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A point kernel integral technique code PKN-HP, and the related thick target
neutron yield data have been developed to calculate neutron and secondary
gamma-ray dose equivalents in ordinary concrete and iron shields for fully
stopping length C, Cu and U-238 target neutrons produced by 100 MeV-10 GeV
proton incident in a 3-dimensional geometry. The comparisons among calculation
results of the present code and other calculation technigues, and measured

values showed the usefulness of the code.
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i. Introduction

Recently, the present author et ai. have calculated the attenuation data of neutron and
secondary gamma-ray dose equivalents for point isotropic neutron sources up to 400 MeV in water,
ordinary concrete and iron using ANISN-JR code” and HILO86R cross section data”? and
expressed the calculated data with an exponential polynomial function, having 7 parameters. The
parametrized data were installed in the point kemnel integral technique code, PKN-H* which had
been developed for application to neutron and secondary gamma-ray dose equivalent calculation
in water, ordinary concrete and iron for 0.01 to 400 MeV neutron volume source.

In the present work, a point kemel integral technique code PKN-HP is developed based on
PKN-H for shielding calculations of high energy proton beam incident by installing the thick target
neutron yield data calculated with the Monte Carlo code system HERMES?Y, and represented with
an approXimate formula. In PKN-HP code, the installed incident proton energy range is from 100
MeV to 10 GeV, target materials are C, Cu and U-238, and shield materials are ordinary concrete,
iron and water. Moreover, the combinatorial geometry(CG) technique is used in the code to
represent the target and shield geometries of 3~dimensional configuration. Geometrical routine of
PKN-HP program is mainly based on that of QAD-PSA program® and the combinatorial
geometry(CG) routine installed in PKN-HP is borrowed from MORSE-CG program”.

In this report, the basic formuia of PKN-HP and the characteristics of the installed target yield
data are described, and the performance is discussed by comparing the results of the PKIN-HP with
other techniques for typical shiclding problems. The input and output samples for the shielding

problems are shown together with the input data instruction.
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2. Analytical Formulation of Point-Kemel Code PKIN-HP

2.1 Basic Formula

When high energy protons bombard a fully stopping-length target, secondary neutron
production, due to incident proton—nucleus inelastic interaction, is dominant and secondary gamma-—
ray production, which follows after nucleon evaporation in the target, is very small in comparison
with peutron production. The neutrons produced in the target attenuate producing the secondary
gamma ray in-the shield. Dose equivalent H(E,,r;) due to the secondary neutrons and gamma-rays

is calculated with the following equation,
HE, ) = J § yE,, Q(1,r).E) x H(E, Is,1z) drs dE, (2.1)

where, ' I, =S Ig~Ig ,
r, : incident proton coordinates,
1y : coordinates of evaluation point,
I : coordinates of neutron source point within a target,
E

E, : source neutron energy,

, © incident proton energy,

H(E,rs,rz) : dose equivalent for a neutron of energy E, ,
y{(E,, 2 (1,,1,),E,) : double differential thick target neutron yield for incident proton of
energy E (MeV) on a target T.

Thick target neutron yield y. is represented approximately using the deformed moving source

model, as follows,

AYE, A, VE,
yTGSD’Q(rp’rn)’En) = CXP(‘E‘:/ T)+—— CXP(‘E‘z/ 7,)
(T )** (T T )W (EA+7)

| A,
+ exp(-E'/ 7 ), 2:2)
(7 T )" (Bt T o)

where definitions of E’, and & are, as follows,
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EV=E, + ¢, - 2\/~E11 €, X cos : (2.3

6 : angle between the directions of incident proton and produced neutron in the laboratory

frame.

~ And parameters, T, £, and A, are, as follows,

T, : Nuclear temperature parameter of each term(i=1,2,3){(unit:MeV),

€, : Velocity parameter (i=1,2,3)(unit:MeV) ,

: Amplitude of each term(i=1,2,3),

(unit:n/p/MeV'/sr for i=1, n/p/MeV st for i=2, n/p/MeV /st for i=3) .

The parameters, 7, ¢; and A, for arbitrary proton energy between 10 MeV and 10 GeV are
calculated automatically from a table installed in PKN-HP code using interpolation method. The
first right hand term of y,, eq.(2.2), expresses a contribution from evaporation neutrons which are
postulated to have a Maxwell distribution. The second terin describes a contribution from pre-
equilibrium neutrons and the third term corresponds to cascade neutrons which are not postulated
to have the Maxwell distribution, because of non-equilibrium state. The third term is truncated by
an artificial condition of E,, that is, E, < Ep cos*& /2.

As seen from the above formula, parameters, 7, €, and A, have not exact physical meanings,
and this point is different from the usual moving source models®'®. These parameters are used to
reproduce the numerical results of thick target neutron yield calculated with HETC and MORSE

codes equipped in HERMES code system® as precisely as possible in a wide proton energy range.

2.2 Thick Target Neutron Yield Data

The atom densities of target materials used are shown in Table 2.1. The length of thick target
1s chosen to stop fully the incident protons. Calculation conditions of thick target neutron yield
with HETC down to 1 MeV neutron energy are given in Table 2.2. From that energy to 1.keV a
coupling calculation using MORSE code equipped in HERMES code system is followed.

The double differential thick target neutron yield data calculated with HETC is compared with

112133 “and relatively good

Meier et al.'s experiments for 113 MeV and 256 MeV proton incidents
agreements were obtained like as already mentioned in the literatures'**>'?, But, for 52 MeV proton
incident the results of HETC calculation overestimated thick target neutron yield spectrum measured

by Nakamura et al.'”. This can be attributed to the relatively rough model in HETC for the low
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energy nuclear reaction. The reliable region of the thick target neutron yield data calculated with

HERMES is, therefore, limited to the region from 100 MeV to several GeV proton incident.

2.3 Necessary Conditions for Application

Number densities of shield materials are shown in Table 2.3. Calculation conditions of
attenuation data of dose equivalent in ordinary concrete, jiron and water with ANISN-JR code, have
been depicted in Appendix A.11.%¥

Energy group structure in target neutron yield calculation using the approximate formula
eq.(2.2) is represented in Table 2.4. The number of neutrons of energy higher than 400 MeV
produced in a target is stored in the first energy group(400-375 MeV). As for lateral shield which
is placed parallel to proton incident direction, this approximation is not so influential for up to about
800 McV proton incident, but above that energy and for forward shicld configuration, some
underestimation is predicted in the dose equivalent because of a little underestimation of attenuation
length of dose equivalent for neutrons above 400 MeV.

Total thick target neutron yicld is calculated with eq.(2.2) by integrating by E, and #, and the
result reproduced values evaluated by Tesch' with relatively good accuracy for proton incident with
energy above about 100 MeV, as scen in Appendix A.12. But, double differential thick target yield
calculated with approximate formula eq.(2.2) shows sometimes 2-3 times overestimation at
maximum in comparison with results calculated with HERMES except forward narrow angle( 0° ~
10" ). The neutron yield calculated with the eq.(2.2) at forward narow angle for above 500 McV
proton incident overestimates results calculated with HERMES one order higher at maximum in the
neutron energy region below about 10 MeV because the eq.(2.2) can not represent forward neutron
shielding effect due to large volume target. This fact is noticeable in a forward dircction shielding
calculation for high energy proton incident to fully stopping target, but not so serious because the

overestimation to some extent may be permissible in the shielding design point of view.
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3. Sample Calculations and Comparisdns of the Results

Three kinds of typical sample calculations were made with the PKIN-HP code, and the results
were compared with those of other point kernel codes to verify the accuracy. The input manual for

PKN-HP code is given in Appendix A.l.

