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Abstract

The Fortran code AVKER calculates neutron kerma factors which may be
used to determine dose or heat generation rates in materials. The program
allows the evaluation of the kerma factors for any desired composition
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LEGAL NOTICE

This report was prepared 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 imp Iied, with respect to the accuracy,

completeness, or usefulness of the information contained in this report, or that the use of

any information, apparatus, method, or process di sclosed 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 information, apparatus, method, or process disclosed in this report.

As used in the above, "person acting on behalf of the Commission" includes any employee or

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

or contractor of the Commission, or employee of such contractor prepares, dissemmures, or

provides access to, any information pursuant to his employment or contract with the Commission,

or his employment with such contractor.



Introduction

A knowledge of heat generation rates and dose in materials resulting

from neutron interactions is frequently necessary in both design and experi

mental work. In most applications, these quantities can be estimated by

using predetermined neutron kerma factors. Kerma (kinetic energy released

in materials) can be calculated with an accuracy limited only by the un

certainties in the nuclear parameters since kerma is concerned only with

the energy released at a point rather than the subsequent particle trans

port and energy deposition. However, for practical purposes the kerma

can be taken as equal to the energy deposition at the point of neutron

interaction; that is

N

Dose or Heat Generation Rate at r= ) K(Ei) y(V±,T)
i=l

where

cp(E.,r) = average neutron flux at r in energy group i (n/cm2 sec),

K(E.) = kerma factor for energy group i (watts*/gm)/(n/cm2 sec),

N = number of energy groups.

The Fortran code AVKER was written to obtain group average kerma factors

for various compositions and for any desired energy group structure. The

program allows the evaluation of kerma factors for any desired composi

tions that can be made up from the elements presently available in the

kerma library1 (Table l). An average value of the kerma factor can then

be obtained for any arbitrary group structure with either a flat or l/E
weighting within the limits of 19.2 MeV and 0.023 eV.

This report contains a description of the kerma factor data that is

presently available on the kerma library tape which is to be used with the

program AVKER. A description of the data card input required to run the

program is also given along with a sample problem and a listing of its

output.

*Ergs or rads are used when doses are to be calculated.
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KERMA. Library

The total kerma factor for an element is found by summing the average

initial kinetic energies imparted to the struck nuclei and the kinetic

energies imparted to the charged particles emitted. Therefore the kerma

factor for a given element at a given neutron energy is calculated as fol

lows:

KF (ergS'b/atom) = c ) a. E.
J 0

0

where

a. = microscopic cross section for reaction j (b/atoms),

E. = average energy released by reaction j (MeV),
J

c = 1.602 x 10~6 ergs/MeV.

The methods used to calculate the energy released by each type of

reaction are given in ref. 2.

The kermafactors for each of 18 elements is presently available in the

KERMA library and each element was calculated as the sum of the contribu

tion from the reactions listed in Table 2. The calculations were performed

at 8l6 discrete neutron energies corresponding to the supergroup-subgroup

structure of the 05R code3 which covers a range from 0.023 eV to IS. 2 MeV.

Cross Sections Used

In the kerma library, the cross sections for H, Na, Si, S, K, and Ca

were taken from the 05R Library,4 and the Li-6, Li-7, Be, C, N, 0, Mg, Al,
Fe and Nb came from EKDF/B.5 The CI cross sections were generated by

Craven.6 The authors compiled the P cross sections, mainly for BNL-3257
and the F cross sections from GAM-II.8



Table 1. Kerma Library

I.D. Number Element

1000 Hydrogen

3001 Lithium-6

3002 Lithium-7

Uooo Beryllium

6000 Carbon

7000 Nitrogen

8000 Oxygen

9000 Flourine

11000 Sodium

12000 Magnesium

13000 Aluminum

14000 Silicon

15000 Phosphorus

16000 Sulfur

17000 Chlorine

19000 Potassium

20000 Calcium

26000, Iron

41000 TTiobium



Table 2.

I.D. Number

1000

3001

3002

4000

6000

7000

8000

9000

Reactions Considered in Calculation of Kerma

Element

Hydrogen

Lithium-6

Lithium-7

Beryllium

Carbon

Nitrogen

Oxygen

Flourine

Type of Reaction

Elastic Scattering
Neutron Capture

Elastic Scattering
Inelastic Scattering

Neutron Capture
(n,n',a)
(n,2n.a)
(n,p)a
(n,a)

Elastic Scattering
Inelastic Scattering

Neutron Capture

(n,2n)
(n,n'a)
(n, 2nof)
(n,d)a

Elastic Scattering
Inelastic Scattering
Neutron Capture

(n,a)a
(n,t)
(n,2n)

Elastic Scattering
Inelastic Scattering

(n,a)

Elastic Scattering
Inelastic Scattering

Neutron Capture
(n,2n)b
(n,p)
(n,d)
(n,t)
(n,a)
(n,2or)

Elastic Scattering
Inelastic Scattering

(n,p)a
(n,a)

Elastic Scattering
Inelastic Scattering
Neutron Capture8,
(n,p)a
(n,ff)a
(n,2n)b



I.D. Number

11000

12000

13000

14000

15000

16000

17000

19000

20000

Table 2 (Cont'd.)

Element

Sodium

Magnesium

Aluminum

Silicon

Phosphorus

Sulfur

Chlorine

Potassium

Calcium

Type of Reaction

Elastic Scattering
Inelastic Scattering
Neutron Capture8,

Elastic Scattering
Inelastic Scattering
Neutron Capture
(n,p)a
(n,or)
(n,n'p)

Elastic Scattering
Inelastic Scattering
Neutron Capture8,
(n,2n)
(n,n'p)
(n,a)

Elastic Scattering
Inelastic Scattering

Elastic Scattering
Inelastic Scattering
Neutron Capture3-
(n,P)a
(n,a)
(n,2n)
(n,n'p)

Elastic Scattering
Inelastic Scattering
Neutron Capture

Elastic Scattering
Neutron Capture

(n,p)
(n,c*)a

Elastic Scattering
Inelastic Scattering
Neutron Capture
(n,p)
(n,a)
(n,d)
(n,2n)b
(n,n'a)

Elastic Scattering
Inelastic Scattering



Table 2 (Cont'd.)

I.D. Number Element

26000 Iron

41000 Niobium

a. Beta decay after reaction included.
b. Positron decay included.

Type of Reaction

Elastic Scattering
Inelastic Scattering

Neutron Capture
(n,2n)
(n,p)a
(n,o?)

Elastic Scattering
Inelastic Scattering

Neutron Capture

(n,p)
(n,*)a
(n,2n)



Input Instructions for AVKER

Card 1 Format (l8A4)

72 Columns of Hollerith information, used to title output.

Card 2 Format (315)

DescriptionColumn

1-5

6-10

11-15

Variable

NE

LT

NG

Number of elements in desired composition

0 Kerma factors will be calculated for this com
position at 8l6 energy points

1 Kerma factors will be calculated for this com
position for the desired group structure using
a flat weighting

2 Kerma factors will be calculated for this com
position for the desired group structure using
a l/E weighting

Number of groups for which kerma factors are to be
calculated (if LT > 0).

Cards 3 Format (l5,E12.5,8Alt)

Column Variable Description

1-5

6-17

18-59

idn(k)

den(k)

unit(k)

I.D. number of first element in composition as
given in Table 1. (Elements must be listed
starting with the lowest I.D. number and proceed
ing to the highest.)

Density of first element in composition. (For
example, atoms/to -cm or atoms/gm).

Name of first element in composition and/or
other type of identification, used to title
output.

Note: There must be a card 3 for each element in the composition.

Cards It Format (E10.5) (if LT > 0)

Column Variable Description

1-10 EG(l) First energy boundary of desired group structure
starting with highest energy (cannot exceed 19.2
MeV)
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Cards 4 (cont'd.)

Column Variable Description

11-20 EG(2) Second energy boundary

EG(NG+l) Last energy boundary (cannot be less than 0.023
eV).

Note: In addition to the card input data described above, the AVKER code

uses a magnetic tape to feed into the fast memory the kerma library

data. The tape to be used is a 9-track, high-density tape with one

file and is designated as logical 11 in the code.
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APPENDIX I

Sample Problem

Input and Output



COOED BY .

DATE

STATEMENT

.REQUEST NO. = FORTRAN
PROBLEM .

PROGRAM .

