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PREFACE

Phoebe was another name for Artemis, the goddess of the moon, wild
animals, and hunting in Greek mythology. Thus, she was the personifica-
tion of the moon. Locally and more recently, PHOEBE, the name for the
computer code presented here, represents a condensation of the words
PHOtons, Energy, and BEtas, seeming to ignore the lunar overtones. How-
ever, one “of the original reasons for developing the PHOEBE code was to
obtain a computer program that would give a reasonable estimate to the
activity of fission products generated by a series of short exposure
tests of the Rover experimental reactor, the prototype of the nuclear
moon rocket.
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PHOEBE — A CODE FOR CAICULATING BETA AND GAMMA ACTIVITY
AND SPECTRA FOR 235U FISSION PRODUCTS

E. D. Arnold

ABSTRACT

A computer code, PHOEBE, is presented for calculating the
decay properties of mixed fission products resulting from the
fission of 235U. Fission product beta and gamma activity and
spectra are calculated for these fission products as a function
of power, irradiation time, and decay time. Either constant
or variable power may be specified for the reactor operation
period.

The code contains a permanent data section that describes
the release rates as a function of time since fission. A dis-
cussion of these data functions; that is, how they were obtained,
how they are used, and how they may be modified is included.

An older version of this code was released on a temporary
unpublished basis several years ago. However, the variable-
pover section has been completely rewritten, and those who
have been using the old form of the code should either replace
their o0ld decks with the new version or recompile any programs
which use PHOEBE as a subroutine.

A complete code package will be made available from the
Radiation Shielding Information Center. Inquiries or requests
for the code package may be mailed to:

Codes Coordinator

Radiation Shielding Information Center
Oak Ridge National Laboratory

P. 0. Box X

Oak Ridge, Tennessee 37830

or telephoned to:

Area code 615, 483-8611, Ext. 3-6944, or

FTS xx-615-483-6944,




1. INTRODUCTION

The PHOEBE code* was developed to calculate the decay properties of
mixed fission products resulting frum the fission of 235y, Fission product
beta and gamma activity and spectra are the primary quantities calculated
by the code. A total of 12 gamma groups are used to describe the gamma
spectra. Results are outputted in terms of gemma photon-emission rates
for each group, gamma energy emission rates for each group, total gamma
emission rate, total gamma energy emission rate, beta particle emission
rate, total average beta energy emission rate, and total energy release
rate.

The PHOEBE code is a revised and expanded version of the Internuclear
Company's EAPRR code. The partitioning size for the time dimension was
halved in the case of PHOEBE, and the time range was extended from 10%® to
10° seconds.

The data used as the permanent data section of the program were
obtained from those tabulated in APEX-LU8 (ref. 1) except for those of the
extended period, which were obtained by extrapolating the data of ref. 1
but with the restriction that the group totals as well as gross totals
would not exceed those imposed by the calculated data of Blomeke and Todd.Z

PHOEBE allows the calculation of fission product activities as a
function of time after reactor shutdown for either constant-power or
variable-power operation. Several examples are included in Appendix I to
illustrate these various methods.

This report presents in detail a discussion of gamma photon and
energy release; beta particle and energy release; the fission rate function -
for variable power operation; the data library; input preparation, opera-

tion, and output; sample problems; and a FORTRAN list of the code.

2. GAMMA PHOTON AND ENERGY RELEASE

The gamma photon and energy release from 235U fission products is
calculated by the code for the range 1 to 10° seconds after an instantaneous
fission event. The preparation for the calculation of the fission product
photon, beta, and energy release for a reactor operation period T at either

constant or variable fission rate is outlined in Sect. 6 and Appendix I.

*The code has been written and compiled for the CDC-1604, IBM-7090, A
and the IBM System/360 computers.




As in ref. 1, the photons are classified first into seven energy
groups covering the energy range between 0.l and 5.5 Mev. The group limits
are the same as given by Perkins and King.® 1In addition, Group VII of
the P-K data is split into six individual subgroups so that a total of
12 groups are considered. The group limits are listed in the following
table.

Table 1. The Energy-Group Definitions

12-Group Perkins & King Energy Range Average Energy
Subdivision Groups (in Mev) (in Mev)
1 I 0.1-0.4 0.3
2 IT 0.4-0.9 0.63
3 III 0.9-1.35 1.10
L Iv 1.35-1.8 1.55
5 v 1.8-2.2 1.99
6 VI 2.2-2.6 2.38
7-12 VII 2.6-5.5 Varies between
3.5 and about
3.1
(Group VII
Subgroups)
T VII, a 2.6-3.0 2.75
8 VIiI, b 3.0-3.5 3.25
9 ViI, c 3.5-4.0 3.7
10 VII, 4 h,0-k4.5 h,22
11 VII, e 4,5-5.0 4,70
12 VIiIi, f 5.0-5.5 5.25

For short times after fission (1 to 1550 sec), experimental results
of Osk Ridge National Laboratory4’5 were available and were used directly
by the Internuclear group.l For long time periods (1550 to 108 sec), com-
puted decay curves obtained by Perkins and King® were adaptedl from their
publication. The two sets of data are in good agreement and can be combined.
The data for time periods of 108 to 10° sec were obtained by extrapolating
the P-K data under the restriction that those groups which fell within a
given group of the Blomeke and Todd?® compilation extrapolated with the
same slope as that of the given B-T group. An additional restriction
imposed was that the total gamma photon release rate and gamma energy
release rate was approximately equal to and extrapolated with the same

slope as that of the Blomeke and Todd data.




The photon release rates are shown in Figs. 1 and 2. Figure 1 covers
the range 1 to 10° sec, while Fig. 2 covers the range 105 to 10° sec.

Knabe and Putnam® calculated the photon release rates from the P-K
data by dividing the group energy release rate data by the average energy
for each group. This technique is reliable since they found that the
average energy for each group remained almost constant over the range
1 to 107 sec.

Tables 2-1 to 2-3 and 3-1 to 3-3 list the photon release rate data,
which are carried as part of the permanent data for the code. Values can
be changed and incorporated as part of the data deck by using the FORMATS
described in Sect. 5.

The group comparison of B-T vs that of P-K can be shown by the follow-

ing tabulation:

Blomeke and Todd

Perkins and King

Group No. Ener%ﬂw?ange Group No. Ener%ﬁw?ange

I <0.25 I 0.1-0.4

II 0025-100 II 00)""‘009
IIT 0.9-1.35

III 1.0-1.7 v 1.35-1.8
\'s 1.8-2.2

Iv 1.7 VI 2.2-2.6
VII 2.6-5.5

Thus, in the extrapolation, P-K Group I extrapolated with the same
slope as B-T Group I; P-K Group II extrapolated with the same slope as
B-T Group II; the sum of P-K Groups III and IV extrapolated with the same
slope as B-T Group IITI; and the sum of P-K Groups V, VI, and VII extrapo-
lated with the same slope as B-T Group IV.

Figure 5 also illustrates the comparison of the Perkins and King
groups with those of Blomeke and Todd. The curves are either actual
P-X data (including their sums) or extrapolations (dashed portions) of
the data while the labeled points correspond to B-T group data.

The basic data for the PHOEBE code are represented by a function for

the photon number release rate per fission versus time after fission for

each of the twelve energy groups and an average energy for each group.










TABLE 2-1, GAMMA PHOTON RELEASE RATE DATA
GAMMA PHOTONS/FISSIGN=-SECOND VERSUS TIME AFTER AN INSTANTANEOQOUS FISSIOGN

GAMMA PHOTON RELEASE RATES FOR

QCENITTDHBGN—-—ODOOTNODNDWNN—

TIME GREOUP | GROUP 2 GROUP 3 GROUP 4 GROUP 5 GROBUP 6
(SECONLS) ECAVIE ,30 E(AV)= ,63 E(AV)I=| .10 E(AV)=].55 E(AV)=!,99 E(AV)=2,38
{+OUOUOCE«QD 5,900E=g2 | +20DE=Q1 7.600E=02 3,43nE~Q2 2.39p0E=02 8,300E~03
| ,46779SE+0D 4,750k=02 9.700E=p2 5,400E=02 2,730E=~Q2 | 83NE=02 8.,000E~03
2,15443CE+(0 3.780E=(2 7.700€~-Q2 3,820E=02 2.130E-02 | s 290E=-Q2 7.550E=03
3,16227EE400 2.880E=p2 5.910€E=-92 2,700E~Q2 l+600E=02 | . 030E=D2 6.,700E=03
4,641985E4+00 2.150k=02 4,430E-02 |,910E=02 | «200E=02 7.510E=03 5,390E=-03
6,812921E+00 | «570E=02 3.270E-902 | +330E=02 B.850E~03 5,370€=-03 4,050E-03
| 0UOUOCE*QI |+]20E=02 2,390E=-p2 9,600E=-03 6,5Q00E=03 3.,800E=-03 3.000E-03
| ,46779SE+0 | B.000E=Q3 | +650E=02 6.,800E~03 4,650E-03 2,700E=03 2,119E=03
2.154435E«01 5.400E=03 l«120E=Q2 4,800E-03 3.340E-03 | +890E=-03 | +490E=03
3,16227EE+0) 3,650E=03 7,650E=D3 3.400E-03 2,350E=03 | +270E=03 l+020E=-D3
4,64 |58BSE+01 2:.460E=03 5.,100E=-03 2.400E-D3 |.600E=-03 B,700E=04 6,850E-04
6,812921k+0 | | +66UE=03 3.430€E-03 | »670E=03 [+ 100E=~03 5,750E-04 4,600E-04
| .00000CE-D2 1+120E=03 2.290E=Q3 1 +200E=-Q3 7.49nE=04 3.,88nE-D4 3.030E-04
| JA6779SE4]2 7.600E-04 | +530€E=-03 8.500E=04 5.000E~-04 2,520E=~D4 2.000E-04
2.154435E+02 5.050k=-04 le020E=03 6.1 00E-Q4 3,390E=04 | oE690E=04 |+ 310E~04
3,162278E+(02 3.400E=-04 6.,850E=-04 4,300E-04 2.250E~04 | .090E~(4 B,500E-05
4,64 |9B5E#(2 2,280E=-04 4,440€E~04 2.,950E-04 l«470E=-04 7.000E=05 5,489€E-05
6,812921€E+02 | «500E=(4 3,010E=-04 | +970E=04 9,650E=-05 4,400E~Q5 3,559E-05
| ,00000CE+0Q3 |+000E=04 2,000E=-04 | .270E=-04 6.,150E=05 2.800E-05 2,31pE=05



20
2]
22
23
24
25
26
27
28
29
30
3
32
33
S4
35
36
37

GAMMA PHOTONS/FISSIONSSECOND VERSUS TIME AFTER AN INSTANTANEOUS F]SSION

TIME
(SECONDS)

| 46779CE#]3
2,154435E+03
3,16227€EE+03
4,64 |989E%(03
6,81292|E+03
| UUOUOCE«Q4
| c467795E+04
2.15443%E4(04
3,16227EE+04
4,64 |58B5E«04
6,812921E«04
| 000UOCE®DS
| ,46779SE«(5
2,154435E«(5
3,16227EE#05
4,64|985E«05
6,812921E405
| «O00UOCE+D6

TABLE

GROUP |
E(AV)S ,30

69500&'05
2+800E=05
] +780E=Q5
le120E=05
7+200E=06
4,700k~p6
3.020&'06
| o 980E=06
| 4280E=06
B,200E=Q7
5¢400E-07
3+450E=(7
2,270E=(7
| +470E<Q7
90300&’08
6,00UEeQ8
J.800E=Q8

2’20

GAMMA PHOTUON RELEASE RATE DATA

GAMMA PHOTON RELEASE RATES FOR

GROUP 2
E(AV)=s ,68

'-320E*04
807UQE'05
5,800€-05
3.8006’05
2,480E-05
I +650E=05
|9050E”05
6,900E=Q6
4,450E-06
2:900E=06
1+820E~-06
| +200E=Q6
7q380E’07
4,500€E~07
2,610E~07
1 +560E=07
9.000E=~08
5,450E-08

GROUP 3
ECAVI= |, |0

7.850E=05
4,500E-05
2,480E+05
| «350E=05
6.800E=06
3.580E=06
20'20E906
'9230E”06
7,400&-07
2.480E=07
| +420E=07
8'1005-08
4,700€E-08
20730E908
|+700&=08
|v|90E’08
9.000€E=09

GROUP 4
E(AVY=|,55

4,000E=05
2,53p0E-05
l+610E=05
l+020E~QS
6,400E=Q6
4.100E=06
2,300E=06
| +220E-06
60450E'07
3.,200€E~07
l+440E=-07
6,200€-08
3.600E~08
3.,150€-08
20880E'08
2.590E-08
292905‘08

GROUP 5

E(AVI=1,99

i +750E=05
|9"0E’05
7,010E=06
404!0&’06
2,750E%06
| +750E=-06
|+ 150E=06
8,200E~-07
5,950E=07
3.800E~07
2,000E=07
B.000E~08
29500E'08
B,500E=09
3,350E=-09
| ,550E=09
8,800E=1|0
5,400E-10

GROUP 6
E(AV)=2,38

| +470E>D5
9,250E~06
5,800E"06
3,5'0E'06
2,000E-06
| +050E=06
5.500€E-07
2,83nE~-07
| +250E=07
4,200E=08
l.410Ee08
5.,800E"09
3,800E-09
3,050E=-09
2,600&'09
2,190E=09
'08505’09
i+500E-09



38
39
40
41
42
43
44
45
46
47
48
49
50
5|
52
53
54
55

GAMMA PHOTONS/FISSIBN-SECOND VERSUS TIME AFTER AN

TIME
(SECEALS)

] ,467795E»06
2,15443%k«(6
3,162278E+06
4,64 |985E406
6,812921E+06
| .00000CE»Q7
| ,46779SE«(7
2,154435E+07
3.,162278k+07
4,64 |9585E+07
6.,812921E+07
] .0U0UDCEDS
| ,46779SE+08
2,154435E+(8
3,16227€EE+08
4,64 |58%E+(08
6,812921E+08
| ,000U0CE+D9

TABLE

GROUP |
E(AV)= ,30

2.420ke(8
| +550E=08
l+pl0E"D8
6.000E=09
3+400E=(Q9
| +840E=(Q9
9.,750k=0
5.000E=40
20640&"0
|0330t"0
7.100E=¢1
3-800&"'
1 +900E~]| |
9.700k=)2
4,80UEe |2
2027”&"2
lyO‘Ot"Z
4,400&-|3

