The MicroSkyshine Method For
Gamma-Ray Skyshine Analysis

oy

R. E. Faw and J. K. Shultis
Nuclear Engineering Department

Kansas State University
Manhattan, KS 66506

February 1987

Kansas State Uhersity

L

College of Engineering

i i I o |
-\_.-‘_.l’..'lln.,..-l_’e i A S ‘l:f

(= = i T L
Enginieerning Experiment Station

Supplement to Report 188



APPENDIX C

The K-SHINE Single Scatrer Codes
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KSHINE Programs for Gamma-Ray Styshine Calculations
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The program SILO calculates the dose rate fram a point isctropic
gamne ray source collimacred into a2 cone zbout the wertical and
shield=d by zn overhead cancrete slas.

The method is documented inm the peper "Point K=rmel Calculation of
Skyshine Expesure Rates ™ Mucl. Sci. Engg., 50, 334-335 (1582). by
M. L HRoseberry and J. Kenneth Shultis. The progranm uas written by
M. L. Roseberry, (M.S. Thesis, Kensas State University, 19800 and
revised by R. E. Faw, 1985, and O. L. Seorge, 1985.

SKY integrates the singly scattered gamma-ray fluxes cwer a spatisl
region encompassing up to 20 mean free= paths in air for the rotal
path length, and up ta 15 mean free paths in concrete. [ntegroticn
12 performed Dy triple Gaussizn eight-point guadraturs. [nteraction
ceefficients and Berger bulldup coefficients are taken from tabula-
ticns in "Principles of Radiation Shielding®, by Chilton, Shulzis,
and Faw, Prentice-Hall, 198%. Log-log interpolations are used Far
interaction coefficients, semileg for buildp cosfficients. Corver-
sicn factors for prescribed dose eguivalents are token from Stardard
ANSTFARE-5.58.1-1977.

The ucper Limit on source erergy is 10 MeV. An error state arises
if enargies of scatterad photons fall below 0.02 Mev.

Doata input fs in port interactive and in part via an input file.
The itrput file consists of an unformatzed list of scurce-detector
distances (m). Other data such as source epergy and angle of
collimation are entered in response to prompts. Dato ocutput is via
the conscle and & nemed cutput file.

Results are given as the dose rate per unit source strength,
multiplied by the sguare of the source-detector distance (m)

and divided by the specified full-anmgle ef collimetion (sr).

The following subprograms must be linked for execution:

SKY The main srogran

RESG Gama ray respense functions

GML Gamma ray interzction cgefficients
BUBERS Buildup factors {(Bercer fermula)
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Variables are as follows:
E Energy {Mei)
D Sturce-to-detector distance {mb
R Silo inside radfus (m)
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Y Source and detector depth below top of silo {m)
RC Concrete density {g/cm"3}

R Afr density (mg/om™3)

T Concrete thickness [(m)

YRESF Type of response (rad, Roentgen or rem)

DEL Fractional presisicn for Ssussian quadrature
XSUM Response per photon
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IMPLECIT REAL™S (A-H,0-Z)
JIMENSION X203
CHARACTER®™£L FNAME
CHARACTER*&4 A(S)
EXTERNAL TIKGS
EXTERRAL TING2
EXTERNAL TINGT
COMMOR/S1/T, OMU, 2752/ THS D US,ES, U/SI/ANT HZ2/S5/THA, B, KLUNK , DEL
&/S5/KAA NS8 RA PI CON, LI
DATA AS"Expesure’, 'Air Kerma', 'Water Kerra','Dose Ecuivalent',
&' (R/photon)',2*'( rad/photon}’,' (remfphoton)®f
PI1=DACOS(-1.000)
109 FOSMAT(" CALCULATION OF SKYSSINE GAMMA-SAY NCRMALIZED REZPOMSE! , /)
100 FORMAT{' INPUT FILE MAME - 1)
107 FORMATIA)
102 FORMAT(' OUTFUT FILE NAME - ')
111 FORMAT(T({FB.2,1%),1PE11.3)
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WRITE(*, 100}

READC{*, 101> FMAME

OFEN(S, FILE=FUAME )

WRITE(®, 102)

READ(™,107) FMBME

OPER(9,FILE=FNAME, STATUS= "UNKNOWR " )

WRITEC®,10%)

£0 READ (8,*,END=11) E,Y,D,R,RAA, T, RC, NRESP,DEL

Initialfze Parometers

IF (NRESP_EC.1) THEW
HAa = 1
HEE = 1

ELSE [F (MRESP.EQ.2) THEN
HAA = 2
ysg = 1

ELSE IF (NRESP.EQ.3) THEM
NAA = 2
NES = 2

ELSE
HAA
NBB = 1

L]
L



END IF

SUM=0_000

Hi=20

W2=20

Yi=z0

RC=RC™1.0D 0&

DMHU=GHUCE, 1,3)*RC*1.0-4

THS=DATAN(Y/R)

RA=RAA™1.0D 03

COMes , TESED+1B/D"RA

EHU=BMIKH[RA]

U=CMUCE, 1, 11*RA*1.D-4

EMAX=P] -TES

EMAE=5CATER(E ,3MAX)

KLLWN=0
c----al----lllllii‘—i++——h+—11777rlrr“-‘rr--rli---fllllli----lllllllll
C Integrate Owver All Beta, Theta and Epsilon Angles
l:a.n.n.a.a.a______________——--——------..—-..-.--.--.-...-.--.--..-.-...-------------.-.---.-._a__

CALL GAUSB{TINGS,BMN, BMAX,DEL,XSLM, IERRI)

IF (IERR3.HE.1) KLUMK=3

0y
i -1 -

C Write Output

E ---------------------------------------------------------------------

WRITE(®,111) E,¥,D,R,RAA,T,RC*1.0-5,X5U4
WRITE(9,111) E,¥,D,R,RAA,T,RC*1.0-6,XSUM
50 TD 20

11 STOP
E4D

REAL*S FUMCTION TING3{AUG)

INPLICIT REAL*S (A-H,0-2)

EXTERRAL TIHGZ

COMMDN/S1/T,CMULESS2/THS D, US,ES, U/SS/ANT , N2/S5/THA, B, )OLUNE , DEL
&/55/KAA NSB, RA PI_COM,III

C Calculate Erergy, Cress Section and Angle Parsmeters
t,p---....----.-...._a._______---——---1-1-1-...-.-.---...........uu-a.---------------

ES=SCATEN(E,ALG)

UEN=RESG(MAA HEB E5, 111)

US=GMUMES,1,17*RA*1.D-4

SIG=S1GHALE ,AUG)

TEL=P]-THS

[F (THL.GT.(PI-ALUG)) THL=P[-aUs

BE=25
ca.a.a.a--.-._-.......................---.......-----a.a.a--.+-.-................-.............--a.

c Integrate Over Theta and Epsilon Integrzls for Current Seta

CALL GAUSFI{TINGZ,THS,THL,DEL, TANSZ, 1ERR2)
IF {IERRZ.ME.1) KLUMK=2
PARTR=S1G"UEN"TANS?2

TINGI=CON*"PARTH

RETURN
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c Function TING2: Integrars Ower Theta
|: Ll e P
REAL™S FUNCTION TIMGZ (T==1R3}
IMPLICIT REAL*S (A-H,0-2)
EXTERKAL TIHGY
COMMON/S1/T,CMU, E/S2/THAS, D US, ES, U/SS/NT, H2/S5/THA, B, KLUNK , DEL