Problem 1 : Dose equivalent calculation for a lateral 9 m thick concrete slab placed at 575
cm distant from a 10 cm length, 10 cm diameter cylindrical Cu target bombarded

with 500 MeV protons (See Fig.3.1}

The input data of the Problem 1 is given in Appendix A.2 and output data is given in
Appendix A.6.

As seen in Appendix A.13, which describes thick target neutron spectrum calculated with
HETC for 500 MeV proton incident on Cu target, neutron yields over 400 MeV are negligible, and
thus calculated results of PKIN-HP for this problem has no special approximation about the thick
target neutron yield spectrum. In Fig.3.2 comparisons of calculated results are shown. The result
calculated with PKN-HP shows a very good agreement with result calculated with the Tesch's
method'” except of concrete surface region. The agreement is excellent especially at a region from
I m to 7 m depth of concrete. Simpleness and usefulness of the Tesch's method are remarkable,
however, its application is restricted to the lateral direction in the concrete shield. On the other
hand, PKN-HP can be applied to calculations for arbitrary direction in the concrete, iron and water
shields. Besides, secondary 7 —ray dose equivalent in the shield can be estimated with the PKN-
HP. Figure 3.2 also shows that the ratios of secondary 7 -ray dose equivalent to neutron dose

equivalent are 1/20 at around 1.2 m depth in the concrete shield and 1/30 to 1/40 at other points.

Problem 2 : Dose equivalent calculation for 1.5 GeV proton incident on U-238 rod target
of 1.5 m length and 10 cm diameter placed at the center of semi-cylindrical air

space, followed by 9 m thick concrete (See Fig.3.3)
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The input and output data of the Problem 2 are given in Appendix A.3 and- A.6, respectively.

Neutrons over 400 MeV produced by 1.5 GeV proton incident on U-238 target are stored in
the first neutron energy group(400-375 MeV). This group structure -may‘ cause a little
underestimation in the dose equivalent because the attenuation length of dose equivalent at neutron
energy over 400 MeV is estimated a little lower.

As seen in Appendix A.14, however, the neutron yield in lateral direction( 80° -100" in the
figure) over 400 MeV is very small, and it may be negligible. Calculated results are shown in
Fig.3.4. As seen in the figure, there is a large discrepancy between results calculated with PKN-HP
and Tesch's method™. o

Figure 3.5 shows dose cquivalent distribution on a line 1 m decp in the concfete. The
distributions have peak values at positions axially further than the source because it emits neutrons

dominantly in the forward direction.

Problem 3 : Dose equivalent calculation at 0", 22 ,45 and 90" directions for 230 MeV
proton incident on cylindrical iron target of 7.51 cm length and 11.6 cm
diameter placed at the center of a 1-m-diameter air sphere, followed by 4 m thick

concrete having a density of 1.88 g/em® (See Fig.3.6)

The input and output data of the Problem 3 are given in Appendix A.4 and A.8, respectively.
This sample problem is based on Siebers et al.'s experiments in 1990', where the density of the
concrete shield is 1.88 g/cm3, while the density of concrete used in the PKN-HP is, however, 2.27
g/em’,

Figure 3.7 shows the calculation results of PKN-HP comparing with Tesch's lateral results
using concrete density 0= 2.27 g/cm®. As scen in the figure, result of 90" direction calculated with
PKN-HP shows a good agreement with result of Tesch's method except near inner surface region
of the concrete spherical shell.

Figure 3.8 compares the PKN-HP results with, 1) those calculated with LAHET code
system(shortly LCS') by Sicbers et al.™, 2) those calculated by Tesch's method using concrete
density 1.88 g/cm® and 3) those measured by Sicbers et al.'”. Compared with measurements, the
PKN-HP results show large overestimation, and at 0° and 22° , attenuation lengths of dose
equivalents calculated with PKN-HP looks differcnt from the measured one, at 45 and 90",

however, attenuation lengths of dose equivalents calculated with PKN-HP arc very similar with
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those of measurements, and following ratios of the two arc observed,

Hpgn-1ap (1)

= 55 (for 45 ), (3.1)
H, (1) 50=r=300(g/cm?)
Hpynpp (1)

= 5.5 (for 907 ). (3.2)
H.,(r) 50=15250(g/cm?)

In comparison with results calculated with LCS'?, the PKN~HP results show large
overestimation, but seem to have a very similar attenuation length. And roughly speaking, the ratio

of dose equivalent calculated with PKN-HP to that with LCS is found,

Hepyn-np (1)
=32 , (for 0 ,22° ,45 ,907), (3.3)

H () |100 =r= 400(g/em?)

for all angles.

In comparison with result calculated with Tesch's method, PKN-HP result shows large
overestimation in the inner surface region, but beyond that region dose equivalent calculated with

PKN-HP shows a satisfactory agreement with that of Tesch's method, as follows,

Hexn i (1)
= 13, (for90" ). (3.4)

Hin(D r 2 350(g/cm?)

To be noted is results calculated with Agostéo et al.'s point kernel technique reported
recently'? which is characterized by classical two parameters, i.e., dose equivalent source term and
its attenuation length, calculated with newly developed versions of hadron cascade Monte Carlo
code, LCS'” and _FLUKAzO). As seen in Fig.3.8, the results calculated with Agosteo et al.'s
parameters reproduce measured values fairly well. |

The dose equivalents calculated with Tesch's method and Agosteo et al's point kernel
technique, however, can not represent the rapidly decreasing behavior of dose equivalent in the inner

surface region of concrete, which is obscrved in the experimental results at 90" direction and PKN-
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HP results.

4. Summary

A point kemel integral calculation code PKN-HP has been developed. This code can be
applied to calculations of the neutron and secondary gamma-ray dose equivalents within and behind
concrete, iron and water shields for C,-Cu and U-238 targets bombarded with high energy protons
in 3-dimensional geometry. The accuracy of the PKN-HP code has been verified by comparing

the results with the calculation of Tesch's point kernel method and Monte Carlo codes, and also with

the experimental results by Siebers et al.. -
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Table 2.1 Atom density of targets.

unit(10*/cm™)

Material

Cu U-238

Density

0.0852

Cu—63: 0.05874 | 0.0483
Cu—65: 0.02618

Table 2.2 Calculation conditions of HETC for thick target neutron
yield data installed in PKN-HP code.

