E=17 1,721E=12
CF=2%1 9y 0, THe228 1.119Ew23 1,210E=18
CF+250 [ [ THe22? S.636E=10 5.,919E=13
o _CF=269 _ 0y 0, AC=228 1.227E=2§  1,336E=p]
PK=250 'n 0. AL=227 2,529E+15  2,754E~10
. BRedéw 0, O, ... .. ___ACe225  5,334E=23 5.0¥0fw=18
CM=250 o, [ RA=228 1,009E=22  1,09%E=17
EM=249 0, ' = 3 E=0%
CH=24H 0, [N RA=225 8, 184E=23  8,911E=18
. ch=247 0. . _ e S RA=224 5,671Ew28 6, 175Ew2]
CH=248 0. 0. RA=223 3.%70E=18  3,452E=13
- CH=245 [ T | P . ER=223 _ B,036F=23 B5,?50F«18
CH=24k 0. 0, FR=221 1.753E=26  1,909E=21
CH=243 0. Da = =19 1.77?sFeib
CH=242 o, 0, 9,8L7E«30  1,072E-24
AM=244 0, Qa. _ _ _ taghBE-zy  1,359E-38 —_— R
AM=245 0. Qs 3,220E=13 3.507E=28
AMedil 0y 0. L = AI-238 1.8L0E=28  2,004F-23
AMw243 0, 0. 1.930E~30  2,102E~25
AM=26? 0 0. Z.t10E=34 2,251E=29
AR=244 1. 647E=0F  1,575E+02 B,863E~23  9,650E=18
PU=246 0, G 4.608€=32_ 2.860E= -
=245 0. 0. 5,509E=27  5,99%E=22
Ple24d 0, ' 2.0194E=29 B oBeReds . .
PUR24S 0, [N 2,409E=34  2,423E=29
PlUn2s2 1,159E=03  9,282E+042 ! 7.0839€=31 B,%30E=24
PU=741 S,590E=03  €,0B6E+02 3,2726-38  3,563E=33
PU=240 3,884F=02  4,250E+03 4a78RE=27 .  S.1BSE=22 .. .
PU-259 1.6P6E=D]  1,627E+04 1,1056«20 1,203&-15
PU-738 2,089E=04 2, 274E+0Y 5a6LPE=2R  G.149E-17_ i I
PU=236 0. [ 1,604E=25  1,7L7E=20
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16460(2,30E-08) 21846018, 20E=07) +18585{2.43E=07) S1695781,6BE=00) ATH1601 L BLE=DF)
23307 (4, 8QE=08) 22344 0(8,00E=09) 224672(2,00E~08) 20098 (8, 60E=09} L26L9Z (B, 27E=08)
2070 CT.65E=0T) 227572(6,22€~08) 29115 (3, 19E=086) s2927CULE 3E=OT) 3000945, 74E=08)
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CH=242 L,2526E=05 4 ,921HE=08 L0000 §. GebPLmdb 7, 99A5F-1%  4,A924F-1%
An-24% 2,9595F 4 7, 9622F=NL v, TLUAE+UD 2, B7L+UD n, .,
AM=245 B T14YE+DY  2,3192¢F+05 0. 1.00E+00  §,86k202 N, o,
_ AM=24k T.0471E+00  1,90836-05 o, 1.UnLsyn 1, 26ke00 A, f,
AM-243 2.5665E=0F  2,97026-12  1.uNE+e G, Z.e5t-u1 A, 1,2ty
BHe262 1,0397E+00  1,2034F=0% ¢, 1, 00E+0R O, n, o,
BM=241 L SBSBE-08 5,07A1E=Y1  1,ydE+0n O, 5,60k=01  2,2/75F=22  2,5076f-~1a