......................................................................
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AR=0™(DCOS(TEETADSINCTHETAD/DTAN(R ) )*
BR=D*DSIN{THETA} OSIN(B)I"US
cP=EFF(THETA)
THA=THETA
[ Integrate Over Epsilon Integrals for Current Beta and Theta
CALL GAUSTO(TINGY,0.C+00,EP,DEL, TANST, [ERR1}
IF (IESRI.NE.1} KLUNK=1
TIKG2=SUBERG( 1,55, BR, [ERR}*DEXF( -23- 3R 1*TaNS1
RETURN
END
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Function TINGI: Integrate Over Epsilon
REAL*E FUNCTIOM TING1 (EPSILN)
[MPLICIT REAL*8 (A-¥,0-2)
COMMON/S1/T, MU, E/S2/THAS, D US55, U/S3/NT , N2/54/T=A B, KLUNK ,DEL
AG=T*CMU/DSINCTHAY
AmAG/DCCS{EFSILNY
TINGT1=BUBERG(3,E,A, [ERR)*DEXF(-A)
RETLEN
END
FUMCTION EPF(THA) CALCULATES THE UFPER LIMIT ON THE EPSILON INTEGRAL
THA = THETA VALLUZ 1M RADIANS
FUNCTION EPF LIMITS EFF SUCH THAT TEE CONCRETE PATH LENGTH <OR= 15
REAL*™B FUWCTION EPF(THA)
IMPLICIT REAL*B (A-H,0-2)
COMRON/ST/T,5MU,E/S2/THSN, D, US E5,U
A=DSINCTHEM ) /DSINCTHA)
IF (A.GE.1.000) GO TD 10
EP=DACTSCA)
TEST=T"SMU/DCOSCER ) /DSINCTHAY
IF {TEST.LE.15.000) GO TO 15
A=TESTDCOS(ER )/ 13000
[F (A.GE.T1.0003 cO 70 10
EF=CACI5(A)
&3 TO 15
10 =2=0.000
'S EPF=EP
RETURH
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FURCTION SCATENCE,B) CALCULATES TES SCATTERED SAMMA ENS=GY
[N MEV AFTER A SIMGLE SCATTER.
E = THE UNSCATTERED GAMMA ENERGY IM MEV
B = THE SCATTERING ANSLE WITH RESPECT TO THE IMCIDEMT
PHOTON DIRECTION IN RADIANS
REAL™E FUMCTION SCATEM (E,3)
IMPLICIT REAL*E (A-H,D-2)
SCATEN=E/{1.000+E/.511003500*(1.000+DCASCHE) )
RETURK
=D
FUNCTION SIGMACE,B) CALCULATES THE KLEIN-NISHINA CROSS-
SECTION [N M™=2
£ = THE UNSCATTERED GAMMA ENSRGY IN MEV
E = THE SCATTERIKG ANGLE WIT= RESPECT TO THE IKCIDSNT
PHOTON DIRECTION IM RADIANS
REAL™8 FUNCTICH SIGMA (E,B)
IMPLICIT REAL*2 (A-H,0-2)
AL=.511003500/8
F=1.000+AL-0DCOS(8)
SICHA=S.STOSSTD -SO*AL==2/P*=2%( &) /P+P /AL -DSINCE )™ 2)
RETLRN
£40

L O o T O O DO |

-------------------------------------------------------------------

FUNCTICH EMINCR) ESTIMATES THE VALUE OF THE SCATTERING ANGLE FOR
WHICH TEE TOTAL AIR PATH LERGTH IS 20 WFP
® = AIR DENSITY IN G/M=*3
REAL™S FUNCTION BMIN(R)
INMPLICIT REAL*8 (A-H,0-7)
COMMOH,/S1/T,CHU, S/52/THAS D, US, ES USS4/THA, B, KLUNK, DEL
PI=DACOS (-1.000)
D3=P1,/150.000
E=2.0DC*C3
Do 10 1=1,89
AG=SCATEK(E, 3}
TEST=O"{U/DTANCB)+CMUCAG, 1, 1)"R"1.0-4/DSINCE})
IF [TEST.LE.20.DO)Y GO 7O 20
B=B+0S
10 CONTINUE
Do 15 1=1,75
AG=SCATZM(E,B)
TEST=D"GMUCAG, 1, 13*R*1.D-4
1F {TEST.LE.10.DO0) GO TO 20
S=5+08
15 COMTINLE
ERITE (7.5} D.E
WRITE (* 5) D,E
> FORMAT (5K, 'THE FUNCTION TO FIND THE MIKIMUM VALUE OF BETA®,
A ' FAILED. DETECTOR - SOURCE DISTAMCE IS° F7F.2,' SOURCE!,
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3 * GAMMA ENERGY 15',F6.3)
20 MIN=3-D8
*ETLREN
END
FUMCTION RESG{H, M,Z, IERR)
DOUBLE PRECISION VERSION

This function suboregram returns the gamma-ray response functicn at
energy E (Me¥) for the following types of responze (arg. N):

1. Exposure (% cw"2)
2. Absorbed cese or kerna (cSy cm*2)
2. ANST Prescribed dose equivalent (=Sv en™2)

Abserbed dese or kerma is evalusted for the follewing media (arg. Mi:
1. &r
2. Mater
3. Concrete
k. [ron
5. Lead

Note: M is o dumery argument if M = 1 or 3.

The follcwing furction is reguired: cu

IMPLICIT REAL*BL{A-E,0-2)

[EZ= = O

[F (M.LT.1.0%.M.GT.5) THEM
IERR = 1
RESG = 1.00
RETURH

EHD LF

IF (N.LT.1.0R.N.GT.3) TESN
IEEE = 2
RESC = 1.00
RETLRN

END 1F

[F (N.EQ.3_AND_E.LT.0.01) THEN
IERR = 3
FESG = 1.00
RETLEN

=MD [F

IF (H.EC.3.AMD.E.GT.15.00) THEW
IZap = 2
RESG = 1.00
EETURM

EHD IF

IF (N-NE.S3.AND.E.LT,.01D0) THEM
IERR = 3
RESE = 1.09
HETL=Y

EHD [F
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IF (M.HE.3.AMD.E.GT.10.00) TEEN
ISR = 3
RESG = 1.DD
RETURM

END IF

IF (N.EQ.T) THEN
RESG = 1.8350-B*E*GMUCE, 2, 1)
RETURM
ELSE IF {H.EQ.2) THENW
RESG = 1.6020-B*E*@MU(E, 2, M)
RETURM
ELSE [F (M.EC.3) THEM
X = LGG{E)
IF(E.LE..03D0) THEN
RESGE-Z0. 47700+ 1. 7454D0%X
GO To 10
ELSE IF(E.LE..>00) THEN

ESHINE.IST

RESG=-13.52600- 5711700 - 1 . 09S4D0*X*X - . 2583 TDO*X"X"X

GO 7O 10
ELSE [F(E.LE.5.D0) THEN

RESG=-135. 13300+ . T200800"X - . 033£03D0 K *X

GO TO 12
ELSE

RESG=-12.79100+ . 2ET0200% K+ . 10873004 "X

END IF

10 RESG=EXP(RESG),/3500.00

RETLRN
ERD 1F
RETLEN

FUNCTION GMU{EE MM, HY)
COUSLE PRECISICH VERSICM

------------ FEdEETEREREE R RN W

COMPUTES MASS ATTENUATION COEFFICIENTS AND MASS KERMA COEEFICISNTS
FOR AIR, WATER, CONCRETE, IRON, AND LEAD

CVER TEE RANGE 0.01 TD 10 MEV

Reference: Hubbell, J. H., "Photon Masc Attenuation and
Energy-Absorption Coefficients from 1 kev to 20 Mey,®
int. J. Azol. Radiat. Iset., 33, 1289-1290, 1982.

IRDEX NM DETERMINES MATERIAL: 1.