Code HETCY : Monte Carlo High-Energy Nucleon-
Meson Transport Code
Model Intranuclear~cascade and evapolation
Incident 20 MeV to 10 GeV energy protons
particie
Target Material : C, Cu and U-238
Size : Full stopping length
Detector Track length detector
Geometry | 3-dimensional cylinder
Calculation | Double differential thick target neutron yield
from incident proton energy down to 1 MeV
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Table 2.3 Atom density of shields.

unit(10*/em’) -
Ordinary [ron Water
Concrete
H 1.3851-2 6.6738-2
C 1.1542-4
O 4.5921-2 3.3369-2
Mg 1.2388-4
Al 1.7409~3
Si 1.6621-2
K 4.6205-4
Ca 1.5025-3
Fe 3.4510-4 8.4869-2
Density | 2.27 7.87 1.00
(g/em’)
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Table 2.4 Energy group structure of target neutron

Group | Energy Range | Group | Energy Range
No. (McV) No. (MeV)

1 400-375 29 22.5-19.6

2 375-350 30 19.6-17.5

3 350-325 31 17.5-14.9

4 325-300 32 14.9-13.5

5 300-275 33 13.5-12.2

6 275-250 34 12.2-10.0

7 250-225 35 10.0-8.19

8 225-200 36 8.19-6.70

9 200-180 37 6.70-5.49

10 180-160 38 5.49-4.49

11 160-140 39 4.49-3.68

12 140-120 40 3.68-3.01

13 120-110 41 3.01-2.46

14 110-100 42 2.46-2.02

15 100-90 43 2.02-1.65

16 9080 44 1.65-1.35

17 80-70 45 1.35-1.11

18 70-65 46 1.11-0.907

19 65-60 47 0.907-0.743
20 60-55 48 0.743-0.498
21 55-50 49 0.498-0.334
22 50-45 50 0.334-0.224
23 45-40 51 0.224-0.150
24 40-35 52 0.150-0.0865
25 35-30 53 0.0865-0.0318
20 30-27.5 54 0.0318-0.0150
27 27.5-25 35 0.0150-0.0071
28 25-22.5
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Concrete density is 2.27 g/crf in both PKN-HP and Tesch's
method calculations.
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Appendix A.l Input manual of PKN~-HP

It is necessary to prepare CARD P-A to CARD Z. The cartesian; spherical or cyrindrical
geometries are available, each 3—dimensional coordinates are expressed, generally, X1, X2 and X3.
There axises correspond X, Z and Y in the cartesian coordinates, R, © and V¥ in the spherical
coordinates, and R, Z, and © in the cylindrical coordinates, respectively. Length and angle
are to be inputed in unit of cm and degree, respectively.

CARD P-A to CARD P-D indicate incident proton information.

CARD P-A(A72);Title
CARD P-B(2E9.2);EPL,PNUM
EPI :Incident proton energy[MeV]
PNUM :Beam loss or normarization constant{1]
CARD P-C(E9.2);TGMS
TGMS :Target mass[1],(C/Cu/U-238)=(12/64/238)
CARD P-D(3F6.3);uuu,vvv,www
uuu,vvv,www;Incident proton direction unit vector indicate each X, y and z component
Note : When TGMS is selected to be an other number than 12, 64 or 238, interpolation of thick
target neutron data parameters is performed, in which accuraccy of calculated result may be less

than the cace of TGMS is 12, 64 or 238.
CARD A to CARD Z indicate shield configuration and location of reciever information.

CARD A(A72);Title

CARD B(1414);
NSX1 : total number of input location of X1 coordinate of source
NSX2 : total number of input location of X2 coordinate of source
NSX3 : total number of input location of X3 coordinate of source
NREG : total number of regions ( or zones ) defined in CARD-CGC
NBOD : total number of bodies defined in CARD-CGB
NSOPT : coordinates system described the form of source

(0/1/2)=(Cylindrical/Cartesian/Spherical coodinates)

ISRC : Type of source

(0/1/2)=(source of the previous case is used/cosine-distributed source is used/source is
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computed using the weighting values input along each coordinatc axis)

CARD-C(E10.3,615);CIDOO((CID(I,1},1=1,2),]1=1,3)
CIDOO : The total source strength in fissions/sec, Captures/sec, or dacays/scc.(Default = 1)
- CID : Constants for cosine source distribution.
(CID is ignored, if ISRC: does not equal to 1.}
If ISRC equals 1, source strength distribution is calculated as following equation,
Source strength(X1,X2,X3)=CID00*COS(CID(1,1)*(X1-CID(2,1))
*COS(CID(L,2)*(X2-CID(2,2))
*COS(CID(1,3)*(X3-CID(2,3)).
CARD-D(8E9.2),(SOX1(I),I=1,NSX1+1)
| SOX1 : coordinates of source volume divisions along X1-axis.
CARD-E(8E9.2),(SOX2(1),I=1,NSX2+1)
SOX2 : coordinates of source volume divisions along X2-axis.
CARD-F(BE9.2);(SOX3(I),1=1,NSX3+1)
S0OX3 : coordinates of source volume divisions along X3-axis.

Note: Source intensity is normarized to 1.

CARD-G(3E9.2,19,E9.2); TSX1(I), TSX2(I), TSX3(I),ITS(I), WTS(T)
TEX1 : Center coordinate of [-th source volume along X1-axis.
TEX2 : Center coordinate of I-th source volume along X2-axis.
TEX3 : Center coordinate of [-th source volume along X3-axis.
ITS : Coordinate system describing center coordinates
(0/1/2)=(Cylindrical?Cartesian/Spherical coordinates)
WTS : Weight(ratio) of [-th sourée volume
Note: CARD-G itarates numbers of source blocks, if source separates into more than two blocks.
Note: I-th source coordinates is calculated, as follows,
(SOX1+TSX1(D),SO0X2+TSX2(1),SOX3+TSX3(I})

CARD-H(I36);ITSH

ITSH : ITSH=-2 means end of CARD-G data.
[f ISRC does not equal to 2, CARD-I, -J and -K are not necessary.
CARD-I(8E9.2);(SWXI(I),I=1,NSX1+1)

SWX1 : Weight of source strength for source location SOXT.
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CARD-J(BE9.2);,(SWX2(D),I=1,NSX2+1)
SWX2 ! Weight of source strength for source location SOX2.
CARD-K(8E9.2);(SWX3(I),I=1 NSX3+1) -

SWX3 : Weight of source strength for source location SOX3.
For combinatorial geometry input data, next CARD-CGA to CARD-CGE should be prepared.

CARD-CGA(2I5,10X,10A6);IVOPT,IDBG,JTY

IVOPT : Set to zero for PKN-HP input.

[DBG @ Set to zero for PKN~HP input.

JTY : alphanumeric title for geometry input(columns 21-80}

CARD-CGB(2X,A3,1X,14,6E10.3)

One set of CGB cards is required for each body and for the END card.(see Appendix A.16).

Leave columns 1-6 blank on all continuation cards.

ITYPE : specifies body type or END to terminate reading of body and ( for example BOX,
RPP, ARB, etc.). Leave blank for continuation cards.

IALP : body number assigned by user( all input body numbers must form a sequence set
beginning at 1). If left blank, numbers are assigned sequentially. Either assign all or
none of the numbers. Leave blank for continuation cards.

FPD(I) : real data required for the given body as shown in Appendix A.xx. This data must be
in cm.

CARDs-CGC(2X,A3,15,9(A2,15))

Input zone SPcCification cards. One set of cards required for each input zone, with input zone

numbers being assigned sequentially.

IALP :IALP must be a nonblaﬁk for the first card of each set of cards defining an input zone.
If TLAP is blank, this card is treated as a continuation of the previous zone card. IALP
= END denotes the end of zone description.