PACE

FORTRAN STATEMENT

7 |« 9 IKM11M2]13 14|lo|ll|l2Jl3 14 1»[ie|l7|l» 1^»|»l[a]2l[»4|a|»l|27|2l|M[lo[ll «|»»|»«|l» Mn|»«

104 Gte/l/P KERM f/terfas F$R j£0 ttiXTH FLAT UEZMTttit
Z\ I 104

J60d\ Q.6i7 ttyVRJGEi/
woo 0.0336 ftyuR

WiJll n|ll MHM|17««|m •1 >2 <1 14 u H tl Mkl 10 71 11 71 14E
IDENTIFICATION

CMp I

CARD 2

t/)R0 3 A

CARD 36
1,50060 +7 /,24ffa/7 1.21/^6+7 J• IOSI7+7 1,60066 +7 1.64**7+1 i./nn +t 7.?0gl*+t>
7,6oopy H L,76310+1. (t.Ufioprt.l.OissitL c.ftiMu f.ldffSU l.isoooU 4-.*7?3?}+L
4.06S?p ti H7*?1fl 1.2JL97JH S.OJWttC Z.7J53H4L Jt.*ti&7+L. Z'?S-too>rt. 2.23I36U
A.0/W&-H l.t2U3H I•LSAtftL I -4fStl4L l.3^33b'fC I. Mi&H /./jn3 4C /.dOlSf+C
1.o7i't\ t£ r.wesoj-c 7 WZi+z l.JMSSic l.niats r.$61324? f.fftf/ts +.Mfa+*
V.07bjj +S J ,£,f??i4<r 3-33753+S 3.0117*4* 3.7 32374* 2.^22S4r 2.J37Jf4f 2,0Wtf4*
htlisty +s- /.IS727+? l.tf<tfS£4sr 1.3SIU+Z I.22773+? I •Il61o4C $,is-/ci +rC'1371444
5,2i75Q 4<j> f,tit7?+? Uf37?H 2.f7S?^4 ),1?p<4*U I .?*344+4 I. lynri+t f. //7W3
7,1617<4 tJ S.SSden-3 4,36741 +2 3,3SViit3 X. (,175942 2 ,0346g+S l.Stftl43 1,134/o+i
f,HU\7 f* 7,fgSift2 5.72m+Z 4^'7ffl42 3.S3S1S4Z 2.7Sj^"tl J./MW/l I ,C7dl') +*
1,3*0*71 i2 htltClU 1.M13S4/ If, 144*141 i,7t*lA+l l.72<ts--+l 2.9*13*// 2.ZC0??*/
1,760?\5 tl I.376H+I I-OC77CH Y-3IS21 l.f7Sf<? S.frftfS 3.927M 3. 0?7dJ
J.ffJTf? /.n$*f I.Wtf? . 1,12535 ?.7C?2S--I L.tlSLI-l f.3/579-/ <j. /ffo - /

I I I

H
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104 CROUP KERM FACTORS F08 H20 WITH FLAT WEIGHTING

NUMBER OF ELEMENTS FOR THIS COMPOSITION - 2

10 NUMBER ANQ CCNCETRAT ION OF ELEMENTS IN COMP.

1000

8000

0.67CC0E-01
0.335006-01

f-VCROGEN

CXYGEN

KERMA FOR FINE GROUP STRUCTURE

ENERGY

0.192C8E

0.18605E

0.180C3E
0.174C0E
0.167S8E

0.1619SE

0.15592E
0.14990E

0.14387E
0.13785E

0.13182E
0.12579E

0.119776
0.113746

0.107726
0.10169E

0.96041E

0.93028E

0.90015E

0.870C1E

0.83988E

0.80975E
0.77962E

0.74949E

0.71936E
0.68923E

0.65910E

0.62897E
0.59884E

0.56871E
0.538S8E
0.508456
0.480206

0.46514E
0.450C7E

0.435016

0.41944E
0.40488E

0.389816

0.374756
0.359686
0.344626

0.329556

KERM ENERGY

08 C

08 0.

08 0
08 0.

08 0.

08 C.

08 0.
08 0

08

08

08

08

08

C8

08

08

07

07

07

07

07

07

07

07

07

07

07

07

07

07
07

07
07

07

07

07

07
07

07

07

07

07

07

828706-06

818196-06

B0753E-C6
79639E-06
78339E-06

77022E-06

756866-06

74272E-06

71567E-06

67719E-06
63702E-06

63463E-06
642966-06
635606-06
610176-06
,605046-06

,585406-06
,572226-06,
.566046-06

,558276-06
,555596-06

,542956-06
,548346-06

,532946-06
.571446-06
.513436-06
.524596-06

499426-06
.497646-06

,493876-06
,469886-06

• 5O571E-06
.462616-0 6

.46042E-06

.44614E-04

.43550E-06
461546-06

.434626-06

.439396-06

.447996-06

.434756-06

.433976-06
428486-06

0.190576

0.184556

0.178526

0.172506
0.166476

160446

154426

148396

142376

136346
130316

0.124296
0.118266

0.112246
0.106216

0.100186
0.S52876

0.922746

0.892616

0.E62486
0.832356

0.802226
0.77209E

0.74196E

0.71183E

0.68170E
0.65157E
0.62144E

0.59131E

0.56118E
0.53105E
0.500926
0.476446

0.46137E
0.4463 IE

0.<3124E
0.416186
0.401116
0.386056
0.37C986
0.355916

0.340856

0.325786

KERMA ENERGY KERMA

08 C.826096-06 0.

88 0.8 15546-06 0.
C8 0.804846-06 0.
08 0.793166-06 0.
08 C.78012E-06 0.

08 0.76689E-06 0.

189C7E

18304E

17702E

17099E

164966

158946

15291E

14689E

140866

134836

128816

122786

11675E

11073E

,10470E

,986776

.945346

.915216

.885086

.854956

.824826

.794*96

.764566

.73443E

.70430E

.67417E

.64404E

.61391E

.58378E

.55365E

•52352E

.49338E

.47267E

.457606

.442S4E

.4274TE

.41241E
397346

.382286

.367216

.352156

.337086

322026

08 0.

08 0.

08 0.

08 0.

OS 0.

08 0.

08 0.

08 0.

82 3476

81288E

80214E-

78991E-

77683E

76356E

75013E

73389E-

70244E-

65030E-

63112E-

63642E-

64574E-

63007E-

60677E-

59666E-

57951E-

56687E-

56166E-

54928E-

55662E-

53653E-
53781E-

54365E-

52586E-

5274*6-

516936-

497586

,492226-

,479316

,470876

.46996E

45491E

.45522E

.45137E

.451226
.44727E

44131E-

442426
.438876
.433606

.433936

412926

08 C.75350E-06 0
0.73608E-06 0.
0.70906E-06 0.

08 C.66287E-06 0.
08 C.63121E-06 0.

08 C.63604E-06 0.
08 0.64869E-06 0.
08 0.63468E-06 0.

08 0.60699E-06 0.
08 C.60025E-06 0.
07 0.58285E-06 0.
07 C.56725E-06 0.

C.56005E-06 0.
0.55252E-06 0.

0.55630E-06 0.
0.53314E-06 0.
0.54173E-06 0.
C.5 3906E-06 0.

0.53333E-06 0.
C.52910E-06 0.

0.50859E-06 0.

0.49776E-06 0.
0.51232E-06 0.
0.496056-06 0.

C.468676-06 0.
0.477216-06 0.

07 0.456226-06 0.
07 0.46205E-06 0
07 0.44610E-06 O

07 0.45889E-06 0
07 0.460916-06 0
07 0.43929E-06 0

07 0.438766-06 0
07 0.439266-06 0
07 0.434336-06 0

C.434096-06 0
0

07

07

07

07

07

07

07

07

07

07

07

07

07

07

07

07 0.421856-06

08 0.

08 0.

08 0.

08 0.

08 0.

07 0.

07

07

07

07

07

07

07

07

07

07

07

07

07

07

07

07

07

07
07

07

07
07

07

07

07

07

07

ENERGY KERMA

06 0.

06 0.

06 0.

06 0.

06 0.

06 0.

06 0.

06 0.

06 0.

06 0.

06

06

06

06

06

06

06

06

06

06

•06

•06

-06

06

-06

•06

-06

-06

-06

-06

-06

-06

-06

-06

-06

-06

-06

06

06

-06

-06

06

-06

08 0

08 0.