2=3,

GAMMA PHETON RELEASE RATE DATA

INSTANTANEOGUS FISSION

GAMMA PHOTON RELEASE RATES FOR

GROUP 2
ECAV)= ,63

3.350E-08
2.150E~08
| «420E=08
9.500E~09
6.500E=09
4,250€=09
2,490E-09
| +230E=~09
4,600E=1|D
|o75DE'|U
7.800E"11
3+800E-||
2.800E=1|
2,320€-1)
2,080E~1|]
|« 960E=1| |
| «850E=1 1
1« 790E=1| 1

GROUP 3
E(AVY=I1,I0
6,900E=-09
50300E'09
40050E-09
300005'09
20'80&‘09
| 460E=09
8,800E~10
4,600E-10
| «750E=1D
3,B8380E~|1I
|0220E'|l
5.900E~12
3.400&=-12
20200&"2
i ,600E=12
t»200E-12
9.500&=13
7,600E-13

GrROUP 4
E(AV)=1,55
{+750E=08
|+170E=08
5.,R50E~09
2.180E-09
5.666E-1|0
l+200E-ID
3.600E~-1|!
te700E=11
9.350E~12
5.800E=12
3.730E~12
2.450E-|2
’oSSOE"?
QQSOUE"S
5.500E-13
2,500E=13
||S2OE-'3
8,600E=14

GROUP 5

E(AV)Y=|,99

3,300E~1D
i oS00E~ID
|.030E'|U
5.000E=11
2.280E"11
9.900E-l2
4,140E~12
20000E'|2
l o I00E-12
6,750E-13
4,950E~13
3.600E-13
|t97ﬂE’|3
9.500&'14
3,100E~14
70400E"5
lv770E=15
50700E“6

GROGUP 6
E(AV)=2,38

I4120E=09
70200&']0
3.,38g0E~10
l+400E=10
S,400E=11
2,000E~11
8,450E-12
4,000E-12
292.0&"2
|+ 330E= 12
l+QI0E"I2
7.250E=13
40203&"3
| +950E=13
6.,20pE~14
|034OE-|4
3.6005*'5
'-'30E'|5
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GAMMA PHOTONS/FISSIONsSECOND VERSUS TIME AFTER AN INSTANTANEOUS F]SSIGN

TIME
(SECOBANLS)

{+000UQCE=DD
] +46779SE#Q0D
2.,194435E+00
3,162278E+00
4,64|P85E+00
6,81292|E+00
| +00000CE«D!
| ,467795E«0 |
2,15443%E«( |
3,16227EE=0|
4,64 )585E4+0|
6,812921E0
{.000000E=02
| ,46779S5E«02
2,154435Ew02
3,162278E«02
4,64 |9B5E«0?
6.,81292(E#02
| +0VOUOCE*QS

TABLE

GROUF 7

E(AV)=2,75

7'300t'03
60500&"03
5.580&!03
49580&903
3¢:65UE=Q3
2:810E"Qp3
2+ 11E=03
| +550E=03
l+100E=Q3
7:600E=04
S'OUUt?04
3¢222E~04
2:000E=p4
| e240E=D4
7,600&‘05
4,500&’05
2,690k=05
| e520k=05
8,600E906

3'|o

GAMMA PHOTON RELEASE RATE DATA

GAMMA PHOTON RELEASE RATES FOR

GROUP 8

E(AV)=3,25

6,250E~-Q3
5.520E-03
4,68B0E=03
3,830E~03
3,000E~03
2+300E=03
| ¢690E~Q3
14190E-03
8,250&—04
59400E=04
3¢:500E=-04
2,200E=Q4
1 +«400E=04
94250E=~05
5,100E=05
3,0I0E=-05
1+700E-05
9.650E=06
5¢420E=06

GROUP 9

E(AV)=3,7)

4,600E=Q3
4,05pE~Q3
3.,450E=03
2,830E=03
2,200€E~03
I+700E=03
|9230E'03
9'000E504
6,|80E=04
4,080E=-04
2.,6B0E-04
| +690E=04
l»0lIDE=Q4
6,350E=-05
3,800E=05
2,250E=05
1.,300E=05
79200&'06
40300E”06

GROUP |0

E(AV)=4,22

3,700E=Q3
2!700&’03
2v000E'03
|+450E=03
|+070E=-03
707UUE’04
5v600E'04
40000E”04
2,8005'04
| «96pE=~04
'032DE’04
8,950£=05
5075ﬂE'05
3.650E=05
2.150E=05
| +220E=05
6,250E-06
20850E’06
| +200E=06

GROUP 1|

E(AV)Y=4,7(0

2,030E=Q3
l.52°E—03
|« 120E=03
8,300E-04
6,000E-04
4,3)0E=04
3,050E=-04
2,150E-04
| v480E~Q4
ly000E=04
6,350E=05
40000E'05
2.450&!05
| 4440E~05
80200E’06
4.420E’06
2,150E=06
9,420€E-07
3,960E~07

GROUP 12
E(AV)=5,25

9,200E~04
74000Ev04
5,300E204
3,950Ew(4
2.940E=04
2,130E=Q4
'cS'OE’U4
'90705'04
70400E’05
5,000E"05
3.200E=-05
| +950E=05
|+180E=Q5
6,600E=06
3,650E=06
|+800E=-06
80250E'07
392706’07
l«18pE=Q7

0T



20
21
22
23
24
25
26
27
28
29
30
31
$2
33
34
35
36
37

GAMMA PHOATONS/FISSION-SECOND VERSUS TIME AFTER AN

TIME
(SECONLS)

| «46779SE+03
2,154435E+]3
3,162278E+03
4,64 |58SE«03
6,812921€E+03
l,00000CE+Q4
| 4467795E404
2.15443%c404
3,162278E«04
4,64]58%E+04
6.812921e+04
|,00000CE«05
| ,46779S5E+05
2,154435E+05
3,162278E#05
4,64|585E+05
6,812921E+05
| ,00000CE+06

TABLE

GROUP 7
E(AV)=2,75

4,670E=06
206005'06
| +320E=06
6,000E-07
2+300E=07
8,850E=(8
J650k=(8
',480&'08
6,200E=09
2.340E-(09
l 2 190E=09
7.00UE=|0
49660&"0
3:.550k-|0D
3,03Ut-|0
2.,750k=10
2,420t~ 10
2,00U0kE=|D

3‘20

GAMMA PHOTON RELEASE RATE DATA

INSTANTANEOUS FISSION

GAMMA PHOETON RELEASE RATES FOR

GROUP &
E(AV)=3,25

3.,000E=06
l+560E=06
80000E'07
3,4|0E~D7
| «240E=07
5.200E=08
2,150E=08
8,300E=D9
3.050E~09
9,700E=1D
2.,050E=~10
4,800E=11
2.580E~11
{+.850E"] |
1+530€=11I
||4lUE’|I
Lo 390E-§ |
'0330E"l

GROUP 9

E(AV)=3,70

2,200E=06
'o|20E‘06
5,600E=07
2,400E=07
9.500E=-08
3.800&-08
| +500E=08
6.,000E=-09
2.,222E-09
70000E!|D
QtDSUE’||
3.300E~11
|'960E'|'
|.39DE'II
lo14DE= |1
IpD'DE"'
90800E‘|2
9,500E=12

GROUP |0

E(avy=4,22

4.820E=07
| +590E=07
3.750E-08
6,200E=-09
7.000€E=10
7,000E=11
8.000E=-12
lvOUﬂE"?
l+«300E=~13
| +500E~|4
| +800E=15
2.400E~16
3.200E-17
4.110E~18

Len B o I uo I e |

GROUP 1)

E(AV)=4,70

| ,530E=07
49900E'08
|9|50E'DB
|,80DE~Q9
I+600E=-10
I 750E~11
| 4900E~-12
2,450E=13
300005'|4
3.800E’|5
5,000E-16
7,000E-17
$,300E-18
|9200E'le

OO0

GROUP 12
E(AV)=5,25

3,.200E=08
7.90pE=09
'17005'09
2040OE"0
S,150E~11|
3.700E=12
4,750E~13
6,500E"14
8,500E~15
'-D5UE'|5
'¢450E"6
20200E'|7
20900E"B
3.770E-19

0

oo

1T



TABLE 3=3. GAMMA PHOTON RELEASE RATE DATA
GAMMA PHOTONS/FISSION-SECOND VERSUS TIME AFTER AN INSTANTANEOUS FISSION

GAMMA PHBTOGN RELEASE RATES FOR

58
39
40
4
42
43
44
45
46
47
48
49
50
5|
52
53
54
55

TIME GROUP 7 GROUP 8 GROUP 9 GREUP |0 GROUP | GRBUYP |2
(SECGALS) ECAV)=2,75 E(AV)=3,25 E(AVI=3,7p E(AV)=4,22 E(AVI=Z4,7p E(AV)=5,25

| +46/795E%06 | «470E=|0  14220E=||  B.600E=2 0 0 0
2,154435E406  9.500E"] | |+050E=11  7,000E=(2 0 0 0
3,162276E406  5.050E=|1  7,800E-12 4.800E=|2 0 0 0
4,64|985E%06 | «900k=||  5,000E=12 2.800E=|2 0 0 0
6,812921E«06  5.600E=12 24630E~12 |.400E=12 0 0 0
| ,0U0UQCE®D7  2.100E=12 |.]00E=12 5.700E=13 0 0 0
| J467795E+07  |+020E=12  3,750E-13 |.B70E~|3 0 0 0
2,.154435E407  6.700&=|3 |1 4250€E~|3 4,600E-14 0 0 0
3,16227€E«07  5.0506=|3  3,600E=14 |,|00E=14 0 0 0
4,64|856407 3.50UE=|3 | ,000E-14 1,200E={5 i 0 0
6.,812921E«07  2,070E=|3  2,100E~|5 9,|00E=7 0 0 0
|, 00DUDCEDB  |+050E=|3  3,)00E=16 |,500E~8 0 0 0
|,467795E«08  3.600E=|4  3,300E~|7 0 0 0 0
2,154435E408 9.000e=|5  3,000E=18 0 0 0 0
3,16227EE+08 | 200k |5 0 0 0 0 0
4,64|9BSE08  4.400E=|7 0 0 0 0 0
6,812921E408 | 600E=|8 0 0 0 0 0
| 0D0UDCESQ9  |1+300E=20 0 0 0 0 0

ct






14

Definitions:
fg(x) = FPhoton number release rate per fission for the gth group
(photons/fission-sec) .
X = The time following an instantaneous event of fissions at
x =0 (sec).
R(t') = The fission rate at time t' sec (fission/sec).
t' = The time following the start of fissions in a reactor (sec).
T = The maximum value of t', that is, the total operating time
of the reactor (sec).
t = The time since shutdown of the reactor, that is, elapsed

time following the point at which R(t') becomes effectively

zero for the final period (sec).

In addition to the basic data, it is implied that R(t') is a known
function (constant or step) of t', and that T and t are given.
From these data, the following are derived:

Fg(r,t) = the photon number release rate for the gth

energy group following a reactor operating time, T sec, and a
shutdown time, t sec (photons/sec).

U (1) = F_(1,0) = the photon number release rate for the
gth griup durigg reactor operation but after an operating
period of T sec (photons/sec).

Hg(r,t) = Fg(r,t) . Eé = the garma energy release rate
for the g energy group following a reactor operating time,
T sec, and a shutdown time, t sec (Mev/sec).

Eg = average photon energy for the gth energy group (Mev).

The values of fg(x) are listed for x ranging from 1 sec to 10° sec
(31.7 years). There is a maximum of 55 values of fg(x) given for each of
the energy groups. The values of fg(x) and the corresponding value of x
are indexed by n, such that 1 < n < 55. The partitioning of the x (time)

dimension is such that

X = 1.467799 X,

n+1
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i —2 - 0.383764 for any value of n.

This partitioning is chosen so that the loss of accuracy is small compared
with the accuracy of the basic data if a linear interpolation is assumed

on a log-log plot of f_(x) vs x. This is equivalent to the statement that

g
there is no significant error in the assumption that

a
- g,n
fa(x) = Ag px (1)

for

X §X <Xy,

where A and a are constants.
g,n g,n

The function Fg(r,t), as defined, is determined by the value of an

integral as follows:

T
[ R(t") £(T +t - t') At ; (2)
0

Fg(r,t)

but, let x =7+t - t', then

T

J ROz + £ - %) £,(x) ax . (3)
0

"

Fg(T,t)

Using the assumption that linear log-log interpolation is accurate, then

R(T +t - x) fg(x) = A x &7 (%)

X x <X .
for n S n+1
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On this basis, Eq. 3 becomes, after integrating piece-wise,

A .ix A
i n
T,4) = g,ilTi+l N j; 8,

a_ . +1 o a + 1
g,1 n=i+ g,n

X

ag’i+l } tag’ i+l) n=j-1 _
n+1 n

ag,n+l ag:n+l)
F

ol

a, s+l 8, s+l
A [(t + 1) 8,077 | x 8Bsd ]
g,J

N J

» (5)

a .+ 1
g,J

i41? xj st+1< xj+l’

t + T replaces x; .4 in the first term of Eq. 5, and the other terms are

where x. < t <x lgt,*and j2i+1. If J =1,

omitted.

For any n, 1 < n < 55,

o] [t el ) o

x R(T +t - xn) fg(xn)

a = [1/zn

n

or, for the chosen partitioning,

a = 2.605767 £n [R(T T xn+l) fg(xn+l)] , (7)
&,n R(T + t - xn) fg(xn)

and

Ag,n = [R(t +t - x) fg(xn)]/ng’n . (8)

For numerical calcuwlations on a digital computer, it is more convenient

and efficient to express Fé(T’t) as follows:

*Note: If t <1 [as for Ug(t) = F,(7,0)], use t = 1 in Eq. 4 for the
lower 1imit of the interval of integration. The result is correct because
the basic data are derived on the assumption that the proper number of
photons per fission is obtained from the integral,

o2 =]
j~f(x)dx, instead of from the integral, j~f(x)dx.
1 0
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Fg('f,t)

= {R(T+t-Xi+l)[fg(xi+1)] [ra) = B(mexy) [fg(xi)] () (;‘;j ag,iﬂ}

::ZZ{R(M'XM) [ (o] frasa] = B (+omma) [ 7 (xn)}
. {Fleensin) (g byl o) (525 " e [ggf) [7)} Ne

The index i is chosen such that x, <t Sx,,,, and the index j is

i+l
chosen such that Xy ST+t < X541 ° It is restricted that i 21, x; = 1,
j <54, x55 =109, t 21 (sec), and T + t £ 10°. Equation 9 applies for
J>1+ 1, with the summation term neglected when j < i + 1. When J =1,

the proper expression for Fg(T,t) is:

ag,-+l
Fg(T,t) = -{%(T +t - xi+l)[fg(xi+lﬂ (xi+l) ngzz) i
" ag,i+l
- R(T +t - xi)[fg(xi)](xi)(;;) (ag,i + l) . (10)
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One of the properties of fg(x) is that

b'e
n+1

fg(x)dx

o]

is about the same order of magnitude for every value of n; the integral
shows a slight tendency to decrease as n increases, for the chosen parti-
tioning. This property guarantees that if R(T + t - x) is practically
then

n+l1’ .
the error is very small if the decrease in R is neglected entirely. It

zero over a time range small compared with the interval X to x

follows that the numerical integration represented by Eq. 9 for Fg(T,t)
is Justified in most practical cases, and that, in unusual cases in which
R(T + t - x) varies rapidly and strongly, suitable averages of the R

function can be easily constructed.