NAZ : total number of zones that can be entered upon leaving any of the bodies defined for
this input region ( some zones may be counted more than once ). - Leave blank for
continuation cards for a given zone. ( If NAZ < 0 on the first card.of the zone card set,
then it-is set to 5 }. This is used to. allocate blank common.

Alternate [IBIAS(I) and JTY(I) for alt bodies defining this input zone.

IIBIAS(I): specify th "OR" operator if required for the JTY(I} body.

JTY() : body number with the (+) or (=) sign as required for the zone description.
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CARDs-CGD(1415)

MRIZ(1): MRIZ(}) is the region number in which the "Ith" input zone is contained ( I=1, to the
number of input zones). Region numbers must be sequentially defined from 1. Number
1 region should be a region including source.

CARDs-CGE(1415)

MMIZ(I): MMIZ(]) is the medium number in which the "Ith" input zone is contained ( [=1, to
the number of input zones ). Mcdium numbers must be sequentially defined from 1 to
3, else 0 for external void, or 1000 for internal void.

CARD-S(3I5,2E9.2); IPP,IPD(1),IPD(2),PDGA,PDGB
IPP : 0 (:ID number of energy dependence of neutron source.)
(0,1-6)=(0:non neutron start;to be selected this in PKN-HP/1:mono energy n/2:spread energy n
/335 fission n/4:2*Cf fission 1n/5:** Am-Be n/G:spread energy n with Watt formula)

IPD(1) : O (:first group of input of source group information(-1~59))

IPD(2) : 0 (:last group of input of source group information(-1~59))

PD6A  : 0 (: not need if IPP is not 6.)

PD6B : 0 (: not need if IPP is not 6.)

If IPP=6, neutron source strength is calculated according to the following eqation,

S(E) ~ exp( -PDGA x E ) x sinh(¥" 2 x PD6B x E ),
where E is source neutron energy(MeV).
CARDs-T(8E9.3);(QID(1),I=1,IPD(2)-IPD(1)+1)

QID() : 0 (: The IPD(2)~IPD(1)+1 relative source strengths from IPD(1) to IPD(2) is necessary,
if [PP=2. This card is not necessary when IPD(2) is larger than IPD(1). This card is
ignored when IPP=0.) '

CARDs-X(3E9.3,19);(RX 1(I),RX2(I), RX3(I), NGM(I),I=1,NDET(= 100))
RX1 : Calculational coordinates along X1-axis.
- RX2 Calculational coordinates along X2~axis.
RX3 : Calculational cbordinates along X3-axis.
NGM : Coordinate system describing detector point
(0/1/2)=(Cylindrical/Cartesian/Spherical coordinate)
note:CARD-X is necessary to iterate by number of detector points, NDET.
CARD-Z(33x,i3);IZT
IZT = ~1; The end of input data.
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Appendix A.2  Input data of the Problem I.

1 2 -3 4 5 B 7 8
PKN-1iP~-CG  SANPLE PROBLEM 01 CARD PA
500. 1. 0CE+06 CARD PB
B4. . _ CARD PC
0. 000 C.000 1.000 CARD PD
PXN--CG  PROB. 01 CARD 4
2 2 2 3 3 0 1 2 CARD B
1.0 0.0 .0 0.0 0.0 0.0 0.9 CARD C
0.0 2.5 5.0 CARD D
-5. 0.0 5.0 CARD E
0.0 180. 360. CARD F
0.0 0.0 0.0 1.0 CARD G
-2, . CARD H
1.0 1.0 1.0 CARD I
1.0 1.0 .0 CARD J
1.0 1.0 1.0 CARD X
GEOMETRY DATA CARDCGA
RCC 1 0. 0. -2009. 0. 0. 4000.  CARDCGB
575. ' CARDCGB
RCC 2 0. 0. -2009. 0. 0. 4000.  CARDCGB
1475. CARDCGB
RCC 3 0. . -2000. 0. 0. 4000.  CARDCGB
4000. CARDCGB
END _ CARDCGB
ZON 1 ' CARDCGC
ZON -1 2 CARDCGC
ZON -2 3 CARDCGC
END CARDCGC
] 2 3 CARDCGD
1060 2 1000 CARDCGE
0 0 0 CARD S
0. 00E+00 CARD T
0. 00 0. 0. 0 CARD X
0.1 0. 0. 0 CARD X
10. 0. 0. 0 CARD X
40. 0. 0. 0 CARD X
100. 0. 0. 0 CARD X
200. 0. . 0 CARD X
300. 0. 0. 0 CARD ¥
400. 0. 0. 0 CARD X
574. 5 0. 0. 0 CARD X
575. 5 0. 0. 0 CARD X
580. 0. 0. 0 CARD X
577. 0. 0. 0 CARD X
600. 0. 0. 0 CARD X
700. 0. 0. 0 CARD X
825. 0. 0. 0 CARD X
900. 0. 0. 0 CARD X
1075. 0. 0. 0 CARD X
1200. 0. 0. 0 CARD X
1300. 0. 0. 0 CARD X
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Input data of the Problgm 2.

I 2 3 4 8
PXN-HP-CG PROBLEM 02 CARD PA
i500. 1. 00E+C6 CARD I'B
238. CARD PC
0.000 0.000 1.000 CARD PD
PKN-H-CG PROBLEN 02 CARD A
2 10 2 6 6 0 1 2 CARD B
1.9 0.0 0.0 0.0 0.0 0.0 0.0 CARD C
0.0 2.5 5.0 CARD D
-T5. -60. -45. -30. -15. 0.0 15. 30. CARD E
45. 80. 75. CARD E
0.0 180. 380. CARD F
0.0 0.0 0.0 1.0 CARD 6
-2. CARD 1l
1.0 1.0 1.0 CARD 1
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.9 CARD ]
1.0 1.0 1.0 CARD K
1.0 1.0 1.0 CARD K
GEOMETRY DATA CARDCGA
RCC 1 0. 0.  -2000. 0. 0. 4000.  CARDCGB
300. CARDCGB
RCC 2 0. 0. -2000. 0. 0. 4000.  CARDCGB
' 1200. ~ CARDCGB
RCC 3 0. 0.  -2000. 0. 0. 4000.  CARDCGB
4000. CARDCGE
ke 4 -300. 0. -300. 300.  -4000. 4000.  CARDCGB
RPP 5 -1200. 0. -1200. 1200.  -4000. 4000.  CARDCGB
RPP &  -4000. 0.  -4000. 4000.  -4000. 4000.  CARDCGR
END CARDCGB
ZON ! CARDCGC
ZON 4 CARDCGC
ZON -1 -5 CARDCGC
ZON -4 5 CARDCGC
720N -2 -5 CARDCGC
70X -5 6 CARDCEC
END CARDCGC
1 2 3 4 5 8 CARDCGD
1000 1060 2 2 1000 1000 CARDCGE
0 0 0 CARD §
0. 00E+00 CARD T
0. 00 0. 0. 0 CARD X
0.1 0. 0. 0 CARIY X
10. 0. 0. 0 CARD X
40. 0. 0. 0 CARD X
100. 0. 0. 0 CARD X
200. 0. 0. 0 CARD X
299. 0. 0. 0 CARD X
300. 5 0. 0. 0 CARD X
310. 0. 0. 0 CARD X
350. 0. 0. 0 CARD X
450. 0. 0. 0 CARD X
550. 0. 0. 0. CARD X