INDEX MM DETERMINES TYPE GMU: 1,

VARIASLE EE IS THE ENERGY (MeV)

AIR
WATER
CONCRETE
1=0M

« LEAD

TOTAL MASS [NTER. COEFFICIENT
MASS KERMA COEFFICIENT
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- FURCTION RETURKRS COEFFICIENT {CM™253)

S
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IMFLICIT REAL*S(A-H,0-2)

DIMENSION N(5),5(33,5),COEF1¢33,5),008F2¢32,5)
WUMBER OF ELEMENTS 14 ENERGY RAMGE

DATA NFL*25 33/

ENERGY GAOUP STRUCTURE

DATA Ef.01,.015,.02,.03,.04,.05,.06,.08, .10,.15, .2, .3, .4
L,.5..5,.8,1.,1.5,2.,5.,5.,5.,6.,8.,10. 8*0.
%,.01,.015,.02,.03,.04, .05, .04, .08, .10, .15, .2, .3, .4
%,.5,.5,-8,1.,1.5,2.,3.,6.,5.,6.,8.,10. ,8*0,
%,.01,.015, .02, .03, .04, .05, .05, .08, _10,.15,.2, .3, .L
%,.5,.5,.8,1.,1.5,2.,3.,6.,5. 6. ,B. 10, B*0.
%,.01,.015,.02, .03, .04, .05, .05, .08, .10,.15,.2, .3, .%
%,.5,.6,.81.,1.5,2. 3,45 6. 8. 10, 84,

&,.01,.0130¢,.01304, .015, 0152, . 0152, .015841, .015851, .02, .03, .04

&,.05,.06,.08, .082004, .0B200S, .10, .15,.2,.3,.4,.5
%..5,.8,1.,1.5,2.,3_,4.,5.,6..8.,10_/

DATA {CCOEFI(I,J),.0=1,33),4=1,1)/

& 5.0160+00,1.5810+00,7.56430-01,3.5010-01,2.4710-01

£, 2.0730-01,1.871D-01,1.561D-01,1.541D0-01,1.3560-01,1.2340-01
&,1.0580-01,9.5480-02,8.7120-02 8. 0560 -02, 7.0750-02, 4, 3560 -02
&,5.1750-02,4.4470-02,3.5810-02,3.0770-02,2.7510-02,2.5230-02
£,2.2250-02,2.0450-02,5=0.D0;

DATA CCCOEFI1CE,d), 1=1,33), Jm2 2)/

& 5.2230+00,1.&390+00, 7.9580-01,3.7180-01,2.6680-01, 2. 262D 01
&,2.055D-01,1.835D-01,1.707D-01,1.505D-01, 1.3700-01, 1. 157001
3-.1.tIE-‘II:I--'.'11,?.Eﬂ?ﬂ-ﬂl*ﬂ.ﬁm-ﬂz,?.E&EE--JE,T.U?I:E-ELE,E.?EE&I‘.'lE
&,%.9400-02,5.9¢690-02,5.4030-02,3.0310-02, 2. 771002, 2. 4250 - 02
& 2.2190-02_ 8*0.D0s

DATA ({CODEF1(1,J), [=1,33),4=3 3/

& 2.6190+01,58.1850+00,3.5050+00, 1 -2020+00,5.0700-01,3.9180-01
5.2.9431:1-131,2.11?3—01,1.?31::-1}1,1.&35:-01,1.3?:1;-111,1-3323-!:—1
&,¥.6290-02,8.7567D-02,8.0980-02, 7. 1030-02, 6.381D-02,5.1970-02
&, &, LB20-02,3.654D0-02,3.1590-02, 2. 295002, 2. 6940~ 02, 2. 450002
&,2.311D0-02,8*0.00/

DATA {{COEF1¢I,J),0=1,33), 0=%,4)/

& 1.5900+402,5.4560+01,2.5060+01,8. 1060+00, 3, 5010+00, 1, $440+00
E“.,1.1m+ﬂﬂ,i-9lﬂﬂ*m,3#&15*&1,1.?5@-[‘.‘1,LiiEE!'I:'I,LZlFEIJ*E‘I
1,9.3955}I:IE,E.-!'.ISJ*IJE.?,?-EJ*EE,&.&?5:-&2.5-??53'&2,4.3&33-&2
Lﬁ.EﬁED-UE,!.E-EED*UE.].EIIEI-IIE,Z!.1&&-EE.3.DE?D-EE.E.W1G'EIE
&,2.994D0-02,8%0 0Oy

DATA ((COEF1{I,J), 1=1,33),4=5,5)/
& 1.3060+02,5.10C0+01,1.5800+02, 1. 1160+02, 1. 0T0D+02, 1. 4B00-02
&,1.3200+02,1.5300+02, 8. 536D0+01,3.0320+01, 1.4350+01, 8. 04 10+00
&,5.0200+00,2.£190+00, 1 S100+00, 7. 3800+00,5.5500+00, 2. 0140+00
Et?.ﬂﬂﬁj-ﬂ‘l,&.UEH-DLE.IEEE-DL1-.5139-&1,1.ELED-E-i',E.S.ﬁ?D-EﬁE
§,7.1030-02,5.2220-02,4.56070-02, 4. 2340- 02,4 . 157D- 02, 5.2720 - 02
§,4.3910-02,54.6750-02,54.9720-02/

DATA ((COEF2(I,J),1=1,33},2=1,1)/
& &.56400+00,19.3000+00,5.2550-01,1.501D-01, £.6940-02
&-.E.ES‘ID-JE,E.M-D-HE.E.EHD-I!IE.2-315}-5212.#%42,2_5?3:-02
&,2.8720-02,2.9490-02, 2. 964D-02,2.9530-02, 2 . B&20-02, 2. T&7D-02
&,2.5450-02,2.3420-02, 2. 055D-02, 1 . B6&D-02, 1. T37D-02, 1 .6650-02

8
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E,1.5210-02,1.4540-02,8*0.00/

DATA ((COEF2(I,J),1=1,33),4=2,2)/

& 4.8400+00,1.3800+00,5.3567D-01, 1.5200-01, 4 803D~ 02, 4. 15%0-02
&,3.1520-02,2.5830-02,2.5360-02, 2. T620- 02, 2. 9660-02, 3. 192D+ 02
&, 3.27°0-02,5.2990-02,3. 284002, 3. 2050-02, 3. 1000-02, 2.8310- 02
&,2.504p-02,2.27ED-02,2.0630-02,1.9130-02, 1 .8040-02, 1 .&57D-02
&,1.5660-02,80.00/

DATA ((COEF2CI,J), 1=1,33),J=3.3)/

& 2_447D+01, 7. 5820+00,3.2170+00,9.£540-01,3.5550-01, 2. 048D -01
E,'I.HM-E‘I,&.154.‘-9-&2*-"-.151}0'92,3.ELIG[I-EE,E.SE?H+DE,L$3?I=-D.E
E.E.?BJJ-UE,E.MD—DE,E.%-EE,E.E‘-H?:I-EE,E*?i'ﬂ:lvEE,z.ESf-a*L‘E
%,2.3480-02,2.0850-02,1.9290-02, 1.8280-02, 1. 7600~ 02, 1.65800-02
&, 1.6390-02,8%0.00/

DATA {(OO=F2([,4d),1=1,33), J=£,6)/

& 1.3570+02,4. 8595001, 2.2570+01, 7. 237000, 3. 144000, 1 . 530000
&.?.SEED-U‘E,L.HF'ID-CILE.fﬂ'll:*--:li,?.F'Tm-ﬂz,l‘-.ﬂf-m--:lE,S.J‘.'-'.n--ﬂz
&,2.0500-02,2.9220-02, 2. 8430-02, 2. T18D-02, 2. 504D - 02, 2. 3580 - 02
E,E.IPED-EE,E.IEED-EE,‘.I.;HLD-l‘."a',1.??5n-EE,1.?9Tn-E'E*E.D£3D-DE
£,2.1000-02,8=0.00/

PATA ((COEF2(I,3),1=1,33),4=5,5)/

E 1.25&0+02,5.1000+01, 1. 1300+02, 8. 9350+101 ,53.0800+01, 1.0900+02
&,5.8800+01,1.1408+02, £.9230+01, 2.5500+01, 1. 2210+01, &£. T940+00
&,&. 1770+00,1.9360+00, 1 ..4500+00, 2. 3100-00, 2. 2250+00, 1. 1350=00
&,5.2200-01,2.5810-01,1.43%0-01,9.554D-02, 7. 1320-02 _ £, 83380 -02
E,I.T!W*EE,L?h’-ElvI:LE,!.LI:I?!l*ﬂ.?,LSEH!*E:E,E.L&EB*EE.EJEIEH-GE
8,2.7300-02,2.9480-02,3.11&D-02/

PERFOSM |HTERPOLATICK

po 101 1 = 1,N(MN)