82083E-06

81021E-06

79943E-06

78666E-06

77353E-06

76022E-06

74675E-06

72589E-06
69191E-06

64330E-06

63289E-06

637306-06
64201E-06

61905E-06

60672E-06

59064E-06

57608E-06

56835E-06

56290E-06

55009E-06

553286-06

543536-06
535236-06

554046-06

515766-06
524526-06

520616-06

50062E-06

48816E-06

46868E-06

49119E-06

47933E-06

,453606-06

,460466-06
,448286-06

,454466-06
.43718E-06

,440986-06

,463886-06
.436356-06
.432336-06

.431526-0*

.404596-06

08

08

08

08

08

08

08

08

08

18756E

18154E

17551E

16948E

16346E

15743E

15140E

1453BE

13935E

13333E

12730E

121276
11525E

10922E

10320E

97170E

93781E

90768E

87755E

84742 E

81729E

78716E
75703E

726906

69676E

66663E

63650E

60637E

.57624E

.54611E
•51598E

.48585E

468906

.45384E
43877E

.423716
408646

.393586

.378516

.363456

.348386

.333326

.318256

08 0.

08 0.

08 0.

08 0.

07 0.
07 0.

07 0.

07 0

07 0.

07 0

07 0.

07 0

07

07

07

07

07

07

07

07

07

07

07
07

07

07

07

07

07

07
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0.31449E 07 0.39959E-06 0.310726 07 0.394896-06 0.306956 07 0.392286-06 0.303196 07 0.390366-06
0.299426 07 0.388046-04 0.295656 07 0.384516-06 0.29189E 07 0.380866-06 0.288126 07 0.377996-06
0.284366 07 0.375916-06 0.280596 07 0.373826-06 0.276826 07 0.371926-06 0.273066 07 0.370056-06
0.269296 07 C.368156-06 0.(65526 C7 0.366266-06 0.26176E 07 0.364286-06 0.257996 07 0.362226-06
0.254226 07 0.359926-06 0.250466 07 0.357266-06 0.246696 07 0.353486-06 0.242936 07 0.347726-06
0.240106 07 0.341376-06 0.238226 07 0.337076-06 0.236336 07 0.335436-06 0.234456 07 0.337086-06
0.232576 C7 C.339766-06 0.230696 07 0.341606-06 0.228806 07 0.342466-06 0.226926 07 0.342536-06
0.225C46 07 0.342276-06 0.223156 07 0.341636-06 0.221276 07 0.340926-06 0.219396 07 °*3*00SE-06
0.217506 07 0.339076-06 0.215626 07 0.338056-06 0.213746 07 0.33694E-06 0.21185E 07 0.33582E-06
0.209976 07 0.334686-06 0.208096 07 0.333486-06 0.206206 07 0.332256-06 0.204326 07 0.330996-06
0.202446 07 0.329716-04 0.200556 07 0.328396-06 0.198676 07 0.326966-06 0.196796 07 0.325466-06
0.194916 07 C.323876-06 0.193026 07 C.322612-06 0.191146 07 0.324456-06 0.189266 07 0.328266-06
0.187376 07 0.324446-04 0.185496 07 0.32212E-06 0.183616 07 0.336876-06 0.181726 07 0.323616-06
0.179846 07 0.316206-06 0.177966 07 0.314166-06 0.176076 07 0.312436-06 0.174196 07 0.310846-06
0.172316 07 0.309296-06 0.170426 07 0.307773-06 0.168546 07 0.306356-06 0.166666 07 0.313366-06
0.164786 07 C.304916-0* 0.142896 07 0.301686-06 0.161016 07 0.300056-06 0.159136 07 0.298476-06
0.157246 07 0.296896-06 0.155366 07 C.295306-06 0.153486 07 0.293716-06 0.151596 07 0.292106-06
0.149716 07 C.290486-06 0.147836 07 0.288846-06 0.145946 07 0.287226-06 0.144066 07 0.285596-06
0.142186 07 C.283916-0* 0.140296 87 C.28229E-06 0.13841E 07 0.28075E-06 0.13653E 07 0.279806-06
0.13464E 07 0.27930E-06 0.13276E 07 C.28329E-06 0.13088E 07 0.29052E-06 0.12900E 07 0.28543E-06
0.12711E 07 C.27840E-06 0.12523E 07 0.27446E-06 0.12335E 07 0.27174E-06 0.12146E 07 0.26964E-06
0.120C5E 07 0.26817E-06 0.119116 07 0.2673*6-06 0.118176 07 0.266576-06 0.117236 07 0.265796-06
0.116286 07 C.265156-06 0.115346 07 0.264566-06 0.114406 07 0.263966-0* 0.11346E 07 0.26354E-06
0.11252E 07 0.26325E-06 0.11158E 07 0.262936-06 0.110636 07 0.26283E-06 0.10969E 07 0.26307E-06
0.108756 07 0.263286-06 0.107816 07 0.263726-06 0.106876 07 0.26490E-06 0.10593E 07 0.266076-06
0.10499E 07 C.26733E-06 0.104046 07 0.269356-06 0.103106 07 0.271566-06 0.10216E 07 0.27383E-06
0.10122E 07 0.27527E-06 0.10028E 07 C.275916-06 0.99336E 06 0.27415E-0* 0.98395E 06 0.27032E-06
0.97453E C6 C.265526-06 0.565116 06 0.260036-06 0.955706 06 0.254996-06 0.946286 06 0.250576-06
0.936876 06 0.246226-06 0.S2745E 06 0.242406-06 0.918036 06 0.239646-06 0.908626 06 0.236956-06
0.899206 06 0.234436-0* 0.889796 06 0.232466-06 0.880376 06 0.230586-06 0.870966 06 0.228736-06
0.861546 06 0.227136-06 0.852126 06 C.225596-06 0.842716 06 0.22405E-06 0.833296 06 0.22262E-06
0.8238BE 06 0.22122E-O6 0.81446E 06 0.21983E-06 0.805056 06 0.218476-06 0.795636 06 0.217136-06
0.786216 06 0.215776-06 0.776806 06 0.214426-06 0.767386 06 0.213096-06 0.757976 06 0.211756-0*
0.748556 06 C.210416-06 0.739146 06 0.209076-06 0.729726 06 0.20774E-06 0.72030E 06 0.206396-06
0.710896 06 0.205056-0* 0.701476 0* 0.203706-06 0.6920*6 06 0.20234E-06 0.68264E 06 0.20097E-06
0.67323E 06 C.19960E-06 0.663816 06 0.198226-06 0.654396 06 0.196846-06 0.644986 06 0.195456-06
0.635566 06 0.194056-0* 0.626156 06 0.192646-06 0.61673E 06 0.19121E-06 0.60732E 06 0.18977E-06
0.60025E 06 0.18868E-06 0.595556 86 0.187996-06 0.590846 06 0.187296-06 0.586136 06 0.186596-06
0.581426 06 C.185886-06 0.576716 06 0.185176-06 0.572016 06 0.184456-06 0.567306 06 0.18377E-0*
0.562596 C6 C.183116-06 0.557886 06 0.182446-06 0.553176 06 0.181766-06 0.548476 06 0.18108E-06
0.54376E 06 C.180S8E-0* 0.S3905E 06 0.17968E-06 0.534346 06 0.178976-06 0.529646 06 0.178256-06
0.524936 06 C.177546-06 0.520226 06 0.176936-06 0.515516 06 0.17633E-06 0.51080E 06 0.17572E-06
0.50610E 06 0.17525E-06 0.501396 06 0.174826-06 0.496686 06 0.174296-06 0.491976 06 0.174026-06
0.487266 06 C.173896-C6 0.482566 06 C.173756-06 0.477856 06 0.173956-06 0.473146 06 0.174606-06
0.468436 06 0.175636-06 0.463736 06 0.177436-06 0.459026 06 0.179556-06 0.454316 06 0.182426-06
0.449606 06 0.185476-06 0.444896 06 0.187906-06 0.440196 06 0.188866-06 0.435486 06 0.18793E-06
0.43077E 06 0.18540E-06 0.426066 06 0.182086-06 0.421356 0* 0.178336-06 0.416656 06 0.174926-06
0.411946 0* 0.171626-06 0.407236 06 0.1*8726-0* 0.402526 06 0.166166-06 0.397816 06 0.16381E-06
0.39311E 06 0.161976-06 0.38840E 06 0.159866-06 0.383696 06 0.158196-06 0.378986 06 0.156536-06
0.374286 06 0.154926-06 0.3*9576 06 0.153496-06 0.3*4866 06 0.152076-06 0.3*0156 06 0.150686-06
0.355446 06 0.149446-06 0.350746 06 0.148236-06 0.346036 06 0.147016-06 0.341326 06 0.145796-06
0.336616 06 C.144576-06 0.331906 06 0.143356-06 0.327206 06 0.142136-06 0.32249E 06 0.140906-06
0.317786 0* 0.139*76-06 0.313076 06 0.138446-06 0.308376 06 0.137206-06 0.303666 06 0.135976-06
0.300136 0* 0.135036-0* 0.297776 06 0.134426-06 0.295426 06 0.133806-06 0.2930*6 06 0.133186-06
0.290716 06 0.132556-06 0.288366 06 0.131936-06 0.286006 06 0.1313t6-0* 0.283656 06 0.130686-06
0.281296 06 0.130056-06 0.278946 06 0.129426-06 0.27659E 06 0.128796-06 0.274236 06 0.128136-06
0.271886 0* 0.127526-0* 0.26953E 06 0.12688E-06 0.26717E 0* 0.126256-0* 0.264826 06 0.125626-06
0.262466 06 0.12498E-06 0.26011E 06 0.12434E-06 0.2577*6 06 0.123706-06 0.25540E 06 0.1230*6-06
0.253C36 0* 0.12242E-04 0.250*96 0* 0.121776-06 0.248346 06 0.121116-06 0.245996 06 0.120446-06
0.243436 0* C.1197*6-0* 0.241286 0* 0.119086-06 0.238926 06 0.118406-06 0.23637E 0* 0.117726-06
0.23422E 0* 0.117046-06 0.2318*6 06 0.11*356-0* 0.229516 06 0.115666-06 0.227156 06 0.114976-06
0.224806 06 0.114276-06 0.222456 0* 0.11358E-06 0.22009E 06 0.112886-06 0.217746 06 0.112196-06
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0.215386 06 0.111486-06 0.213036 06 C.110786-06 0.210686 06 0.110076-06 0.208326 06 0.109366-06