|
[
©w
\
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300. 0. 0. 0 CARD X
10590. 0. 0. 0 CARD
1200. 0. 0. Q CARD
1500, 0. 0. | CARD
2000. 0. 0. 0 CARD
408. -2000. 0. 0 CARD |
400. -1500. 0. 0 CARD X
400. -1000. 0. 0 CARD
400. -700. 0. 0 CARD
400. -500. 0. 0 CARD
400. -300. 0. 0 CARD
400. -20C. 0. C CARD
400. -100. 0. ¢ CARD
400. -79. 0. 0 CARD
400. -30. 0. 0 CARD
400. -25. 0. 0 CARD
400. 0. 0. 0 CARD
400. 25. 0. 0 CARD
490. 50. 0. 0 CARD
400. 5. 0. 0 CARD
400. 100. 0. 0 CARD
400. 200. 0. 0 CARD
400. 300. 0. 0 CARD
400. 500. 0. 0 CARD
4G0. T00. 0. 0 CARD
400. 1000. 0. 0 CARD
400. 1500. 0. 0 CARD
400. 2000. 0. | CARD
-1 CARD

]

Sed et e e B g

TN o D D e e el e ed el e
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Appendix A.5. Output of PKN-HP.
Calculational results are output corresponding to detector points
describing in CARD-X. Neautron and secondary gamma-ray dose equivalents

calculated with PKN-HP are listed, where the values of "finite thickness”
represent the corrected one with finite medium effect®’.

Appendix A.© Qutput data of the Problem .

ATTENUATION OF DOSE EQUIVALENT WITH PKN-HP

INCIDENT PROTON ENERGY = 230. (MEV) NEUTRON SOURCE POINTS =8
< 64 CU-TARGET » Dose Equivalent
infinite thickness finite thickness
NUM X1 X2 X3 neutron 2nd. 7 neutron Znd. 7
f(uSv/hr)/(n/sec)] {CuSv/hr)/(n/sec)]
I 0. 00 0. 00 0.00 2. T14E-02 0.000E+00 2. TI4E-02 0. 000E+00
2 0.10 0.00 0.00 2.711E-02 0.0C0E+00 2. 711E-02 0. 000E+00
3 10.00 0. 00 0. 00 2. 701E-03 0. 000E+0C 2. 7T01E-03 0. C00E+00
4 40. 00 0. 00 0. 00 1.928E-04 0.000E+00 1.928E-04 0. 000E+00
5 100. 00 0.00 0.00 3. 110E-05 (. 000E+00 3. 110E-05 0.000E+00
6 200. 00 0.00 0.00 7. 785E-06 0. 000E+00  7.785E-06 0.000E+00
7 300. 00 0.00 0.00 3.461E-06 0.000E+00  3.461E-06 0.000E+00
8 400. 00 0. 00 0. 00 1. 947E-06 0.0CGOE+00  1.947E-06 0. 000E+0C
9 574. 50 0. 00 0. 00 G. 438E-07 0.000E+00C  9.438E-07 0. 000E+00
10 575.50 0. 00 0.00 4. 126E-06 3. 003E-08 4. [26E-06 3.003L-08
Il 580. 00 0.00 0.00 3.025E-06 2.808E-08 3. 025E-06 2.808E-08
12 577. 00 0. 00 0.00 3. TI8E-06 2.939E-08 3. 718E-08 2.939E-08
13 600. 00 0.00 0.00 8. 192E-07 1.899E-08 8. 192E-07  1.899E-08
14 700. 00 0.00 0.00 1.227E-08 5.514E-10  1.227E-08 5.514E-10
15 825. 00 0. 00 0. 00 3.233E-10 7.787E-12 3.233E-10 7.767E-12
16 900. 00 0. 00 0. 00 4. 092E-11 T7.410E-13  4.092E-11 7.410C-13
17 1075.00 - 0.00 0.00 4.837E-13 B8.676E-15  4.837E-13 8.876E-15
I8 1200.00 0.00 0.00 2.938E-14 6.308E-16 2.538E-14 6.308E-16
19 1300. 00 0. 00 0.00 2.221E-15 5.050E-17  2.221C-1% 5.050E-17
20 1400.00 0. 00 0.00 2.0276-16 4.871E-18  2.027E-16 4.671E-18
21 i475.00 0.00 0.00 3. 393E-17 T.929L-19  3.393E-17 7.929E-1§
22 1500.00 0. 00 0.00 3. 280E-17 7T.667E-19 2. 167E-17 2.905E-19
23 1600.00 0. 00 0. 00 2.883E-17 6.7T39E-1% 1.904E-17 2.553E-19
24 1800.00 0. 00 0.00 2.278E-17 5.324E-19  1.505E-17 2.017E-19
25  2000.00 0. 00 0.00 1. 845E-17 4.313E-19 1. 219E-17 1.634E-19
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Appendix A.7

Qutput data of the Problem 2.

ATTENUATION OF DOSE EQUIVALENT WITH PKN-HP
[NCIDENT PROTON ENERGY = [500 (MeV)
< U-238-TARGET >

Xl

.00
.10
GO
co
00
00
HY
50
00
00
00
00
00
08
00
00
00
00
00
00
00
00
00
00
09
00
00
00
00
00
20
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)
00
00
00
00

0.
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-700.
-500.
-300.
-200.
-100.
-T5.
-50.
-25.
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.00
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.00
.00
.00
.00
.08
.00
.00
.00
.00
.09
00
.00
.00
.00
.00
.00
.00
.00
ll;
.00
.00
.00
.00
.00
.00
.00
.00

.00

.00
.00
.00
.00
iy
.00
.00
.00
.00

l.
. 373E-02
. 434E-03
. 288E-903
. 044E-04
. 453E-05
. 869E-05
.827E-04
- T38E-05
. 0B7E-06
. 414E-07
. 168E-08
. 182E-11
. 139E-13
. 135E-13
. 399E-15
. 353E-15
. 846E-13
.952E-11
. TT5E-1§
. 047E-09
. 250E-08
. 018E-07
- 067E-07
. TITE-07
. 181E-07
. 638E-07
. 069E-07
. 457E-07
. T86E-07
. 046E-07
. 231E-07
. 333E-07
. 009E-07
. 958E-07
. 692E-07
. 197E-07
. T4TE-08
- 889E-09
. 446E-10
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NEUTRON SOURCE POINTS=40
Dose equivalent
infinite thickness
neutren
[CuSv/hr)/{n/sec}]

2nd. ¥ ray

. Q00E+00
. Q00E+00
. Q00E+0QC
.000C+400
. 000E+00
. Q00E+00
. 000E+00
. 275E-06
. 058E-06
- 121E-07
. 864E-09
.453E-10
.395E-13
.498E-15
. 393E-17
.391E-17
. 040E-17
.548E-14
.967E-13
-191E-11
. 466E-10
.462E-10
. 482E-09
. 460E-08
.60SE-08
. 8B3E-08
. 123E-08
. 316E-08
. 450E-08
-518E-08
. 520E-08
. 458E-08
. 338E-08
.5H20E-08
. 664E-08
. 830E-09
. B44E-09
-929E-10
LG4TE-T1
.375E-12

finite thickness
neutron
TCuSv/hr)/(n/sec);

