Yo

OAK RIDGE NATIONAL LABORATORY '
operated by

UNION CARBIDE CORPORATION
for the

U.S. ATOMIC ENERGY COMMISSION

ORNL- TM- 138

copyY No. —. %o

DATE - February 13, 1962

Codes P3 and NIP3 ~-- Two Versions of a P3 Program
for Calculating Thermal Neutron Flux Distribution
in Cylindrical Cells

L. I.. Bennett

SUMMARY

This report describes two versions of a machine code which
solves the P, approximation to the single-energy Boltzmann trans-
port equation in c¢cylindrical geometry. The two versions differ
only in the input-output routine with the P3 calculation being
the same in both. The code is an adaptation of a Hanford P3 code,
and was programmed in F¢RTRAN for the IBM~T7090 electronic computer.
It will handle up to 17 concentric cylindrical regions with a
maximum of 237 spatial points. Running time for a problem with
2 points in each cof 6 regions is about 3 seconds.

NOTICE

This document contains information of a preliminary nature and was prepared
primarily for internal use at the Oak Ridge National Laboratory, It is subject
to revision or correction and therefore does not represent a final report, The N
information is not to be abstracted, reprinted or otherwise given public dis- — )/ A%
semination without the approval of the ORNL patent branch, Legal and Infor- Z’S /xR / ;
mation Control Department,




LEGAL NOTICE —— ———

This report was prepured as an account of Government sponsored work. Neither the United States,

nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with respect to the accuracy,
campleteness, or usefulness of the information contained in this report, or that the use of
any informatian, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the use of
any infarmation, apparatus, metheod, or process disclosed in this report.

As used in the obove, 'person acting on behalf of the Commission’® includes ony employee or

contractar of the Commission, or employee of such contractor, to the extent that such employee

or contractor of the Commission, or emplayee of such contractor prepares, disseminates, or
provides access to, any information pursuant to his employment or contrect with the Commission,

or his employment with such contractor.




INTRODUCTION

In reactor evaluation work extensive use is made of calculations in
which the reactor core is subdivided into unit cells which are representa-
tive of the lattice arrangement. The nuclear calculations are then con-
cerned with the neutron balance within this unit cell. If such calcu-
lations are rapidly performed on high-speed electronic computers, they
are very useful in survey studies.

In these calculations it is desirable to know the spatial distribution
of the thermal neutron flux within the cell in order to obtain an accurate
neutron balance. One of the most widely used methods for obtaining this

flux distribution is the P, approximate solution of the one-velocity

Boltzmann transport equatign in cylindrical geometry. This report de-
scribes one such calculation which has been found very useful.

The P3 calculation described here was written by C. R. Richey of thi
Hanford Laboratory as a subroutine to the lattice parameter code, IDIOT.
An IDIOT Fortran deck was obtained from Mr. Richey, and the P3 subroutine
was simply lifted from this program and assembled with new input-output
routines to make C@DES P3 and NTP3.

The input-output routines were programmed by T. B. Fowler and C. D.

Griffies.

DESCRIPTION OF CALCULATION

Since the P3 calculation is described in References 2 and 3, no de-
tailed description will be given here. The input-output options will be
explained fully in order that the code may be easily utilized.

This calculation will treat up to 17 concentric cylindrical regions
with a maximum of 237 spatial flux points. The calculation described here
will not treat void regions, although the IDIOT code does make provisions to
handle voids. The outermost region'cannot be a fuel (heavy absorber) region;
otherwise, the region assignment may be completely arbitrary.

Two different versions of the code are described in this report, CODE P3
in Part A and CODE NTP3 in Part B. CODE P3 requires the user to input macro-
scopic nuclear properties for eﬁch regiop, while CODE NTP3 conteins a set of
equations from which nuclear data is calculated as & function of moderator

temperature and nuclide concentrations.






Part A --- CODE P3

Ingut

The items listed below are required as input to CODE P3. Most of the

items must be input for each of the regions in the cell. These quantities

are indicated under the title "ITEM" with argument 17 since there is a

maximum of 17 regions.

bers per card.

They are written in fields of ten with seven num=-

Each new item starts on a new card rather than utilizing

any vacant fields on the last card of the preceding item.

Ttem

TITLE
R(17)
£(17)

AMASS (17)

POINTS (17)
z (17)
z (A7)

o (T)

Table 1.

Card No.
1
1

2+

Begin on new
card

ditto

daitto
ditto
ditto

ditto

Input Format for CODE P3

Format

Columns 2-66
Cols. 67-T2, I6

TELO.O

TELO.O

ditto

ditto

ditto

ditto

ditto

Description
Any desired title

Number of regions

Radii of all regions,
beginning at center,
cm; as many cards as
needed

Log mean energy decre-
ment for each region

Effective atomic mass
number for each region

Number of thermal flux
points desired in each
region in traverse

Mecroscopic absorption
cross section in each
region, em~Ll

Macroscopic scattering
cross section in each
region, em~1

Average cosine of scat-
tering angle in each
region



Output
The output listing from CODE P3 consists of the following:

1. A one-page summary listing the radius, average flux values,
thermal utilization, cross sections, atomic mass number,

and source term for each region.
2. One or more pages containing the thermal flux traverse.
The input and output for a sample problem are in Appendix C.

Part B --=- CODE NTP3

One approach to obtaining average thermal cross sections to use in
making a neutron balance is the concept of an effective temperature for
thermal neutrons. This concept assumes that the thermel neutrons have
an energy distribution corresponding to a Maxwellian distribution about
some mean temperature. One then has the problem of trying to determine
this mean temperature such that the reaction rate given by a Maxwell-
Boltzmann energy distribution closely approximates the actual reaction
rate of the thermal neutrons.

CODE NTP3 obtains the spatial distribution of the thermal flux in a
unit lattice cell from the P3 calculation and calculates thermal flux
disadvantage factors. These disadvantage factors are then used to homo-
genize the cell and an effective neutron temperature is calculated using
the neutron temperature model of Coveyou, et al.

This version of the P3 calculation does not require nuclear data to
be input by hand. All the necessary cross sections and other data have
been programmed in equation form as a function of temperature (See Ap-
pendix A). The only input required are: moderator temperature, moderator
mass number, number of regions and points per region, radii of all regions,
and material specifications for each region. The input format for NTP3

is given below.



Table 2. Input Format for CODE NTP3

Card 1: Any Desired Title, columns 2-72
Card 2: T, (E10.0), AMmlo.o), M(I3), POINTS (I3)

Card 3+: R(17) (7TEL0.0), as many cards as needed to specify M regions

Card 4+: Element No. (I2); Mass (E8.0)
. . }- Region 1
Blank card to signal end of region
Element No.; Mass ™
. . Region 2
Rlank card to signal end of region

Continue until all regions are described

If several cases are being run together, end the last region of each
case with one blank card in the normal manner, then follow with the next
case. The end of a series of cases is signalled by placing a total of
three blank cards at the end of the last region of the last case.

Output
The output listing from NTP3 consists of the following:

1. A one-page summary listing the radius, average flux values,
thermal utilization, cross sections, atomic mass number,

and source term for each region.
2. One or more pages containing the thermal flux traverse.

3. A oné-page listing of the thermal flux disadvantage factor
for each region, the moderator temperature used, and the

calculated neutron temperature.

The input and output for a sample problem are included in Appendix D.



Equations Used

The following set of equations are used in the calling program for

NTP3 to prepare the average nuclear data needed by the P, subroutine.

3
2
(1) vV, = n R,
2 2
(2) v, =« (Ri - Ri_l)
) i My 0.6023
ij Vi (MW)j
(4) UaJ = function of Ty; see Appendix A
(5) o = o’ from Tsble A-2
i J
(6) b - Z N, 9,0 (x,)
all j
i_ J
(7) Zs = Z Nij %
all j
-1i_ 1 =J i3 - J
(8) “o—zi Z Ko N7 Oy
s all j
(9) i L ZE,JNlej
5 1 S
5 all j
—1 -1
(10) AT = 2/3
(11) Call 1=3 Calculation; calculate ¢i, average thermal flux in
each region
(12) ¢ = —— , flux disadvantage factors

g
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Notation Used in NTP3

Region identification, i =1 - M

Flement identification, j =1 = 40O

Number of regions in problem, M =1 = 17

Radius of region i, cm

Volume of the cell per unit length, cc/cm

Volume of region i per unit length, cc/cm

Mass of element j in region i per unit cell length, grams/cm
Molecular weight of element J

Microscopic absorption cross section for element j, barns
Scattering cross section, barns

Average cosine of the scattering angle

Average logarithmic energy decrement

Average mass number for region 1

Moderator mass number

Moderator temperature, °K

Average neutron temperature, °K

Thermal flux disadvantage factor for region i.
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APPENDIX A

Nuclear Data Used in CODE NTP3

All the nuclear data needed in CODE NTP3 has been included as part
of the program. The relationship hetween absorption cross section and
neutron temperature has been approximeted by simple functions for the
isotopes of general interest in reactor evaluation work.