5. BETA PARTICLE AND ENERGY RELEASE

Knabe and Putnam® give the following expression for the rate at which

beta particle energy is released after an instantaneous fission event:

- ~-1,3866
m(t) = 1.9t"1-2 - 1,15¢t7%+957 . 10.9(t + 105) s (11)
which is probably correct within #20% in the interval 2 < t g 3 x 107 sec,
with

m(t) = beta particle energy release rate (Mev/sec),

t = time since fission (sec).

The formula overestimates the energy release rate beyond 3 x 107 sec.
However, the Blomeke and Todd data were used for the range beyond 3 x 107
sec.

This formula may be used to obtain the beta energy decay rate at a
time 2 1 sec, following any history of fissions in a time interval O to .

Let R(t') be the fission rate (fissions/sec at time t'), then the beta

energy decay rate (Mev/sec) after a decay time t is:
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T
M(t,8) = [ R(t") m(t +t - t)at', (12)
0

where the integral is expected to have the same accuracy as that for
m(tT +t-t') for t + T £ 3 x 107 sec.
The rate at which the beta particles are emitted following an instan-

taneous fission event is represented by the formula:?
p(t) = t-%e:S . 0,7t"1+561 (beta particles/fission-sec) . (13)

The error is estimated to be less than about i25% for 2 § t £ 107 sec.
Again, the Blomeke and Todd data were used for the range beyond 107 sec.
This formula may also be integrated to obtain the beta particle decay rate
at a time t 2 1 sec following any history of fissions in a time interval

O to T. Let R(t') be the fission rate (fissions/sec at time t'), then the

beta particle release rate (beta particles/sec) after a decay time t is:

T
P(1,t) = O]~ R(t') p(t + t - t')dt' . (14)

These two equations (Egs. 12 and 14) are analogous to Eq. 2 for the function
Fg(T,t) described in the previous section. Thus the code handles the beta
particle and beta energy release rates as if they were two additional groups
appended to the gamma data.

Tables 4-1 to 4~3 list the beta particle and energy release rate data
which is carried as part of the permanent data for the code. In addition,
these tables also list the calculated average beta energy per particle.

The data are those listed by Knabe and Putnam,’ Perkins and King,® and
Miller® except for the range of 3 x 107 to 10° sec, which were calculated
by the author from the data of Blomeke and Todd .2

L4, THE FISSION RATE FUNCTION FOR VARIABLE-POWER OPERATION

The fission rate function, R(T + t - xn) is constant for constant
power operation and therefore poses no problem. However, when the power

varies considerably during reactor operation (e.g., during reactor shutdowns



TAELE 4-1,

BETA PARTICLE AND ENERGY RELEASE RATE DATA

BETAS AND BETA MEV/FISSION~SECONL VERSUS TIME AFTER AN INSTANTANEOUS FISSION

l

N —O  C TN D N —

TIME
(SECONDS)
|«0C000DE+DD
104€7799E+00
2.154435E+00D
S, €2278E+00
4,64 |589E+00
6,812921E+00
I +0COOONE+DI
| +4€7799E+0 |
2.154435E+01
S| €2278E+0 |
4,64|589E+0]
6,812921E+01
| +0C0N00E+D2
| v4€7799E+02
2,154435E+(2
S.1€2278E+02
4,64|589E+02
6.812921E+02
l+0CO000E+D3

BETAS PER

FISSICN=SECOND

SQUUDE”UI

B320E=0Q1
2.050E~01
| .S80E=D1
|« 180E=0|
8.500E=02
6.000E=0Q2
4,000E=02
2.670E-02
' 0720E"n2
l.100E=02
7.410k-03
5.200E=03
3.500E=-03
20350&'03
l.000E-03
6,420E-04
4.250F=n4

BETA MEV PER

F1SSION-SECOND

715005'0]
602BUE'0|
5,000€-01
$.700€E-0
2.500E-0)
|0680E'U|
| s050E=01
7.000€E=-02
4,500E-02
2.8505'02
{+770E=02
3,000E=03
| y870E-03
lol I0E=03
704UUE'04
4,800E-04

AVG,

BETA ENERGY

MEV/PARTICLE

2.500
2,492
2.439
2.342
2.119
14976
1.750
14750
| .685
| 657
1609
1.552
l+433
| +343
1.277
l.222
l+110
lo153
le129

0c



TAEL.E 4'2'

BETA PARTICLE AND ENERGY RELEASE RATE DATA

BETAS AND BETA MEV/FISSION=SECONL VERSUS TIME AFTER AN INSTANTANEGUS FISSION

I

20
2]
22
23
24
25
26
el
28
29
30
3|
32
33
34
35
36
37

TIME
(SECANDS)
| o4E7799E+03
2.154435E+03
S, €2278E+03
4,64|589E+(03
6,81292|E+03
1+0C0DODE+C4
| +4€7799E+04
2,154435E+04
3,162278E+04
4,64 |589E+04
6,81292|E+{4
| »0CODODE*D5
| +4€7799E+05
2.154435E+05
S| E2278E+05
4,64 |589E+05
6,812921E+05
| 0CONODE+0Q6

BETAS PER

FISSIEN=SECOND

2.,820E-D4
| .850E=04
|.220E-04
8,000E-05
5.220E=-05
3,500E=-05
2.23pE-05
9.,500E=p6
6, 100E=Q6
3,58pE=Q6
2,600E=06
| y620E=Q6
|+ 050E=-06
2.5856-07
{+G45E=(7

BETA MEV PER

FISSION=SECGND

30000&'04
| +850E=D4
I+ 190E=04
70500E"'US
4,650E-05
2.990€-05
| +780E=-05
| «050E-05
60500E'06
3,900E=06
2.,220E~-06
f o |50E"06
6,600E-07
40000&'07
2.445E-07
| v440E-07
8,660E-08
5.170€E-08

AVG,

BETA ENERGY

MEV/PARTICLE

l.064
1,000
.975
+938
89}
1854
0798
724
+684
+ 639
+ 558
1442
407
381
' 342
306
« 290
266

Te



BETA PARTICLE AND ENERGY RELEASE RATE DATA

BETAS AND BETA MEV/FISSION-SECENLC VERSUS TIME AFTER AN INSTANTANEGUS FISSION

I

38
39
49
4
42
43
44
45
46
47
48
49
50
51
52
53
54
55

TIME
(SECBNDS)
| +467799E+(6
2:.154435E+06
S,162278BE+(6
4,64 |589E+06
6.8|1292|1E+06
l.000000E+07
1 +4€7799E+(07
2.154435E+07
d,1€2278E+p7
4,64 |589E+(07
6,812921E+07
f+00Q00NE+DS
| v4€7799E+08
2,154435E+08
S.|€2278E+08
4,64 |589E+(08
6,81292|E+08
| «0C0000E+09

BETAS PER

FISSIEN=SECOND

|e277E=07
5.375E-08
3.510E-08
2.220E-(08
| -428E=-(8
8-760t'09
5c223t'09
3.000E=09
| .S80E-Q09
B.190E=10
4,800E=10
3.025E~-10
2.075E=40
| .500?:' ' D
';‘52&"0
9.490&" ’
8.300!:" ]

BETA MEV PER

FISSION=SECOND

3.460E-08
2,250E-08
| +493E=08
| 'UOUE‘DB
40320E'09
2.845E’09
| +832E=09
J . I |5E-09
6.210E-10
3,330E=~10
| « 733E-10
9.610E=1]
6,190E-1]
4,350E~1|
3.290E=11
2,675E-1|
2.300E=~1|

AVG,

BETA ENERGY

MEV/PARTICLE

271
271
278
.285%
v292
«303
0325
v 351
372
» 393
407
036|
» 318
+298
« 290
. 286
.282
0277

st



23

or where the fissile material concentration varies with time at constant
flux) a reasonable averaging technique must be employed which accounts for
the total amount of fissions that have occurred and which also gives a
fission rate weighted average to the decay time following fission. The
averaging technique depends on the number of time intervals X spanned by
the total irradiation plus decay period.

If one time period X, to X, spans the entire irradiation time plus

+1
decay time range, then

R(t + t - Xn+l) = R(t +t - xn) = ————;————— , (15)
where
Rm = fission rate during an incremental irradiation period Té,
Ty = length of incremental irradiation period,
T = total length of irradiation period.

If several (but not necessarily all) incremental irradiation periods

of varying fission rates span a time range of x to X, @s diagrammed in

Fig. 4, it becomes necessary to time weight thengierage fission rate.
Weighting is necessary and desirable since those fission products formed
at the beginning of an irradiation period have decayed for a longer time
than those formed at the end of the same irradiation period. In Fig. 4

the solid line represents the actual fission rate during time periods k,

X - 1, and k + 1; and the long dashed lines represent the calculated
average fission rates, R(t +t - xk), for these same periods. A new
fission rate function (the heavy line in Fig. 4) which varies as a straight
line on a log-log plot is then found to represent the variation in fission
rate over the time span X T X oo Thus the fission rate function may be

represented by an expression like:

R(x) = Gx° . (16)

The fission rate function [actually the end points (Rk and Pk+l) on the

line between x, and xk+1] is found as follows:




FISSION RATE (R or P)

2k

ORNL DWG 66-5059

k+1

)
\quH k+1

I

k k+1
TIME (X)

Fig. 4. Graphical Representation of Average Fission Rate Functions.
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1. Point Pl is determined from Pl = SiRy + SpRk_, .

2. Point P2y , is determined from P2y, = Ssﬁk + S4§k+1 .

3., Point P2k is determined from P2k+l by assuming that the area
(on log-log plot) under the straight line joining P2) and
P2),, is equal to log Ry(log X ., - log x) as follows:
log P2 = 2 log §k - log P2y, and P2y = elog Pk .

4, A point Rt is determined as the log mean between Pl) and P2k .

5. The point Pk+1 is found in an analogous manner to step 3 by

log Pk+l = 2 log ﬁk - log R .

6. Finally an adjusted value of Rk is found by multiplying Rﬁ by
Ss(1.012245) ; thus Ry = SsR} . This value of 1.012245 (SLOPES
in code) was chosen since this is the ratio between the arith-
metic mean and the logarithmic mean of 1.0x and 1.467799x. The
values of ﬁk were found from an arithmetic time averaging of the
power over the timespan Xy to Xy, (xy to 1.L67799 x). The
value of the partitioning function chosen is thus small enough
so that SILOPE5 should be a reasonable correction factor to
make the transition from linear time to log time averaging.

The S; in steps 1, 2, and 6 are weight factors (read in as data
on the first permanent data card as SLOPEl, SLOPE2, SLOPE3,
SIOPE4, and SLOPE5) chosen by the user such that S; + Sp =1
and Ss + S4 = 1, with Sg being selected as in step 6.

The weighting is accomplished by calculating an adjusted value of
as follows (compare with Eq. T):

P -f(xk)
= 2.605767 fn kta g . ' (17)

g,k

The effect of these adjustments is to alter the average fission rate such
that the total number of fissions during period k is unchanged; but the
effective fission rate changes as illustrated by the heavy solid line on
the figure. The actual details of the averaging and weighting calcula-
tions are given in the FORTRAN list in Appendix II.
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5. DATA LIBRARY

The data library, which consists of the permanent data of the program,

contains the following items:

1. Values of the weighting constants (Si, Sz, Sa, S4, Sg) read
on card 0 as SLOPEl, SIOPE2, SILOPE3, SLOPEL, SLOPES with
Format (5F12.8).

2. Values of X the times at which decay data are given, read *
on cards 1 through 10, six times per card except for card 11,
which contains only the last time. The values of X; are read
in as TIMEX(I), I = 1,55 with Format (6E12.6).

3. Values of fg(xi), the photon number release rates per fission
for the gth group, for each of the 12 gamma energy groups and
at each value of x;. A total of 83 cards (cards 11 through 93
are required for these data. The values of fg(xi) are read
in as FXGY(J,I), J = 1,2) I = 1,55 with Format (8E9.3). For
I odd, the values of fg(xi) for the first four groups fills the
remainder of the card that contained the last four groups for
the previous X5 with the remaining eight groups filling the
next card. The pattern is repeated until all 55 values of X5
are used.

k., Values of fg(xi), the beta particle (g = 13) and beta energy
(g = 14) release rates per fission for each value of X;0 A -
total of 14 cards (cards 94 through 107) are required for
these data. Values of fls(xi) are read in with eight values
per card; the first 48 values require 6 cards, with the last
seven values appearing on the seventh. The first value of
f14(xi) appears on the card containing the last seven values
of fls(xi). The next 48 values fill 6 cards, while the last
six values appear on card 107. These values of fls(xi) and
f14(x;) are read in as FXGY(J,I), I = 1,55, J = 13,14 with

Format (8E9.3).
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5. Values of Eé, the aversasge photon energy for the gth group are
read in on cards 108 and 109 as AVEGY(J), J = 1,12 with Format
(8E9.3) .

New values for any part of the permanent data may be charged by the

user by changing those cards in which the particular items appear.

6. INPUT PREPARATION, OPERATION, AND OUTPUT

6.1 Input Preparation

The PHOEBE data sheet for preparing input data is illustrated in
Figs. 6-10 in Appendix I. This data sheet consists of four types of

cards, which are used to describe the input data.

Card 1 (Identification Card). Any form of alphanumeric information

may be filled in on this card in cols. 2 through T2.

Card 2 (Specification Card). This card gives several specification

items necessary for the control and operation of the program as follows:

Col. 1-2, Num = Number of decay times for which activities

are to be calculated--can be any number from 01 to 99.

Col. 3-k. TIum = Number of power-specification points

necessary to describe the power-vs-irradiation-time function.
Lum will either be 01 for constant-power operation or equal to
the number (< 55) of power-time specifications in cards Oln
described below.

Col. 5-6, Inst. Case = 01 if constant-power operation is

used, or 02 if variable~-power operation is used.

Col. 7-8. Perm Data = 02 if a listing of the permanent

data deck is desired; otherwise, leave blank.
Col. 9-10. Form = 00 (or blank) if 8E9.3 type format (as

given here for cards of type Oln) is used, or = any integer if
6E12.6 format and an optional data sheet is used. This format
would be necessary for only those cases in which operating-power

times are short compared with down time.
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Col. 11-12, Tape = A selected integer assigned as an extra

tape to be written for the purpose of future listing; otherwise,
columns are left blank. (Select 46 for 1604 or IBM System/360
or 9 for IBM-7090) .