—_ e B R DD S O R O O N N AU s e G DN = N T e OO0 D e G = O — O G e G0 00 G2 e O —

. 313E-02
. 373E-02
. 434E-03
. 288E-03
. 044E-04
. 453E-05
. 869E-05
. §27E-04
. T38E-05
- 067E-06
. 414E-07
. 168E-08
. 182E-11
. 139E-13
. 135E-15
.601E-15
. 029E-16
. 846E-13
.952E-11
. TT5E-10
. 047E-09
. 250E-08
. 018E-07
. G€TE-07
. T1TE-07
. 181E-07
. 838E-07
. 069E-07
. 457E-07
. T86E-07
. 046E-07
. 231E-07
. 333E-07
. 008E-07
. 958E-07
. 692E-07

. 197E-C7
. T47E-08
. 889E-09
. 44BE-10

O N = N2 O — DD Co GO G A 4D G0 GO BD DD e O WD e e NS = — o SO DD O IND W QD /e D O O O D O

2nd. 7 ray

.000E+00
.000E+00
.000E+00
. BO0E+00
.C00E+00
. 000E+00
. 000E+00
. 275E-06
. 058E-06
C121E-07
. 864E-09
. 453E-10
.395E-13
. 498E-15
. 393E-17
.933E-17
.091E-17
.548E-14
. 967C-13
C191E-11
. 46BE-10
. 4B82E-10
. 482E-09
. 460E-08
.609E-08
. 883E-08
. 123E-08
. 316E-08
. 450E-08
.519E-08
. 520E-08
. 458E-08
. 338E-08
.520E-08
. B64E-08
.830E-09
. 644E-09
.929E-10
CB4TE-11
. 375E-12



NUM

GO ~1 OO N W LD DN —

e G2 GO GO QO 0 Lo o L0 GO QO DD DD DS DD DD B BD B DN DD e b e s e et et e
WD 0o~ O U LW — W oe -] U B LR — S 00 ] N B N — O

0.

0.
10.
40.
100.
200.
299.
300.
310.
350.
- 450.
550.
800.
1050.
12040.
15090.
2000.
400.
400.
400.
4900.
400.
400.
400.
400.
400.
400.
400.
400.
400.
400.
400.
400.
400.
400.
400.
- 400.
400.
400.
400.
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Appendix A. 7

Qutput data of the Problem 2.

ATTENUATION OF DOSE CQUIVALENT WITH PKN-IIP
INCIDENT PROTON ENERGY = [5G0 (MeV)
< U-238-TARGET >

X1

0o
19
00
00
00
00
00
50
00
00
00
00
00
00
00
00
o
00
00
00
00
00
00
00
00
00
0o
00
00
00
090
00
00
00
00
00
00
00
00
He

0.
-2000.
-1500.
-1000.

-700.
-500.
-300.
-200.
-100.
-75.
-50.
-25.
0.
25.
50.
5.
100.
200.
300.
500.
700.
1000.
1500.
2900.

o e R e e Y o R o S e Y oo QY e Y e B o= I o B e e O - T e )

X2

.00
.00
H
00
00
090
00
00
00
00
{0
.00
00
00
.00
.00
00
00
00
00
00
0o
a0
090
00
00
00
00
00
00
00
00
00
00
Hy
e
0o
00
00
00

X3

.00
.00
00
00
00
00
00
00
00
00
00
o
0o
00
00
00
00
00
00
00
00
00
o

.00

00
09
00
00
00
00
00
00
00
00
00
00
00
00
.00
.09

l.

373E-02

1. 373E-02

»—-Hm»—-m.J:-.mcncno‘smmm.h.p-mlx’:»—-Mmm-—oo:—mcu»——mu—»—moo»—‘woomwca

. 434E-03
. 288E-03
. 044E-04
. 453E-05
. 86SE-05
. 827E-04
. T38E-05
. 06TE-06
. 414E-07
. 168E-03
. 182E-11
. 139E-13
. T35E-15
. 399E-15
. 353E-15
. 346E-13
. 952E-11
. TT5E-10
. 047E-09
. 250E-08
. 018E-07
. 067E-07
. T17E-07
. 181E-07T
. B3BE-QT
. 0B9E-07
. 457E-07
. TBBE-07
. 04BE-07
. 231E-07
. 333E-07
. DG9E-07
. 958E-07
. 692E-07
. 197E-07
. TATE-08
. 889E-09
. 446E-10

0.

H
0
0
0
0
0
I
1
3.
4
2
5
2
8
5
3

1
2
1
1
9
6
I
2
2
3
3
3
3.
3
3
3
2
1
6
2
4
2
2

NEUTRON SOQURCE POINTS=40
Dose equivalent
infinite thickness

neutron
[{zSv/hr)/(n/sec)]

2nd. ¥ ray

000E+00
. 0C00E+00
. 000E+00
. 000E+00
- Q00E+00
- Q00E+00
. Q0CE+00
. 2T5E-06
. 058E-08
121E-07
. 864E-09
. 453E-10
. 395E-13
.498E-15
. 393E-17
. 391E-17
. 040E-17
. 548E-14
.967E-13
-191E-11
. 466E-10
. 462E-10
. 482E-09
. 460E-08
.609E-08
. 883E-08
. 123E-08
. 316E-08
. 450E-08
519E-08
. 520E-C8
.- 458E-08
. 338E-08
- 520E-08
. 664E-08
- 830E-09
. 644L-09
-929E-10
L647E-11
. 3T5E-12

finite.thickness
neuiron
[(zSv/hr)/(n/sec)]

I.
. 373E-02
. 434E-03
. 288E-03
. 0448-04
. 453E-05
. 865E-05
. 827B-04
. 738E-05
. 087E-06
. 414E-07
. 168E-08
. 182E-11
. 139E-13
_135E-15
.B01E-15
. 029E-16
. 846E-13
.952E-11
. TT5E-19
. 047E-09
. 250E-08
O18E-07
087E-07
_TITE-07
. 181E-07
. 638E-07
. 0B9E-07
. 457E-07
. T86E-07
. 046E-07
. 231E-07
. 3335-07
. 009E- 07
.9588-07
. 692E-07
197E-07
. T4TE-08
. 889E-09
. 446E-10

et = DD e PO e OO OO0 O U O R B G0 DD 0D LN e OO0 UD e QD s CAD = e O GO e O GO GO — O —

JT3E-02

l\')l\:)»h-[\'JCD-—'[\wamwmmw[\DMb—lOﬁtDr-—r—dl\jb—d)—nHOommmu:;m»—-NDOGOO@@

2nd. 7 ray

. 000E+00
- 00GE+00
. 000E-00
. 000E+00
.000E+00
. 000E+00
.Q00E+00
. 275E-06
. 058E-06
.121E-07
. 864E-09
.453E-10
. 395E-13
.498E-15
. 393E-17
.933E-11
.091E-17
.548E-14
.967E-13
.181E-11
. 466E-10
.462E-10
. 482E-09
. 460E-08
. 609E-08
. 883E-08
. 123E-08
.316E-08
.450E-08
.519E-08
.520E-08
. 458E-08
. 338E-08
.520E-08
.BB4E-08
. 830E-09
.644E-99
. 928E-10
.647E-11
. 375E-12



NUM

OO —1 @ U1 e QO B —

W e Q0 G QO G G2 G Q0 o L0 Lo DN RN DD DD BSND N DD DD e e e e —

42

10.
30.
49.
20.
52.
55.
65.
109.
150.
200.
250.
300.
3n0.
450.
550.
750.