For most of the nuclides, the relationship between cross section

and temperature was assumed to be of the form:

O'a(T) = aTb, (A-1)

vhere T is in degrees Kelvin

Table A-l lists the appropriate value for a and b for the nuclides con-

sidered. Table A-2 lists additional nuclear data used in the code.



Flement No. (J)
1

2

3

4

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

35
36

Table A=l.

-10 -

Isotope*
Thorium (232)
Uranium (234)
Uranium (236)
Uranium (238)
Protactinium (233)
Uranium (233)
Uranium (235)
Neptunium (239)
Plutonium (242)
Americum (243)
Plutonium (239)
Plutonium (240)
Plutonium (241)
Light water
Heavy water
Sodium
Oxygen
Helium
Beryllium
Boron
Carbon
Magnesium
Aluminum
Stainless Steel
Manganese
Copper
Nitrogen
Sulfur
Iron
Chromium
Zircalloy=2
Zircalloy-4

Values of a and b for the Isotopes

8

114,683

2240.0
3317.0
41,110
T73.657
714k .0
13,250.0
1061.27
455,092
2396.41
See Equation (A-2)
See Equation (A-3)
See Equation (A-k)
10,0649k
0.027901
1.925952

0

0
0.15166
11,383.0
0.056487
1.04758
3.66309
43.82013
200.24
58 .40
28.519
7.888
39.745
47.03
2.80723
2,76961

0.5
0.5421

1.0703

- 0.5
0.5

0.4635
0.5476
0.5
0.5
0.5

OOOOOOOOOOOOOSDO0.0SD.O

U'I\)'I\.J'I\)'I\)'I\)'IU'I\)'I\)'IU'I\)'I\)'I\)'I\II



Flement No. (3)

37
38

39
Lo

=11 -

Table A-1 cont'd

*

Isotope a b
Nickel 69.781 - 0.5
Fluorine 0.15170 - 0.5
(Blank) 0 0
(Blank) 0 0

*
When the particular isotope is not indicated, the naturally occurring

mixture is implied.
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Table A-2, Other Nuclear Data for the Isotopes

Element No. (Jj) MW_J_ o-sJ l‘Loj ‘ ¢’
1 232 12.5 2.87 xL;9:§ 8.59 XQEQ:E
2 234 9.0 2.85 8.52
3 236 10.0 2.82 8.45
L 238 9.0 2.80 8.38
9 233 10.0 2.86 8.56

10 233 12.5 2.86 8.56
11 235 12.5 2.84 8.51
12 239 10.0 2.79 8.37
13 ok2 9.0 2.75 8.24
14 243 10.0 2.Th 8.22
15 239 12.0 2.79 8.37
16 240 9.0 2.78 Y 8.31 Y
17 2k 12.0 2.77 x 1073 8.28 x 1073
18 18 75.0 (Eq. A-5) 0.925
19 20 12.9 0.19 0.506
20 23 3.4 0.029 0.0845
21 16 4.0 0.0417 0.113
22 b 0.8 0.167 0.425
23 9 5.8 0.0741 0.209
2k 10.82 b4 0.0667 0.184
25 12 4.8 0.0556 0.158
26 24,32 3.6 0.0274 0.0822
27 27 1.5 0.0247 0.0724
28 54 .87 9.67 0.01215 0.0364
29 54.93 2.3 0.0122 0.0363
30 63.54 7.5 0.0106 0.0314
31 14 11.0 0.048 0.1373
32 32.07 1.2 0.021 0.0616
33 5585 11.8 0.012 0.0357
3k 52.01 4.3 0.0129 0.0383
35 91.22 6.25 0.00731 0.0218
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Table A-2. cont'd

Flement No. (j) _lid_w_j___ 0.sJ “oJ 3
36 91,22 6.25 0.00731 0.0218
37 58.69 17.5 0.0115 0.034
38 19 4.0 0.0351 0.102
39 - - - -
40 - - - -

The nuclear properties not satisfied by Equation (A-l) or given in

Tables A-l end A-2 are given below.

oal5(T) = 1753.6 - 5.0936T + 1.0057 x 1072 1°
- 6.8093 x 10'6 7 4 1.5237 x 1072 Tl*, (a-2)
16, -4 2
o, (T) = 505.22 - O.T4HTLY T + 6.7052 x 10 T
- 2.0778k4 x 1071 T3, (A-3)
cral7(t) = 2216.2 - 5.2166T + 9.362 x 1073 7@
- T.1727 x 1070 13 4 1.9745 x 1077 T”, (A-4)
;gla(m) = 0.58866 - 3.7674k 7,707 - 20.8016 TM‘l , (a-5)



Table B-l .
Table B-2.

Table B=3.

- 14 -

APPENDIX B

Lists of Fortran Programs

Calling Program for C@DE P3
Calling Program for C@DE NTP3

List of the P3 Subroutine



Teble B-l1. Calling Program for C¢DE P3

C1805 CALLING PRUGRAM FOR P3 SUBROUTINE 1805 CDG
DIMENSIONHOL (12)sR(17)sTSI(17)9sAMASS(17) sPOINTS(17 )
1SIGA(17)s51GS(17)sPEL(L17)sPHIBAR(17) s THERMU(1T7)
1 READINPUTTAPEL10s1U00s (HOL(I)sI=1911) M
IF(MITTTs77792
2 READINPUTIAPELUS1UU1s{R(I)sI=1sM)
READINPUTTAPEL10G»1001s(TSI(I)sl=1sM)
READINPUTTAPEL10s1001s (AMASS(I)sl=19M)
READINPUTTAPEL1031001s (POINTS(I)sl=1sM}
READINPUTTAPEL10s1001s (SIGA(T)sI=1sM)
READINPUTTAPE1091001(SIGS(I)s1=1sM)
READINPUTTAPEL10s1001s(PEL(I)sl=1sM)
CALLP2(HOL MR s ToI s AMASSIPOINTSISIGAISIGSsPEL s
1PHIBAR » THERMU)
GOTO1
777 CALLEXIT
1000 FORMAT(11A6516)
1001 FORMAT(7E1040)
END

18050103
18050105
18050107
18050101
18050103
18050105
18050117
18050119
18050121
18050123
18050125
18050201
18050203
18050205
18050207
18050209
18050109
18050213
18050217



Table B-2. Calling Program for C@DE NTP3

CALLING PROGRAM FOR NTP3 18050101
DIMENSION R{ITH TSI(17) ,AMASS{17),POINTS(I7), 18050103
JSIGATET) sSIGSTIETIoPEI(IT) oy XMASTI7 401, 183501065
2PHIBAR{I7) gTHERMUEIT) oVOLUIT) ,DENLET,4010, 18058107
3SSIGA2{4D?Y » SSIGAT{UD) ,SSIGS2(40),CONA[UD I}, 18050109
HCONEQ!{UD) ,CONEQ2{(uD} ;,CONSP{LUD) s XMUBDEIT4D) s XSEEL 1T, D)y 18050111
SCONMU{L0) ;CONST{4D) ,SIGA20(37),HOLE12) o PRATIO(IT) 18050113
100 READ INPUT TAPE 10,1001 ;{HOL{I) T1#1,12) 18050115
READ INPUT TAPE 10,1003 .TEMPMy XMODA, M, NPOIT 18050117
IFETEMPM)YIDI 207,101 18050119

10L DO 102 1 # 1,.,M 18050121
t02 POINTS{1) # FLOATF{NPOIT!} 18050123
READ INPUY TAPE 10,1002,(R{L};1#1 M) 18050201

DO 103 1 # .M 18050203

DO 1803 J # 1,40 18050205

103 XMAS{IsJ) # D.D 18050207
DO 106 1 # 14M 18050209

104 READ INPUT TAPE 101004 :JJd5XJ3JJ 1805021t
IF{JJJ) 106,106,105 18050213

105 XMAS{I,JdJdJd) # XJJJ 18050215
GO TO 04 18050217

106 CONTINUE 18050219
CALL NTP3{HOL M;POINTS, TEMPM;XMODA,XMAS,R, 180501C3

I TEMPN,PRATIO} 18050223
WRITE OUTPUT TAPE 9,1030 18850301
WRITE OUTPUT TAPE 9,iD00!(HOL{L),1#1512) 18050303
WRITE OQUTPUT TAPE 9,1005,TEMPM,TEMPN 18050305
WRITE OUTPUT TAPE 9,1006 18050307
WRITE OUTPUT TAPE 9,1007,{PRATICII},I#1,M} 18050309
WRITE OUTPUT TAPE 99,1000 18050311

GO T0 {00 18050313
1000 FORMAT(LHE L 18050401
1001 FORMAT({12A6}) 1805804063
1002 FORMAT{TE1DO.O} 18050405

=.9‘[=.