1F (EE.EQ.E{I,NN)) GO TO 102
IF (EE.LT.ECI,NN)) GO TO 103
CONTIKLE

102 IF(MM.EC.1) GMU = COEF1(I,KN)

103

IF(MM.EC.2) GMU = COSF2(1,KN)
G0 TO 104

[l = 1-1

GOTO (201,202, MM

201 Y11 = DLOG(CCEF1(II KN})
YY2 = DLOCL{COEF1{1, HK))
GOTO 203

202 YY1 = DLOG{COEF2(I11,MN))
¥¥Y2 = DLOG(CCEF2(I, UMN))

203 01 = DLOSCECID, NN))

X2 = DLOG(E{I,KN})
G5 = DLDS(EE)
2Z = YY1 = (GO-XX1I*CYY2-YY1)/(NX2-Xx1)
GMU = DEXF(ZZ)
104 CONTIMUE
RETURN
=)

FUNCTION SUBERGCN,E,X, 1ERR)
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FSHINE.IST

This function subprogram evaluates gamma ray exposure buildup factors
using the Serger form of the buildup factor with data as reported in
Chilton, et al., Principles of Radiation Shielding, Prentice Hall,
1984, p. &54. Variation of coefficients with energy is determined
oy linear interpolaticn in loglE). '

Argument M is the materfal index: 1. air
mater
3. concrete

I

iren
. lead

LU o
*

Arounment E iz the energy E [Hel)
Argunent X s the number of m2an free paths
IMPLICIT REAL*E{A-H,0-2)
DIMENSION U(25),A(25,5),B(25,5)
IERR = 0
IF (X.LE.O.DD} THEN
ELIBERG = 1.20
RETURM
ERD 1F
IF {E.LT..01500.0R.E.GT.15.00) THEN
IERR = 1
BUSERE = 1.00
RETURNM
EHD IF
IF (N.LT.1.OR.N.GT.5) TEEN
[ERRE = &
BUEERS =
RETURN
EMD IF
IF [(X.G7.50.00) THEM
IERR = 3
SUBERG = 1.00
RETURN
B IF

1.00

DATA Ur.015,.02,.03,.04,.05,.06,.08,.1,.15,.2,.3,.4,.5,.6
z,.8,1.,1.5,2.,3.,4.,5.,6.,8.,10.,15_/

cata for alir
DATA Af.08,.23,.93,2.6,6.05, 527 ,6.11,5.95,6.7T 3.9 3.1 _2.561,2.2%9
&£,2.05,1.71,1.5,1.16,.97, .75, .61, .53, .47, .37, .31, .23

cata for water
&,.09,.26,1.01,2.58,4.36,5.59,6.47,6.11,4.88,4.13,3.18,2.67,2.32
&,2.07 1.7%,1.5,1.16,.97, .74, .62, .52, .47, .38, .31,.3

cats for concrete
&,.01,.08,.1,.26,.52,.78,1.42,1.85,2.19,2.2,2.068,1.87 ,1.73,1.6
& .61 127 102, .83, .71, .59, .49, .45, .36,.35, .21

gata for irom
&,0.,.02,.01,.08,.04,.07,.15,.2¢, .52,.77,1.06,1.15,1.16,1.14,1.0%
&, 105, .88, .76, .65, .56, 4%, 42,.533,.25,.15

gatz for lead
&.0.,0.,0.,.01,.01,.01,.02,.2,.21,.08,.08,.11,.15,.19,.25, .3
&, .35, .38, .57, .31, .26,.19, .11,.07,0./

10
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data for air
DATA Bf-.034,-.032,-.009,.018,.05,.075, . 102,113, .121, . 113, . 0%
&,.009,.057,.058, 045, .035, 021, .013,.005, .001_-.002
&,-.004, -.00&,-,004,-,005

cata for water
&,-.ﬂ]ﬁ,-_ﬂiz.-.l:l:ﬁ,.DE"-.,.EET,,EEE,.'ICE,.IE,.iE,.‘H!,,E?E.,.:IE
&,.058,.059,.045, 025,021, .013,.005,0.,-.002, -.005, - .00&
&, -.005, -_008

data for concrece
E,-.029,-.041,-.03&,-.035, - .025, - .008, .007, 028, .054, .085, .0&67
&,.051,.055,.049, .04, .032, .021, .01%, 007, .00&, . 004, 002, .00
&, -005, 004

data for iren
&,0.,-.052,-.035,-.032, - . 034, - .039, - .034, - .030, - .05, 004, 022
&,.033,.036, .03, 032, 028, .020, 018, .014, .015, .01T, .021
£,.028,.03%, .0&5

data for Llead
&, 30, -.0568, - .045,-.028, - 029, .479,- 075, - 054, - .04 - 033, - .028
&,-.024,-.01%, -.015,- 007, . 004, .019, .038, 062, .082, 125, .151,0./

I=1
%0 IF (E.LE.UCI+1)) GO TD 20
E=1+1
&0 To 10
20 AA=CACI+T N)-ACL, HD)
AA = AR*({DLOGCE)-DLOG(UCT D))/ (DLOGCUCT+1)) -DLOGELCI) D
AA = AR+ACL W)
BB=(B(I+1 N)-B(I, M)}

38 = BE™(DLOG{E)-DLOGIU(I) )/ {DLOGIU(I+12)-DLOGCUCTDY)
23 = BE + 3(1,N)
EUSERG = 1. + AAX"DEXP{BE™X)
RETURNM
EKD
Chirink
e e e s e A B mlntata B 8 B8 i B R R RS S e e R e
[CEasr
Coaww SUBROUTINZ GCAUSE -- DDUBLE PRECISION 13M 370 WERSICHM
[
Crer® PLURPOSE

ikl GAUSE INTEGRATES REAL FUNCTIONS OF CHE VARIABLE OVER FINITE
et a] INTESVALS, USING AN ADAPTIVE 2-POINT GALUSS-LEGENDRE ALGORITEM.
Bl GAUSS 1S5 INTENDED FRIMARILY FOR SIGH ACCURACY INTEGRATION CR
pEeaw INTEGRATICH OF SMOOTH FLWCTIONS. FOR LOWER ACCURACY

A INTEGRATION CF FUNCTICNS WHICH ARE WOT VERY SMOOTH, EIT=ER
o QNC3 OR QNCT MAY S5 MORE EFFICIENT.

:I'lt-

C*"** USAGE

[ E nb i CALL GAUSS(FUM, A, B, ERR, AMS, [ERR)

.:'-'l'l-l'

i FUN - MAME OF EXTERNAL FUNCTION TO BE INTESRATED. THIS NAME
rwman MUST BE IN AM EXTERMAL STATEMENT IN TEE CALLING PROGRAM.
crmmn FUN MUST BE A FUKCTION OF ONE RSAL ARGLMENT {THE

i WARIABLE OF IMTEGRATION).

EELS A = LOWER LIMIT OF IMTEGRAL.

1"



ESHINRE.ILST

Clrrts B - UPPER LIMIT OF INTEGRAL (MAY BE LESS THAW A).

Cranw ERR - USER-SUPPLIED ERROR PARAMETER. ANS WILL MORMALLY HAVE
il MO MDRE ERROR THAN ZRR TIMES THE [NTECRAL OF T=E
G ABSCLUTE WALUE OF FUNCX).

FrTbelad EMS - COMPUTED WALUE OF INTEGRAL.
SR 1ERR - ERROR PARAMETER SET SY GAUSA:

il IESR = 1 IS NORMAL.
fwwwn [ERR = 2 MEANS ANS [S PROBABLY INSUFFICIENTLY ACCURATE.
fEwws

C¥=** SUBROUTIMES AND FUNCTION SUBPROGRAMS RECUIRED

Ero TEE EXTERNAL FUHCTION FUNCX) MUST BE SUPPLIED BY THE USER.
E‘I"‘"-

Lo " METHOD

el AK ADAPTIVE S-POINT GAUSS-LECENDRE ALGORITEM WITH INTERVAL
[raww BISECTICH, COMBIMED RELATIVE/ABSOLUTE ERROR OOMTROL, AWD
i COMPUTED MAXIMUM REFINEMEMT LEVEL WHEN A IS CLOSE TO 8.