0.205976 06 0.108656-06 0.20362E 06 0.107936-06 0.201266 0* 0.107216-06 0.198916 06 0.10*486-0*
0.19*556 06 0.105736-0* 0.194206 06 0.104986-0* 0.191856 06 0.104226-06 0.189496 06 0.103476-06
0.187146 06 0.102706-06 0.184786 0* 0.101946-06 0.182436 06 0.101176-06 0.180086 06 0.100406-06
0.177726 06 C.996206-07 0.175376 06 0.988396-07 0.173016 06 0.980546-07 0.170666 0* 0.972*56-07
0.168316 06 0.964716-07 0.1*5956 06 0.956736-07 0.163606 06 0.948706-07 0.161246 06 0.940636-07
0.158896 06 0.932516-07 0.196946 06 0.924356-07 0.154186 06 0.916136-07 0.151836 06 0.907876-07
0.150066 06 0.901596-07 0.147716 06 0.892666-07 0.145366 06 0.883*26-07 0.143006 06 0.874346-07
0.14065E 06 0.86541E-O7 0.I3829E 06 0.85621E-07 0.13594E 06 0.84696E-07 0.133596 06 0.837656-07
0.131236 06 0.828296-07 0.128886 06 C.818866-07 0.12652E 06 0.80937E-07 0.124176 06 0.799826-07
0.121826 06 0.790206-07 0.119466 06 C.780516-07 0.117116 06 0.770756-07 0.114756 06 0.76093E-07
0.11240E 06 0.75102E-O7 0.I1005E 0* 0.741056-07 0.107696 06 0.730996-07 0.105346 06 0.72086E-07
0.10298E 06 C.71064E-07 0.10063E 06 C.70035E-07 0.982776 05 0.689526-07 0.959236 05 0.678446-07
0.935696 05 0.667276-07 0.912156 05 0.65601E-07 0.888616 05 0.644666-07 0.865076 05 0.63322E-07
0.84153E 05 0.621676-07 0.817996 05 C.61001E-07 0.79445E 05 O.59B17E-07 0.770916 05 0.58596E-07
0.75032E 05 0.57518E-07 0.73855E 85 0.56899E-07 0.72678E 05 0.56276E-07 0.71501E 05 0.55649E-07
0.70324E 05 C.55020E-07 0.691476 05 0.543386-07 0.679706 05 0.53633E-07 0.66793E 05 0.52926E-07
0.65616E 05 0.52216E-07 0.«4439E 05 0.51503E-07 0.63262E 05 0.50787E-07 0.62085E 05 0.50067E-07
O.6O908E 05 0.49344E-07 0.59731E 05 0.48623E-07 0.585546 05 0.479156-07 0.573776 05 0.472036-07
0.56200E 05 0.46487E-07 0.55023E 05 0.45764E-07 0.53846E 05 0.44985E-07 0.52669E 05 0.44198E-07
0.514S2E 05 0.43408E-07 0.'03156 05 0.42613E-07 0.49138E 05 0.41842E-07 0.47961E 05 0.41075E-07
0.46784E 05 0.4O3O4E-OT 0.45607E 05 0.39529E-07 0.444316 05 0.387346-07 0.432546 05 0.37918E-07
0.42077E 05 0.37098E-07 0.40900E 05 0.36273E-07 0.397236 05 0.354256-07 0.385466 05 0.345146-07
0.37516E 05 0.33714E-07 0.36927E 05 0.33256E-07 0.36339E 05 0.32797E-07 0.35750E 05 0.32336E-07
0.35162E 05 0.31875E-07 0.345736 05 0.314346-07 0.339856 05 0.309996-07 0.33396E 05 0.30563E-07
0.328C8E 05 C.30126E-07 0.322196 05 0.296876-07 0.316316 05 0.29247E-07 0.31042E 05 0.288056-07
0.30454E 05 0.28361E-07 0.298666 05 0.27913E-O7 0.29277E 05 0.27453E-07 0.28689E 05 0.26991E-07
0.28100E 05 0.26527E-07 0.27512E 05 C.26O59E-07 0.269236 05 0.255546-07 0.263356 05 0.250456-07
0.25746E 05 0.24534E-07 0.25158E C5 0.24023E-07 0.24569E 05 0.23517E-07 0.23981E 05 0.23013E-07
0.23392E 05 0.225086-07 0.228046 05 C.22001E-07 0.222156 05 0.215026-07 0.21627E 05 0.21011E-07
0.21038E 05 0.20519E-07 0.20450E 05 C.20025E-07 0.198616 05 0.195266-07 0.192736 05 0.190176-07
0.18758E 05 0.185706-07 0.184646 05 0.183146-07 0.181696 05 0.18057E-07 0.17875E 05 0.17800E-07
0.17581E 05 0.17543E-07 0.172876 05 0.172736-07 0.169926 05 0.17OOOE-07 0.16698E 05 0.16726E-07
0.16404E 05 0.164516-07 0.16110E 05 C.16176E-07 0.15815E 05 0.15901E-07 0.155216 05 0.156266-07
0.15227E 05 0.15350E-07 0.14933E 05 C.15075E-07 0.14638E 05 0.14803E-07 0.14344E 05 0.14532E-07
0.14050E C5 0.14259E-C7 0.137566 05 0.139866-07 0.134626 05 0.137136-07 0.131676 05 0.13439E-07
0.12873E 05 0.13164E-07 0.12579E 05 0.12889E-07 0.122856 05 0.126106-07 0.U990E 05 0.123296-07
0.U696E 05 C.12047E-07 0.U402E 05 C.11765E-07 0.11108E 05 0.U483E-07 0.10B13E 05 0.11200E-07
0.10519E 05 0.10916E-C7 0.10225E 05 0.10632E-07 0.99307E 04 0.10349E-07 0.96364E 04 0.1O072E-07
0.93790E 04 0.S8284E-08 0.92318E 04 0.96892E-08 0.90847E 04 0.95498E-08 0.89376E 04 0.94093E-08
0.879C5E 04 0.92678E-08 0.86434E 04 C.91260E-08 0.84962E 04 0.89839E-08 0.83491E 04 0.88417E-08
0.820206 04 0.86993E-08 0.80549E 04 0.85566E-08 0.790786 04 0.84090E-08 0.776O6E 04 0.82585E-08
0.76135E 04 0.81078E-08 0.T4664E 04 C.79570E-08 0.731936 04 0.780616-08 0.717216 04 0.765516-08
0.702506 C4 C.750396-08 0.487796 04 0.735206-08 0.673086 04 0.719996-08 0.658376 04 0.70476E-08
0.64365E 04 0.68952E-08 0.62894E 04 0.67427E-08 0.614236 04 0.65900E-08 0.59952E 04 0.64376E-08
0.58481E 04 0.62884E-08 0.57009E 04 C.61392E-08 0.55538E 04 0.59898E-08 0.540676 04 0.58370E-08
0.525966 04 0.568236-08 0.!11256 04 0.552756-08 0.496536 04 0.53720E-08 0.481826 04 0.521506-08
0.46895E 04 0.50775E-08 0.46159E 04 C.49990E-08 0.45424E 04 0.49204E-08 0.44688E 04 0.48418E-08
0.43952E 04 0.47631E-08 0.43217E 04 C.46845E-08 0.424B1E 04 0.46058E-08 0.41746E 04 0.45272E-08
0.41010E 04 0.44485E-08 0.40274E 04 0.43697E-08 0.395396 04 0.429106-08 0.388036 04 0.421236-08
0.380686 04 0.413356-08 0.373326 04 0.405476-08 0.365966 04 0.397596-08 0.35861E 04 0.389706-08
0.351256 04 0.38182E-08 0.343896 04 0.37393E-08 0.33654E 04 0.36604E-08 0.32918E 04 0.358146-08
0.32183E 04 C.350256-08 0.31447E 04 C.34235E-08 0.30711E 04 0.33445E-08 0.29976E 04 0.32655E-08
0.29240E 04 0.318*46-08 0.285056 04 0.31073E-08 0.27769E 04 0.30282E-08 0.27033E 04 0.29491E-08
0.26298E 04 0.286996-08 0.25562E 04 0.279076-08 0.248276 04 0.271156-08 0.24091E 04 0.26322E-08
0.23447E 04 0.256286-08 0.230806 04 0.252326-08 0.227126 04 0.248356-08 0.223446 04 0.244386-08
0.219766 04 C.240416-08 0.216C86 04 0.236446-08 0.212416 04 0.23247E-08 0.20673E 04 0.22850E-08
0.20505E 04 0.224S3E-C8 0.20137E 04 0.21O56E-O8 0.19769E 04 0.2165SE-08 0.19402E 04 0.21253E-08