10C3 FORMATI2EiO.C,213)
1004 FORMAT(12,E8.0)
{005 FORMATI!10OHO M0OD TEMPIPE13.6s
115K NEUT TEMPEI13.6)
1006 FOGRMAT{3DHG FLUX DISADVANTAGE FACTORSI(I))
1007 FORMAT{IH IPBE15.6)
107 CALL EXIT

END

#TYPE{(FORTRAN)

- SUBROQUTINE NTP3 TBF 9204~}
SUBROUTINE NTP3(HOL,M;POINTS,TEMPM; XMODA XMAS,R,
I TEMPN;PRATIO)

DIMENSICN R{17),TSI (17} JAMASS{1T7),POINTS{1T),

ISIGA(IT) ,SIGSUIT) yPEL(IT) o XMAS(1T,U43),
ZPHIBAR{17) ,THERMUIIT) oVOL(1T7),DEN{17,40),
3SSIGA2(u0) ySSIGAT{LD) ,SSIGS2{uD),CONA(UTY},
BCONEQI (43) ,CONEQ2{u40) ,LONSP(20}) +XMUBOL 1T, u40)XSEE( 17,40},
5CONMUUD) »CONSILUD) 4SIGA20(!17) sHOLE12}PRATIO(IT)
IF(TEMPM) 980,901,901

900 ITT#!
TEMPMH#ABSF { TEMPM)
G0 To 100

901 II1#D

100 CONA(1) # 232.0
CONAL2) # 23u.D
CONA(3) # 236.0
CONA{Y4) # 238.D
CONA(S) # 1.0
CONA(6) # 1.0
CONA(7) # 1.0
CONA(8) # 1.0
CONA(9) # 233.0
CONA(1D) # 233.0
CONA{11) # 235.D
CONA{12) # 239.0
CONA{13) # 242.0
CONALI4) # 2843.0
CONA(I5) # 239.0

180504G7
18050409
18850411

18850415
18050617
18050419
18350421

186501014
18050185
18850105
18050109
18853111
18850113
183583115
18050117
180850119
18051517
18851519
185651520

180351523
18050201
180502C3
18050205
18050207
18050209
18050211
18850213
18050215
18850217
18050219
18050221
18050223
18050225
18058301
18050303

-L-[-



CONAL16) # 2u0.0
CONALIT) # 241.0
CONA(18) # 18.0
CONALL19) # 20.0
CONA{20) # 23.0
CONA(21) # 16.0
CONA{22) # u4.D
CONAT23) # 9.0
CONA(2u4) # 1D.B2
CONA(25) # 12.0
CONA(26) # 214,32
CONA(27) # 27.D
CONA{28) # S54.87
CONAL(29) # 54.93
CONA{30) # 63.54
CONA{31) # 140
CONA(32) # 32.07
CONA(33) # 55.85
CONA(34) # 52.01
CONA{(35) # 91.22
CONA{36) ¥ 91.22
CONA{(37) # 58.69
CONA(38) # 19.0
CONAL39) # 7.0
CONAC40) # 1.0
CONEQI(2) # 2240.0
CONEQI(3) # 3317.0
CONEQ! {5} # DD
CONEQ!(6) & 0.D
CONEQI(7} # 0.D
CGNEQ!{8) # D.D
CONEQI{10) # 7Tiuy.D
CONEQIi11} # 1£3250.0
CONEQI(1I5Y # 0.0
CONEQI(16) # U.D
CONEQI{17} # D.O
CONEQI{21) # 0.0
CONEQI(22) # D.O

180503085
18050307
18059901

18059903
18050313
18050315
18050317
18050319
18050321

18050323
18050325
18050401

18050403
18050405
18050407
18050409
18050811
18050413
18050415
18050417
18050419
18050421

18050425
18050502
18050503
18050505
18050506
18050507
18050508
18050510
18050511

18050515
18050516
18050517
18050521

18050522

ug"[n



CONEQ!} {38}
CONEQH{39)

# 01517
# 1.4335

CONEQI(40) # 0.D

CONEQI({1) # 114,683
CONEQI (W} # 1,110
CONEQI(9) # 773.657

CONEQI{12)
CONEQI T 13}
CONEQI LU}
CONEQIL!8)
CONERQI{19}
CONEQ ! (20}
CONEQI (23}
CONEQt (24}
CONEQ1 {25}
CONEQ! {26}
CONEQ! (27}
CONEQI (28]}
CONERQ! £29)
CONEQ! (3D}
CONEQL {311
CONEQ1 (32}
CONEG! (33}
CONEQ1 { 34}
CONEQ1 €35}
CONEQ} {36}
CONEQ! §37})
CONEQ21(1}}

CONEQ2{2}

CONEQ2({ 3}

CONEQ2{ Wk}

CONEQZ (5}

CONEQ2 (6}

CONEQ2ET7)

CONEQZ (&}

CONEQ2Z (9}

CONEQ2{:D)
CONEQ2E111}

FhoME 3 b bYW XS e

1061.2689
455.092
2396, 41
1006494
0027901
7.95952
315166
it383.0
D.056u87
1.0u758
3.66309
43.820:3
200,24
58.40
28,519
7.888
39,75
47.03
2.80723
2:.76961
69,781
-8:5
0542}
", 08703
-8.5
8.0
8.8
0.0
0.0
~B.5
# c‘i}o u635
# 05476

18050615
CORROGOH
CORROOG2
CORRDOO3
CORROBOCH
CORR0OOO0S
CORRBOGE
CORRODOY
CORRBOCH
CORRDOOGY
CORROBEIC
CORROD1
CORROO12
CORRDO13
CORROOH A
CGRREOG1S
CORRBO16
CORREE7
CORREGI 8
CORREOYIQ
CORROB20
CORROD21
CORREBO22
CORROD23
CORRO0O2Y4
18050701
18050703
18050705
18050707
18050709
18050711
18050713
18050715
18050717
18050719
18050721

a 6r -
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CONEQ2{12) # -D.5
CONEQ2{13) # ~0.5
CONEQ2{i4) & -D.5
CONEQ2(15) # 0.0
CONEQ2{16) # 0.0
CONEQ2{17) # D.D
CONEQ2{18) # -D.5
CONEQ2(19) # -0.5
CONEQ2(20) # -D.5
CONEQ2(21) # 0.0
CONEQ2{22) # 0.D

DO 101 1 # 23,37
CONEQ2(1) # -0.5
CONEQ21(38) # -D.5
CONEQ2(39) # -0.5
CONEQ2(40) # D.O
CONSP (1) # 1753.6
CONSP{2) # 5.0936
CONSP{3) # 1.00STE-2
CONSP(4) # 6.B8093E-b6
CONSPI5) # 1.5237E-9
CONSP{6) # 505.22
CONSP(7) # 0.74719
CONSP(8) # 6.TOS2E-4
CONSP{9} # 2.D77BUE-T
CONSP(I1D) # 2216.2
CONSP{11) & 5.2166
CONSP(12) # 9.362E-3
CONSPL13) # 7.1727E-6
CONSP {114} # 1.97U5E-9
CONSP(15) # 222.84
CONSP(16) # 1.1807
CONSP{I7) # D.0
CONSP(18) # D.D
CONSPI{19} # D.O
CONSP(20) # D.D
SSIGS2(1) # 12,5
SSIGS2(2) # 9.0

180450723
18050725
18050801
18050803
1 8350805
18050807
1 8050809
18050811
18050813
18050815
18050817
18050819
18050821

18050825
1 8050901
18050902
18050903
18050904
18050905
18050906
18050907
18050908
18050909
18050910
18050911
18050912
18050913
18050914
18050915
18050916
18050917
18050918
18050919
18050920
18051004
18051002

noaﬂ



$S165213}

$81GS21{4)

SSIGS2({5}

SSIGS216)

SSIGS2{T}

SSIGS2(8)