IIIIIIIIIIIIIII FERE AP PI N AR R A AN A E SRS R NN E N EEESEEESE e W

SUSROUTINE SAUSE(FLW, A B, ERR, ANS, IERR)
IMPLICIT REAL*E (A-H,0-2)
DIMENSION AA(30), HE(3D),LRC30),VLIZ0),GR(30)
Cw=*® B-POINT GAUSS-LEGEGKDRE QUADRATURE DATA.
DATA N1,X2,05,54/0. 18343484 2495465000 , 0. 52553 240991432500 -

1 0. TREE654TT4 1362700, 0, FE0Z5785545T53400
DATA W1,W2,W5,Ws/0. 3626537835 7E36200, 0, 313T0664587TEE700,
1 0.22238103445337400, 0. 101228535 29037600/

Cem** MISCELLANZOUS FPARAMETERS.
DATA S02/1.L1421356237309500/
DATA LMN, NLMX,KMX, KML NBITS/1,30,5000,6, 584/
Cews® B-FOINT GAUSS-LEGEKDRS IMTEGRATION FUNCTION.
GO, HI=H* (M1 CFURCC-X T H I+ FUM (G0 THH ) J=U2* FUN (X - K27 H 3+ EUN (RN 2+
THI Y I= (W3 * CFUNCK- 3% H )+ FUN O+ X3 % ) Ul ELUK (- XL H )+ FLNC N+ XEYE] 1 1)
Cra== JUITIALIZE.
ANS=0.00
[Ex8=t
[FIR.ET.B) RETURH
LME=NLyx
IF{B.EQ.0.D0) &0 TD 3
IF{DSIGN(C!.D0,B)*A.LE.O.CO) GO TD 3
C=DABS(1.D0-A/8)
IF(C.GT.0.1D0) GO TO 3
NIB=-]DINT(DLOG{C)/DLOGC2.D0))
LEX=HIMD{HLFX N3ITS-HIS-5)
LMN=Max0CLMx, LMY
3 TOL=0DMAX1(ERR,2.D0**{5-K3217533/2.00
1F(ERR.LT.0.D0) TOL=0.5D-56
EPS=TOL
SH(1)={B-A)FL.D0
AACT2=4A
LRC1X=1
L=1
EST=GECARCL+Z.DO*HHIL), 2.DO*HHIL )
K=

12
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2

C'rrl:i
10
11

13

[E=xT®

14

o

AREZE=DABS(Z5T?

EF=0.500

=0

COMPUTE REFINSD ESTIMATES, ESTIMATE THE ERROR, ETC.

EL=GBCAACL 1+E=CL), HHILY) '

GRIL)=GH(AACL)*3.00%HHCL), HHCL))

L=K+16

AREA=AREA+({DABS{SL+DABS(GRCL) ) -DABS(SST )

IFCL.LT.LMN} GO TO 11

GLE=GL+GR{L>

EE=EF*DABS(E5T-GLR)

AE=CMAXT(EFS*AREA, TOL"DABS{GLR)]}

[F(EE-AE) 6,6,7

MXL=1

[F(LR(L)) B,8,10

CONSIDER THE LEFT HALF OF THIS LEVEL.

IF(K.ST.KMK) LMX=KML

IF{L.GE.LHX) &0 TG 5

L=L+1

EPS=EPS/2.00

EF=EF/502

HH{L)=HH(L-1)/2.00

LR{L)=-1

AALLI=AA(L-1)

EST=GL

63 TO &

FROCEED TO RIGHT E:LF AT TE!S LEVEL.

WL{L)=GLR

EST=GR{L-1)

LRELY=1

ALILI=AALL Y= . DO*H=(L)

GO TO &

RETURM CHE LEVEL.

VR=GLR

IF(L.LE.1) &0 70 14

L=L-1

EPS=EFE*2.00

EF=EF*S02

EFCLRLL).ST.0) &0 1O 13

WLELI=WL(L=10+VR

G0 TQ ¥

VRE=VLIL+1)+%=

GO TO 11

EXIT.

ANS=VR

IF(MXL.5T.0) IERR=2

RETURH

EAD

SUBROUTINE GAUST{FLN,A,3,ERR, ANS, 1ERR)

IMPLICIT REAL*S (A-H,0-Z)

DIMEKSION AA{30),HH(30), LR¢30%,VL(30),6R(30)

8-POINT GAUSS-LEGEGHDRE CUADRATURE DATA.

DATA X1,X2,%3,X4,/0. 18343465 249565000,0.52553240991432500,
0. PISEEEATTA1352TD0, 0. FS02BFE564 9753500/

13
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DATA W1,W2,W3,N0,/0.35258378337835200, 0.3 13706645577BETD0,
1 0.22238103445337400, 0. 10122853429037200,
Cre** MISCELLANEOUS PARAMETERS.
DATA 582/1.414213562373075007
DATA LMH,HLMX, CMX KML _NSITS/1,30,5000,5,64/
C*== B-FOINT GALSS-1EGEHDRE IMTEGRATION FUMCTION.
GEOH, B)=H*C{W T FUNCX = T 5+ FUN LT 1 ) W™ FUMC X - N2 H 1+ FUN (X=X 2*
TH 3 3+ (M= FUNCC- 3™ H )+ FUN O T4 ) )+ FUN X - A H 3+ FUN (X X4*H ) ) 1)
pemww INITIALIZE.
ANZ=0.00
IERR=1
[F{A.EC.E) SETURK
LHXC=NLMX
IF(B.20.0.00) GD TD 3
IF(DSIGH{1.0O,B)*A.LE.D.DD) GO TO 3
C=0ASS(1.0D0-A78)
IF{C.5T.0.100) &0 TO 3
HIB=-IDINT{DLOSCCH/DLOG(2.00))
LMX=MINONLMY NBITS-KIE-43
LMX=$ax]{ LMY, LHNY
2 TOL=CHAX1{ERR, 2.D0**(S-K2ITS))/2.00
IF{ERR.LT.0.D0) TOL=0.5D-&
EPS=TOL
HHE Dy =(5-A)/5.00
BACTI=a
L=2C1)=1
L=1
EST=GE{AA(L}+2.D0"=H(L),2.00"HHCL))
k=8
ARER=DABS(ESTY
EF=0,500
HxXL=0
CeeS® COMPUTE REFIMED ESTIMATES, ESTIMATE THE SRROR, ETC.
& GL=GE(AALL)=HH(LY, HECLY)
GROL)}=GH{AA(L)=3.D0*==(L}, HHILY))
E=K+16
AREA=ASEA+(DASS(GL Y +DAES(GRIL ) ) -DASSCEST )
C IFCL.LT.LMN) GO TO 11
SLR=CGL=GR{L)
SE=EF"DASS(EST-GLR)
AE=DMAXT[EPS™AREA  TOL*DABS(GLRY)
[F(EE-AE) &,5,7
5 MxL=1
o IF(LR(LYY &, 8,10
Ce¥==*® CONSIDER THE LEFT HALF OF THIS LEVEL.
F IF(K.GT.EMX) LHx=eML
IF(L.GE.LMX) GD 70 5
L=1+1
ERS=ERS/2.00
EF=EF/S02
HH{L}=HH{L-1)/2.20
LR{L)=-1
ARCL)=RE(L-T)
EST=GL

14
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GO TD &
O™ PROCEED TO RIGHT EALF AT THIS LEVEL.
8 WL(L)=GLR
¥ EST=GR(L-1)
LR(L)=
AALLY=A8L y+4 DO*HHIL Y
GO TO &
Lo JIETURN OME LEVEL.
10 VE=GLR
11 IF(L.LE.1) G0 TD 14
L=L=1
EPE=E~5"2.D0
EF=EF™Sa2
1F{LR(L}.E6T.0) &0 TO 13
VLEL)=WLL+13+%R
G TD9
13 VR=VL{L+1)=vm
e 10 11
Lrenw EXIET.
1£ AKNS=\R
IE(HL .GT.0) 1ERR=Z
RETLAN
END
SUBROUTIME GAUSTO(FUN A, S, ERR, ANS, IZ2R)
IMPLICIT REAL™E (A-H,D-2)
DIMERSION AA(30),HH(30),LR(30%,VL(30),6R¢30)
L 8-POINT GALUSS-LEGESMORE CUADRATURE DATA.
CATA H1,IE,KS.xﬁ;U.IES&E&EEE%#S&SUUU,D.iEEEEE#ﬂﬂﬂiﬁianﬂ*