Col. 13-1k. End File = Same integer as used for Tape if

end of file is to be written on the extra tape following case
being calculated. End file appears only on last case to be
written on the extra tape, but not necessarily the last case
of a given job provided that the remaining cases of the job
are written on the standard output tape.

Col. 15-16. Last = 01 if case being calculated is last

one to be written on extra tape; otherwise, leave blank, (See

also comment on End File.)

Cards 3n (Irradiation and Decay Time Cards). All entries on these

cards are written with Format (6E12.6), with the total irradiation time
being assigned the first field and with the decay times following in the

remaining fields for as many entries as required.

Cards 4 or 4n (Power Specification Cards). Either card 4 or cards kn

(but not both) are used to specify the operating power of the reactor. If
the reactor operates at constant power, then the fission rate (fissions/sec)
is entered on card 4 with Format (E9.3). If the reactor operates at
variable power, then cards L4n are used to describe the fission rate
specification. Specification of fission rates are entered as Power (1),
Time (1), Power (2), Time (2), etc., with time being measured as accumu-
lated time since reactor startup. Both Power (m) and Time (m) are entered
in that order with Format (8E9.3). A maximum of 55 steps may be used to
specify the power function. The two sketches in Fig. 5 illustrate how
povwer and time are specified for two different cases of variable-power
operation, The first sketch shows the case of continuously varying power
being fitted with a series of steps having a height of Power(m) and a time
width of [Time(m) - Time(m - 1)]. The second sketch shows an exsmple of

a typical power reactor irradiation with intermediate shutdown periods.

In no case should P(k) be less than 10~% x P(n). That is, during those
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periods inwhich the reactor is shutdown, use P(k) = 10~% x P(n) instead
of zero. This is necessary because of the many logarithmic functions used

in the program.

6.2 Operation

Only standard input and output tapes are required except on those
occasions when a special save tape is to be written. In these cases the
CDC-1604 or IBM System/360 versions uses Tape 46 as the save tape, with
Tapes 50 and 51 being used for input and output respectively. The IBM-T7090

version uses Tape 6 for output, and Tape 9 as the save tape.

6.3 Output

Three forms of output are produced. These are:

1. Permanent data list, which may be listed at the discretion

of the user as described in Input Preparation.

2. Standard Case output, which lists operating time, decay
time, average fission rate, and various forms of release

rate data.*

3. Sumary output which summarizes the gamma photon release
rates, the beta particle and energy release rates, the
total gamma energy release rates, the total energy release
rates, and the total mass of fission products (this form of
output is listed if the total number of decay times is equal

to or greater than five).

The Standard Case and Summary output forms are both given in the

sample problems given in Appendix I.

*Those release rates on the result sheets for which units are not
printed are to be interpreted as follows: photon release rate (photons/sec),
energy release rates (garma MEV/sec), beta release rate (particles/sec),
beta energy release rate (beta.hbv/sec), total energy release rate
(Mev/sec) .
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APPENDIX I

Sample Problems

Five sample problems are given in this section to illustrate the

various ways to handle input data preparation and output forms.

Examples 1,

2, 3, and 5 all have the same total number of fissions and the same total

irradiation time. Example 4 has a fission rate and irradiation time equal

to that of one step for the variable power case (example 3). The examples

are as follows:

1. Constant Power - 1 x 101° fissions/sec over an operating time

of 1 x 107 sec.

2. Constant Power + One Variable Step ~ 9.091 x 1018 fissions/sec

for 9.9 x 10% sec + 102° fissions/sec for 1 x 10° sec.

3. Variable Power - 10 steps of 102° fissions/sec for 1 x 10° sec

each, interspaced with 9 steps of 1016 fissions/sec (~ zero

power) for 1 x 10® sec each.

4., Constant Power - 102° fissions/sec for 10° sec of irradiation.

5. Parabolic Power - fission rate varying parabolically from O

at zero time through a maximum of 1.422 x 10° fissions/sec

at 5 x 10 sec and then to zero at 107 sec with an average

fission rate = 1 x 101° fissions/sec. The parabola was fitted

with 11 steps.

The data sheets* for these five cases are presented as Figs. 6 through

10.

The results of these cases are presented as follows:

1. TFigure 11l. Sample result sheet for the complete result set

for a decay time of 1 x 107 sec at constant power.

2. Figures 12 through 14. The three summary result sheets giving

the most important results for all decay times at constant power.

*Tape 46 was used in this example to save the output for illustration

purposes in this report itself.
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3. Figures 15 through 18. The last page of the summary sheets for
each of the remaining four cases which shows the beta particle,

beta energy, and gross total release data.

4, Figure 19. A plot of the total energy release rates for all
five cases, showing the type of fit to be expected from PHOERE
and also the effects of the various types of reactor operation
on the release rates. The total running time for these five
cases was 5.4t min on the CDC-160k.

In those cases that have been run at ORNL for constant-power operation
in which comparisons with the gross totals (beta curies and total energy
release) presented by Blomeke and Todd,Z it has been found that the results
of the PHOEBE calculations have been 3 to T% higher than those of Blomeke
and Todd over the decay-time range of 10° to 108 sec.

Although the data for the PHOEBE code are based on the fission
products of 235, any set of data functions for other single or mixed
fissile materials, provided that they are known, may be supplied by using
the same format. If these functions are not known, estimates of fission
product activities from other single or mixed fissile materials may be
made, provided that one is willing to make the assumption that the gross
properties of the fission products differ very little, whatever their
sources. This is reasonable because the yields of individual fission
products change from one fissile material to another — some increase while
others decrease, but the total yield remains fixed. Thus we can make the
assumption that a decrease in one chain is compensated by a corresponding

increase in another,
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KEYPUNCH AND CARD HANDLING NOTES: ALL TIMES ARE IN SECONDS, POWER IN F|SS|ONS/SECOND

ONLY CARD TYPE 04 OR 04N IS USED FOR A GIVEN CASE

OMIT ALL CARDS WHICH DO NOT HAVE WRITTEN INFORMATION

DECIMAL POINT, E, AND + SIGN ARE PUNCHED ONLY IN FIELDS
WHICH HAVE WRITTEN INFORMATION

END FILE = 46 IF END OF FILE IS TO BE WRITTEN ON TAPE 46
FOLLOWING CASE BEING CALCULATED. END FILE APPEARS
ONLY ON LAST CASE TO BE WRITTEN ON TAPE 46.

LAST = 01 IF CASE BEING CALCULATED IS LAST ONE TO BE
WRITTEN ON TAPE 46. OTHERWISE LEAVE BLANK,

(A 4.63)

Fig. 6.

NUM = NUMBER OF DECAY TIMES
LUM = NUMBER OF POWER SPECIFICATION POINTS
INST CASE = 01 (FOR CONSTANT POWER OPERATION),

= 02 (FOR VARIABLE POWER OPERATION)
PERM DATA = 02 (FOR PERMANENT DATA PRINT OUT),

= BLANK OR 00 (IF DATA PRINT OUT IS NOT WANTED)
FORM = BLANK OR 00 IF 8E9.3 TYPE FORMAT (AS GIVEN HERE FOR CARDS OF TYPE 04N)

IS USED

= ANY INTEGER IF 6E12,6 FORMAT AND OPTIONAL DATA SHEET IS USED

TAPE = 46 IF AN EXTRA TAPE IS TO BE WRITTEN, OTHERWISE COLUMNS CAN BE LEFT BLANK

Data Sheet for PHOEBE Test Case 1.

¢¢
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PHOEBE CODE DATA SHEET

REQUEST 10691 JOB TITLE PHOEBE REPORT TEST CASES WRITTEN BY E. D. Arnold DATE
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ONLY CARD TYPE 04 OR 04N 1S USED FOR A GIVEN CASE NUM = NUMBER OF DECAY TIMES
OMIT ALL CARDS WHICH DO NOT HAVE WRITTEN INFORMATION LUM = NUMBER OF POWER SPECIFICATION POINTS
DECIMAL POINT, E, AND + SIGN ARE PUNCHED ONLY IN FIELDS INST CASE = 01 (FOR CONSTANT POWER OPERATION),

WHICH HAVE WRITTEN INFORMATION = 02 (FOR VARIABLE POWER OPERATION)
PERM DATA = 02 (FOR PERMANENT DATA PRINT OUT),
END FILE = 46 IF END OF FILE IS TO BE WRITTEN ON TAPE 46 = BLANK OR 00 (IF DATA PRINT OUT IS NOT WANTED)
FOLLOWING CASE BEING CALCULATED. END FILE APPEARS FORM = BLANK OR 00 IF BE9.3 TYPE FORMAT (AS GIVEN HERE FOR CARDS OF TYPE 04N)
ONLY ON LAST CASE TO BE WRITTEN ON TAPE 46. IS USED

= ANY INTEGER IF 6E12,6 FORMAT AND OPTIONAL DATA SHEET IS USED

LAST = 01 IF CASE BEING CALCULATED IS LAST ONE TO BE TAPE = 46 IF AN EXTRA TAPE IS TO BE WRITTEN, OTHERWISE COLUMNS CAN BE LEFT BLANK

WRITTEN ON TAPE 46. OTHERWISE LEAVE BLANK.
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Fig. 7. Data Sheet for PHCERBE Test Case 2.

o
o

g EEEE e

[o] [o] [2] [2] [=] [<]
ol (2] [2] [=] [2] [=]
[x] [o] [ m| [o] [o

e



ORNL DWG 66-5056

PHOEBE CODE DATA SHEET

PHOEBE REPORT TEST CASES E. D. Arnold

10691 WRITTEN BY DATE

REQUEST. JOB TITLE

IDENTIFICATION

[elulofe[s[e]_[r]e[s[r] [c[als[e[ [2] VAR TRl el eIl T T LT LTI T LTI LI TTIITTIL

En
Num Lum Cuso Dmu Form Tape Fiie Last

2fa[1ffol2] [ ] | l4lél [11]

IRRADIATION TIME DECAY TIME

1 Jol TTTTe HOH‘IM [T T BRI 1T
[
I
L]

EF T L [T T el

EUDEAC ]
Tl T [T T Te=0oTs)
g

1

[ [T I
[ L1 Jel+]o]4]3]. [o]
| [ [ [e]+]o]e]4].]o]
[ [ ] [e[+]of7]5].]o]

[TeFTolol - Io]
[EFPRNLTo]
[JefTol[zL o]
[EFRF]

alelol T T T [ Jef+fof2[r[-Jo[ T[T T [e[+o[sf3]. o]
slefol T T T Tef+[ofs]e]-To[ TTT [ {e]+[os]1]-]o]
[ Jol T T T T Te[+fof7f2]e o] TTTT [e[+[o[7]3].]o]

CONSTANT POWER

BEEEGEER

POWER (1) o TIME () 19  POWER {2) 28 TIME(2) 17 POWER (3) 46 TIME(3) ss POWER(4) 64 TIME(4)

1LJo] | Je[+[2[o[n].Jo] T Te]+[ofs[t[. o[ [ [e[+["[é]"[.['] T TeJ+[oJ[*[.[o] [ [e[+f[o]'[.T2[ [ Te[+[e[¢[*.[o[ T Te[+[T¢J2[.[2] T Te[+]o[¢]
1LJo] [ [e[+[2[o[2[.[3] | [e[+]o[e]t[.]o] [ Te[+[tJ6[s[.]3T T [e[+Jofe]"[.]o] T Te[+[2[o[s[.I4[ T [e[+[ofe [N T.To[ T [e[+["[6J¢].]4[ T Te[+Ie[¢]
I
l
l

e[¢[ofe]7l.Jo[ [ [ [ Te[+]o[¢]
el+fo[7[el-Jol [ T [ [ [e[+]o[7]

| [ L]
[ [ 111
| | L[]
l [ [I]]

Helof [ [el+[2[o]4].]s] [ [e[+lofe]1].[o] T Te[+['T6Js[.]s T Je[+[oTe["[.[o] T [e[+[2[o]5].Te

[
l
I
o
J

[
LTI [ Tef+lofe]1[.Tof T [e[+[1]6]6.]6] T Jef+[o]¢]
1 eJo[ | [e[+]2]ofel.[7[ T [e[+Jole]r[.To[ [ Te[+[1]e[7[[7] T Te+JoJe[+[o]o T Te[+[2[o]7].Je] T TeJ+Jole["].To] T Tel+[1efe[.Je] T Te[+[o]¢]
o] [ [el+]2fof8[. [?] [ [e[+[ofe[[]o T e[+ "[e[oT.T5T T Te[+[o[é[*[. o] [ Te[+R T [l T Te[+[o P T.T T T Te+[ TT [.T T TTe[+[ T}
of [T e I TT LT Tl e I LT T el T LT T T T TT LT T T Tel+ [ T T T T T+ T T T T T JE+ T T T LI T T [e[+[ T
[l [T Telef TTLT [T el TTII T T elsl T T T T Tl TN LT I T Tel+  TT T T T Ielel T [T T T Iel+ [ TT LT T T Jel+
LTl T LT T T T I T LT T TeP I I T LT T T L T L T e T T T Tl T LT T T T T T T T T e[+ T )
KEYPUNCH AND CARD HANDLING NOTES: ALL TIMES ARE IN SECONDS, POWER IN FISSIONS/SECOND
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OMIT ALL CARDS WHICH DO NOT HAVE WRITTEN INFORMATION LUM = NUMBER OF POWER SPECIFICATION POINTS
DECIMAL POINT, E, AND + SIGN ARE PUNCHED ONLY [N FIELDS INST CASE = 01 (FOR CONSTANT POWER OPERATION),
WHICH HAVE WRITTEN INFORMATION = 02 (FOR VARIABLE POWER OPERATION)
PERM DATA = 02 (FOR PERMANENT DATA PRINT OUT),
END FILE = 46 IF END OF FILE IS TO BE WRITTEN ON TAPE 46 = BLANK OR 00 (IF DATA PRINT OUT IS NOT WANTED)
FOLLOWING CASE BEING CALCULATED. END FILE APPEARS FORM = BLANK OR 00 IF 8E9.3 TYPE FORMAT (AS GIVEN HERE FOR CARDS OF TYPE 04N)
ONLY ON LAST CASE TO BE WRITTEN ON TAPE 46. IS USED

= ANY INTEGER IF 6E12,6 FORMAT AND OPTIONAL DATA SHEET IS USED

LAST = 01 IF CASE BEING CALCULATED IS LAST ONE TO BE TAPE = 46 IF AN EXTRA TAPE IS TO BE WRITTEN, OTHERWISE COLUMNS CAN BE LEFT BLANK