Pu-248 &, 3591E=02 7,360F=07 0. 1.00E+00  2,31ks0n N, o,
Pus24% 1,5876E+00 1, A372F-05 ¢, 1,00E400  A.02E-01 O, n,
L Py-~244 Z,299E-11 2,8090E-16  1,unkegd g, Te 2.N221F=18  {.3224E-7u
PU=243 T,3539E400  3,A819E-90%  y, TLUDESUN  2,9%k=YY  Z,A705F-23 N,
Pu=242 4, 2071E-0% 5,6795E=1  1.00L40B 0, G UAE-DL 4, 5860F<1%  1,R637F-21
Pur241 V1. 2/54E=04 1, ATBIE=09  2.50E-05 1,00b400  133E-US  1,97A26=23 1070521
Pu-240 2,9US1E~07  3,3625E=12  1,U0E+00 ¢, S.26k=0%  3,.56%6F-19 1, 3578F-1y
Pu-23% 7.7861E-08  9,0117E-15  1,00t408 4, 6.Y3E=UL A,8537€6-p4  %,5672F-20
_ Pu-23a 2,1641E=05 2,504dF=10  1,udk+00 9, A BME=DL  3,0025E-18 1,2552F=97
Py-23a 6.6013E=04 TF.7T12VE-09  1,u0E400 9, Gak2B-DG ¥, 3W41F=1/ &, A2SHE-T0
NP~2LQ 1,5356E401 1,7773E-06 0, 1,00E400  1,87E400 0, n,
KP-23% 2,9435E=01 5, 4068FE-06 w, 1,00Leun &, tAE=Q1 0, f.
NpP-237 B BLOF-14  1,0271E-74  1.uft+00 o, 5.05E=01 L, M102F=26 2, Renk-3¢
=240 1,1498E+00  1,3655E-05 . 1,00E400 0, 0, .
Y=234 b 2aRak=13  4,9171E«18  1,u0ts0D Q. ' G.3%24F-26 R 15BYE=20
u=237 1,6289E-07  1,18R5F~0¢ O, 1.00L400  9.51k=01 A S314F=28 0,
u-238 B,1086E=11  5,38&9E<18  1.UNLeD U, Fo0b=06  1,R183F-24 7,235UE=73
U=2X5 2,6Y75E-12 3. 1211E=%/ J.u0L+pn  y, 9. 08E=01 1,.0644F=-25 7 ,0255F=25
u=¢34 ?LPB29F=09  O.0UAGF-16  V,00esub O, VoIE=QT  2,2492F=24 P AP5%E-R1
u~233 1, 1946E-08  1,3824E=13 1 udE+u0 9, S.54E=01 1, A390F-2% &, 7429F=P1
. u-232  2,64B8E=05 3,0053F-10  V,00Ee00 y, Z2o¥IE-03  5,4F4%F-22 1, ivHaFe17
PA-Z3LM T BL45ATES02  9,7092E-03 0. 1,00E460  1,92k=02 0, o,
PA=23k 2,L845E400 2,R52%¢=05 U, 1,00L+40  1,54E500 0, 0,
PA=233 2,5672E=02 Z,9713E-07 0, 1.00E+00  #,79L-u1 0, 0.
PA-234 5,B432E=NY  &4,7629F=13  1,00L+00 O, f.0%E=02 0, ?.V281F=2¢
Th=2T4 Z.BFOV1E=NZ  3,3289F-07 4, 1.00E400  1.4RL~01 0, 0,
Tu=232 1,3316E=13 1,5644E=18  1,U0E+00 u, 'R S.T1LIF=29  2,45716=20
TH=2T1 &.LP8iE-01 7,5291E-06 @, 1.00E+00 2.24t=01 D, a,
TH=-230 2, 6603E~0B 2,.8545E~1) 1.00E+G0 ¢, G.92E-u3 1,B170E=2% 7,9¢25F-21
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_kan SAMPLE_ CALCULATION xas — - DATE 0%9/22/78
_{CONTINUED)