0.19034E 04 0.208516-08 0.18**66 04 C.204496-08 0.182986 04 0.200476-08 0.179306 04 0.196496-08
0.175636 04 0.192436-08 0.171956 04 0.188416-08 0.168276 04 0.184386-08 0.164596 04 0.180366-08
0.160916 04 0.176346-08 0.157246 04 0.172326-08 0.153966 04 0.168306-08 0.149886 04 0.164276-08
0.146206 04 0.160256-08 0.142526 04 C.156236-08 0.138656 04 0.152206-08 0.135176 04 0.148186-08
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0.13149E 04 0.14416E-08 0 . 12781E 04 0.14013E-08 0.12413E 04 0.13611E--08 0.120456 04 0.132086-08

0.11724E 04 0.12856E-C8 0 .U356E 04 C.12454E-08 0.10988E 04 0.120516--08 0.106206 04 0.116496-08

0.1O252E 04 0.112466-08 0 .S8847E 03 0.10844E-08 0.95169E 03 0.104416--08 0.914916 03 0.100386-08

0.8T813E Q3 0.96359E-09 0 .841356 03 0.92332E-09 0.80457E 03 0.88 3056--09 0.76779E 03 0.842776-09

0.73101E 03 C.80249E-09 0 .(94236 03 0.76222E-09 0.657456 03 0.721936-•09 0.62067E 03 0.681646-09

0.58618E 03 0.443876-01 0 .56779E 03 0.62372E-09 0.54940E 03 0.60357E--09 0.53101E 03 0.583426-09

0.51262E 03 0.563276-09 0 .49423E 03 0.54312E-09 0.47584E 03 0.52297E--09 0.45745E 03 0.502826-09

0.43906E 03 0.482666-09 0 .42067E 03 0.44251E-09 0.40228E 03 0.44235E--09 0.38389E 03 0.422196-09

0.36550E 03 0.4O203E-09 0 .34711E 03 0.38187E-09 0.32812E 03 0.36171E--09 0.31033E 03 0.341556-09

0.293C9E 03 0.32264E-O9 0 .28390E 03 0.31256E-09 0.274T0E 03 0.30248E--09 0.26551E 03 0.292406-09

0.25631E 03 0.28231E-C9 0 .24712E 03 0.27223E-09 0.23792E 03 0.26215E--09 0.22873E 03 0.252066-09

0.21953E 03 0.241S8E-09 0 .21034E 03 0.23189E-09 0.20114E 03 0.22181E-•09 0.19195E 03 0.211736-09

0.18275E 03 0.20U4E-OS 0 .17356E 03 0.19156E-09 0.16436E 03 0.18147E-•09 0.15517E 03 0.171396-09

0.14655E 03 0.16194E-09 0 .14195E 03 0.15689E-09 0.13735E 03 0.15185E--09 0.13275E 03 0.146816-09

0.12816E 03 0.14177E-09 0 .12356E 03 C.13673E-09 0.11896E 03 0.13169E-09 0.11436E 03 0.126656-09

0.10977E 03 0.12161E-O9 0 .105176 03 0.11657E-09 O.10057E 03 0.11153E--09 0.959736 02 0.106506-09

0.91376E C2 0.1O146E-O9 0 .E6778E 02 0.96423E-10 0.82181E 02 0.913B8E-•10 0.77583E 02 0.863556-10

0.73273E 02 0.81638E-10 0 .70974E 02 0.79123E-10 0.686 76E 02 0.76609E-•10 0.66377E 02 0.740946-10

0.64078E 02 C.71581E-10 0 .41779E 02 0.69068E-10 0*59481E 02 0.66556E-•10 0.57182E 02 0.640456-10

0.54883E 02 0.61535E-10 0 .52584E 02 0.59027E-10 0.50285E 02 0.56519E--10 0.47987E 02 0.540136-10

0.45688E 02 0.51508E-10 0 .433896 02 C.49006E-10 0.41090E 02 0.4*505 E-•10 0.38792E 02 0.440076-10

0.36637E 02 0.41667E-IO 0 .34338E 02 0.39175E-10 0.32039E 02 0.36687E--10 0.29740E 02 0.342036-10

0.27441E 02 0.31725E-10 0 .25143E 02 0.29254E-10 0.22844E 02 0.26792E--10 0.20545E 02 0.243426-10

0.18318E 02 C.21982E-10 0 .17169E 02 C.20771E-10 0.16019E 02 0.19566E-•10 0.14870E 02 0.183686-10

0.13721E 02 O.17178E-10 0 .12571E 02 C.15999E-10 0.U422E 02 0.14832E--10 0.10273E 02 0.136826-10

0.91591E 01 0.12589E-10 0 .E5845E 01 C.12035E-10 0.80098E 01 0.11489E--10 0.74351E 01 0.10953E-10

0.686C4E 01 0.10429E-10 0 .«2857E 01 0.99206E-11 0.57U0E 01 0.94302E-•11 0.51363E 01 0.89635E-11

0.45796E 01 0.85444E-U 0 .42922E 01 0.83428E-11 0.40049E 01 0.81531E-•11 0.37175E 01 0.79768E-11

0.34302E 01 0.78175E-11 0 .31428E 01 0.76791E-11 0.28555E 01 0.75677E-•11 0.256816 01 0.74901E-11

0.22898E ov 0.74555E-11 0 .21461E 01 0.74578E-U 0.20024E 01 0.74771E--11 0.185886 01 0.75161E-11