WRITTEN ON TAPE 46. OTHERWISE LEAVE BLANK.
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Fig. 8. Data Sheet for PHOEBE Test Case 3.
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OMIT ALL CARDS WHICH DO NOT HAVE WRITTEN INFORMATION LUM = NUMBER OF POWER SPECIFICATION POINTS
DECIMAL POINT, E, AND + SIGN ARE PUNCHED ONLY IN FIELDS INST CASE = 01 (FOR CONSTANT POWER OPERATION),

WHICH HAVE WRITTEN INFORMATION = 02 (FOR VARIABLE POWER OPERATION)

PERM DATA = 02 (FOR PERMANENT DATA PRINT OUT),

END FILE = 46 IF END OF FILE IS TO BE WRITTEN ON TAPE 46 = BLANK OR 00 (IF DATA PRINT OUT IS NOT WANTED)
FOLLOWING CASE BEING CALCULATED. END FILE APPEARS FORM = BLANK OR 00 IF 8E9.3 TYPE FORMAT (AS GIVEN HERE FOR CARDS OF TYPE 04N)
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LAST = 01 IF CASE BEING CALCULATED IS LAST ONE TO BE TAPE = 46 IF AN EXTRA TAPE IS TO BE WRITTEN, OTHERWISE COLUMNS CAN BE LEFT BLANK

WRITTEN ON TAPE 46. OTHERWISE LEAVE BLANK,
Uen-an12

Fig. 9. Data Sheet for PHOEBE Test Case 4.
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KEYPUNCH AND CARD HANDLING NOTES: ALL TIMES ARE IN SECONDS, POWER IN FISSIONS/SECOND
ONLY CARD TYPE 04 OR 04N IS USED FOR A GIVEN CASE NUM = NUMBER OF DECAY TIMES
OMIT ALL CARDS WHICH DO NOT HAVE WRITTEN INFORMATION LUM = NUMBER OF POWER SPECIFICATION POINTS
DECIMAL POINT, E, AND + SIGN ARE PUNCHED ONLY IN FIELDS INST CASE = 01 (FOR CONSTANT POWER OPERATION),
WHICH HAVE WRITTEN INFORMATION = 02 (FOR VARIABLE POWER OPERATION)
PERM DATA = 02 (FOR PERMANENT DATA PRINT OUT),
END FILE = 46 IF END OF FILE IS TO BE WRITTEN ON TAPE 46 = BLANK OR 00 (IF DATA PRINT OUT IS NOT WANTED)
FOLLOWING CASE BEING CALCULATED. END FILE APPEARS FORM = BLANK OR 00 IF 8E9.3 TYPE FORMAT (AS GIVEN HERE FOR CARDS OF TYPE 04N)
ONLY ON LAST CASE TO BE WRITTEN ON TAPE 46 = Al\'lSYL:IS\lE'IPEGER IF 6E12,6 FORMAT AND OPTIONAL DATA SHEET IS USED
AR S 52Nch%:tvC';’EUETEi?/E'SBLL:’-‘:‘TK-ONE TO BE TAPE = 46 IF AN EXTRA TAPE IS TO BE WRITTEN, OTHERWISE COLUMNS CAN BE LEFT BLANK

Fig. 10. Data Sheet for PHCEBE Test Case 5.
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ORNL DWG 66-5046

PHABEBE TEST CASF | CHANSTANT PHWER

BPERATING TIME = [.00000CE+N7 TIME AFTER SHUTDUWN = {+000030E+p7

AVERAGE FISSI3N RATF DURING IRRADIATIAN PERIOD (FISSIONS/SECONDY = | .00000NE*19

P4OTAN RE_EASE RATES = i +D20F*17 2:51NE+|7 B.B87£E+Ib 4,741z2+15 4.648E+(4 9.427E+1 4
PAOTON IELEASF RATES = I+ )40E+1 4 4,34nkE+| 4 2.131E+1 0 0 0
ENERGY W _EASE RATES = 3.060E+16 | eS81E+|7 9.759E+|6 7.3493415 9.250E+14 2,244k + |5
ENERGY RE_EASE RATES = J.135E+14 led4tIE+|4 78892+ 13 n 0 0
SUM PHOBTON ELEASE = 4.,4B1E+17

SuM PHATON =ZNEIGY RELEASE = 2,974€+17

BETA RE_EAS- RATF = 84974E+17

BETA ENZRGY RELFASE RATF = 2,893E+17

TATAL EVERGY RELEASF RATE = 5.867E+17

GAMMA HEZAT 24TE (WATTS) = 4,763E+04

BETA HEAT RATE (WATTS) = 4,634E+04

TATAL HZAT ATE (WATTS)

9,338E+04

TATAL BETA ACTIVITY (CURIES) = 2.425E+07
TOTAL GAMMA ACTIVITY (CURIES) = .21 1E+07
AVERAGE GAMMA ENERGY (MEV/PHITAN) = 6.,637E=D|
AVERAGE BETA ENERGY (MFV/PARTICLE) = 3.224E-0

TATAL FISSIAaN PRBDUNTS (GRAMS) = 3.R76E+(4
SPECIFIZ FP ACTIVITY (BFTA CYRIFS/GRAM) = 6.228E+02

SPECIFIC TP HEAT RATE (TOTAL WATTS/GRAM) = 24425E+00

Fig. 11. Sample Result Sheet for the Complete Result Set. (There
will be one sheet like this for each decay time.)
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ORNL DWG 66-5047

PHOEBE TEST CASE | COANSTANT POWER
OPERATING TIME = |.000000E+D7 AVERAGE FISSIAN RATE (FISSIONS/3FCOND) = |+0N0000E+I9?

GAMMA PHBTIN RELEASE RATE DATA
GAMMA PHOTANS/SECAND VERSUS TIME FOLLOAING REACTOR nISCHARSE

GAMMA PHOTOBN RELEASE RATES F9R

DECAY TIME GRAUP | GROUP 2 GROUP 3 GRAUP 4 GROUP 5 GROUP 6

(SECOBNDS) E(AVYZ L3 ECavY= .63 ECAVI=|, ECAV)2).55 ECAV)IS®|,99 E(AV)=2,38
1.000000=+00 | ,234E+19 2.5|0E+19 | +035E+19 6,727E+18 3.370E+18 2.356E+|8
3.000000=+00 l.152F+19 2.343€+19 9,466E+18 64261E+18 3.061E+i8 2,204E+18B
1.000000=+01 1.029E+19 2.0B7E+19 8,386E+18 5.5682+|8 2.634E+18 | +B93E«18
3.000000=+01 9.020F+18 |.822E+19 7,272E+18 4.R02E+ (8 2,197E+18 1,549E+ |8
1.000000°+02 7.650E+18 | .538E+19 5,915E+18 3.9045+18 1.719E+18 14170E+18
3.000000-+02 6.440F+ 18 1 ,294E+19 4,512E+i8 310992+ 18 1.315E+18 8,532E+17
1.000020=+03 5.187F+18 1 .045E«19 2.,896E+18 242932418 9.376E+17 5,527E+17
3,000000=+03 4,152F+18 8,.344E+ 18 1¢732F+18 1+ A70E+18 6.628E«17 3,238E+17
1.0000005+04 3.188E+|8 6.254E+18 | «056E+18 1.1 18E+iB 4,247E4+17 1.444E+17
3.000000=+04 2.449FE+18 4,582€+18 74,347E+17 7.8242+(7 2,323E+17 6,509E+16
1 .0000007+05 1.751E+18 3.n18E+18 5,120E«17 6,276E+|7 5,233E+16 4,382E+16
3.0000C00=+05 1.2058+18 | ,B95E+18 3.914E+17 5,4745+(7 1 604E+16 3,695E+16
5.000000=+05 9.,043E+17 1. 390E+18 3,388E+17 4,6045417 | .038E+16 3.026E+16
1,000000=+05% 7.071E+17 I .104E+18 3.0/ 1E«17 3,620E+17 7.441E+15 2,350E+16
2.000000=2+06 4.735E+17 7.913E+17 2,437E4+17 1 29UBE+|7 4,149E+15 | ,265E+|6
4.000000:=+06 2.751FE+17 5,359E+ (7 | +787E%17 5,359E+16 1.853E+15 4,575€+15
7.000000=+05% 1.555F«17 3.564E+17 14233E«17 Je176E+46 B.228E+14 1.740E+15
1.000030c+07 1.020F+17 2.510E+17 8.B72E+16 4,7415+15 4,648E+14 9.,427E+14
2.000000=+07 4.025E+16 B8.RE3E+I6 3.335E+186 | +392E+15 | +634E+14 3.274E+ |4
3.000000=z+07 2.239E+16 3.674E+16 1+241E+16 8,333E+14 9.778E+i3 I ,955E+|4
4,000000=+07 1,423E+16 1 .936E+16 4,552E+15 6.N70E+14 7.104E+13 |, 405E+ (4
5.000000=+07 1.014FE+16 I1.235E+16 2,348E+15 4,788E+|4 5.,897E+13 1,180E+14
6.,000000=«07 7.700E+1S B,672E+15 | +423E+15 3,9472+14 5.149E+13 | ,046E+]| 4

Fig. 12. Sample of First Page of Summary Results.
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ORNL DWG 66-5048

PHOEHE TEST CASE | CANSTANT PAWER
BPERATING TIME = L« 0UOB0GDE+D? AVERAGE FISSION RATE (FISSIONS/SECOND) = 1.000000E*19

GAMMA PHOTIN RELEASE RATE DATA
GAMMA PHOTAONS/SECHND VERSJS TIME FOLLOWING REACTOR pISCHARGE

GAMMA PHOTON RELEASF RATES FIR

DECAY TIvE GRaAUP 7 GRBUP 8 GRBUP 9 GRAUP 1D GROU GROUP |2

(SECBNDS) EC(AVI=2.75  E(AV)=3,25 E(AV)s3,?7p E(AV)34,22 E(AY)®4,70 E(AV)E5,25 "
1.000000=+00 1.292E+18 9.402E+17 6,966E+17 3.358z+(7 1.623E+17 7.681E+16
3,0000002+00 1, 176E+18 8,4 9E+(7 6,243E+17 2+905E+ |7 1 .369E+ 17 6,498E+|6

1.,000000=+0] 9.618E+17 6,666E+17 4,953€+17 2.294E#17 1.027E+17 4,824E+|6
3.000000=+0] 7.096E+17 4,752E+17 3.520E+17 1 1644E%)7 6.810E+16 3,099E+i6

1.000000=+02 4,393E+17 2,887E+17 2,092E+17 9, 127E+16 8.392E+16 1, 40BE+ |6
3.0000002+02 2.487E+|7 | .526E+17 le129E+17 3,665E+16 1.246E%16 4,33BE+|5

1,0000002+03 1.100Es)7 6.364E+16 4,600E+i6 61623E+15 2.104E+15 4,609E+ (4
3.000000:=+03 4.024FE+16 2.61BE+I6 | 1442E+16 3.716E+14 I.10BE+i4 1 603E+13

1.000000=+04 1.212E+16 3.996E+15 2,799E+15 1s519€+12 3.714E+t 8,561E+(D
3.000000=+04 6.982E+15 1.043E+15 6,877E+14 [+137€*10 2.740E+09 7.718E+08

1.000000=+05 5,658E+|5 5.969E+ 14 3.831F+14 5,758E+07 | .677E«07 5,255E+06
3.0000002+03 4,839E+|5 5.533E+14 3.504E+14 | 14342406 4,187E+05 | .3|5E+05
6,000000=+05 4,012E+15 5,129E+14 3,206E+14 0 0 0

1,000000=+06 3.120E+15 4,619E+14 2,837E+14 0 0 0
2,000000:3+06 | .686E+15 3.489€+14 2.033E+14 0 0 0
4,000000=4+06 5.481E+14 | .956E+14 | «056E+14 0 0 0 B
7.000000=+06 1.9N13E+ 14 8.718€+13 4,493E+ 13 0 0 0

1.000000=+07 | ,140E+}4 4,340E+13 2,181E+13 0 0 0
2.000000=+07 6.071E+13 8,441E+12 2,975€¢12 o 0 0 .
3.000000=+07 4.6N8E+|3 2,695E+ 12 6.BB5Ee] | 0 0 0
4,0000002+07 3.60N1E+13 1.134E+12 | 54441 0 0 0
5,000000=+07 2,787E+i3 S.160E«!] 4,120E19p n 0 0
6.,000000=+07 2.213E+13 2,590E«1t1 1 +306E+1D 0 0 0

Fig. 15. ©Sample of Second Page of Summary Results.
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ORNL DWG 66-5049

PHOEBE TEST CASE | £BNSTANT POWER
OPERATING TIME = 1.000000F+07 AVERAGE FISSION RATE (FISSIONS/SECOND) = | +000000E+I9

TITAL FISSIAN PRODUCTS (GRAMS) = 3.876E+04

AETA PARTICLE, BETA ENERGY, AND GRASS TOTAL RELEASEZ) DATA

PARTICLE AND ENERGY RELEASE RATES (PER SECGND) FOR

DECAY TIME BETA RETA TOTAL GAMMaA TOTa_i GAMMA  TOBTAL ENERGY
(SECONDS) PARTICLFS ENERGY (MEV) PHBTONS ENER3Y (MEV) (MEV)
1.000060=+00 5,953E«19 7.512E+19 6,375E+|9 6+54iE+ (|9 | «405E+20
3.000000F+00 5.5|5E+19 6.440E+|9 5,908E« |9 6.016E+|9 t.246E+2¢
1.000000=+01 4,846F+19 5,069E+19 5,2 15E+19 5.219E+19 1 0p29E+20
3.000000=+01 4,209E+19 3.976E+19 4,486E+ |9 4.356E+ |9 8.342E¢19
|.000000~+02 3.587E+19 2.997E+19 3,6B82E« |9 3.428E+|9 6,425E+19
3.000000+02 3.028E+19 2,259E+|9 2.973E+ |9 2.633E+19 4,892E+19
| 00000003 2.,483E«19 1.632E+19 2.254E+19 t+878E+|9 3.509E+19
3,000000F+03 2.036E«l9 1.165E«19 1 +696E«+ |9 1+332E+19 2.497E+19
1.,000000F+04 1.595E+19 7.611E+18 1, 220E+19 9.n37E+|8 1 +665E#19
3.000000=+04 1.241E«t9 4,RB5E+18 B.854E+ |8 64.284E+18 [« 17E+19
1,00D000F+05 9.062E+(8 2,895E+18 6,011E+|8 4.1909E+ 8B 7.,0B5E+18
3.000000F+05 6.496F+18 | .B75E«+18 4,097E+|8 2.971E+|8 4,845E+18
6,000000F+05 5.0/8E+18 1 .405E+18 3,139E+|8 2.340E* 18 3,746E+18
1.000000F+06 4.045E+18 1, 133E«|B 2.509F+|8 | +832E+i8 3.014E# 18
2.000000F+06 2.863Fw«18 B.189E+}7 | «718E« |8 1+249E+ |8 2.068E+ |8
4,000000F+06 1.B70E+18 5.53BE«17 1.05IE+8 7.158E+17 |+271E#18
7.000000F+06 | +228E+18 3.793E+17 6,499E+ (7 4,3)8E+17 B.111Ee17
1.000000F+07 8.974E«17 2,893E+17 4,481E+|7 2.974E+ |7 5.867E+17
2.000000=+07 4,312E¢17 1 .540E«}7 | 1644E«|7 1+032E+)7 2.622E+17
3,000000F«07 2.568E+]7 9.667E«16 7.271E+16 4.550E+16 1.423E+17
4.000000=+07 | .679E«t7 6.555E+16 3,899E+|6 24299E+16 8,854E#+16
5.000000=07 1. 189E«17 4,742E+16 2.552E«+|6 1 e452E+16 6,205E#16
6,000000c+07 8.924E+ 156 3.609E#+16 1.837E«106 1+036E+16 4,.645E#16