$S1GS2(9}

$SI1G6S2{ 10}
SSIGS2(1t})
§$SI1GS2112)
SSIGS2(13)
SSIGS2( 14}
S5SIGS2(15)
SSIGS2(16)
SSIGS2¢17}
$31GS52{18}
$S816S52{19}
$SIGS2(20})
$SIGS21(21}
$81GS2122)
$516S52(23)
5516S2i24)
SSIGS2{25)
5SIGS2€261)
SSIGS2{27}
$SIGS2(28]
SSIGS21{29}
$S1GS2i30)
SSIGSZ2{31}
SSIGS2(32)
$SIGS2{33}
SSIGS2{34u}
SSIGS2{351}
SSIGS2{36})
SSIGS2€37;
$51GS2¢ 381
$S51GS2{39})
$SIGS2{un}

ook TR oW Y oW W

T e YA W MR Fh e PR o Hh ¥ ME AN TR TR M MR MR B TR oW Y0 N e e 9RO o B ¥R

=

180.0
9.0
0-0
0.0
8.0
8.0
iEOB
1205
i2.5
i8.0
9.0
10.0
12.0
9.0
12.0
75.0
12.9
3.k
.0
C.8
5.8
ok
4.8
306
i3
967
2.3
7.5
t‘&cu
1a2
I1o8
4,3
6025
6.25
17.5
4,0
[ 5
0.0

16051003
18051004
18051005
18051006
18051007
18051008
18051009
18051010
18051011

18051012
180510613
18051014
18051015
18051016
18051017
18051018
18051019
1803510320
8051021

18851322
18051323
F8051024
18055025
18851101

18851182
18054103
18654104
18051105
18851106
18058137
18058108
180511039
18051110
18035481141

18051112

18351115



CONMUL ] # 2.B7c—3
CONMU{2}Y # 2.B5E-3
CONMUL3} # 2.82E-3
CONMU{4) # 2.80E-3
CONMU{S5) # 0.0
CONMUIG6} # (.0
CONMULTY # 0.0
COnMU{(8} # [.C
CONMU(9} # 2.86E-3
CONMUILIT) # 2.86E-3
CONMULI1) # 2.B4E-3
CONMU{12) # 2,.79E-3
CONMULY3} # 2.7T5E-3
CONMULIY) # 2.74E-3
CONMUILES) # 2.79E-3
CONMUIL:6) # 2.78E-3
CONMULET) B 2.7TE-3
CONMULEE) #
1208016 /TEMPHM
CONMUL19) # D19
CONMU{20) # 2.9E-2
ConNMui2t) # D017
CONMUIL22) # D167
CONMU{23} # 0.07k!
CONMUL24) # D0.D667
CONMU(25) # D.0556
CONMU{26) # 2.T7UE-2
CONMUIL27) # 2.47E-2
CONMUIL28) # 1.215E-2
CONMUI29) # DB.0122
CONMUL3L) # 0.DID6
CONMUIL31} # U.0uk8
CONMUI32} # 0.02%
CONMUI33} # 0.012
CONMU(34) # D.DE29
CONMUI{35) # 7.31E-3
CONMU{36) # 7.31E-3
CONMU{37) # 0.0115

£o.58866-3.767Uke/ISQRTFITEMPM! }—

180512701
talist 2z
180851203
18051204
180512105
18051206
18051207
18051288
18051209
18us121t
18E51211
18051212
18051213
18851214
18051215
§8051216
18051217
§ 80659905
18059907
18051219
18051220
180351221
18051222
18051223
18051224
18051225
18051301
18051302
18051303
18051304
1885135
180513C6
18051307
18351308
18051309
18351310
18051311
18851312



CONMU{38) # 0.035¢
CONMU(39) # 0.D0953
CONMU(HOY # 0O.D

CONSTI (1)

CONSIt2)

CONSI(3)

CONSI (4}

CONSI ({5}

CONSI {6}

CONSI({7)

CONSI {8}

CONST ()

CONSI{iD)
CONSItI L)
CONSI (12}
CONSI{13)
CONSI{iW)
CONSI{E5)
CONSI {16}
CONSI{IT)
CONSI{18)
CONSI{19)
CONSI120)
CONSI {21}
CONSI {22}
CONSI{23)
CONSI {24}
CANSI {25)
CONSIE26})
CONSI £27)
CONSI {28)
CONSI (29}
CONSI (30}
CONSI {31}
CONSI(32)
CONSI (33}
CONSI {34)
CONSI(35)

hoh Mo TR TE R W W W

W T NN BN WS P U N W Wh R WR YR YR N MR Wh Bh W MR M B Ok W ¥ 9K

B8.59E-3
8.52€E-3
80 1!55—3
8.38E-3
Eon
0.0
0.0
0.0
8.556E-3
B8.51E-3
B8.37E-3
8., 24E-3
8-.22€-3
B8-37E-3
Bo31E-3
8.28BE-3
0-925
0.506
D113
D.425
0,209
0. 84
0.158
B.22E-2
To24E-2
3.64E-2
00363
0.0314
D-$373
0.0616
0.0357
0.0383
2. 18E-2

18851315
18651401

18051402
18051403
18051404
18051405
180514086
18051407
18051408
18051409
18051410
18051411

18051412
180651413
1805141y
18051415
18051416
18051417
18051418
18051419
18351420
18051421

18051422
18051423
18051424
18051425
18051501

18051502
18051503
18051504
18051505
18051586
18051507
18051508
18051509
18051510

- £8 =



105

106

CONSI {36y # 2-18E-2
CONSIE37) # D.U3%

CONSI £38) # [..02

CONSI {39} # U.268
CONSIi{uL) # 0.0

VOLC # 3,141593=RIM}#x2
VOL{1 ] & 3,143593=R11] =82
DO 1C3 I # 2+M

VOLII) # 3,1R15930(R{J]) #e2-R{J~1])un2}

CO 108 I # i.87

O 104 J # 1.4l

DEN{IJd7 # L.D

DO IG5 T # 1,M

DO 105 4 # 1,80

DEN{IoJ) # XMASI[I,J)=G.60237(VOLILE=CONATIE)
DO 108 4 # 114

SSIGATIJY # CONEQI (I =(TEMPM=aCONEQ2{S1L)
SSIGA2EJ)Y # CONEQI{Ji»1293.0==CONEQ2{J))
HEC! # TEMPM==2

HEC2 # TEMPM==3

HEC3 # TEMPM=sl

HECY # 293.0=s2

HECS # 293.0%==3

HECé # 293.0==y

SSIGAT{1IS9) # CONSPI{!1}-CONSP{2)#TEMPM+
ICONSP L3} =sHECTI—CONSP L} #HECZ2+CONSP{5) =HELCS
SSIGAZ(i5) # CONSP{!!-CONSPI2}#293.0+
FCONSPIZ ) «HELH-CONSP (L)} 2HECS+LONSP{S ) #HECSH
SSIGATEI6EY # CONSPL&}~LONSP{T)}=TEMPM+
FCONSPIBY#HECEI~LCONSP {1 #HEL2

SSIGAZU16Y # CONSPIAI-LONSPITI#293.0+
FCONSP (B s HECU-CONSP Q) s HELS

SSIGATELTY # CONSPLIDI=CONSPLLI Y =TEMPM+
PCONSPLIZ2YsHECT-CONSPII3 ) sHECZ2+CONSPLIL ) sHECS
SSIGAZEITY # CONSPIICI=CONSPLI1#293,.0+
FCONSPLI2)=sHECHB-CONSP{ 3} =HECS+CONSP{ 1L} #HECSH
DO $07 J # 18540

SSIGATIYY # CONEQI{JI={TEMPM=xCONEQ2(Jd} )

180851541
180851512

18051515
18051601
18051683
P 8I151 615
18351607
18351 6C7%
FE051614HY
18051613
18051615
8051617
18G59501
18351701
18051703
18051705
18851707
18051789
18051711
18051713
18051715
188651717
18051719
18051721
1gl51723
184651725
FRG51801
18851803
YBO51 85
FBUS BT
18051809
1805181
18851813
180351815
18051817
18051819




107

108

1a9

110

i N

ft2

113

SSIGA2§iJ) # CONEQI(J}#(293.0==CONEQ2{J})}
DO 108 I # 1.M

SIGA{Ll} # 0.0

SIGS{I} # 0.D.