JAERI—Data/Code
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Appendix A.8 Output data of the Problem 3.

ATTENUATION OF DOSE EQUIVALENT WITH PKN-HP
INCIDENT PROTON ENERGY = 230 (MeV)
< 64 CU-TARGET >

X1

.00
.00
.00
00
I
90
10
00
00
00
00
00
00
00
00
00
00
00
00
.00

.00
.00
10.
30.
49.
50.
52.
2.
65.
100.
150.
200.
250.
300.
350.
450.
550.
750.
.00
.00
.00
1.

GC
Ht
50
10
00
00
00
00
00
00
00
00
00
00
00
00

00

e N Y S G I - TG T A I NG T S I e a2 I e T e T e i )
NN T AN BRSNS N NN N DN DD RN DD DO

X2

00
.00
.00
.00
.00
vy
.00

.00

.00

.00

00
00
00
00
.00
00
.00
.00
.00
.00
.00

. 00

. 00
.00

.00
.00
.00

.00

.00

.00
.00
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00

00

X3

H)
.00
00
00
00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
00
00
00
00
0o
.00
.00
.00
.00
.00
.00
.00
aHY
00
00
00
00
.00
.00
.00
.00
.00
.00
.00
.00
.00

NEUTRON SOURCE POINTS =8
Dose equivalent
finite thickness

infinite thickness

neutron 2nd. 7 ray
[ xSv/hr)/(n/sec)]
6. 114E-03 0. 000E-00
.395E-03 0. 000E+00
.351E-03  0.000E+00
.B45E-03 0. 0GGE+00
.221E-04 0. 000L-00
. 154E-05 0. 000L+00
.T31E-04 1. 877E-06
. 332E-04 1.T730E-06
.836E-04 1.527E-06
.011E-05 .1.032E-06
.516E-05 3. 020E-07
.584E-06 6. 458E-08
.564E-07 1. 472E-08
. 284E-07 3. 149E-09
.068E-08 6.47T9E-10
C5TIE-G9 1. 362E-10
.175E-10 7. 854E-12
.4B4E-10 5. 258E-12
. 863E-10 2. 828E-12
.041E-04 0. 000E+00
. 184E-03 0. COOE+00
.5T0E-03 0. COOE+0D
. 378E-03 0. 000E+00
. 8B1E-04 0. 000E+Q0
838E-05 0.000E+00
.397E-04 1.676E-06
.031E-04 1.541E-06
.580E-04 1.354E-C6
.437E-05 9. 002E-07
. 112E-05 2.435E-07
.T37E-06  4.605E-08
.543E-07 9. T08E-09
.827E-08 1.969E-09
.803E-08 3.88ZE-10
. 305E-09 7.872E-11
CTT9E-10 4. 287E-12
.861E-10 2. 857E-12
C001E-10 1.537E-12
.001E-04 0.000E=00
C728E-03 0. 000E:00
C510E-03  0.000E+00
.438E-04 0. 000E+00

\
O D U — o e [N P ke ] G e =3 — D) DD D e e G0 TR B — Q2 =] GO U B e D — DS DN SO DN e O

pneutron  2nd. ¥ ray
[{uSv/hr)/(n/secy]
6. {14E-03 0. 000E-0Q0
6. 395C-03 0. 0D0E+400
4.351E-03 0.0COE+00
1. 645E-03 0. 000E-00
2.221E-04 0. 000E+400
8. 154E-05 0. 000E+0D
2. 731E-04 1.877E-08
2.3320-04 1.730E-08
1. 836E-04 1.527E-06
9.011E-0% 1.032E-0%
1.516E-05 3. 020E-07
2.584E-06: 6.458E-08
5.564E-07 1.472E-08
1. 284F-07 3. 149E-09
3. 068E-08 6.479E-10
7.571E-09 1.362E-10
5. 175E-10 7.854E-12
2.276E-10 2.0518-12
1.224E-10 1. 103E-12
4. 041E-04 0. 000E+00
6. 184E-03 0. 000E+00
3.570E-03 0.000E+00
1. 378E-03 0. 000E+00
1. 861E-04 0.000E-Q0
. 838E-05 0.000E+00
2.397E-04 1.676E-06
2.031E-04 1.541L-06
1.580E-04 1. 354E-06
7.437E-05 9. 002E-07
i. 112B-05 2. 435E-07
1. 737E-06 4.605E-08
3.543E-07 . 9. 708E-09
7.827E-08 i.969E-09
1. 803E-08 3. 882E-10
4.305E-09 7.872E-11
2. TT9E-10 4. 267E-12
1. 220E-10 1.128E-12
6.562E-11 6.054L-13
1.001E-04 0.000E+00
5.728E-03 0.000E+00
2.510E-03 0. 000E+0C
9. 488E-04 0. G00E:Q0



43
44
45
46
47
48
49
50
91
52
53
o4
a5
56
57
98
59
60
61
62

63

64
65
66
87
638
69
70
11
72
13
14
75

30.
49,
0.
2.
55.
65.
100.
150.
200.
250.
300.
354.
450.
950.
750.
.00
.00
.00
10.
49.
50.
52.
95,
65.
100.
150.
200.
250.
300.
350.
4590.
350.
750.

00
50
10
00
00
00
00
00
00
00
00
00
0e
00
00

00
30
10
00
00
00
00
00
00
00
00
00
00
00
00

45.
45.
45.
45.
45.
45.
45.
45.
45.
45.
43.
45.
45.
45.
45.
90.
90.
90.
50.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
80.
90.
90.
90.

00
00
00
00
00
00
Uy
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
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.00
.00
00
00
00
00
00
00
00
00
00
00
00
00
0o
00

00
00
00
00
00
00
.00
00
00
00
00
00
00
.00
.00

[ T e i e ]

00

Iﬁ'b’—'MG’LDHNLHHQHMHI\?W-MJWH—CDWQH.S}.»—-MF—AM

—_— > N e ] P

. 260E-04
. 624E-05
. 800E-04
. 499E-04
- 134E-04
. 817E-05
. 035E-06
. TT6E-07
. 653E-08
. 813E-08
. BZ1E-09
. 598E-10
. 388E-11
. 603E-11
. 400E-11
. 332E-05
. 213E-03
. 43E-03
. 335E-04
. 475E-05
. 121E-04

. 112E-05

.B612E-05
. 390E-05
. 129E-06
. 513E-08
. 008E-09
.979E-10
. 448E-11
. 275E-11
. 085E-13
. 404E-13
. 830E-13

i B = L I B R = = R N I - T T = 2 TS L N T R

Lo 00 D) N NN

- 000E+00
. 000E+00
. 293E-06
. 182E-06
. 030E-06
.625E-07
. 484E-07
. 920E-08
. 035E-09
. 023E-10
.414E-11
.481E-11
.291E-13
.211E-13
. 265E-13
. 230E-07
- 000E+00
. 000E+00
. 000E+00
. 000E+00
. 985E-07
. 2T3E-07
. 292E-07
. 934E-07
. 004E-08
. 170E-09
.981E-10
. 056E-11
. 141E-12
. T98E-13
.B06E-15
. T60E-15
. 098E-15

'-—NU'I'——-:a—h.&mmmm—-mmp—mmm—-m—qummmh._.._......,p..._.