Fig. 14. Sample of Third Page of Suwmmary Results.
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ORNL DWG 66-5050

PHOEBE TEST CASE 2 CPANSTANT PAWER + ANE VARIASLE STEP
OPERATING TIME = 1.000000E+07 AVERAGE FISSION RATE (FISSIONS/SECIND) = 1.000009E+|9

TATAL FISSI%N PREBDUCTS (GRAMS) = 3.,876E+04

RETA PARTICLE, RETA ENERGY, AND GRESS TATAL RELEASZ. UATA

PARTICLE AND ENERGY RELEASE RATES (PER SECOND) FOR

DECAY Tiueg BETA AETA TOTAL GAMMA TOTA. GAMMA TOTAL ENERGY
(SEZONDS) PARTICLES ENERGY (M&V) PHOTANS ENER3Y (MEV) (MEV)
1.000000=+00 5.165E+2¢ 7.296E+20 5.,867E+2u 64200E+20 1 +350E+2]
3.000000=+00 4,724E+2p 6.217E+20 5.397E+20 5:672E+2p |+ |B9E2}
1.,000000=+8) 4,.051F+2p 4,837E+20 4.70UE+20 4,870E+2p 9.707E«25
3.000000=+01 3.410F+20 3.738E+20 3.967E+2§ 4.012E+20 7.749E+2¢
1.0000580=+02 2.764E+2Q 2,753E+20 3.158E+20 3.058E+20 5.82(E+20
3.000000=+02 2.223E+20 2.011E+20 2.444E+20 2.259E+20 4,279E+2Q
1.000000=+03 1.675E+20 1 «380E+20 | «728E+20 1 +539E+20 2+889E+20
3.000000-+03 1,229E+20 9.123E+19 o i64E«20 9,616E+|9 1 +874E«20
1.000000c+04 7.98B5E+19 5.108E«}9 6,953E+|9 5¢373E+|9 1 «04BEe20
3,000000=+04 4,792FE«19 2.521E+19 3.866E+]9 24737E+19 5,308E«(9
1.,000050=+05 2,355E+19 8,944E+ 8 1+714E+ |9 le130E+|9 2,024Ew 19
3,000000=+05 1. 162E+19 3.586E+|8 7.451E+18 5S¢l 06E+|8 8.692E« (8
6.000000=+05 7.502E+18 2.134E+18 4,730E+ |8 3,445E+ |8 5.579E« (8
1.,000000=+06 5.161E+18 | ,428E+ |8 3,248E+(8 24453E+18 3.890E+18
2,0000005+06 3.468E+18 9.787E+17 2.134E+ib i +599E+)8 2,578E«|8
4,000000=+06 2,066E+18 6.072E+17 IoI76E+|® BelI8E+}7 1.419E»18
7.000000=+06 | .284E+18 3.949E+|7 6,841E+|7 4,547E+ |7 8,495Ee |7
1.000000=+07 9.2395+17 2.968E+|7 4,637E+17 3.077E+17 6.045E« 17
2,000030=+07 4,458E+17 1 .587E+17 1 +730E«17 1ol 41Ee17 2.728E+17
3.000000=+07 2.640E+17 9.918E+}6 7.566E+16 44752E+16 | +468E# |7
4,000000=+07 1.697E«17 6.624E+|5 3.95UE+} 6 24331E«)6 8.955E¢ 16
5.000000=+07 t.198E+17 4,775E+16 2,57GE+t6 1¢473E+16 6.248E¢(6
6.000000=+07 B.975E+16 3.629E+16 | +B48E+| & | +043E+(6 4,672E#16

Fig. 15. Third Summary Result Sheet for PHOEBE Test Case 2.
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ORNL DWG 66-5051

PHAEBE TEST CASE 3 VARIABLE PAWER
OPERATING TIME = 1.000000E+N7 AVERAGE FISSTBN RATE (FISSIONS/SECOND) = 1.000900E+19

TOTAL FISSIAN PRBDUCTS (GRAMS) & 3.B79E+04

BETA PARTICLEs BETA ENERGY., AND GROSS TOTAL RELEASE DATA

PARTICLE AND ENERGY RELEASE RATES (PER SECOND) FOR

DECAY TIvE BETA RETA TATAL GAMMA TOTA. GAMMA TOTAL ENERGY
(SEz8NDs) PARTICLES ENERGY (MgV) PHBTANS ENER3Y (MgV) (MEY)
1.000000=+00 5,124FE+20 7.28(E+20 5,838E+2¢ 6¢131E+2g 1.346E¢2|
3.000000=5+00 4.684E420 6,202€E+20 5,368E+20 5.653E+20 |+ 1B6E®2]
1.000080%+0] 4.010E+20 4,823E+20 4,671E+20 4,R51E+20 9.674E+2Q
3.000000=+0} 3.370€+20 3,723E+20 3.938E+210 3.993E+20 7.716E¢20
1.000000=+02 2.744F+20 2.73BE+20 3.129E+20 3.050E+20 5.788E#+20
3,0000005+02 2,183E+20 1,996E+20 2.416E+2y 2+250E+20 4,247E+20
|.000000c=+03 1o 636E+20 | .366E+20 1 +695E+2y 14431 E*20 2.857E+20
3.000000=+03 I.190E+20 8.984E+)9 | 137E+20 9,440E+19 1 842E¢20
1.000000=+04 7.610E+19 4,974E+19 6,689E+1Y 5,203E¢49 1.0!18Ee20
3.000000=+04 4,445E+19 2.398E+19 3.624E+(9 2:631E+9 5.029E«19
},000000-+05 2.C96E+19 8,082E+|8 | vS54UE+)9 le016E*|9 | +824Eei9
3.000000=+05 9.975E+18 3,101E+8 6.38BE+ (8 4,363E+ |8 7,464E+ 18
6.000000=+05 6,618E+18 1 ,B93E+|8 4,.156E+ |8 3,023E+18 4.915E« |8
1.000000=+06 4,567E+18 1.272E+18 2,846E+ |8 2.137E+18 3.408E¢ 18
2.000000=+06 3.288E+18 9.313E¢17 2.01UE+ 18 | +436E+ |8 2.427E+18
4,000000=+06 1.,941E+18 5,733E+7 10956« 18 7.513E¢|7 | .325E+18
7.000000:+06 1.215F«18 3.764E417 6,415E+17 4,253E+)7 8.027E«i7
1.000000=+07 9.182E+17 2,953E¢17 4,602E+17 3,054E+ )7 6,006Ee17
2.000000=+D7 4,429E+17 | &578E%|7 o7 12E4+47 | +128E+ |7 2.706E+ 17
3.000000=+07 2.622E«17 9.855E¢106 7,478E+«|6 4,70nNE+16 | 1456E«17
4,000000=+07 1o 676F+17 6.550E«16 3,885E+16 24237E+i6 8.837Ee 16
5.000000=+07 1199517 4,780E+}6 2.572E+ |6 11474k« |6 64,254E¢ | 6
6.000000=+07 8.951E+16 3,620E16 | +842E+16 1+039E+|6 4,659E+16

Fig. 16. Third Summary Result Sheet for PHOEBE Test Case 3.
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PHOEBE TEST CASE 4 nANSTANT PAWER (ANE ) .0E+05 SEC STEP)
OPERATING Trve = 1.C00D00E+NS AVERAGE FI1SS18Y RATE (FISSIONS/SECOND) = 1.000000E+20

TATAL FISSIav PRODUCTS (GRAMS) = 3.876E+03

RFTA PARTICLE, RETA ENERGY, AND GROSS TOTAL RELEASZ DATA

PARTICLE AND ENERGY RELEASE RATES (PER SECOND) FOR

DECAY Tr1uE BETA RETA TOTAL GAMMA TATA . GAMMA TOTAL ENERGY
(SECONDS) PARTICLES ENERGY (MEV) PHOTONS ENER3Y (MEV) (MEV)
1.000000=+00 5,048E+20 7.223E+20 5.774F+2¢ 64123E+20 1.335E+2)
3.000000=+00 4,61 |1E+29 6.151E+20 S.307E+2( S5+598E+20 |+ 175E+2)
1.0000005+01 3.941E+20 4,780E+20 4,614E+20 4,8p0E+20 9.580E+20
3.0000C00°+01 3.305E+27 3.687E+20 3.8B6E+2y 3.948E+2p T.634E#20
1.000000=+02 2.6R2E+20 2,708E+20 3.081E+20 3v0tnE+2n 5.718E+20
3.000000=+02 2.124E+2) 1,971E+2D 2.378E+20 2:2(5E+20 4,)86E«20
1,000000=+03 1.580F+20 | ,344E+290 | «656E+2y |+451E+20 2.804E«20
3.000000=+03 1.139F+20 8,79RE+19 1o I02E+24 9.173E+}9 1.797E+20
1.000000=+04 7.149F+19 4,827E4+19 6.391F«|9 4,977E+19 9,804E+19
3.000030<+04 4,022E+19 2,278BE+19 3,360E«19 2,432E+19 4,710E+19
1,000000=+05 1.676E+19 6.916E+18 1 ,279E+19 8.195E+18 1+51{E+19
3,0000005+05 6.,447E+18 ?2.149E+18 4,225E+18 2.715E+18 4.863E+18
6,000030=+05 3, 164E418 9.244E+|7 2.019E+18 1¢4t4E+18 2.339E+i8
1.000000=+06 1.,845E+18 4,917€+17 1 2N2E+ I8 9.204E+ |7 |.412E+18
2.000030=+06 8.7R7F+17 2,379E+17 5.815E+]7 4,6397E+|7 7.077€¢17
4.000000=+06 4,0R%4F4+17 I .153E+17 2.491E+17 | «R23E+ )7 2.976E+17
7.000000=+06 2,134F« 17 6,250E+16 [e215F17 B.)74E% |6 1.442E+17
1.000000=+07 1,419E«17 4,298E+16 7.648E+16 5.083E+i6 9.361E+16
2,000000=+07 5.753F«16 1 .98BE+16 2,517E+16 1+674E+16 3.663E+16
3.000000=+07 3.230E+16 I I9IE+I6 {.025E+16 6.60RE+15 | +B52E+16
4.,000000=+07 2.022E+16 7.777E4+45 5.054E+15 3.n48E+|5 1.083E+16
5.000000=+07 1.3R9F+I6 5,494E+|5 3.05uE+15 1+754E+15 7.258E+1(5
6.000000=+07 1.017E+16 4,NB7E+15 2.13UE+|5 | +209E+15 5.297E¢(5

Fig. 17. Third Summary Result Sheet for PHOEBE Test Case k4.
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ORNL DWG 66-5053
PHOEBE TEST CASE 5 PARASOLIC PEWER
OPERATING TiME = 1,00N0C0E+07 AVERAGE FISSION RATE (FISSIONS/SECOND) = |.000000E¢!9

TATAL FISSIAN PRADUCTS (GRAMS) = 3,876E+04

HETA PARTICLE, RETA ENERGY, AND GROSS TOTAL RELEASZ DATA

PARTICLE AND ENERGY RELEASE RATES (PER SECOND) FOR

NECAY T1wE RETA BETA TOTAL GAMMA TOTA. GaMMa TOTAL ENERGY
(SECBNDS) PARTICLES ENERGY (MgV) PHATANS ENER3Y (MEV) (MEV)
1.N00000%+00 1.919E«19 2.079E+19 | WB9BE+ |9 1+886E+(9 3.965E+19
3.000000=+00 1,804E«19 1.,796E+19 14775E«|9 1 +748E+)9 3.544E+19
1.000000=+01 1627519 1 .435E«19 | +592E+ 19 1+537E+)9 2.972E+19
3.0000005+0) 1.459E« |9 l.146E«|9 1 400EtY 1e313E+19 2.459E+19
1.000000=+02 1,295E+19 B,AB3E+ |8 1+18BE«i9 te055E+19 1 +954E419
3.000000=+02 1+148E«19 6.939€+18 100 /Eet9 8.558E¢|8 1+550E+19
1,000000=+03 | .004E+19 5,284€+)8 B.119E+18 6.557E+|8 1+185E+19
3.00000074+03 8.857F«18 4,054E418 6.645E+| 8 54¢126E+(R 9.180E+!8
1.000000=+04 7.685E+18 2.985E+|8 5,384E«|8 3.992E+48 6.976E+i8
3.000000=+04 6.717E«18 2.756E+|8 4,478E+ |8 3.25n€+18 5.506E¢18
1,0000C0=+05 5,716E+18 1 .698E+18 3.652E+|8 2,642E+ |8 4,340E« 18
3.000000=405 4,759F+18 | .350E+18 2.963E+18 2,192E+|8 3.532E+18
6,000000=+05 4,027E+18 1.134E+18 2,4R2F« (8 1+837E+18 2.971E«iB
1.000000=+06 3.455F+18 9,782E+7 2.1N4E+ 18 | +547E+ |8 2.525E+18
2.000000=+06 2.631F«18 7.587E«(7 | +550E«18 1o 00E*IB | +859E+I8B
4,000000=+06 1.796E+18 5.341E+|7 1.001E+(8 6.753E+17 1.210E+IB
7.000000=+06 I.219F+18 3.774E+17 6.435E+17 4,273E+17 8.047E+17
1.0000003=+07 R,977E+17 2.897E+17 4,475E+17 2,970E+ |7 5.,867E«i7
2,000000=+07 4,240E«17 1 .,521E+|7 | «577E+|7 1en36E+17 2.557E+17
3.000000=+07 2.,538E+17 9.679E+16 7.070F«16 4,413E+16 1 +399E+17
4,000000c+07 1.705E17 6.651E+16 3.974E+ |6 2.346E416 8,997E«+1i6
5.,000000=+07 1.198E+17 4,775E+16 2.570E«}16 14473416 6.24BE+ 16
6.000000=+07 9.052E+16 3,660E416 1 .865E«|6 | +053E«16 4,713E+16

Fig. 18. Third Summary Result Sheet for PHOEBE Test Case 5.
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Fig. 19. Total Energy Release Rates for Sample Problems.
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APPENDIX IT

FORTRAN Listing of FPHOEBE .