., . DEGAY COHSTANT ARUNDANGCE SF NEUTRON AN REUTROW
NUCLIDE 1/DAY 1/8EC ALPHA 8ETA GRMMA N/SEC,AM H/SEC,AM
TH=229 2.5872E=07 2.9945E=12  1.00L+00 0, 5, 07E+00 0, 9. 6202E=20
TH~228 9,9270E-04 1,74B89E«08  1,00E+00 U, 1,43E400 0, 5. 5493614
TH=227. 3,7027E-02 4,2855£=07  1,00e+00 . 0, 4, PeE=01 O, 2.h5B8E=10
AC~228 2.7138E409 3,1410E=05 O, 1. 00E+Q0  ,06E400 O, 0.

AC~227 8,71126-05 1.G082E=09  1.70E-02 9,83E~01 §.05E~02 0, 5.9769E«19
AC~225 4,9315E=02 8,0225E=07  1,00E+00 O, 7.41E-02 0, b BBOTE=14
RA-228 3,30276-0L 3,8225F-0% 0, 1.00E+0. O 0, (|
RA=226 1.1869E=06 1,3737E=11  1.00E+00 0. 2,08E400 0, ., 132/F=19
RA=225 4,6834E=02  5,4206E-07 O, 1,006400 $,306=0% 0, 0.

RA-224 1,9043E~01 2,2060E=06  1,00E+00 O, 3,72E-02 O, 1.2199E=13
RA=223 6.0643E~02 7,0188E-07  1,00E400 O, $.61E=01 0, 4,3827E-14
FR-223 4.37B6E+01  5.2993E=04 0. 1,006+00 B.27E-07  O. 0,

- 402 2,b06BE~03  1.00E+00 0. . 1.26E-01 _ ¢. 1.9640E=10
Rn-222 1.8126E-01 2,09?29E-06  1.00k+00 0. 7.00E-04 O, 1.0501E-15
RH=220 1,0771E+03  1,2467E=02  1,00E+00 O, 5,00E%04 O, 1,0235F=09
RN=219 1.5123E+06  1,7304E-01  1,00E+G0 O, 1,80E=D1 0, 1,A826E-0H
RN-218 1,7111E+06  1,980LE+81  1,00E+00 O, 2,00e-03 0, 2.58176=00
Af=218 Z2,9964E+04 3 ,G657E-01  9.%9E-01  1.00E-0% O, o, 3,5743E-08
AT-217 1, 856IE+08 2, 14STEHRYL _ 1. 00E+00 Q. 0. n, 2,7001€+0¢
AT=215 5.08BRE+08 6,9315E4085  3,00E+00 O, '™ o, 1.37756-03
Po-218 31,2726E+02  3,7BTTE-03 1. G0E4UD  1,90E-04 Q. 0. 2,62368F-10
PO-216 31.9925E405 4, A290E+00  3,00E+00 O, 0, 0, 4 I891F =07
=213 3,3645E407 3 HRLIE+0Z 1.00L+00 2,50E-06 O, 0, S4T501E-0Y
PO-214 3.6517E408  4,2265E405  1,00E+00 O, 1.40E-U4 0. 7.2270E=04

- L259E+10. 1. 6504E405 . 1,00E400. O, I 0, 3.B6Z4E~N2Z
FO-212M 1.3019E+03 1.5048E-02 4, 0, t.00E-02 N, 0.
po=212 1.9963E+11  2,3105E+06  1,00E400 0. . 0, 6,4323E-01
PO=211 1.0694k+0% 1,2378E400  1,00E400 9, 1.00E=02 O, 0.

PU=210 5,0090E=03 5,7973E-NB  1.¢0E+00 O, 1.20E=05 0. 2.5606F~1%
BI=214 S 0411E+01 5, A348E-D4  2,10E=04 1,00E+00. 1.51E+00 0, 5L IFRYE-15
L _BI=213_ . _2,1B9GE+0]_ 2,.5340F~04  2,ENE~D2 9,7RE-01 2,46E-01 0, 3.5625E=13
Bi-212 TL6404E+N1 1,9079E-06  3.6NE-0Y  6,40E=01 8,935E-01 0, L u334LF-12
BL=21% 6,68L1E+02 5,4237E-D8  9,Y7E-u1  2,B0E-¢3  3,40E-01 O, 5,2071E=10
BI+210H  5,42S8E-10 6.2799E-1% 0, 0. 1.63E+00 O, o,
8I-219 1,3835E6-01  1,4013E-06  1,30E-06 $,0DE+00 O, n, 1.5095E-19
AL=2095 n, - 0, . 0. 0. o,