1 0. PPE8EE4TTS 1352700, 0. F502B9E5 549753600/
DATA W1,M2, W5, W40 382883 TEZI7E35200, 0.3 1370££45877RET00,
1 0.22238103445337400, 0. 101228534259037500/

CEs*% MISCELLANEDUS PARAMETESRS,
DATA S32/1.41421356237305500)
DATA LMN HLMX, KMX, KML NSITS/1,30,5000,68, 584/
Crw** B-FOINT GAUSS-LEGEWDRE INTEGRATION FUNCTION.
GROK, H)=H* (O™ (RN CK- X 1" H I FUR OG- T5H ) 3+ ME { FUN X -2 H 4 ELN =32+
THI D)+ (WE* CFLKOC-XI%H )+ FUNC+ HIYH ) ) =" {FUN L0 -XE%H )+ FLNCH+XE*H) 1 33
C**= IMITIALIZE.
ANS=0.D0
[ERR=1
[F(A.EQ.B) RETURN
Lbne=hil MX
IF(B.EQ.0.00) 53 TD 3
IF(DSIGN(1.D0,E)*A.LE.0.00) GO TO 3
C=DABS(1.00-A/E)
IF(C.GT.0.100) GO TO 3
NIS=- IDINT(DLOG(C)/DLOG{2.00))
LME=MINO(NLME MBITS-N15-£)
LMX=HARO LMY, LMY
3 TOL=DMAX1(ERR,Z2.D0**(5-KE1TS})/2.00
IF(ERR.LT.0.D0) TOL=0.5D-&
EPS=TOL
HE(1}={B-A)/4.00
RACT)=A
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LR{1)=1

EST=CB(AACL)+2.DO0"HHCL)Y, Z.DO"HH{L Y )
K=8
ARTR=DAES(E5T)
EF=0.500
FL=0
Cwe®® COMPUTE REFIMED ESTIMATES, ESTIMATE THE E%ROR, ETC.
4 GL=GR{AACLI*HH{L),==(L})
GRCLISGELAACLI+3.DOYSHILY, HHCLY)
K=%=15
AREA=AREA+(DASS(GL)+DASS{ERIL))-DABS{EST))
- IFCL.LT.LMN) GO TO 11
GLE=GL-GR{L)
EE=EF"DASS{EST-GLR)
RE=DMAX1T{EPSYAREA, TOL*DABSCGLRY)
IF{EE-RED} &,6,T
MXL=1
IF{LR(L)) B,B,70
C**** COMSIDER THE LEFT HMALF OF THIS LEVEL.
7 IFCE.GT.COMEY LMX=KML
IFCL.GE.LMX} GO TO 5
L=L+1
EPS=EPS/2.00
EF=EF/522
HH{L)=HH{L-1)/2.00
LR{L)=-1
AR(LY=AR(L-1)
EST=GL
(=0 [l G4 A
Cwe=* PAOCEED TO RIGHT HALF AT THIS LEVEL.
8 VL(L)=GLR
¥ EST=GR(L-1)
LR{LI=1
ARCL)=AACL Y4 DO*HHCL Y
Gl TO &
Cwee® RETURN OWE LEVEL.
10 VA=GLR
11 IF(L.LE.1) GO TO 14
L=L-1
EPS=EFS*2.00
EF=EF*z07¢
IFCLRCL).GT.0) GO 7O 13
WLIL)=VL(L=1}+VR
GO TO %
13 VR=VLIL+1)+VR
GO 70 11
CEt EYIT.
14 ANS=VR
IF{MNL.BT.0) [ERR=2
SETURN
N0

O

15
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Tabulation of Results from K-SHINE Czalculations



Table D5.2. Normalized gamma-ray skyshine exposure as a function of
areal density separating source and detector. The source is
Cobalt-60 and is collimated by a cone of 150.5-degree full
angle. In one case, there is no overhead shielding, in
another there is a 2l-cm thick concrete shield, and in o
third there is a 42.8-—em thick concrete shield. Concrete
density is 2.32 g/cm”. The normalized exposure is Hoentgens
per photon, multiplied by the square of the
source—to—detector distance {(m) and divided by the two-pi
steradian of collimacion. Air density is 1.25 mg/cm” and the
areal density is the product of the density and the
source—to—detector distance. Calculations were performed
using the K-Shine program.
Normalized Exposure (m® R/sr) [1.17-1.33 MeV Avg. ]
Areal Source-Detector
Density Distance Coen 21-cm 43—cm
(g/em”) (m) Silo Concrete Cancrete
5 40 4 B99E-1T 3.026E-18 1.630E-19
10 £0 T-893E-1T 4.837E-18 2.552E-19
20 180 9.381E-1T7 5.265E-18 2.640E-19
30 240 8.064E-17 4.021E-18 1.207TE-19
40 320 6.022E-17 2.672E-18 1.195E-195
€0 480 2.T65E-17 9.823E-19 3.8T7E-20
80 G40 1.11VE-17 3.235E-1% 1.120E=-20
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Tabulation of Results from G Calculations
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Table E&.1.

3 16
307.2
S=0.08
2000.0
u.0
.0

o

1 &
S5625-04
7.0
14,0087
1.17

3.70E+1&

0.05
0.50
12920-07
10220-05
0.0
304.8
0.0

STCP

L& 2 g 1 g 13 1 1
335.28 355.76 396.24
701.04 742.00 822.96 BHI.F2
0.7855%9 1.5708
0.0872586 0.17453

-1

2.3562 3.14159

2¥373-05
2.0
15.75%4%
1.35

3.T0E+16
0.05
0.50
11850-07 132000-07 15940-07 25920-07 37080-07 5%580-07 B1480-07

0.10
1.00

0.08
0.80

2.15
1.50

12220-05 15930-0& 19230-06 25520-06
1.0 2.0

0.0 4.5

0.0 0.0

1

£L1.586 457.58
97538

0.20

S33.40
1200.0

.33

SAMPLE FROBLEM 007, AIR SCATTERIMG INTO COLLIMATED DETECTOR

579.12
1500.0

-1000.

.42




Table E&5.2.

COHTREOL
E O® R

Y OR PHI
I 0= THETA
X 0% R

¥ O PHI
2 0R THETA
F{L)
F(M)
F{N}

SAMFLE
LOHE

1 -1

ES

1 5

3 15

3.0720e=02
&.L008E=02
2.0000e=03
0. 000CE=D0
0. 00CCE+DD
3.2124E+02
&.TU58E+02
3.9270E-0
4. J833E-02
2.E995E+0&
=
r.8539E-01
3.E6052E-03

PROBLEM 001,
BADS COMP SMD1

1 -1

0.0000E+00

T, 1
H

1.4007E=01

o.S525E-04

[ F
3.3528E+02
r.0105E+02

7.E539E-01
B, T2552-02
5.5052=+02
7.315E+02
1.1781E+0D
1.30%0€-01
3.T4T3E+D5
3.2540E+07
7.8541E-01
1.1385E-0&

2
3.8575E+02
7T.5200E+02

1.5708E+00
1.7453E-M1
32.8100E+02
T.9248E+02
1.98352+00

L. L259E+08
3 - E303E07T
7.B54Ce-01

- 13
J.F024E-02
8.22%¢6E=02

2. 3562E+00

4. 1910E+02
S.35LLE+(2
2. T4BFEHID

B.0384E+06
& G4202+07
7.8539:-01

1,
L. L1REE-02
B.B352c+02

3. 1676E<0D
S 5LB2E+02

7. 2F5LE+02

?.8851E+06
T -P087E+07

AIR SCATTERINS IHTO COLLIMATED DETECTOR

FE1 BHDZ2

0.000CE+CO

1.5%99c+01
2.5375E-04

PE2 BRD3

c

PK3 BaD&

xQ

PES  BMD5

YO

1

SAMPLE FROSLEM CO1, AIR SCATTERIMG [KTO COLLIMATED DETECTOR - Cutput Listing

0

b

2age 1

(1] o

4. 876BE+02 S5.334C0E=02 5.79125-02
Q. MISE+0Z2 1.2000E+03

5.1054=+02
1.087TE+03

1.1925E+07

2.5570E-0S

FICS

20

BHDS

3.5628E+02
1.3300E+03

1.4155E407
2.4700=+08

PEE

0.00CCE+00 0.COO0E+00 O.0000E+00 O.D000E+00 -1.00005+03

1.5000E+03

&.0%60E~02
1.7500E=03

2.25T2ZE+O7
1.5417TE+09



Table E&.2.