The following 11 pages contain the complete FORTRAN listing of the
CDC-1604 version of the code. Following this complete listing are those
FORTRAN statements which have been revised to make PHOEBE operable on the
IBM System/360 and IBM-7090. The System/360 and CDC-1604 versions differ
only in the output Format statements, where a 1P decimal point control
is used with E fields. The IBM-7090 version requires this same 1P decimal
point control in E fields. However, in addition, read and write statements
are changed to account for the different input and output tapes used on the
Osk Ridge IBM-7090 Monitor. Also, the section between statement numbers
66 and 67 is changed to account for the limiting exponent size on the
IBM-7090. Those changes which are needed for read and write statements
are left to the user. However, the last two pages contain the corrected
Format statements for the Oak Ridge IBM System/360 and IBM-T7090 versions
and the revised statements between statement numbers 66 and 67 for the
IBM-T090.

PHOEBE lends itself quite well for use as a subroutine in other codes.

As such, it has been used in three”>® additional codes at ORNL.




48

PROGRAM PHOEBE

PHOEBE = A REVISED AND EXPANDED PROGRAM TO OBTAIN PHOTON,
BETA, AND ENERGY RELEASE RATES FROM U=235 FISSION PRODUCTS

DIMENSION TIMEX(55),FXGY(14,55), TEE(100) ,RELEAS(14,100),
1ERELEA(12,100),AVEGY(12), INDEX(2),POWER(55),TIME(55),F1Z(55),
2ARNOLD(55),ELDON(55),AAA(55) ,R(55),P(55),SABO(55), SABU(55),
3PHOT(100),EPHOT(100),ETOT(100),GWATT(100),BWATT(100),WATTS(100),
LBCURIE(100),GCUR IE(100),GAVGE (100),BAVGE(100),GRMFP(100),
5AVPOW(100),SPACT(100),SPWAT(100)

1 FORMAT (72H
1 )
2 FORMAT (6E12.6)
3 FORMAT (8E9.3)
L FORMAT (3612)
205 FORMAT (5F12.8)
204 READ (50,205) SLOPE1,SLOPE2,SLOPE3,SLOPEL,SLOPES
104 READ (50,2) (TIMEX(1), I=1,55)
105 READ (50,3) ((FXGY(J,1), J=1,12), I=1,55)
106 READ (50,3) ((FXGY(J,1), I=1,55), U=13,14)
107 READ (50,3) (AVEGY(J), J=1,12)
69 READ (50,1)
109 READ (50,4) NUM,LUM, ITEST, IDATA,MFORM,MIT ,MF IT,LAST
100 READ (50,2) TAU, (TEE(L), L=1,NUM)
IF (ITEST=1) 155,6,155
155 IF (MFORM-1) 5,156,156
5 READ (50,3) (POWER(M), TIME(M), M=1,LUM)
GO TO 7
156 READ (50,2) (POWER(M), TIME(M), M=1,LUM)
GO TO 7
6 READ (50,3) CONSTA
7 DO 32 Le=1,NUM
SALAM = 0.0
TALON = 0.0
207 DO 31 J=1,14




ko

KAR = 1
OMAR = TEE(L)
8 DO 13 I=1,55
IF (OMAR-TIMEX(1)) 9,11,13
9 INDEX(KAR) = I=~1
12 KAR = KAR+1
IF (KAR=2) 10,10,14
10 OMAR = TEE(L)+TAU
GO TO 8
11 INDEX(KAR) = |
GO TO 12
13 CONTINUE
14 IVAN = INDEX(2)+1
JOHN = INDEX(1)
IF (ITEST=-1) 15,21,15
c
C (VARY POWER) = THIS SECTION OF CODE, BETWEEN HERE AND NEXT CARD
C MARKED (VARY POWER), CALCULATES THE POWER AVERAGING FACTORS FOR
C VARIABLE POWER OPERATION,
15 MIKE = [VAN=1
MARK = JOHN+1
114 IF (MIKE=MARK) 16,17,17
16 DO 141 M=1,LUM
IF (M=1) 142,142,143
142 POW = POWER(1)*TIME(1)
GO TO 141
143 POW = POW + POWER(M)*(TIME(M)~-TIME(M=-1))
141 CONT INUE
144 FIZ(JOHN) = POW/TAU
F1Z(IVAN) = F1Z(JOHN)
R(JOHN) = SLOPES*F IZ(JOHN)
P(IVAN) = FI1Z(IVAN)
GO TO 23
17 DO 145 ME=1,LUM

IF ((TAU+TEE(L)=TIME(ME))=TIMEX(MARK)) 146,146,145
146 LIME = ME+1



145
157

148

149
151

158
169

168
166
165

167
152

153
164

161
162
154

163
552

553
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DELA = TIMEX(MARK)=(TAU+TEE(L)-TIME(ME))

POWA = 0.0

IF (LIME=LUM) 148,148,157

CONT INUE

FI1Z(JOHN) = POWER(LUM)

GO TO 158

DO 149 MEE=LIME,LUM

POWA = POWA + POWER(MEE)*(TIME(MEE)-TIME(MEE-1))
CONT INUE

F1Z(JOHN) = (POWA+POWER(LIME=1)*DELA)/

1 (DELA+T IME(LUM)-TIME(LIME-1))

IF (MIKE=MARK) 169,169,168

LEMON = LIME=2

GO TO 167

DO 165 MlL=1,LUM

IF ((TAU+TEE(L)=TIME(MIL))=TIMEX(MIKE)) 166,166,165
LEMON = MIL-1

GO TO 167

CONT INUE

IF (LEMON-1) 152,153,153

FIZ(MIKE) = POWER(1)

F1Z(IVAN) = F1Z(MIKE)

FIZIV = F1Z(1VAN)

GO TO 223

DELB = (TAU+TEE(L)=TIME(LEMON))=T IMEX(MIKE)

DO 154 MA=1,LEMON

IF (MA=1) 161,161,162

POWB = POWER(1)*TIME(1)

GO TO 154

POWB = POWB+POWER (MA)* (T IME(MA)~T IME(MA=1))
CONT INUE

F1Z(MIKE) = (POWB+POWER (LEMON+1)*DELB)/(DELB+T IME (LEMON))
F1ZIV e ((2,0 = (SLOPE1 + SLOPE3))*FI1Z(MIKE) -

1SLOPE2*F | Z(MIKE=1))/SLOPEL

IF (F1ZIV) 553,553,223
PEPE = ((2.0 = (SLOPE1 + SLOPE3))*LOGF(F1Z(MIKE)) -
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1SLOPE2*LOGF (F1Z(MIKE=1)))/SLOPEA4
F1ZIV = EXPF(PEPE)
223 IF (MIKE=MARK) 224,224,18
18 JAN = MIKE=1
19 DO 20 I=MARK, JAN
171 SABO( 1) = TAU+TEE(L)=TIMEX(1)
172 SABU(1) = TAU+TEE(L)=TIMEX(1+1)
119 DO 120 MI=1,LUM
IF (SABO(1)=TIME(MI)) 115,115,120
115 LUKE = Ml
DELT1 = TIME(MI)=SABO(1)
116 DO 121 MlIl=1,LUM
IF (SABU(I)=TIME(MII)) 117,117,121
117 JAMES = MIl+1
217 IF (JAMES~LUKE) 218,218,219
219 Fi1Z(1) = POWER(LUKE)
GO TO 20
218 DELT2 = TIME(MI1)=SABU(I)
RPOW = 0,0
173 DO 122 MEL=JAMES, LUKE
IF (MEL=1) 174,174,177
174 RPOW = POWER(1)*TIME(1)
GO TO 122
177 RPOW = RPOW+POWER(MEL)*(TIME(MEL)~TIME(MEL=1))
122 CONTINUE
F1Z(1) = (RPOW+POWER( JAMES=1)*DELT2-POWER ( LUKE )*DELT1)/
1(saBo(1)=SABu(1))
GO TO 20
121 CONT INUE
120 CONT INUE
20 CONTINUE
224 DO 254 K = JOHN,MIKE
IF (K=JOHN) 250,250,251
250 PLAY = F1Z(JOHN)
PA2 = SLOPE3*FIZ(JOHN) + SLOPEL*F |Z(MARK)
TIM = LOGF(TEE(L)/TIMEX(JOHN))/LOGF (T IMEX(MARK) /T IMEX(JOHN))




599

598
597

592
593

251

252

596

595
594

572
573

588

589

52

PA2 = PA2 + (FIZ(JOHN) = PA2)*TIM

PEPE = LOGF(PA2)

PLGA2 = 2 ,0*LOGF(F1Z(JOHN)) - PEPE

PLA2 = EXPF(PLGA2)

IF (ABSF(PLA2 = PLA1) = 0,005*PLA2) 599,599,598
RJN = (PLA2 + PLA1)/2.0

GO TO 597

RJN = (PLAZ = PLA1)/LOGF(PLA2/PLA1)

RLGJN = LOGF(RJN)

IF (RLGJN = LOGF(0,0001*F1Z(JOHN))) 592,592,593
RLGJN = LOGF(0.0001*F 1Z(JOHN)) + RLGJN

PEPE = 2,0*LOGF(FI1Z(JOHN)) = RLGJIN

P(MARK) = EXPF(PEPE)

SLOPM = (PEPE = RLGJN)/LOGF (TIMEX(MARK)/TEE(L))
RMARG = (SLOPM*LOGF(TIMEX(JOHN)/TEE(L)) + RLGJN)
R(JOHN) = SLOPES*EXPF(RMARG)

GO TO 254

PLAl = SLOPEI*F1Z(K) + SLOPE2*F(Z(K-1)

IF (K=MIKE) 252,253,253

PA2 = SLOPE3*F 12(K) + SLOPEL*FIZ(K+1)

RMARG = LOGF (PA2)

PLGA2 = 2,0*LOGF(F1Z(K)) = RMARG

PLA2 = EXPF(PLGA2)

IF (ABSF(PLA2 = PLA1) = 0,005*PLA2) 596,596,595
RSK = (PLA2 + PLA1)/2.0

GO TO 594

RSK = (PLA2 = PLA1)/LOGF (PLA2/PLA1)

RLGSK = LOGF(RSK)

IF (RLGSK = LOGF(n nno1*F(2(K))) 572,572,573
RLGSK = LOGF(0.0001*F1Z(K)) + RLGSK

RMARG = 2 ,0*LOGF(FI1Z(K)) = RLGSK

IF (RMARG = LOGF(0,0001*F1Z(K))) 588,588,589
RMARG = LOGF(0.0001*F1Z(K)) + RMARG

RLGSK = 2,0*%LOGF(F1Z(K)) = RMARG

P(K+1) = EXPF(RMARG)

R(K) = SLOPES*EXPF (RLGSK)




253

587

586
585

583
581

525

| 576

577

254
575

21
22
23
123
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GO TO 254

PA2 = SLOPE3*FIZ(MIKE) + SLOPE4L*FIZ1V
PEPE = LOGF(PA2)

PLGA2 = 2,0*LOGF(FI1Z(MIKE)) - PEPE

PLA2 = EXPF(PLGA2)

TIM = LOGF(TIMEX(IVAN)/(TAU + TEE(L)))/
1LOGF (T IMEX( IVAN) /T IMEX(MIKE))

PLA1 = PLA1 + (FIZ(MIKE) = PLA1)*TIM

IF (ABSF(PLA2 - PLA1) - 0.005%PLA2) 587,587,586
RSK = (PLA2 + PLA1)/2.0

GO TO 585

RSK = (PLA2 - PLA1)/LOGF(PLA2/PLAY)

RLGSK = LOGF (RSK)

IF (RLGSK = LOGF(0,0001*F1Z(MIKE))) 583,583,584

RLGSK = LOGF(0,0001*F1Z(MIKE)) + RLGSK

RLGIV = 2,0%LOGF(F1Z(MIKE)) = RLGSK

SLOPM = (RLGIV = RLGSK)/LOGF ((TAU + TEE(L))/TIMEX(MIKE))
RMARG = SLOPM*LOGF(TIMEX(IVAN)/TIMEX(MIKE)) + RLGSK
R(MIKE) = SLOPES*EXPF (RLGSK)

IF (RMARG = LOGF(0,0001*F1Z(MIKE))) 576,576,577

RMARG = LOGF (0,0001*F IZ(MIKE)) + RMARG

SLOPM = (RMARG = LOGF(F1Z(MIKE)))/(LOGF (T IMEX(IVAN)) -
1LOGF ((TIMEX(MIKE) + TAU + TEE(L))/2.0))

BINK = SLOPM*LOGF(TIMEX(MIKE)/TIMEX(IVAN)) + RMARG
R(MIKE) = SLOPES*EXPF (B INK)

P(IVAN) = EXPF(RMARG)

R(IVAN) = P(IVAN)

CONT INUE

GO TO 23

C (VARY POWER) = SEE NOTE PRECEEDING STATEMENT 15

DO 22 I=JOHN, IVAN
R(1) = CONSTA

DO 67 K=JOHN, IVAN
ARNOLD(K) = R(K)*FXGY(J,K)*TIMEX(K)
IF (ITEST-1) 565,564,565




564

565
567

566
568
64
65

66

101
234

233

67

24
25
125

26

127
27

28
75
175

5k

ELDON(K) = R(K)*FXGY(J,K+1)*TIMEX(K+1)

GO TO 568

IF (IVAN=K) 567,567,566

IVANP = [VAN + 1

ELDON( IVAN) = R(IVAN)*FXGY(J, IVANP)*T IMEX( IVANP)
GO TO 568

ELDON(K) = P(K+1)*FXGY(J,K+1)*TIMEX(K+1)

IF (FXGY(J,K+1)) 65,65,64L

IF (ARNOLD(K)) 65,65,66

AAA(K) = =2_605767

GO TO 67

IF (K=IVAN) 101,67,67

IF (ITEST=1) 233,234,233

AAA(K) = 2.605767*LOGF ((R(K+1)*FXGY(J,K+1))/

1{(R(K)*FXGY(J,K))) + 1.0

GO TO 67
AAA(K) = 2.605767*LOGF ((P(K+1)*FXGY(J,K+1))/

1(R(K)*FXGY(J,K))) + 1.0

CONT INUE

ISAAC = INDEX(1)+1

JACOB = INDEX(2)-1

IF (ISAAC=INDEX(2)) 26,24, 24

IF (INDEX(1)-INDEX(2)) 28,25,28

K = INDEX(1)