P21k 3, 7244401 & ,3108F=04 ¢, 1.0DE+0D  7,05E-0 0, 0,
pE=212 1.56356+00 1.B096E-05 0. 1.00E400  4,.3BE=Y1 0, n,

PBn211 2,76L9E+01  §,20M1E-04 U, 1,00E400  2,45e-01 0, o,
PB=210 8,51656-05 9,R563E-10 0, 1.00L+00 4 ,0DE=02 0, 0,
PE=209 5,1166E+00  5,9203E«0% 0, 1,80E+00 0, n, n,
PB-2085 0. . v, 0, 0. 0. o,

R L T-L Fid- S ‘N N '8 0. a, 0.
Pa-2065 0. [ e, 0. 0. 0. o,
TL=2%0 7.6T79E+02 A, REB65E-03 0, 1.00E400  3,07e+00 4, o,
TL-209 4. 55706402 5.2511E-03 o, 1,U0E+00  &.50E-Ut 0, 0.
TL-208 3,26B3€+02 3.7827E-05 0, 1,00E400  Z,33ksu0 0, o,
TL-207 207946402  2,4068E-D3 U, 1,00E+00 2,/NE-03 0. 0,

__TL=206. . 2,3765E+02 2,7506E-03 O, 1,Q0E+00  5,506=05 N, 0,

x%xk SEMPLE CALCULATION wa»

DFCAY CONSTANT AND ENERGY OF EACH RAY

RARAA RARARAKE WAk khkhkad KKk *akN kR

— OF DECAY 15 {DECAV/SECY

UKIT OF EMERGY I& (MEV/DECAY}
NUCLIDE VECAY ALPHA BETA HUCLTQE GECAY ALPHA BETA
CF~252 8,3891E-0% 6,06176 0.00000 TH=229 2.9965E=12 4,R6195 0,0000Q

- CF=251  2.4670E~T1 L 76700 000000 = - = " 5 0,000
CF=-250 1.6804E=0% 6,04234 0,00000 TH~227 4.2855E=07 5,89%18 .00000 .
CF-2649 6. 245TE=17 5.B4517 0,00000  AL-ZZ8 3. TLT0E-NS T, CE0GTG
BK~250 5.9795E=05  D,00000 LB&3i0 Ag-227 1,0082E-09 &,97245 NITLI

- . = 0. 0000 SLELD = . = . LUgu00
CH=250 1,9651E=12  5.30000 0.00000 RA-228 3,8225E-09  0,00000  ,03520
Th=2L9 T.7904E-04 0,00000 90000 = - - . FEITLOE
CH=24E 6,0885E=14  5,07208  0,00000 RA-22% 5.4206E=07 0.00000  ,33480
CH=d67 T, 4089E~19 5,30000 o,0n000 RA-27% ZL.I0L0E=J6 5,65307  §,000400
cH=246 L,5601E~12 5.37784  0,0D000 RA=223 7.018BE=D7  5,81468  0.00000
h= ST61E-T . 0400000 - . ~0%  0.00000 1, 0
CH=2bh 1.2148E-09 5,82120 0,00000 _Fk=-22) 2. 6068E=03 6,27662 ©0,00000 .
CH=743 7. 3Z65E=T0  5.80769 ©,00000 RN=écd 709 IVE-06 5.4y000 0,00000
CH=242 4,9218E=08 6,13379 0,0000¢ RW=220 1,2467E-02 6,28700  0,.00000 .
FH=2L6 7.9622E~1k  0,00600 1,40590 RH-Z19 T.7506E-01 6476992 0.00000
An=2LS 9.3922E-05  0,00000 ,91000 _Ru-218 1,9804E+01  7,13698 0,00000 .