. 260E-04
. 624E-05
. 800E-04
. 499E-04
. 134E-04
. 817E-05
. 035E-06
. TT6E-07
- 653E-08
. 813E-08
.621E-09
. 599E-10
. 888E-11
. 635E-11
. 118E-12
. 332E-05
. 213E-03
. 943E-03
. 335E-04
. 475E-05
.121E-04
. 112E-05
. 612E-05
. 390E-05
. 129E-06
- 913E-08
. 008E-09
. 979E-10
. 443E-11
. 275E-11
. 085E-13
. 199E-13
. 182E-13

— DD 00 DD DN DD P

—-Jmc‘:—d—qc:ooc.ca._m»—m-—oomm.—n-—-a:.—-—a.—oo

- BO0E+00
- 000E+00
. 293E-06
- 182E-06

. 030E-06
. 625E-07

. 484E-07

. 920E-08

. 035E-09

. 023E-10

.414E-11
. 481E-11

. 291E-13
. T19E-13
. 244E-14
. 230E-07

. 000E+00
. 000E+00
.000E+00

- 000B+00
. 985E-07
. 273E-07

. 292E-07

. 934E-07
- 004E-08
. 170E-08
.581E-10

- 056E-11

. 141E-12
. T98E-13
.B0BE-15
. 475E-15
. 331E-15
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Appendix A. 8 Input Required on CGB Cards for Each Body Type™’

Card Columns [TYPE TALP Real Data Defining Particular Body  Number of
Body Type 3-5  7-10 11-20 21-30 31-40 41-50 51-60 61-70 Cards Needed

Al
Box BOX ILAP is Vx Vy Vz Hlx dly  Hlz | of 2
assigned B2x H2y H2z H3x H3y Hiz 2 of 2
Right Parall- RPP by the Xmin Xmax Ymin VYmax Zmin Zmax 1
elepiped " user or
by the
Sphere SPH code if ¥x Yy Vz R - - 1
left )
Right Circul- RCC blank. ¥x Yy Vz Hx Hy Az 1 of 2
ar Cylinder R - - - - - 2 of 2
Right Ellipt- REC x ¥y vz Hx By Hz L of 2
ic Cylinder . Rix Rly Rlz R2x R2y R2z 2 of 2
Ellipsoid ELL Vix  Viy Viz v2x  V2y Viz 1 of 2
I - - - - - 2 of 2
Truncated TRC VX Yy = Vz Hx Hy Hz 1 of 2
Right Code ‘ L1 Lz - - - - 2 of 2
Right Angle ¥YED or ¥x Yy Vz Hlx Bly Hlz 1 of 2
Vedge RAW Hox A2y H2z H3x H3y H3z 2 of 2
Arbitrary ARB Yix Vly Viz v2x V2y V2z 1 of 5
Polvhedron ¥3x Viy ¥3z Ydx Vdy  V4z 2 of 5
¥5x Voy V5z Vo x Y6y  V6z 3 of &
Vix V7y VTz V8x V8y  V8z 4 of 5
Face Descriptions (see note below) 5 of §

Termination END
of Body Input
Data

%) from M.B. Emmett:"The MORSE Monte Carlo Radiation Transport -Code System”,
ORNL-4972(1975),4.3-9 to 4.3-10.

Note: Card 5 of the arbitrary polyhedron input contains a four-digit number
for each of the six faces of an ARB body. The format is 6D10.3,
beginning in column 11. See the ARB write-up section 4.7 in reference
%) for an example.



JAERI—Data/Code 96-020

Appendix A. 10 Description of Body Types™’

The information required to specify each type of body is as follows:

Rectangular Parallelepiped (RPP)

a.
Y
z//////// Zmax
X
Xmin Zmin
|
Xmax
Ymin = Ymdx
b. Sphere (SPH)

Xmax :
fmin :
Ymax :
Ymin :
Zmax :

Zmin :

R :

the maximum value
of x coordinates
the minimum value
of x coordinates
the maximum value
of v coordinates
the minimum value
of y coordinates
the maximum value
of z coordinates
the minimum value
of z coordinates

radius
: the vertex at the
centen

*) from M.B. Emmett:”The MORSE Monte Carlo Radiation Transport Code System”,
ORNL-4972(1975),4.7.3..
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c. Right Circular Cvtinder (RCC)

YV : the vertex at the
center of one base.
: a hight vector

_ HxHyHz : radius

K

-

V (Vx, Vv, Vz)

d. Right Elliptical Cylinder (REC)

V : the vertex at the
center of cone base.

\\\\\\‘-h_t——#f/’/// H : a hight vector
Rl. R2 :

P a vector in the plane
of the base defining
the major and minor
axes.

I
<
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e. Truncated Right Angle Cone (TRC)

V : the vertex at the
"R 2 center of one base.
H : a hight vector

R1, R2 : the radii of
the lower and upper
bases.

<l

f. Ellipsoid {ELL)

Y1, ¥2 :
two vertices denoting
the coordinates of
the foci.

R : the length of the major
axis.
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g. Yedpe (WED) or (RAW)

V : the vertex at one
of the corners

al, a2. a3 : a set of
/ three mutually
perpendicular vectors.

31 a3
a2
V -~
h. Box (BOXD
Y : the vertex at one
of the corners.
al, T2, 33 : a set of
three mutually
y, perpendicular vectors.
a3
a
a

Vx, Vy, Vz
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i. Arbitrary Polyhedron (ARB)

V2. V3, V4, V5. Vs,
V8
eight vertices,
must he entered in
either clockwise or
counterclockwise
order.
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Appendix A.11  Calculation conditions of neutron and secondary gamma-—ray

dose cquivalent attenuation data installed in PKN-HP.

Code ANISN-JR" : 1-dimensional discrete ordinates

transport calculation code

Cross section HILOBG6R? : (Ps)

library effective macroscopic cross section

Number of energy neutron 66 groups ( from thermal to 400 MeV )
group gamma-ray 22 groups ( from 0.01 to 20 MeV )

Source point isotropic
55 monoenergetic neutrons
( from 0.01 to 400 MeV )

Shielding water, ordinary concrete and iron

material

Geometry 1-dimensional sphere ( Sy5)

Flux to dose neutron E > 20 MeV Maximum dose ”

equivalent "
4 E S 20MeV | 1cm depth dose™

conversion '

factors gamma-tay | E > 10 MeV Maximum dose?

E £ 10 MeV 1 cm depth dose™

*) [CRP Publication 51(1987),p.39,Table 23.
**) ibid.,p.36,Table 21.
+) ibid.,p.26,Table 14.
++) ibid.,p.22,Table 10.
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(ASN)ABI2UD UOIININ

OL 01 _ 0L Ol
_q-ﬁm __.____ 7 T [Trrr 7T 1 T WIOH

S : -

' |
] m | 081-09T ~———- |

! “ _ 001-08
- L ISl S | VA — eVt
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