0.17151E CI 0.75794E-11 0 .15714E 01 0.76726E-11 0.14277E 01 0.78023E--11 0.128416 01 0.79788E-11

0.11449E Ql 0.82086E-U 0 . 10012E 01 0.85276E-11 0.85755E 00 0.89908E-•11 0.71387E 00 0.96092E-11

0.57245E 00 0.10476E-10 0 .5006 IE 00 C.11079E-10 0.42877E 00 0.11838E--10 0.35694E 00 0.128436-10

0.28622E 00 0.14210E-10 0 .25030E 00 C.15129E-10 0.21439E 00 0.16279E--10 0.17847E 00 0.177746-10

0.14311E 00 C.19779E-10 0 .12515E 00 0.21115E-IO 0.107196 00 0.22780E--10 0.89234E--01 0.24930E-10

0.71556E--01 0.27803E-10 0 .62576E--01 0.29712E-10 0.53597E--01 0.32087E--10 0.44617E--01 0.35148E-10

0.35778E--01 0.39230E-10 0 .31288E--01 0.41940E-10 0.26798E--01 0.45307E--10 0.22309E--01 0.46898E-10

AVERAGE (ERMA VALUES

GROUP NUMBER ' 1 AVG. KERMA - C.70595E-06

GROUP NUMBER » 2 AVG. KERMA - 0.63639E-06

GROUP NUMBER » 3 AVG. KERMA =• 0.64002E-06

GROUP NUMBER * 4 AVG. KERMA =• 0.60942F-06

GROUP NUMBER « 5 AVG. KERMA --= 3.58225E-06

GROUP NUMBER • 6 AVG. KERMA »> 0.55723E-06

GROUP NUMBER • 7 AVG. KERMA ' • ".54009E-06

GROUP NUMBER • 8 AVG. KERMA <• 0.544676-06

GROUP NUMBER * 9 AVG. KERMA >• 0.52169E-06

GROUP NUMBER ' 10 AVG. KERMA •. C.51895E-06

GROUP NUMBER . 11 AVG. KERMA '• C.50103E-06

GROUP NUMBER ' 12 AVG. KERMA '• 0.49410E-06

GROUP NUMBER - 13 AVG. KERMA >• 0.47900E-06

GROUP NUMBER . 14 AVG. KERMA •• 0.46932E-06

GROUP NUMBER > 15 AVG. KERMA ' • D.45657E-06

GROUP NUMBER • 16 AVG. KERMA '• 0.45181E-06

GROUP NUMBER • 17 AVG. KERMA -• 0.44273E-06

GROUP NUMBER • 18 AVG. KERMA <. 0.43433E-06

GROUP NUMBER > 19 AVG. KERMA <> 0.40671E-06

GROUP NUMBER • 20 AVG. KERMA •• 0.37 82 5E-06

GROUP NUMBER • 21 AVG. KERMA >• 0.36266E-06

GROUP NUMBER • 22 AVG. KERMA •• 0.343246-06
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GROUP NUMBER - 23 AVG. KERMA » 0.341126-06
GROUP NUMBER - 24 AVG. K6RMA • 0.336006-06
GROUP NUMBER « 29 AVG. K6RMA • 0.326256-06
GROUP NUMBER • 26 AVG. K6RMA • 0.312646-06
GROUP NUMBER - 27 AVG. K6RMA • 0.297236-06
GROUP NUMBER - 28 AVG. K6RMA - 0.284336-06
GROUP NUMBER « 29 AVG. K6RMA • 0.280486-06
GROUP NUMB6R « 30 AVG. K6RMA • 0.265846-06
GROUP NUNB6R - 31 AVG. K6RMA - 0.267916-06
GROUP NUMBER - 32 AVG. K6RMA • 0.255706-06
GROUP NUMBER • 33 AVG. K6RMA • 0.227906-06
GROUP NUMBER • 34 AVG. K6RMA • 0.215156-06
GROUP NUMBER • 35 AVG. K6RMA • 0.204536-06
GROUP NUMBER > 36 AVG. K6RMA • 0.194706-06
GROUP NUMBER • 37 AVG. K6RHA • 0.18556E-06
GROUP NUMBER • 38 AVG. KERMA • 0.17761E-06
GROUP NUMBER • 39 AVG. KERMA • 0.17629E-06
GROUP NUMBER • 40 AVG. KERMA • 0.18176E-06
GROUP NUMBER • 41 AVG. KERMA • 0.16025E-06
GROUP NUMBER • 42 AVG. K6RMA • 0.14842E-06
GROUP NUMBER » 43 AVG. K6RMA • 0.13968E-06
GROUP NUMBER • 44 AVG. K6RMA • C.13172E-06
GROUP NUMBER • 45 AVG. K6RMA • 0.124366-06
GROUP NUMBER • 46 AVG. K6RMA • 0.117396-06
GROUP NUMBER • 47 AVG. KERMA <» C.110786-06
GROUP NUMBER • 46 AVG. K6RMA <• 0.10451E-06
GROUP NUMBER » 49 AVG. K6RNA • C.98521E-07
GROUP NUMBER <• 50 AVG. K6RNA • 0.92878E-07
GROUP NUMBER '• 51 AVG. K6RMA >• 0.87375E-07
GROUP NUMBER <• 52 AVG. K6RMA >• C.82019E-07
GROUP NUMBER <• 53 AVG. K6RMA >> 0.769946-07
GROUP NUMB6R •• 54 AVG. K6RMA >« C.69093E-07
GROUP NUMBER >• 55 AVG. KERMA >" 0.58462E-07
GROUP NUMBER •> 56 AVG. KERMA <> 0.48739E-07
GROUP NUMBER >• 57 AVG. KERMA >• C.40200E-07
GROUP NUMBER '• 58 AVG. K6RNA >' 0.32817E-07
GROUP NUMBER >' 59 AVG. K6RMA >• 0.26639E-07
GROUP NUMBER >• 60 AVG. K6RMA '• C.21370E-07
GROUP NUMBER >• 61 AVG. KERMA > 0.17141E-07
GROUP NUMBER > 62 AVG. KERMA >• C.13625E-07
GROUP NUMBER > 63 AVG. KERMA > 0.108176-07
GROUP NUMBER > 64 AVG. KERMA > C.85985E-08
GROUP NUMBER • 65 AVG. KERMA > 0.67718E-08
GROUP NUMBER • 66 AVG. KERMA > 0.53208E-08
GROUP NUMBER > 67 AVG. KERMA ' 0.41593E-08
GROUP NUMBER > 68 AVG. KERMA > 0.325036-08
GROUP NUMBER > 69 AVG. KERMA > 0.25400E-08
GROUP NUMBER > 70 AVG. KERMA > 0.19826E-08
GROUP NUMBER ' 71 AVG. KERMA > 0.154496-08
GROUP NUMBER • 72 AVG. KERMA • 0.12038E-08
GROUP NUMBER > 73 AVG. KERMA > 0.93806E-09
GROUP NUMBER ' 74 AVG. KERMA • 0.731006-09
GROUP NUMBER > 75 AVG. KERMA - 0.56968E-09
GROUP NUMBER > 76 AVG. KERMA • 0.44400E-09
GROUP NUMBER > 77 AVG. K6RMA « 0.346086-09
GROUP NUMBER > 78 AVG. K6RMA • 0.26981E-09
GROUP NUMBER • 79 AVG. K6RMA « 0.21040E-09
GROUP NUMBER - 80 AVG. K6RMA • 0.164136-09
GROUP NUMBER > 81 AVG. K6RMA • C.128106-09
GROUP NUMBER « 82 AVG. K6RNA • 0.100066-09
GROUP NUMBER • 83 AVG. K6RMA • 0.782426-10
GROUP NUMBER « 84 AVG. K6RMA • C.612796-10
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APPENDIX II

Fortran Listing of AVKER



LEV6L 16 I 1 JULY 681 OS/360 FORTRAN H DATF 69.122/07.22.45

COMPILER OPTIONS - NAME- MAIN,OPT-OO.L INECNT-60, SOURCE .BCD,NOLI ST ,D6CK,LOAD,MAP,NOEDIT.NO'TJ.NOXREF

C PROGRAM AVKER

DIMENSION SKERIS16.20I, TKERMI816), DENI20I, 6(816),6G(120) ,
1 TBARI120), I0NI20), UNITI20), 10(8), CK6R(816), IMD(18)

C THIS PROGRAM MIX6S K6RMA FOR TH6 D6SIR60 COMPOSITION AND AV6RAGES

C FOR TH6 06SIR6D GROUP STRUCTURE

R6A0 15 , 5) IMO
5 FORMAT (18A4)

WRITE (6, 6) IMC

6 FORMAT ( 1H0.1X,18A4)

REAO (5, 10) NE, LT, NG

WRITE (6,11) NE

11 FORMAT (47H0 NUMBER OF ELEMENTS FOR THIS COMPOSITION » , 12//)
10 FORMAT (3151

WRITE 16,141

14 FORMAT (49H0 ID NUMBER AND CONCETRATION OF ELEMENTS IN COMP./I

DO 8 K » l,NE
REAO (5, 12) ION(K) ,DEN(K), (UNIT(I), I - 1,8)