SIGA2D(1} # 0D

DO 108 J # 1,40

SIGA{I) # SIGA{I}+DEN(I;J)=SSIGAT{J}
SIGS{I) # SIGS{I}+DEN{1,J)=SSIGS21J}
SIGA20(1) # SIGA2D(I)+DEN(1,J)*SSIGA2(J)
CONTINUE

DO 109 1 # 1.M

DG 109 J # 1,u4D

XMUBO(1,J} # CONMU(J)

XSEE(I9J) # CONSI{J}

DO it I # 1.M

PE!(I) # 0.0

TSI(IY # 0.8

DO 110 J # 1,40 :

HEC # DENII,J}&SSI6S2(J

PEI(I) # PEVII}eXMUBO{I,J} #HEC
TSILI) # TSI{1)&#XSEE{I,J}eHEC

PEI(I) # PEUMLY}/SIGS{I)

TSI(I) # TSIUI)/SIGSII)

AMASS{I) # 2.0/(3.0=PE! (I}}
CALLP3({HOL ;MR 4TSI ;AMASS,POINTS,

ISIGA;SIGS,PE! sPHIBAR,THERMU}

HECt # 0.0

HEC2 # 0.0

DO 112 1 # t.M

PRATIO{1} # PHIBAR{I)/PHIBARI(I}

HEC! # HECI+{VOLI{LI)}/VOLC)=PRATIO[1}aSIGA20(1}
HEC2 # HEC2+{VOL{I)/VOLC}=PRATIO(I}=SIGS{I!
TEMPN # TEMPMa{}] . 0+i7.5051{ 7#XMODA®HECI/{HEC2#SQRTFITEMPM}}]

IFCIIT il ikt 13

WRITE OUTPUT TAPE 9,i000

WRITE OUTPUT TAPE 9,100t ,(HOLII} I#bo02)
WRITE OUTPUT TAPE 9,1002

WRITE OUTPUT TAPE 9,1008,VOLCo{(VOLI{I}:I#1 M}

18051821

1805190¢
18051903
18051905
18051906
18051907
18051909
18051911

18051913
18051915
18051917
18051919
18051921

18051923
18052001

18052003
18052005
§8052007
18052009
18052014

188652013
§1880520C15
18052017
18052619
18052021

18052023
18052101

18052103
18052105
18052107
18052109
18052111

18052115
18052117
18052119
18052121
18052123

Yy
R



1006
1001
10C2
1003
1004
1005
1006

1007

1008
IBR)

WRITE OUTPUT TAPE ¢,1033 .
WRITE CUTPUT TAPE 99,1008, {AMASSII} 181 ,M}
WRITE OUTPUT TAPE 9,!1004

WRITE OUTPUT TAPE 9,i008,({DEN{IsJ)1#3sM),J81,40)

WRITE CUTPUT TAPE 99,1035

WRITE OUTPUT TAPE 9,i008,(TSI(I1},I1#1,M)
WRITE OUTPUT TAPE 9,1006

WRITE OUTPUT TAPE 9,i1008,{PEI{1}s18},M)
WRITE OUTPUT TAPE 9,1007 '
WRITE QUTPUT TAPE 9,1008,(SI1GA2GII),1#1 M}
FORMAT{IHE Y

FORMAT{12A6}

FORMAT({5H0 VOLC - VOLEI})

FORMATI6HO A{I))

FORMATIBHDO N{IoJ)])

FORMATI{9HO XSEE{1})

FORMAT(11HO MUOBARI(I})

FOGRMATU!IIHO SIGA2D(1}))

FORMAT(IH {PBE!5.6]}

RETURN

END

4

Fuiis2125
18852281
18052203
18052205
180452207
18052209
18052211
180352213
18052215
18052217
18052331
180852303
18052305
18052307
180852309
18052311
18052313
18052315
18052317
18052401
18035243



Table B-3. List of the P_. Subroutine

3
*TYPE(FORTRAN)
SUBROUTINE P3(HOL sMsRsTSI sAMASSsPOINT S, 18059903
1SIGAASSIGSS,PEL11sPHIBAR s THERMU) 18059901
DIMENSION R{¢17)sTSI(17) sAMASS(17)sPOINTS(17) » 18050107
1SIGAA{17)991GSS(17)sPEL1L11(17)sPHIBAR(17)sTHERMU(17) s 18059903
2SIGT(17)sUSA(L1T)sRADI(1T)sPE2(1T7)sA(237512)» 18050111
3D(237)9C(Z2571s00X(4917) 90(2492)sCAPL1(1T7)» 18050113
4CAP2(17)sVUL(17)95IGA(1T7)s51GS(17)sPEL(17)sHOL(12) 18059905
DO 1000 I=1,M 068-0356
L=M+1-1 068-0357
SIGA(L)=SIGAA(T) 18059907
SIGSIL)=S16GSS(1) 18059909
PEL1(L)=PE111(1]) 18059911 .
SIGT(L)=SIGA(L)+SIGS (L) 068-0360
RADI(L)=R(I) 068-0361 L
1005 QSA(L)=TSI(I)*S5IGS(L)/SIGAIL) 068-0368 '
ZA=1e/AMASS (1) #¥%2 066-0370
PE2(L)=1eb—3%ZA¥ (200 4+ZA% (28 ,5T+ZA% (94523 +ZA%(4e329+LA%(2,331+2ZA%1068-0371
1¢399)3))) 068-0372
1007 IF{I=-1)1005,10085,1009 068-0373
1008 VOL(L)=3414159%R(1)#%2 068=-0374
GO TO 1000 068-0375
1009 VOL(L)=3614159%(R(I)*%2—R{I-1)%%2) © 068%0376
1000 CONTINUE 068-0377
MATSIZ=6%#M-3 068~0378
12=7 068-0379
AB=-1 068-0380
J=1 0680381
IR=1 . 068-0382
I=1 068~0383
K=2 06840384
L=3 068-0385
I1=1 068-0386
1 IF(SIGT(1))20s2092 068-0387



2

BUZZ=351IG6S(1)/51GT(1)

ALO=1.—BULL

AL1=(1e=-BULZH¥PEL(]) )*ALO
AL2=1-BULLxPE2(])

BETA=SQRTF (7e¥AL2)
BUZZ=35¢e%AL2+26e%¥AL0+27 e ¥AL1
FUZZ=3780e¥ALL®ALZ2
CULZ=SQRTF{BULL#BULL=-FUZL)

CAP1 (I )=00RTF{({BULL+CULL)/18a)

CAP2 (1) =SuURTF({{BULL-CULZ)/18.)
Gll=-ALUO/CAP1(1I)

Gl2=—-ALO/CAP2(]I])
G2l=—e5+1e0%AL1/CAPLI(])®*%2
G22==e5+]1eo%AL1/CAP2 (1) *%2
G31=e21428%CAPL(1 )—e64285%AL1/CAPL(T)
G32=e21428%CAP2 (1 )~e64285%AL1/CAP2(])
JSW=1

RADIUS=RADI(IR)

BUlZz=5IGT{1)*RADIUS

ARG1=CAP1(1)*BULL

ARG2=CAP2( 1)*BUZZ

ARG3=BETA¥*oUZZ

CALL BESS (ARG1sARGZ2sARG3sJSWs [ sMsB)
GO TO (658)sJ5SW
BOX{1sI)=RADIUS/CAP1(I1)¥B(8sJSW)
BOX(2sI)=RADIUS/CAP2(I1)%*B(10sJSW)
IF(I-M)T7+999
BOX(3s1}1=RADIUS/CAPL(I)*p(20sJowW)

BOX(4s 1 )=RADIUS/CAPZ(1)%#B(229sJSW)

JSW=2

RADIUS=RADI({IR+1)

GO TO 4
BOX(1sl)=ouUnils)~RADIVS/CAPLII)*#B(8sdow)
BOX{2s1)=BUX(2s])=-RADIUS/CAP2(1)*¥B(10:J45W)
BOX(3s1)=BUX(3s1)-RADIUS/CAPLI{1)#*B(20sJ5w)
BOX(491)=80X(4s])=RADIVS/CAP2(1)%¥B(22:J5w)
JSW=1

AlJsI2)==eD#G31*AB*¥B{(8sJoW)
AlJdsI2+1 )=~ 5%AB*032%B(10sJSW)
AldsI242)==1.6666T7%AB¥AL2/BETA#*B(11sJoW)
A(KsIZ)=ABFGLl1#¥B(8sJSW)
A(K>I2+1)=AB*C12%¥B{10sJOW)

068-0388
068-0389
068-~0390
068-0391
068-0392
068-0393
068-0394
068-~0395
068-0396
068-0397
068-0398
068-0399
068-0400
068-0401
068-0402
068-0403
068=-0404
068-0405
068-0406
068-0407
068-0408
068-0409
068-0410
068-0411
068-0412
068=-0413
068-0414
068-0415
068-0416
066=-0417
068~0418
068-0419
068-0420
068-0421
068-0422
068~0423
068-0424
068-0425
068-0426
068-0427
068-0428
068-0429