RELEAS(J,L) = (ELDON(K)*((TAU+TEE(L))/TIMEX(K+1))**AAA(K) -

TARNOLD(K)*(TEE(L) /T IMEX(K) )**AAA(K) ) /AAA(K)

GO TO 95

SAM = 0,0

DO 27 I=1SAAC, JACOB

BUBBLE = (ELDON(1)=ARNOLD(1))/AAA(1)
SAM = SAM+BUBBLE

GO TO 75

SAM = 0,0

K = INDEX(1)

RANK = (ELDON(K)=ARNOLD(K)*(TEE(L)/TIMEX(K))**AAA(K))/AAA(K)
K = INDEX(2)




55

176 ORDER = (ELDON(K)*((TAU+TEE(L))/TIMEX(K+1))**AAA(K) -
1ARNOLD(K) )} /AAA(K)
RELEAS(J,L) = SAM+ORDER+RANK
95 IF (J=13) 30,31,31
30 ERELEA(J,L) = RELEAS(J,L)*AVEGY(J)
SALAM = SALAM+RELEAS(J,L)

TALON = TALON+ERELEA(J,L)
31 CONTINUE
131 PHOT(L) = SALAM
132 EPHOT(L) = TALON
133 ETOT(L) = EPHOT(L)+RELEAS(14,L)
134 GWATT(L) = EPHOT(L)*1,60186E-13
135 BWATT(L) = RELEAS(14,L)*1,60186E-13
136 WATTS(L) = GWATT(L) + BWATT(L)
137 BCURIE(L) = RELEAS(13,L)/(3.70E+10)
138 GCURIE(L) = PHOT(L)/(3,70E+10)
139 GAVGE(L) = EPHOT(L)/PHOT(L)
140 BAVGE(L) = RELEAS(14,L)/RELEAS(13,L)
301 tF (ITEST-1) 304,302,304
302 GRMFP(L) = TAU*CONSTA*233.5/(6,02486E+23)
238 AVPOW(L) = CONSTA
303 GO TO 309
304 GRAMF = 0.0
305 DO 307 Me=1,LUM
315 IF (M=1) 316,316,306
316 GRAMF = GRAMF + POWER(1)*TIME(1)
317 GO TO 307
306 GRAMF = GRAMF + POWER(M)*(TIME(M)=TIME(M-1))
307 CONT INUE
308 GRMFP(L)

GRAMF*233 5/(6,02486E+23)

239 AVPOW(L) = GRAMF/TAU

309 SPACT(L) = BCURIE(L)/GRMFP(L)
310 SPWAT(L) = WATTS(L)/GRMFP(L)
32 CONTINUE

182 IT = 51

249 IF (IDATA-1) 81,81,80




80
180
179
270
271
272
273

79

81
280
281
240
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
311
312
313

55
400
401
402

WRITE
WRITE
DO 79
WRITE
WRITE
WRITE
WRITE

56

(11,78) (AVEGY(J), J=1,6)

(11,178) (AVEGY(J), J=7,12)
I=1,55

(11,76) TIMEX(1)

(11,77) (FXGY(J, 1), J=1,6)

(17,77) (FxGy(y,1), J=7,12)

(17,43) (FXGY(J, 1), J=13,14)

CONT INUE

D0 55
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

L=1,NUM

(1r,1)

(1T,44) TAU, TEE(L)

(1T,244) AvpPow(L)

(1T,45) (RELEAS(J,L), J=1,6)
(11,45) (RELEAS(J,L), J=7,12)
(17,46) (ERELEA(J,L), J=1,6)
(17,46) (ERELEA(J,L), J=7,12)
(1T,60) PHOT(L)

(1T,61) EPHOT(L)

(11,47) (RELEAS(13,L))
(1T,48) (RELEAS(14,L))
(17,49) ETOT(L)

(1T,91) GWATT(L)

(17,92) BWATT(L)

(11,93) waTTS(L)

(1T,94) BCURIE(L)

(1T,195) GCURIE(L)

(17,96) GAVGE(L)

(17,97) BAVGE(L)

(17,321) GRMFP(L)

(17,322) SPACT(L)

(17,333) SPWAT(L)

CONT INUE
IF (NUM=4) 183,183,401

JAY =
WRITE
WRITE

1 § KAY = 6

(IT,1) $ WRITE (IT,434) TAU,AVPOW(1)

(1T,433)
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403 WRITE (I1T,452)

4oL WRITE (1T,453) (J, J= JAY,KAY)

405 WRITE (1T,454) (AVEGY(J), J=JAY,KAY)

406 WRITE (1T,456) (TEE(LUX), (RELEAS(JOE,LUX), JOE=JAY,KAY),

427
L72
473
17
L28
L29
529
430
431
436

183
184
185
186
269
266
267

Ly

TLUX=1,NUM)

IF (KAY=12) 427,428,428

JAY = 7 $ KAY = 12

tF (NUM~9) 473,473,402

WRITE (I1T,433) $ WRITE (IT,433)

GO TO 404

WRITE (IT,1)

WRITE (IT,434) TAU,AVPOW(1)

WRITE (17,321) GRMFP(1)

WRITE (1T,433)

WRITE (IT,462)

WRITE (IT,455) (TEE(LUX), RELEAS(13,LUX), RELEAS(14,LUX),
1PHOT(LUX), EPHOT(LUX), ETOT(LUX), LUX=1,NUM)
IF (MIT=46) 269,184,269

IT = 46

MIT = 0

GO TO 249

IF (LAST) 69,69,266

END FILE MFIT

GO TO 69

FORMAT (17HOOPERATING TIME =E15.6, 30H TIME AFTER SHUTDOWN
1=E£15.6)

2LL4 FORMAT (68HOAVERAGE FISSION RATE DURING IRRADIATION PER 10D (FISSI0

45
L6
L7
48
L9
61
60
76

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

INS/SECOND) =E15.6)

(23HOPHOTON RELEASE RATES =6E13.3)
(23HOENERGY RELEASE RATES =6E13.3)
(21HOBETA RELEASE RATE =E13,3)
(28HOBETA ENERGY RELEASE RATE =E13.3)
(28HOTOTAL ENERGY RELEASE RATE =E13.3)
(28HOSUM PHOTON ENERGY RELEASE =E13.3)
(21HOSUM PHOTON RELEASE =E13,3)

(4HOX =E14.6)
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77 FORMAT (7HOF(X) =6E11,3)

43 FORMAT (7HOF(X) =2E11.3)

78 FORMAT (1H1,18HAVERAGE ENERGIES =6F8.3)

178 FORMAT (19HOAVERAGE ENERGIES =6F8,3)

91 FORMAT (26HOGAMMA HEAT RATE (WATTS) =E13.3)
92 FORMAT (26HOBETA HEAT RATE (WATTS) m=E13.3)
93 FORMAT (26HOTOTAL HEAT RATE (WATTS) =E13.3)
94 FORMAT (32HOTOTAL BETA ACTIVITY (CURIES) =E13.3)

195 FORMAT (32HOTOTAL GAMMA ACTIVITY (CURIES) =E13.3)

96 FORMAT (37HOAVERAGE GAMMA ENERGY (MEV/PHOTON) =E13.3)

97 FORMAT (37HOAVERAGE BETA ENERGY (MEV/PARTICLE) =E13.3)

321 FORMAT (34HOTOTAL FISS!ON PRODUCTS (GRAMS) =E13,3)

322 FORMAT (L43HOSPECIFIC FP ACTIVITY (BETA CURIES/GRAM) =E13.3)

333 FORMAT (L43HOSPECIFIC FP HEAT RATE (TOTAL WATTS/GRAM) =E13,3)

433 FORMAT (1HO)

452 FORMAT (1HO, 33X, 30HGAMMA PHOTON RELEASE RATE DATA/1HO, 18X, 60HGAMMA
1 PHOTONS/SECOND VERSUS TIME FOLLOW!NG REACTOR DISCHARGE/1HO,42X,30
2HGAMMA PHOTON RELEASE RATES FOR)

453 FORMAT (26HO DECAY TIME GROUP13,5X,5HGROUP I3,5X, 5HGROUP 3,
15X,5HGROUP 13,5X%, 5HGROUP 13,5X, 5HGROUP I 3)

454 FORMAT (1H ,4X,9H(SECONDS),6X,6HE(AV)=FL4,2,9H E(AV)=F4,2,9H E(
1AV)=F4 2,94 E(AV)=F4,2,9H E(AV)=F4,2,9H E(AV)=FL4,62)

455 FORMAT (1HOE15.6,E16.3,L4E15,3)

4,56 FORMAT (1HOE15.6,E14,3,5E13,3)

434 FORMAT (17HOOPERATING TIME =E15,6,8X,40HAVERAGE FISSION RATE (F 1SS
1 IONS/SECOND) =E15.6)

462 FORMAT (1HO,20X,56HBETA PARTICLE, BETA ENERGY, AND GROSS TOTAL REL
1EASE DATA/1HO,31X,50HPART ICLE AND ENERGY RELEASE RATES (PER SECOND
2) FOR/1HO,4X, 1OHDECAY TIME,10X,4HBETA, 11X, 4HBETA,8X,1THTOTAL GAMMA
3,4X,26HTOTAL GAMMA  TOTAL ENERGY/14H (SECONDS),9X, 9HPART ICLES

L,4X,12HENERGY (MEV),6X,25HPHOTONS ENERGY (MEV),6X,5H(MEV))
END PHOEBE
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THE FOLLOW!NG CARDS LI!ST THE OUTPUT FORMAT STATEMENTS
THAT SHOULD BE USED IN THE IBM SYSTEM/360 AND IBM~7090 VERSIONS
OF THE CODE IN ORDER TO OBTAIN RESULTS IN THE FORM OF X, XXXE NM
INSTEAD OF O,XXXE NM+1,

L4 FORMAT (17HOOPERATING TIME =1PE15.6, 30H TIME AFTER SHUTDOW
IN =E15,6)

24Y4 FORMAT (68HOAVERAGE FISSION RATE DURING IRRADIATION PERIOD (FISSI10
INS/SECOND) =1PE15,6)

45 FORMAT (23HOPHOTON RELEASE RATES =1P6E13.3)

46 FORMAT (23HOENERGY RELEASE RATES =1P6E13,3)

47 FORMAT (21HOBETA RELEASE RATE =1PE13,3)

4,8 FORMAT (28HOBETA ENERGY RELEASE RATE =1PE13.3)

49 FORMAT (28HOTOTAL ENERGY RELEASE RATE =1PE13.3)

61 FORMAT (28HOSUM PHOTON ENERGY RELEASE =1PE13.3)

60 FORMAT (21HOSUM PHOTON RELEASE =1PE13,3)

76 FORMAT (LHOX =1PE14,6)

77 FORMAT (7HOF(X) =1P6E11.3)

43 FORMAT (7HOF(X) =1P2E11.3)

78 FORMAT (1H1,18HAVERAGE ENERGIES =6F8.3)

178 FORMAT (19HOAVERAGE ENERGIES =6F8.3)

91 FORMAT (26HOGAMMA HEAT RATE (WATTS) =1PE13.3)

92 FORMAT (26HOBETA HEAT RATE (WATTS) =1PE13.3)

93 FORMAT (26HOTOTAL HEAT RATE (WATTS) =1PE13.3)

94 FORMAT (32HOTOTAL BETA ACTIVITY (CURIES) =1PE13.3)

195 FORMAT (32HOTOTAL GAMMA ACTIVITY (CURIES) =1PE13.3)

¢ 96 FORMAT (37HOAVERAGE GAMMA ENERGY (MEV/PHOTON) =1PE13.3)
97 FORMAT (37HOAVERAGE BETA ENERGY (MEV/PARTICLE) =1PE13.3)
. 321 FORMAT (34HOTOTAL FISSION PRODUCTS (GRAMS) =1PE13.3)

322 FORMAT (43HOSPECIFIC FP ACTIVITY (BETA CURIES/GRAM) =1PE13,3)

333 FORMAT (L43HOSPECIFIC FP HEAT RATE (TOTAL WATTS/GRAM) =1PE13.3)

433 FORMAT (1HO)

452 FORMAT (1HO, 33X, 30HGAMMA PHOTON RELEASE RATE DATA/1HO, 18X, 60HGAMMA
1 PHOTONS/SECOND VERSUS TIME FOLLOWING REACTOR DISCHARGE/1HO,42X, 30
2HGAMMA PHOTON RELEASE RATES FOR)
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453 FORMAT (26HO DECAY TIME GROUP13,5X, 56HGROUP 13, 5X, 5HGROUP | 3,
15X, 5HGROUP 13,5X, 5SHGROUP 13, 5X, SHGROUP | 3)

454 FORMAT (1H ,4X,9H(SECONDS),6X,6HE(AV)=FL4.2,9H E(AV)=F4,2,9H E(
1AV)=FL4,2,9H E(AV)=F4,2,9H E(AV)=F4.2,9H E(AV)=F7.2)

455 FORMAT (1HO1PE15.6,E16.3,4E15,3)

L56 FORMAT (1HO1PE15,6,E14,.3,5E13,3)

434 FORMAT (17HOOPERATING TIME =1PE15.6,8X,40HAVERAGE FISSION RATE (F!
1SSIONS/SECOND) =E15.6)

462 FORMAT (1HO,20X,56HBETA PARTICLE, BETA ENERGY, AND GROSS TOTAL REL
1EASE DATA/1HO,31X,50HPARTICLE AND ENERGY RELEASE RATES (PER SECOND
2) FOR/1HO,4X, 10HDECAY TIME,10X,4HBETA,11X,4HBETA,8X, 1THTOTAL GAMMA
3,4X,26HTOTAL GAMMA  TOTAL ENERGY/1L4H (SECONDS),9X, 9HPART ICLES
L,4X,12HENERGY (MEV),6X,25HPHOTONS ENERGY (MEV),6X,5H(MEV))

THE FOLLOWING CARDS LIST THE FORTRAN STATEMENTS TO BE USED

IN THE 1BM=7090 VERSION OF THE CODE BETWEEN STATEMENT NUMBERS
66 AND 67 INCLUSIVE,

66 IF (K~IVAN) 101,67,67

101 IF (ITEST=1) 233,234,233

234 AAA(K) = 2.605767*LOGF ((R(K+1)*FXGY(J,K+1))/
T(R(KI*FXGY(J,K))) + 1.0
GO TO 67

233 IF (ABSF((P(K+1)*FXGY(J,K+1))/(R(K)*FXGY(J,K))) - 6.833E-09)
1732,732,733
732 AAA(K) = =48.0
GO TO 67
733 AAA(K) = 2.605767*LOGF ((P(K+1)*FXGY(J,K+1))/
T(R(K)I*FXGY(J,K))) + 1.0
67 CONT INUE
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