SOURCE
GROUP

TOTALS
BIN

—

€3 (B =] o LA B LW i

=l =l ol el el
ol g o= O

X=

X=

EMERGY
1.1700E+00
1.3300E+00

LOLER EDGE
0. 0000=+00
5.0000=-02
&.0000E-02
8.00C0s-02
1.000CE-01
1.500Ce-M
2.000CE-D
3.0000E-01
%.0000E-O
3.0000E-M
&.0000E-01
2.0000E-01
1.CO00E+00
1.5C000=+00

C.0000E+00 Y=
3.04380s+02

Y=
SOURCE
3.700CE=14
3.70CCE=14

FACTOR
1.2950E-07
1.2950E-07
1.1880E-07
1.2000E-CT
1.559&0E-07
2.5920E-07
3.7T080E-07
5.5580E-07
B, f480=-07
1.0220E-05
1.2220E-05
1.5%30E-04
1.9230E-06
2.56520E-06

0.CO00E+00
0. 0000z+00
MIK DIRECT
£.4034E+03
7. 1263z=03
1.3528+04
HIW SCATTR
0.0CCCE=dD
0.0CCCE+DD
0.0000E+DD
0.0000E+0D
0. 0000E+0D
0. 2000E+CO
2.1911E+00
1.5182E+00
1.4955E+00
1.9349E+00
5,.37982+00
T.9E&TE+DD
3.45902+00
0. D00CE=DD

Z= [.000CE+0D

I=  §,1840s-02
MAX DIRECT MIN SCATTR
6.454T2+03 1.2514E+01
T.ITIFE+03  1.2571E+01
1.3630E+04 2.5285e+0
MAX SCATTE EBIN
0, 0000E+00 1
0. 0OCOE+00 Z
0.00CCE-Q0 3
0., 00CCE=-QD &
0.000CE+0D g
0.000CE+0D &
£.E58TE+DD T
1.67B3E+00 8
1.5282E+00 )
1.9601EH00 10
6.635EH00 1N
79914400 12
3.5051E+00 13
D.0000==00 14

MAX SCATTR
1.2852E+01
1.2887E+01
2.5737E+01

SAMPLE PROELEM 007, AIR SCATTERING INTD COLLIMATED DETECTCR - Qutput Listing

MIKD-=MAXSC
&.4185E+03
T.137ZE+03
1.35542+04

Fage 2



Table E5.3. SAMPLE PROSLEM 002, AIR SCATTERIMG FROM COLLIMATED SOURCE - Data

3 19 B g 1 1 15 1 1 1 1 '
0.0 =0.0 100.0 200.0 300.0 £50.0 &30.0 900.0
1200.0 1500.0 1800.0 2100.0 2500.0 3000.0 3500.0 4000.0
5000.0 &000.0 7000.0 8000.0

0.0 &.28518
0.0 017L53
-1 i =1
1 & -1000.0
oS08 2F006-04
T.0 B.0
1600567 15.9994
2.0
13132+04
<05 - 5 .08 <1 «l 2 3 o
a5 -5 .. 1.0 1.5 2.0

12§5C-07 11880-07 13000-07 15%60-07 25020-07 I7080-07 S9580-07 81480-07
10275-06 12222-06 15928-06 19230-06 25520-06 32720-06

.01 1.0 1.0

0.0 0.0 0.0 1 &0
75.20 0.0 131.58

152.40 0.0 263,55

L. 0 0.0 527.93

o09.50 0.0 1055.8&

7790.50 0.0 171577

1524.00 0.0 S639.585



—

Teble EG.5. SAMPLE FROELEM (0ZA, AIR SCATTERING FROM COLLIMATED SOURCE, RBMGE CHECK - Data
3 12 | IR 2 1 114 1 1 1 1 .
5000.C 9000.0 10000.0 11000.0 -12000.0 13000.0 14000.0 15000.0

146000.0
2.0
0.9

=1 1

1 &

256504
7.0
14.C067
2.0
13132404
.05
-2
12950-07
10215-06
07
0.0
76.20
1532.40
504. 0
£09.60
FF0.40
1524 .00

STCP

17900.0 18000.0 19000.0 20000.0

é.28518
-D17L53

=1

+1000.0

2Fa06-08
8.0
15,5994
04 .08 .1 =15 .2 -3 o
-5 - 1.0 1.5 2.0
11880-07 13000-07 13950-07 25920-07 I7080-07 59580-07 B81450-07
12222-0& 15928-06 19230-06 28520-06 32720-06
1.0 1.0
0.0 0.0
0.0 131.98
0.0 2E3.95
0.0 327.93
0.0 1055.85
0.0 1577
0.0 283965




fazle ES.4. SAMPLE
CONTROL 3 19
i 0R R 0.0000E+00
1.2000E+03
5. 0000E+032
¥ OR PHI O.0000E+00
2 OR TEETA 0.0000E+00
X CR & 2.5000=+01
1. 350003
5.5000=+03
Yo' PHI 3.147152=00
L J% THETA &.7TZ85E-03
FIL) &.18867E+04
5. 4700E+08
Z-I555E+10
FiM) G&.2837E+00
F(N) 1.5229E-04
ZOME ENDS COMP 3SMD1
1 -1 1 1
35D EQ A
1 L 0.0DD0E+00
COMP  MAT, 1
L]
A 1.4C07E=01

9.56£5E-04

PROELEN 002, AIR SCATTERING FROM COLLIMATED SOURCE - Output

1
5. 00C0E=01
1.50CCE=03
&,0000E+03
5.283ZE=00
1.7453E-02
¥ .2000E+01
1.48500E+03
&.5000E+03

2.9167E+05
2. 1900E+08
L.23332+10

PET

8

0.00CCE=DD

2
1

1.53999E+01
Z2.9405E-C4

EsDZ

2
1.0000z+02
1 . B000=+03
700002403

1.5000s+02
1.9500e03
7.500CE~03

2.3333E+06
1. 1430E+09
2.6333E+10

o -

1

1 4%
2.0000E+02
2. 1000E+03
2.0000E+03

€.2000E+02
£.3000=+03

5.3333E+06
2. 1213E+09

P  BMD4G

%0

3. D000E+02
2.50006+03

3. 7>00E+02
2.T00E+03

2. 13757
3.7TF1TE+D9

e

Yo

1

BRDZ

1
&, 50002+02
5.000CE+03

5.2500E+02
3.2500E+03

4. 16ZSE+0T
5.291TE+09

PKS EXDS

20

Listing Page 1
a 1] o 0

&.00D0DE+02 9. 00C0E=02

3.50D0E+03 &£, 0000803

1.0500E+03
&.2000E+03

T.5000+02
3.75005+03

1.7100E:08
T.0L1TE=09

3.3300=+08
2.0333E+10

FX&

0.0000=+00 O0.0000E+00 O.0000E+00 0.0000E-00 -1.D000E+03




Table E&.&.