* »



10

11

12

14

A(KsI242)1=040
A(L3I2)=2e5%AB*G31%B (79 JSW)
A(Ls12+41)=2.5%AB*G32%B (99 JSW)
A(LI242)==5.¥AL2*AB*B(12sJSW) /BETA
IF(I-M)10s11s11
A(Js12+43)=e5%ABHG31*B (209 JSW)
AGJsI244)= e SHABRG32%B (223 JSW)
A(Js12+45)=1,6666T*AB*AL2/BETA*B (243 JSW)
A(KsI2+3)=—AB%*G1l1%B({20sJSW)
A(KsI2+4)==AB*GL2¥B (22sJ5W)
A(KsI245)=0,0
A(LsI2+43)==25%AB*G31%B(19»JSW)
A(LsI2+4)==2 5% AB*G32%B (21 s JSW)
A(LsI245)=5,%AB*AL2%B(235J5W) /BETA
IF(IR=1)17517s11
A(I1+6912)=AB*B(2sJSW)
A(I1+6512+1)=AB*B (44 JSW)
A(I146512+42)=040
A(IL+8512) == 5%AB*G21%#B (25 JSW)
A(IL1+8s12+1 ) ==y S*AB*G22%B (4 s JSW)
A(I1+8512+42)=AB*B(63sJSW)
A(I1+7912)=15*AB*G21%B(1sJSW)
ACIL4+791241)=145%ABHG22%B(3sJSW)
ALI1+791242)=AB*B(5sJ5W)
IF(I=-M)12218518
ACIL14+6512+3)=AB%B (145 JSW)
A(IL+6912+4)=AB¥B(16,J5W)
A(I1+6512+5)=040
A(I1+8912+3) == 5% ABXG21#05 (14 sJSW)
A(IL1+89[2+4) ==y S*ABHG22%E(165JSW)
A(IL+8312+5)=AB*B (185 JSW)
A(IL1+7912+43)=1+5%AB¥G21%5(13sJSW)
A(IL1+791244)=145%AB*G22%5 (15, JSW)
A(IL+7912+5)=AB*B(179JSW)

GO TO {(13916) sJSW

DO 14 JJ=ls6

JK=11+JJ+2

D(JK} =040

D(I1+6)=QSA(I1)-QSA(I~-1)

AB=-AB

12=1

IR=IR+1

068~0430
068-0431
068~0432
068-0433
068-0434
068-0435
068-0436
068-0437
068-0438
068-0439
068-0440
068-0441
068-0442
068-0443
068-0444
068-0445
068-0446
068-0447
068-0448
068-0449
068-0450
068=-0451
068-0452
068-0453
068-0454
068~0455
068=0456
068-0457
068-0458
068-0459
068-0460
068-0461
068-0462
068-0463
068<0464
068-0465
068=0466
068-0467
068-0468
068-0469
068-0470
068-0471
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IN-)

17

18

19

20

Z1

JSW=2
I1=11+6
J=11+4
K=]14+3
L=I1+5
GO TO 15
I=1+1
12=1
AB==AB
GO 70 1

GO T0 15

DO 19 Jd=1ss

JK=11+JJ+2

D{JKI=040

D{IL+6)=QoR(1)=-Q0A(I-1)

GO TO 26

RADIUS=RALI(IR)

JSu=1

DO 22 JJ=1ls6

JK=11+2+JJ

D{JK) =040

DO 22 KJ=lss6

Li=l2=1+KJ

AlJRsLM)IzUQ

Alll+6s12)=Ab
AlTL+6012+1)==2.5%ABRRADIUS¥RADIUS
AlIl1+7s12+1)= AB¥RADIUS#RADIUS
A(I1+8s[2+1)=e333323%AcHRADIUS*¥RADIUS
A{ILl+8q12+<)=Ab

IF(I=M) 239202652026
AlLT1+3,[2+43)=AB/RADIUS
A(Il+4,512%4)=An/RADIUS

068-0472
068-0473
068=-04T4
068-0475
068-0476
068-0477
068-0478
068-0479
068=-0480
068-0481
068-0482
068-0483
068-0484
068-0485
068-0486
068-0487
068-0488
068-0489
068-0490
068-0491
068-0492
068-0493
068-0494
068-0495
068-0496
068-0497
068-0498
068-0499
068-0500
068-0501
068-0502
068~0503
068-0504
068-0505
068-0506
068-0507
068-0508
068-0509
068-0510
068-0511
068-0512
068-0513

* >
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A(ILl+5s12+3)=2+%AB/RADIUS

A(I1+5s12+4)==AB/RADIUS

A(ll+5412%5)= AB/(RADIUS*RADIUS*RADIUS)

GO TO (24925) 2JSW
24 D(I1+6)= -QSA(I-1)
I1=11+6
J=11+4
K=11+3
L=I1+5
AB=-AB
12=1
IR=1IR+1
RADIUS=RADI{IR)
JSW=2
GO T0O 21
25 1=1+1
12=7
AB=-AB
GO TO 1
2026 D(Il1+6)= -QSA(I-1)
26 KEY=0

CALL S0OL (KEYsAsUsMATSIZ»C)

BOX(3sM)=Ue0
BOX(&43sM)=040
DENOM=040
DO 105 I=1sM
L=M+1-1
IF(SIGT{I))100+1005104
100 ALO=RADI(I)%*2
IF(I-M)1015102s102
101 ALLI=RADI(I+1)*%2
GO T0O 103
102 ALL1=0.0

103 PHIBAR(L)=C({6%]=5)~1425%C{6*]~4 )% (ALO+ALL)

GO TO 10V5

w e v w moE om momom e omca e oA w om v om e e m o o= oan A= % oaouae e oo oaom e e e = - m e w e m = % ow om o= mom o e oae e omomoeeaoam mee om o= om e e om o womm e e o= ow = ox e e e e am e e e o e e e e . e m e =

068~-0514
068-0515
068-0516
068-0517
068-0518
068-0519
068-0520
068~0521
068~0522
068-0523
068-0524
068-0525
068=0526
068-0527
068-0528
068-0529
068-0530
068-0531
068-0532
068~-0533
068-0534
065=0535
068=-0536
068-0537
068-0538
068-0539
068=0540
068-0541
068-0542
068-0543
068-0544
068-0545
068~0546
068~-0547
068<0548

104 PHIBAR(L)=WOSA(1)+6428318/(VOLIII*SIGTLI) I ¥ (C{6*¥1-5)%*pUA(1s])+C(6*]068-0549

1-=4)%*BOA29 1) —-CLe%]=2)*B0A{39])=C(6%*[-1)#B0X(4s]1))
105 DENOM=DENUM+VOL (I )*SIGA(I)*PHIBAR(L)

WRITE OUTPUT TAPE 9,796

WRITE OUTPUT TAPE 95797 (HOL(IIJJ)»11JU=1512)

796 FORMAT(1H1)
797 FORMAT{(12A0)

068-0550
068-0551
18059907
18059909
18059911
18059913

- 1€ -



QU4 FORMATILILIAV P3 QUIPUT/4HUREGSOASOHRADIUS8A s
112HAVERAOGE FLUX&X 9 13HTHERMAL UTILe7Xo
2THSIGMA=ALUX s THO I GMA=ST K s
311HMASS NUMBER7X s 11HSOURCE TERM)

1V6

108
109

907
110

qug

116

117

WRITE QUTPVT TAPE 9:9u4

TOTQ=0.0
DO 106 I=1iM
L=M+1-1I

TOTQ=TOTQ+WwSA(L)#oIGA(I ) *VOLI(I)
THERMU(T)=VOL(L)*¥oIGA(L)*PHIBAR{I1) /DENOM

18059915
18059901
18059903
18059905
18059907
068-0556
068~0557
068-0558
068=0561
068-0562

WRITE QuiPvl TAPE 93s9u5sIsRIT)sPHIBAR(I) s THERMUIT)sSIGAIL)»SIGS(L)18059919

1s AMASS (T ) sGWSALL)
905 FORMATIIH 129FlletsFloet4sFl6e8sElTe5sc1l7e53F15635F1843)
WRITE OUTPUT TAPE 959069 10TWsDENOM
906 FORMAT(IHULSAsZa4rd1OTAL NEUTRON PROLDUCTIONFLL «4s5A534HoH0OUVLD EGUAL
1TOTAL NEUTKON CAPTUREF1le4)

LINL=40-M

DO 1u7 I=isM
L=POINTS(I1)
IF(L)10791C74108
IF(LINL=-4-L}109s1105110
WRITE QUTRPUT TAPE 95907

WRITE QUTPUT TAPE 9797 (HOL(I1JJ)»1T1JU=1512)