12 FORMAT ( 15, E12.5, 8A4)

WRITE (6, 15) IDN(K), DEN(K),(UN IT(I), I -1,8)

15 FORMAT (1H , I5,5X E12.5,5X,8A4)

8 CONTINUE

NTAPE « 11

REWIND NTAPE

9 READ (NTAPE) IONO, INT, IENO, AMASS, (ID(I),I = 1,8)

IF (IONO) 50, 50, 22
22 DC 16 J * 1, NE

IF (lOMJ)-IDNOI 16, 18, 16

16 CONTINUE

REAO INTAPE)

GO TO 9

18 READ INTAPE) (E(JJ), CKER(JJ), JJ - 1,IEND)
DO 20 JJ « 1, IENO

20 SKER( JJ, Jl « CKER(JJ)

IF (IDMNE) - IDNO) 9, 30, 9
30 CONTINUE

CALL MACRO! SKER, TKERM, DEN, E, IENO, NE)
IF ( LT) 32, 32, 34

34 MM » NG ♦ 1

REA0(5, 361 (EG(JI, J > 1,MM)

36 FORMAT ( 8E10.5)

CALL AVKER ( E, TKERM, IENO, EG, TBAR.NG.LT)
WRITE (6,401

40 FORMAT (24H0 AVERAGE KERMA VALUES /)

WRITE (6, 42) ( J, TBAR(J), J > 1,NG>
42 FORMAT I15H GROUP NUMBER -, I3.5X.14H AVG. KERMA - ,612.5)

GO TO 32

50 WRITE (6, 55)
55 FORMAT (43H 06SIR6D KERMA VALU6S AR6 NOT ON THIS TAP6 /)
32 CONTINUE

RETURN

6ND

ISN 0002

ISN 000 3

ISN 0004

ISN 0005

ISN 0006

ISN 0007

ISN 0008

ISN 0009

ISN 0010

ISN 0011

ISN 0012

ISN 0013

ISN 0014

ISN 0015

ISN 0016

ISN 0017

ISN C018

ISN 0019

ISN 0020

ISN 0021

ISN 0022

ISN 0023

ISN 0024

ISN 0025

ISN 0026

ISN 0027

ISN 0028

ISN 0029

ISN 0030

ISN 0031

ISN 0032

ISN 0033

ISN 0034

ISN 0035

ISN 0036

ISN 0037

ISN 0038

ISN 0039

ISN 0040

ISN 0041

ISN 0042

ISN 0043

ISN C044

ISN 0045

ISN 0046

ISN 0047

ISN 0048



LEVEL 16 ( 1 JULY 68) OS/360 FORTRAN H DATE 69.119/20.02.45

COMPILER OPTIONS - NAH6» MAIN,OPT-00,LINECNT-*0,SOURCE,BCD,NOLI ST,DECK,LOAD,MAP,NOEDIT.NOtO.NOXREF
ISN

ISN

ISN

ISN

ISN

ISN

ISN

ISN

ISN

ISN

ISN

ISN

ISN

ISN

0002

0003

0004

C0C5

0006

0CC7

0008

OC09

0010

0011

C012

0013

0014

0015

ISN 0016

ISN 0C17

8

SUBR0UTIN6 MACRO (SKER, TKERM, DEN, 6, IENO, NEI
DIMENSION SKER(816,20), TKERM(816), 0ENI20), EI816),

DO 2 J - 1, IENO
TKERM(J) « 0.0

00 4 K » 1,NE
DO 4 J - l.IEND
TKERN(J) - TKERM(J) *SKER( J.K )*D6N(K)

CONTINUE

WRITE (6,8)
FORMAT(34H0 KERMA FOR FINE GROUP STRUCTUR6 /)

WRIT6 (6, ID
11 FORMAT (91H0 ENERGY KERMA ENERGY KERMA

1GY KERMA ENERGY KERMA/)
WRITE (6, 101 ( E(J), TKERM(J) , J • l.IENO)

10 FORMAT (1H0,1X,8612.5/(2X,8612.5) )
RETURN

END

IDNI20)

ENER

CO
CO



LEVEL 16 ( 1 JULY 68) OS/360 FORTRAN H DATE 69.119/20.02.48

CCPPILER OPTIONS - NAME- MAIN,OPT-OO,LINECNT-60,SOURCE.BCD.NOL1ST.DECK,LOAO.MAP.NOEOIT.NOID,NOXREF
ISN 0002 SUBROUTINE AVKER (E, TKERM, IENO. EG. TBAR. NG. LT)

C THIS SUBROUTINE AVERAGES THE KERMA WITH A FLAT WEIGHTING (LT»1)
C OR A 1/E WEIGHTING (LT«2I

ISN 0003 DIM6NSI0N 6(8161. TKERM1816), TBARI120). EGU20), 0UME(120),
1 CUMKER(120)

ISN C004 00 100 J « 1,NG
ISN C005 DELE « EG(J) - EG(J*1)
ISN 0006 DU » ALOG(EG(J)/EG(J*l)l
ISN 0007 MJM - 0

ISN 0008 CO 20 I • l.IENO
ISN CC09 IF (E(I).GT.EGIJ)) GO TO 20
ISN 0011 16 IF (EII).LT.EG(J«1)I GO TO 30
ISN 0013 18 NUM » NUM ♦ 1

ISN 0014 20 CONTINUE

ISN 0015 30 KEY = I - NUM

ISN C016 OUME(II - EG(J)
ISN CC17 0UMKERI1I ' TKERMIKEY-lI-

1 ((E(KEV-ll-EG(J))*(TKERM(KEY-ll-TKERM(KEY))) /
2 (E(KEY-l)-E(KEY))

ISN 0018 NUM « NUM ♦ 1
ISN 0019 DC 50 K « 2,NUM
ISN 0020 DUME(K) » EIKEY+K-2)
ISN C021 50 DUMKER(K) = TKERM(KEY*K-2) CO
ISN 0022 IF (E(II.EC.EG(J*1>) GO TO 40 <~0
ISN 0024 35 NUM = NUM ♦ 1
ISN 0025 OUME(NUM) = EG(J*1)
ISN 0026 OUMKER(NUM) = TKERM(I-l)-

1 ((E(I-1I-EG(J+1I)*(TKERM(I-1)-TKERM(II)) /

2 (E(I-l)-E(l >)
ISN 0027 40 CALL TRAPIOUME, CUMKER, NUM. TBAR(J), LT)
ISN C02B IF (LT.EQ.1) GO TO 45
ISN CC30 48 TBAR(J) - TBAR(J)/OU
ISN 0031 GC TO 100
ISN 0032 45 TBAR(J) = TEAR(J)/DELE

ISN 0033 ICO CONTINUE
ISN 0034 RETURN

ISN 0035 END



L6VEL 16 ( 1 JULY AS) OS/360 FORTRAN H OAT6 69.119/20.02.50

C0MPIL6R OPTIONS - NAM6« MAIN,OPT'OO,LINECNT»60,SOURCE,BCD,NOLIST.DECK,LOAD,MAP,NOEOIT,N0ID,NOXREF
SUBROUTINE TRAPIX.Y.NUMB,SUNB.LT)
DIMENSION XUI.VIl)
SUMB-0.0

J-NUNB-1

DO 10 I-1, J
IF (LT.EC.l) GO TO 40
H * ALOG(X( II/X(I+1))

GC TO 8

t-X(I)-X(I»l)

TEMP-H»IYII)»YII*l))/2.0
SUM8«SUMB*TEMP

RETURN

END

ISN 0002

ISN 0003

ISN 0004

ISN 0C05

ISN C006

ISN 000 7

ISN 0009 50

ISN 0010

ISN C011 40

ISN 0012 8

ISN 0013 10

ISN 0014

ISN 0O15

CO

-p-
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DASA SHIELDING DISTRIBUTION

Director, Advanced Research Projects Agency, Washington, D. C. 20301

Commanding Officer, Armed Forces Radiobiology Research Institute National
Naval Medical Center, ATTN: Technical Library: Mr. C. W. Garrett,
Bethesda, Maryland 20014 (2 copies)

Director, Defense Atomic Support Agency, ATTN: APTL; Mr. Haas, DDST
(For TTCP-N4), Washington, D. C 20305 (17 copies)

Director, Defense Communications Agency, ATTN: NMCSSC, B-210, Washington,
D. C. 20305

Defense Documentation Center, Cameron Station, Alexandria, Virginia
2231*4 (20 copies)