. = “O000 ' AT-218 3. GO57E~D1 6,65436  Z.83000
AM=263 ;. 9702E-12 5,26260  0,00000  AF-217 2,1457E+01  7.06743  0,00000 .
KH=242 1,Z054E-05 0.00000 36700  Ar-215 L.935T3E+08 B,04000 0:00000
RH=241 5,0761E=11  5.47039 0.00000 PO-218 3.7877E=D3  6,00146 33000
PU-248 7 3EOIE-OT B.00000 19860 PO=218 4.62TQEsO0 &,77700 0.00000
PLU=245 1,8372E-05  0.00000 1,20000 PU-215 3.BRLIE+02  7,384D0 74000
PO-24% 7.8890E-16 %,56000 0.00000 PO-214 4 2ZZ65E%0F  7,66700 0.0000U
Pu=-245 3,8819E=05 0,00000 54518  Po-213 +,6504E+405 8,37700  0.00000
PO=232 T E795E-T4  4.BY3L0 G000 PQ=21ZM  1,5068E=NZ 0.00000 0,00000
PU-241 1,4761E-09 4L BAST9 02080  Pp=-212 2.3105E+04 8.78500 0.00000
BU~25L0 I, 3623812 5,17638 0,60000 FO-217 1.Z§76E+0¢  0,00000 0,00000
PU-239 9.0117E=13  5,16812 0,00000 PL-210 5.797SE=08  5.30500 0,00000,

——pO=Z38 T, SUKBE=10 5.LY178 0.00000 BI~=214  5,83G6E-04 5,45672 1,05860
PY=-236 F,7121E~09  5.7689% 0,09000  Al-213 2,5340E-04  5,87000  1,39000,

= " = . STUOUT BI=212 1.90796-04 5,88613 2,25000
Np=239 3,4L066E=06 0,00000 42988  RI-211 5,4237E-03  6,56752 59000
NF=237 T,02715~14 &, 66889 0,00000 BI-2100  6.2799E-15 0,00000 0,00000

y=249 1,3655E=05  0,00000 36000 BI-210 1,8013E=08 6,074684  1.16000

LT . = . 000  BI-2095 O, 0,010 0, 05000

u=237 1,1885E=06_ 0.00000 24800 PH-214 6,3106E-06  0,00000  L61640

U=236 Y, IBLPE=16 L.47B00  0G.00000 PR32 1,B0Y6E~05 0.00000 58900

=235 3,1211E=17_ 4.41047 _0,00000  PB-211 3.2001E=04  Q,00000 _1,29805

U=2%% 9. 0080E-14 &,75872 0,0000C PFB~=Z210 9,BS63E=10 0,00000 02374

y-233 1.3824E-13  4,79193 0,00006 _ PB-209 S.9243E=05 0,00000 .63500

0= . = . 0.0 PE~Z088 0, 0.00000 0,00000
PAw234M  9,7092E-03 0,00000 2.29000 PB=207S_ 0. 0.00000 u,0000u.

= " =z . M 55750 PBE=2G68 0. 0.00000 0,00000
PA=233 2,9713E=07  0.00000  ,23296  TL-210 8,8865E=05 0.00000 1,82800; -
PA=Z31 5. 7029E=%3  &,U537Z 0,00000  TL-209  §,2541E-03 0,00000 1,99000
TH=234 31,3289E+07  0,00000 15915 Ti-208 3.7827E~03  0.00000 1.58975 __
TH-232 T,56L4E~10  3,798386 0,00000 Ti~Z07 2, 5R6BE=0F  0,00000 1,44000
TH=231 7,5211E~06  0.00000 23840 TL~206 2,7504E=05 0.00000 1,51000 .
TH=230 Z.B5L5E=T8 L, 670%F 0.00000
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wen GAHPLE CALCULATION taa - DATE 09/22/78
DECAY COMBTANT ABUNDANCF
HUCLIDE __ _1/DAY 1/SEC _ BETA __ GAMPA
SA- 89  1,3720E-02 1,53B5E=07  1,00£+00 O,
T 8Re 90 6,4433E-05 10 1,00E400 o0,
SR= 91 1,7519€+00 2,0267E=05 _ 1,00E60 1,42€400

Y= 90 Z 505 2E~01 5, O03BE=08 1,00£+00 O,

. ZR= 93 1,2660E=09 1.4653E-1&  1,00E+00 o,
ZR= 95 1,.0830E=-02 .2535E=07  1,00E+30 9.76E=01
HG= 934 1,3083E=04 1,8181E=09 0, .