FORMAT (1H1)

LINL=45

LINL=LINL—%-L

WRITE OUTPUT TAPE 959031

FORMAT (24nUFLuUAn TRAVERoE IN REGIONI3/1HUBAsOHRALIVO14A
14HFLUX)

K=M+1-1

IF(I-1) 115,115,116
DELR=R(1)/PCINTS(I)
RSTAR=0Qs0

GO TOC 117
DELR=(RII}=R{I=1})/POINTS(])
RSTAR=R(I~4}

DO 111 J=1Lsl
DELAL=DELR*¥STIGT(K)}*CAPL(K)
DELAZ=LelLR#*¥SIGT{IKI®*CAPZ(K)
ARGL1=Ro 1 ARFSLOT IK)®*CAPL (K}
ARGZ =R ARFSIGTIK)®CAP2 (K)

RoTak=moTAr+DELR

068-0564
068-0565
18059921
068-0567
068-0568
068-0569
068-0570
068-0571
068-0572
068-0573
18059923
18059925
068-0575
0686-0576
068-0577
18029901
18059909
18059911
068-0561
068=0582
068-0583
068-0584
068-0585
068=0586
068~0587
068-0588
068=-0589
068-0590C
065-0591
068~0592
065-0593

. 2
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112 BULLZ=ClO¥K=5) =24 25%RSTAR¥¥ 2% (6%K=-4)

113

111
909
107
143

100

101

102

103

IF(SIGTIK})I11291129113

GO 70 111
ARG1=ARG1+DELAL
ARG2=ARG2+DELA2

068-0594
068-0595
068-0596
068=-0597
068-0598

BUZZ=QoA(K)+C(6*K=5)*¥p 0 (ARGL ) +C(6%*¥K=4)*¥BI0(ARGZ)+C(6%*K—-2)*¥BKO{ARG068-0599

11)+C(6*K-1)*BKO(ARG2)
WRITE OVUTPVYT TAPE 959U93sRSTARSBUZZ

FORMAT(LH Fl4s49Flt.3)
CONTINUE

RETURN

END

TYPE(FORTRAN)

SUBROUTINE SOL (KEYsAA»DDsMATSIZC)
DIMENSION AA(237512)sDD(237)sC(237)

IF(KEY)10U»1005103
KEY=6

Ji1=1

Kl=7

DO 101 L=1s2

J1=Ul+1l

KEY=KEY+1

Kl=K1+1

DO 101 J=Jdl,3
ALO=AA(JsKEY)/Z/AA(LSKEY)
DD(J)=DD(J)=ALO*DD(L)
DO 101 K=Ki,41lé
AA(JsK)I=AATJsK)=~ALO*AA( LK)
KEY=KEY-1

Kl=8

J2=0

DO 102 L=<£»s3

KEY=KEY+1

Ja=J2+1

Kl=K1l+1

DO 102 J=lsJ2
ALC=AA(JsKEY)/7AA(LIKEY )
DD(J)=DD(J)-=ALO*DD (L)
DO 102 K=K1ly412
AA(JsK)=AA(JsK)—ALO*AA(LSK)
KEY=1

L=KEY*6-6

068-0600
18059905
068-0602
068-0603
068-0604
068-0605

06
068-0606
068-0607
068-0608
068-0609
068~0610
068-0611
068-0612
068=-0613
068-0614
068=-0615
068-0616
068-0617
068-0618
068=-0619
068-0620
068=-0621
068-0622
068-0623
068-0624
068-0625
068-0626
068=-0627
068-0628
068-0629
068-0630
068-0631
068-0632
068-0633
068-0634

- £F =



104

105
106

107
108

109

I1=6

J1=L+4

J2=L+9

DO 105 11=1,3

L=L+1

I=1+1

DO 105 J=Jl,yJd
ALO=AA(JsI=6) /AA(LSI)
DO{J)=DD(J)=ALO*DD (L)
DO 1095 K=4s6
AA(JsK)I=AA(JsK)=ALO*¥AA(L2K+6)
IF{L+6=MATS1£)1065107+107
Ke=12

GO TO 108

K2=10

K1=3

I=1-6

J2=L+6

DO 109 1I1=1,5

L=L+1

I=1+1

Jl=L+1

Kl=1+1

DO 109 J=JdiyJl
ALO=AA(Js T} /AA(LSIT)
DO (J)=DD(JI)=ALO*DLD(L)
DO 109 K=K1lgK2
AATJIK)=AALJIK)~ALO¥AA(LsK)
L=L-4

I1=4

K1=5

Jl=L

J2=L=1

DO 110 [I=1i,5

L=L+1

I=1I+1

Kl=K1l+1

J2=Jd2+1

DO 110 J=Jiydd
ALC=AA(Js L) /AAILST)
DD(JY=DLI{JI~ALO*DD (L}
DO 110 K=Kl,yK2

068-0635
068-0636
068-0637
068-0638
068-0639
068-0640
068~-0641
068-0642
068-0643
068=-0644
068-0645
068-0646
068-0647
068-0648
068~0649
068-0650
068-0651
068—-0652
068-0653
068-0654
068=0655
068-0656
068-0657
068-0658
068-0659
068=0660
068~0661
068-0662
068-0663
068-0664
068=0665
068=0666
068=-0667
068~0668
068-0669
068=0670
068-0671
068-0672
068-0673
068-0674
068=0675
068-0676

>
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110 AA(LJsKI=AA(JsK)=ALO*AA(LK) 068=0677
IF(L-MATSIZy111s1129112 068-0678

111 KEY=KEY+1 068=-0679
GO TO 103 068-0680

112 DO 113 I=ls6 068-0681
J=EMATSIZ+1-] 068-0682
K=10-1 068-0683

113 C(J)=DD(J)I/AA(JIK) 068-0684
L=MATSIZ+3 068—-0685
MNO=MATSIZ-8 068-0686

DO 114 II=T,MNOs6 068-0687
L=L-6 068~-0688
K=10 068-0689

DO 114 JJ=1,6 068-0690
K=K=1 068-0691
Jzl-JdJ=2 068-0692

114 ClIY=(DDIJ)=CILI*AA(J212)=CIL=1)%¥AA(Js11)=C(L-2)%AA(JS10))/AA(JIK}068-0693
DO 115 I=1193 068-0694%

115 ClI)=(bLLi)=Ci4)RAA(TIs10)~=C(H)HAA(]+s11)=Cl(E)®AA(Ls12)}/ AA(IsI1+6) 068~0695
RETURN 068-0696

END 068=-0697

*® TYPE(FORTKAN) 05
SUBROUTINE BESS (ARG1sARG2sARG3sJSWs I sMeb) 068+0285
DIMENSION b(2492) 068+0286
B(2sJ5SW)=BIQ(ARGL1) 068+0287
Bi8sJswWw)=8I1(ARG1) 068+0288
BIlsJSW)=B(2sJSW)=2«/ARGL*B(83sJSW) 068+0289
BlTsJOW)=B(8sJoW ) ~44/ARGL*¥B(1sJU5W) 06840290
BlgsJSW)=bIQ(ARGZ) 068+0291
B(lOsJSW)=P[1{ARG2) 068+0292
Bl3sJowW)=blgsJow)=2./ARGZ*¥B(10sJow) 068+0293
B{9sJSW)=B(10sJSW ) =4 /ARG2¥B(34JSW) 068+0294
Bl(6sJSW)=BlQ(ARG3) 068+0295
B{llyJSW)=bI1({ARG3) 068+0296
B(5+JSW)=Bl(gsJOW)=24/ARG3¥B(11sJSW) 068+0297
Bll2sJSwW)=B(11lsJSW)=4«/ARGI¥B{(5sJ5W) 068+0298
IF(I=-M)5s606 068+0299

5 B(14sJ5w)=bKO(ARG1) 068+0300
B(20sJow)=pK1(ARGL) 068+0301
BI1l3sJOW)=L/ARGL#*D (209 JoW)+B(14sJ5W) 068+0302
B(1l9sJoW) =44 /ARCGL¥B(13sJOW)+B(20sJSW) 068+0303

B(l6sJow)=pKU(ARG2) 068+0304



3

4

2
)

4

B(22»JSW)=BK1(ARGZ2)
Bl15sJSw)=2 4 /ARG2¥B (229 J5W)+B(16sJ5W)

Bl2lsJSW) =4, /ARG2#B (15 JOW)I+B(22sJ5W)
Bl18sJSW)=BKOLARG3}

Bl249sJ5Sw)=bK1({ARG3)