Director, Defense Intelligence Agency, ATTN: DIAAP-SB, Washington, D. C.
20301

Office of Defense Research and Engineering, Assistant Director (Nuclear
Programs), Room 3EIO7I, The Pentagon, ATTN: Technical Library; Asst
Dir (Strategic Weapons) Asst Dir (Command & Control), Washington,
D. C. 20301 (3 copies)

Joint Chiefs of Staff, Department of Defense, ATTN: Technical Library,
Washington, D. C. 20301

Commander, Joint Task Force Eight, ATTN: Technical Library, Sandia Base,
New Mexico 87115

Chief, National Military Command System Support Center, Room BE-685, The
Pentagon, ATTN: Technical Library, Washington, D. C. 20301

Director, Weapons Systems Evaluation Group, ATTN: Library/Col Holden/C.
Beckels, Washington, D. C. 20305

Joint Strategic Target Planning Staff, Offutt AFB, Nebraska 68113
ATTN: JLTW, LTC Maloney

Commanding Officer, U. S. Army Combat Developments Command, Institute of
Nuclear Studies, Fort Bliss, Texas 79916

Chief of Research and Development, Department of the Army, ATTN: Nuclear,
Chemical-Biological Division, Washington, D. C. 20310

Commanding General, U. S. Army Electronics Proving Ground, ATTN: Technical
Library, Fort Huachuca, Arizona 85613

Chief of Engineers, Department of the Army, ATTN: ENGMC-EM, Washington,
D. C. 20315
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Commanding Officer, U. S. Army Mobility Equipment Research &Development
Center, ATTN: Technical Info & Library Branch, Fort Belvoir, Virginia
22060

Director, U. S. Army Engineer Waterways Experiment Station, ATTN: Library,
Vicksburg, Mississippi 39180

Commanding Officer, Harry Diamond Laboratories, ATTN: Technical Reference
Branch, Washington, D. C. 20438

Commanding General, U. S. Army Materiel Command, ATTN: AMCRD-BN/Nuclear
Branch, Washington, D. C. 20315

U. S. Army Sentinel Systems Command, Redstone Arsenal, ATTN: Technical
Library, Huntsville, Alabama 35809

Commanding Officer, U. S. Army Nuclear Defense Laboratory, ATTN: Library,
Edgewood Arsenal, Maryland 21010

Surgeon-General, Department of the Army, Room 1616, Main Navy Bldg.,
Washington, D. C. 20315

Commanding General, White Sands Missile Range, ATTN: Technical Library/
0RDBS-0M-TL, Las Cruces, New Mexico 88002

Commanding Officer, Picatinny Arsenal, Dover, New Jersey 07801

Commanding Officer, U. S. Army Research Office (Durham), Box CM, Duke
Station, ATTN: Technical Library, Durham, North Carolina 27706

Commanding General, U. S. Army Tank-Automotive Center, Warren, Michigan
48090

Commanding General, U. S. Army Test and Evaluation Command, ATTN: NBC
Office, Aberdeen Proving Ground, Maryland 21005

Office of the Secretary of the Army, Director of Civil Defense, ATTN:
Research, Washington, D. C. 20310

Commanding General, Frankfort Arsenal, Bridge and Tacony Streets,
Philadelphia, Pennsylvania 19137

Commanding Officer, U. S. Army Materials Research Agency, ATTN: Technical
Library Section, Watertown Arsenal, Watertown, Massachusetts 02172

Commanding Officer, Naval Civil Engineering Laboratory, Port Hueneme,
California 9304l

Chief of Naval Operations, Department of the Navy, ATTN: OP 75, Washing
ton, D. C. 20350
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Superintendent, Naval Postgraduate School, ATTN: Technical Library,
Monterey, California 93940

Commanding Officer, Naval Radiological Defense Laboratory, ATTN: Tech
Info Div., Dr. J. Ferguson, San Francisco, California 94135
(2 copies)

Director, Naval Research Laboratory, ATTN: Technical Library, Washington,
D. C. 20390

Commander, Naval Ship Systems Command, Department of the Navy, ATTN:
L. E. Seiffert, CODE 03541, Washington, D. C. 20360

Commanding Officer, Nuclear Weapons Training Center Atlantic, ATTN:
Technical Library, Norfolk, Virginia 23511

Commander, Air Defense Command, ATTN: ADLMD-W, Missile ft Space Weapon
Div.; ADLDC, DCS/Plans; ADCSG, Box 35 (Col Kossuth), Ent Air Force
Base, Colorado 80912 (3 copies)

Director, Air University Library, Maxwell AFB, Alabama 36112

Arnold Engineering Development Center, ATTN: AELR, Arnold AFB, Tennessee

37389

ATC, ATTN: Office of the Surgeon, Randolph AFB, Texas 78148

Air Force Avionics Laboratory, ATTN: AVPT, Wright-Patterson AFB, Ohio

^5433

Space & Missile Systems Organization (SAMSO), AF Unit Post Office, ATTN:
SMQN; SMTSM-1; SMSDM/STINFO/Technical Library; SMTSS, Los Angeles,
California 90045 (4 copies)

Directorate of Nuclear Safety, ATTN: AFINS, Kirtland AFB, New Mexico
87II7

Air Force Materials Laboratory, ATTN: MAS (Maj H. S. Reinert), Wright-
Patterson AFB, Ohio 45433

Medical Service School/ll4, ATTN: MSSMDM, Sheppard AFB, Texas 763II

AF Office of Aerospace Research, Office of Research Analysis, ATTN:
RRRD, Holloman AFB, New Mexico 88330

Commander, AF Office of Aerospace Research, l400 Wilson Blvd., ATTN:
RROSP, Arlington, Virginia 22209

Commander, USAF RADL Health Laboratory, ATTN: SGHW, Wright-Patterson
AFB, Ohio 45433
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Commander Rome Air Development Center, ATTN: EMTLD (Documents Library)r
Griffis AFB, New York 13440

School of Aviation Medicine, USAFSC Aerospace Med Ctr, ATTN: Chief
Radiobiology Branch, Brooks AFB, Texas 78235

AF Strategic Air Command, ATTN: OAI: DPLBIC (LTC Tye), Offutt AFB,
Nebraska 68113

Air Force Systems Command, ATTN: SCS-7; SCTSW, Andrews AFB, Washington,
D. C. 20331 (2 copies)

AFSC STLO, Air Force Unit Post Office, ATTN: TRSAL, Los Angeles, Cali
fornia 90045

Systems Engineering Group (ASD), ATTN: SENS, Wright-Patterson AFB, Ohio
45433

Headquarters, USAF, ATTN: AFCSAMI-2; AFOCC-A; AFRDQSN; AFRDDF; AFRDD;
AFOCE-KA, Washington, D. C. 20330 (6 copies)

Hq, USAF, TEMP0-8, ATTN: AFMSR; AFTAC/SDP-R, Washington, D. C. 20333
(2 copies)

AF Weapons Laboratory, ATTN: WLRP; WLRB; WLDN; WLIL; WLPM, Kirtland AFB,
New Mexico 87II7 (6 copies)

Argonne National Laboratory, 97OO South Cass Avenue, ATTN: Library
Services Dept/Report Section, Argonne, Illinois 60440

U. S. Atomic Energy Commission, ATTN: Headquarters Library, Reports
Section, Mail Station G-17, Washington, D. C. 20545

U. S. Atomic Energy Commission, Div. of Technical Information Extension,
P. 0. Box 62, Oak Ridge, Tennessee 37831

Brookhaven National Laboratory, ATTN: Research Library, Upton, New York

11973

University of California, Lawrence Radiation Laboratory, P. 0. Box 808,
ATTN: Technical Library, Livermore, California 94551

Los Alamos Scientific Laboratory, P. 0. Box 1663, ATTN: R. F. Taschek/
J. A. Phillips/G. A. Sawyer/E. J. Stovall, Los Alamos, New Mexico
87544 (4 copies)

Sandia Corporation, P. 0. Box 5800, ATTN: Document Library, Albuquerque,
New Mexico 87115

National Bureau of Standards, Radiation Theory Section, ATTN: Mr. G. M.
Eisenhauer, Washington, D. C. 20239
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National Center for Atmospheric Research, ATTN: Tech Library, Boulder,
Colorado 80302

Public Health Service, 4th and Jefferson Drive, S.W., ATTN: Mr. C. L.
Weaver, Washington, D. C. 20201
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