T Nge 95R  1,9210E=0% 2,2233E-06 O, 1,00£400
NBe 95  1,9702E-02 2,2824E=07  1,00E400  9,90t=0t

Ry=10% T.7615E~02 2,0368E=0T 1,00E+30 1,9BE+00

RH=103M 1.7792E+01  2,0593E=04 0, &, 00E-03
RU=106 1,8836E~03 2,1300E=08 V.Q0ESQ0 0,
RHe104 1,9983€+03  2,3105E-02 1,G0E+00  3,40&=01
38-125 6,855TE=Db  7,934FE=09 1,00E+00 &,8%E~01
TE=125M 1419 =02 1,3332E= =
C5=134 9.2184E=~04 1,0670E=08 1.,00E+00 2,25E+00
C5=135 T, 6952E=10 1,0990E=14 1,00E+00 O,
C3-137 643091E~05 7,3022E-1¢ 1,00E400 9.21E=-01
BA=137K 3. 9962E+02 &,530LE-04 LN 9, 21E=01
BaA=150 S.L194E=D2 6,2725E-07 1,00E+00 7,49E~01
CE-181 251521E~02 2,467FE=? E+ ] -
CE=1&b 2.4338E=03 2,B169E~08 1.00E400 1,57E=(1
PR=143 5.1079E=02 5,9120E~07 1,00E+00 @,
PRe1G4 3,7696E+01  6.67TP7E=04 1,00€400  2,50E=02
PR=145 5,06511E+02 S,R346E~05 1,00E+00¢ 0,
PH=147 T,2482E=04 8,38M1E~0% 1,00£+00¢ &,00E-08
SH=15 h2OE=0 &E=1 +

EYy=152 1,5515E=04 1,7725E=0% 2, F0E=01  1,45E400
EU-=154 2,2362E~04 7,5E5BE-0% 1,00E+00 1,%9E+00
EU-155% 3,B287E=04  &L.43TLE-DV 1.,00E400  5.53E=01

ans SAMPLE CALCULATIUN #aw DECAY COUSTANT ARD EHERGY

NUCLTRE DECAY RETA
SR= B9 1,58B6E~07 1,46700
SR~ 90 T.1121k=10 54400
SH= 91 2.02676=05 2,670U0
ZR= 93 1.6653E=14 09000
ZR= 95 1.2935E-07 1,12100
NEB= 93M  1,86141E~0% 0,00000
HB~= 95H  2.2233E=06 0,00000
NE~ 95 Z,2824E~0T7  ,92500
- 8k= 740

RH=103N  2,05%3E=04 0,00000
Ry=106 2,1600E-08 03940
RH=106 2.3105E=02  3,56000
s8-125 7L.P3L9E-09 2,27200
TE=125M  1.36326=0¢ 0,00000
£5-135 1,0990E-14 21000
C5=137 ?,3022k~10 55700
HA=137M 4 ,5304k=03  0,00000
RA=140 6,2725€=07  1,03000
CE=141 2,4677E=0¢  ,58100
CEwlll 2,BY149E~NE 32000
PR=143 S.91206=07 93300
PR=144 G 87TTE=04 7,.98900
PR=~148 5,8340E-05 .50000
PH=1L7 B,389tE=0% 22500
SH~151 2.3634E-10  LDI600
Eu=152 1.7725E=09 1,82000
Eu=154 2,5858E=09 1,97A00
Eu=15% L kS16F=09 L 24R00
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