BOLlT7sJOW) =L /ARG3*B( 243 JOowW)+B(18sJowW)

Bl23sJSW) =44 /ARG3*¥B117eJSW) T (24+J5W)

RETURN

END

TYPE(FORTRAN)

FUNCTION blQ (X)

IF (X=3475)2324+3

L=({X/3e15) ¥%/

BI0=16e0+Z2% (34515622942 % (340899424 +2%(1,20674G2+
12%( 42659724+ 2%( 403607608+ 4L% 40045813)1)))

GO TO 4

=34 75/X
BIO=(EXPFIX)/SQRTF(X) )% (+439894228+72%(«013285917+
12%( 4002253187 +4%(=o0015756494+72%(.009162808+2+
2{—=e020577003+7Z% (4 Q263555372+2%({=6016476329+2%
34003923767)311Y)31))

KETURN

END

TYPE(FORTRAN)

FUNCTICON BI11 (X)

IF (A=3475)29%253

2={X/3e75)%%2

BIl={eD+4# 1l q5709UbG4+2%(e51495565+44% (150849 34+
12%(4U2658733+L%(4uU301532+4%,00032411))))))%x
GO TO &

2=3s75/X
BIl=(EAPF{A/SQRTF(X) )% ({439894228+2%(=,039880242+72%(~,003620183+
12%{ 001030014+l %{ =4 01031550472 %{ 022829673 +L%{—+0285551«1+
22%1 4017676235 =L%#4004200587)2)13)1) 1))

RETURN

EnD

TYPE{FOKRTHAN)

FUNCTIQN oG (X))

IF {X=26012+23

22X/ 260 %D
SERIES=w g2/ 72156647 % o4 24T8U247%{ 423069756+
L2% 1 aUBaa859%+2% L, UU262698+ 0% 40001075+4%

N FIRY

068+0305
06840306
068+0307
068+0308
068+0309
068+0310
068+0311
068+0312
068+0313

04
068+0314
068+0315
068+0316
068+0317
068+0318
068+0319
068+0320
068+0321
068+0322
068+0323
068+0324
068+0325
066+0326

03
068+0327
068+0328
068+0329
068+0330
068+0331
065+0332
068+0333
068+0334
068+0335
068+0336
068+0337
068+0338

02
068+0339
068+0340
0686+0341
066+0342
068+0343
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2.0000074))))) ' 068+0344
BKO=SERIES—LOGF (X/24.0)¥BI0(X)} 068+0345
GO TO 4 068+0346
3 2=240/X 068+0347
BKO=(1e253531414+2%(=qUuT78%2358+ 068+0348
12%(4U2189508+4%(=~e01062446+2%(,00587872+2% 068+0349
2(=e0UZ5154+%4,00U53208)1)1)))) Z(SQRTF(A)*¥EAPF (X)) 068+0350
4 RETURN 068+0351
END 068+0352
TYPE (FORTRAN) 01
FUNCTION BK1 (X) 068+0353
IF(X=2e0)25253 06840354
2 2=(X/240) %% 068+0355
SERIES=140+Z%(e1544314442%(~46T72T78579+2%({—e18156897 068+0356
1+4Z2%(=o0191940242% (=4 00110404—2%400004686))) 1)) 068+0357
BK1=9ERIES/ X +LOGFIX/2esU)#BI1(AX) 068+0358
GO TO 4 068+0359
3 2=2.0/X 068+0360
BK1=(1e253531414+42%( 423490619 +2%(—~s0365562+2% ( 068+0361 E
1,01504268+L%{=e00780353+L%(600325614=2%400068245))11))11/{SQRTF{(X)* 068+0362
2EXPF (X)) 068+0363 “
4 RETURN 068+0364 :

END 06840365
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APPENDIX C

Sample Problem for CODE P3



REQUEST

JOB TITLE

CODE P-3

650 DATA

[ ~

SHEET

WRITTEN BY___

21-30

31-40

41 - 50
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WCX-2627 (9-56)



TEST CASE FOR CUDE P3

P3 OUTPUT

Ro@ RADIUS
1 491250
P4 206000
2 70000
4 805000
5 lueuQou
(] lie64>

TUTAL NeEvTRON PRUGLDUCTION

AVERAGE FLUX
l0eloYys
11.710%
127699
1340Q7
13.7792
13e%004

FLUX TRAVERSE IN REGION 1

RADLUS
200640
41280

FLUX
94830
10.865

FLUX TRAVERSE IN REGION 2

RADIUS
506000

FLUX

11.712
124348

FLUX TRAVERSE IN REGION 3

RADIUS
63000
740000

FLUX
12772
13117

FLua TRAVERSE [N REGION 4

RADIUS
77500
5e500U

FLUX
136404
13e622

FLUX TRAVERSE [~ REGICN 5

RADIUS
9025Q0C
1040000

FLUX TRAVERSE IN REGION 6

RADIUS
10.7322
11.4645

FLUX
13.783
134897

FLUX

13.969
1k.011

THERMAL UTIL.

0496336800
0400402565
040054077¢
000747904
000917948
0e010538b«

2340062

000000

STOMA-A
0«40710E~01
0017b80E-03
Qel72580E-03
0017550;-03
Qel7560E-Q3
Qel75580Lk=-03

SHOULL EQUAL TOTAL NcoulRON CwPTuke

SIGMA-S
0¢14400E-00
0+39800E-00
0+39800E-00
0¢395800E-00
035800E-00
0+39800c~00

MASS NUMocok

344962
12000
124000
12000
124000
12.000

2340059

SUUKCE TERM

Qe187
3574702
357702
3574702
3574702
3574702



AYPENDIX D

Sample Problem for CODE NTF3
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71 - 80

DATE ... ...

61-70

. —WRITTEN BY__

41 -50

IITIE

Tl ~ 1 L ) Lol 1
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650 DATA SHEET

31-40

.?5?01 |

8

CODE _NTP 3

21-30

JOB TITLE

nm-20
FIOR] cloD

i
t
i
t

T
|
|
1

€l INTIP3[-]-]-I6[als] [clo'®]LE
B
I
|
|
!

1
|
|
1

i
]

i
{0
T
|
i:
l

1

12l 10!
5. 6/0]
|
|
|
1

i

i

|
T
i
j
1

|

i

1-10-

T

REQUEST.

|
L
|

ASE
877

9464

|

|
i |
1.14/3/9(4

32/2

|
|
|
1

C|
1.3624
.05017

.1128

TEﬂ

eeJ.q

4

|

4 134,
is

25 742277
25/1.43.846

2i5/1.20/./5/196
00

25 91
00
ARNGE

|
=
2:1
s
0lo
00;

WCX«2627 (9-56)




TEST CASE FOR CUUE NTP3—=GA> COOLEDL GRAPHITE REACTOR

P3 QUTPUT
REG RAVIUS
Z 506000
3 7.0000
4 842000
5 1040000
6 lled4645

TUTAL NEUTRON PrODUCTION

AVERAGE FLUA
100930
1le6252
126793
1343076
13e6045
1345696

FLUX TRAVERSE IN REGION 1

RADIVS
240640
401260

FLUX
9e755
10785

FLUA TRAVERSE IN REGION 2

RADIUS
448640
546000

FLUX
11.627
124239

FLUX TRAVERSE IN'REGION 3

RADIUS
043000
70000

FLUX
12,661
13.025

FLuXx TRAVERoE IN RzCION 4

rRADIUS
77500
3¢500C

FLUX
134311
134528

FLUx TRAVERSE IN REGION &

RADIUS
942500
10,0000

FLUX TRAVERSE IN REGION 6

RADIUS
10.7322
11.4645

FLUX
13.689
134802

FLUX
13.873
13.915

THERMAL UTILe.

0962¢7772
000414421
000556806
0400770248
000945365
0.01085386

229789

SIGMA=A
0e405<5E~01
0.182095-03
0.18209E~-03
Qe18cQ9E~Q3
0e18209E-03
0e18209€E-~03

S IGMA-5
Qe 1440Q0E-00
0e39752E=-00
039752E=00
0e39752E=-00
0e39752E-00
0e39752E-00

SHOULU EQUAL TOTAL NEUTRON CAPTURE

MAS> NUMBER
344962
11,990
11.990
11990
11.990
11.990

2249791

SOUKCE TER#
0.186
344,923
3444923
3444923
344,923
344,923

- & -



MOD TEMP 64600000E 02

NEUT TEMP 7+566326E 02

FLUX DISADVANTAGE FACTORS(I)
1.000000E 00 1«151808E QO 1s256247E Q0O le3i8492E 00

1355833k 00

le374180E 00
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Distribution
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