1
SOURCE
cRouP

1

TOTALS
EIN
1

W& L [

— ok ok
W P = 0 8 =

= =k
LY I o

SOUECE

TOTALS
BIN

W DO ] e LA e L P ea

A T T —
el P = S

™

—
LA

A= T _&200E+01 Y=
X= D.0000=+00 Y=

ENERGY
2.0000E+00

LOWER EDGE
0.0O00E+00
5.0000E-02
&.00002-02
8.0000s- 02
1.0000=-01
1.50002-01
2.0000=-01
3.0000=-01
4.0000E-01
% .00CCE-01
&.000CE-O1
5.000CE-O1
1.000CE=0D
1.5000E+00
Z.000CE+00

SOURCE
1.3132E+04

FACTOR
1.2950E-07
1.295CE-07
1.1880E-07
1.Z000E-0F
1.5940E-07
Z.5520E-07
3.7080E-07
5.9580E-07
B.1480E-07
1.0215E-0&
1.22228-06
1.5928E-0&
1.¥230E-06
2.6520E-06
3.2T20E-08

X= 1.5240e+02 Y=
X= [.C003=+00 ¥=

ENERGY
2. 000JEHID

LOWER EDGE
0. 000000
5.0000e-02
&.00C0E-02
8.000CE-Q2
1.0000E-01
1.5000€-01
£.0000E-01
3.0000E-01
& . 00002 -01
2. 0000E-01
&.0000E-01
8.000CE-D1
1.000CE+QD
1.5000E+00
2.0000E+00

SOURCE
1.3132E+04

FACTCR
1.2950E-07
1.2950E-07
1.1880E-07
1.3000c-07
1.5960-07
2.5520e-07
3.7080E-07
3. F580E-07
8.14B0e-07
1.9215E-0é
1.2222c-06
1.5528-04
1.9230:-05
2.6520-04
3.2T20E-04

0.0000E+00
0. 0000Z+00
MIN DINECT
1.4598E-07
1.45982-07
MIN SCATTR
0. CCCQE+DD
0. 000000
0. 0000E=00
0.0CCCE=DD
0.0COCE=0D
0.00CCE=DD
7.5073E-15
2.LE43E-14
0.0000€+00
0.0000E+00
&.IF15E-14
0.0000E+00Q
T.BLLEE-14
0.0000E+CO
0.0000E+OD

0. 0OO0E+00
0. 0O00=+00
MIK DIRECT
3.&6187e-08
3.618TE-08
MIN SCATTR
0.000CE=DD
2.000CE+DD
0.0000E+00
0.0000E+00
0.0000E+0O
0.00D0E+00
6.¥233E-15
0.C000=+00
¢.7TS0E-15
0.00CCE=DD
2. 1&78E-14
0.0000E+00
3.4339E-14
C.0000E+00
0.CO00E+00

I= T.I195E+DR

Z= 0.0000==+00

HAX DIRECT HMIN SCATTR

SAMPLE FROEL=M 002, AIR SCATTERING FRCM OOLLIMATED SOURCE - Output Listing

MAX SCATTR MIKD=MAXSC

1.4599E-07 1.5451E-13  1.54T5E-13

1.4599E-07 1.5451E-13

HAX SCRTTR  EIN
0 .0000E+00 1
0.0000z+00 2
0.0000=+00 3
0.0000E+00 4
0. 0000E+00 S
0.CO00E+00 &
T.T1TPE-15 [
2.LE5TE-14 =]
0.0000E+00 2
0.00CCE+DD 10
L£.0922E-14 11
0.000CE+DD 12
7.BL5BE-14 13
0.000CE+Q00 14
0.0000E+00 15
Z= 2.53968=02
Z= 0.000CE=DD

1.5475E-13

1.4398E-C7
1.4398E-07

MAX DIRECT MIN SCATTR MAX SCATTR® MIKD=MAXSC
3.6200E-08 T.2T15E-14 T.296TE-14 3.6157E-08
3.5200E-08 T.2T15E-14 T.298TE-14 3.8187=-08

MAX SCATTR
0.0C00E+00
0.0CC0E=00
0.00CCE~QD
0.00CCE+DD
0.0000E+00
0.0000E+CD
7. 1340E-15
0.0000E+00
?.7T83E-15
0.C000E+00
2.1685E-14
0.000CE+D0
2.858TE- 14
0.0000E+00
0. 00DOE+0D

BIN

WO e B W OB kel [ e

e R e I T
W Ll e D

axIUP
1

EOUP

Fage 2



Table E&.4.
3 X= I.0S00E+02 ¥m
CE X= 0.0000c+00 Y=
GROUR EREREY SOURCE
1 2.0000E+00 1.3132E-04
TOTALS
BEIN LOLER EDGE FACTCR
1 0.CO00S+00 1.2950E-07
2 S.0000=-02 1.2950E-07
= 5.0000=-02 1.1880E-07
& 8.000C€-02 1.3000E-0QT7
3 1.0000E-31 1.99&0c-07
& 1.5000E-01 2.5920E-07
7 2.0000E-01 3,.T080s-07
8 Z.0000eE-01 5. 95E80s-07
k) &.00D0E-01 8. 14B0E-07
10 5.0000E-00 1.0215E-0%
11 . 0000=-01 1.2222E-046
12 B.0000=-01 1.592BE-0&
13 1.0C00E«00 1.9230E-06
th 1.5000=00 2.&5520E-0&
15 2.000C0E+DD 3. Z2720E-0&
s X= &.0950E+02 T=
S0URCE X= 0.0000E-+00 W=
ein ENERGY SOURCE
1 2.CO00E+00 1.3132E+04
TOTALS
BIN LOWER EDSE FACTCR
1 0.0C000E+00 1.2950E-07
2 5.0000E-02 1.2950=-07
3 &.000CE-D2 1.1880=-07
& &.000CE-02 1.3000=-07
5 1.000CE-D71 1.59&0=-07
& 1.5000E-01 2.5%Z20e-07
i 2.0000E-01 3.70E80s-07
a 2.00D0E-01 5.5580-07
k) 4.00D0E-071 8.1480e-07
10 9.0000E-D71 1.0215E-05
1 £.0000E-07 1.2222E-06
12 8.00002-01 1.5928E-06
13 T.0000=+00 1.9230E-0&
14 1.5000=+00 2.58520E-06
15 2.0000E+00 3.2720E-06

0. 0CO0=+00
0.0C00==00
MIN DIRECT
2.50&zE-07
2.9062E-09
MIN SCATTR
0.000CE-0
0.0000E=0D
0.00C0E=0D
0.0000E+0D
0.0000E+C0Q
0.0D00E+CO
3. 20956E-15
0.0000E+00
J.1419E-15
0.C000E+00
6. 11Z7E-15
2. 8835E-15
1.57%3E-14
0.0000E+DD
0.0D0CE+DO

G.0000E+00
0. 0O00=+00
MIN DIRECT
2. 14%%E-07
2. 1454%E-07
MIN SCATTR
0.000CE+DD
0.0000E+00
0.0000E+CO
0.0000E+00D
0.0000E+0D
0.0000E+00
T.9522E-16
&.593E-16
1.4630E-15
0. CCO0E+00
2.8T362-15
L. 3653E-15
5.563ZE-15
0.0000E=00
0.000CE+=DD

SAMPLE PROCGLEM 002, AIR SCATTERING FROM COLLIMATED SOURCE -

I=
=

Dutput Listing

5.2793E+02
0.0000E=00
MAX DIRECT MIN SCATTR

MAEX SCATTRE MIKD+MAXSC

B.91872-0% 3I.4140E-74 3 LL29E-14 B.GO&2E-0%

8.91892-0F 3.4140E-14 3.LL31E-14 B SO62E-09

MAN SCATTR  BIN
0.COD0E+D0 1
0. 000000 2
0.0000E+00 3
0.0CCCE=DD &
0.0000E+00 5
0.0000E+00 &
3.4151E-15 7
0.D000E+T0Q 8
3.1532E-15 2
0.0000E+00 10
6. 1282E-15 1N
5.8057=-15 12
1.5832E-14 13
0.00CCE=D0 14
0.0000e+00 15
Z= 1.0539E+03
2= 0.0000E=00
MAX DIRECT MIN SCATTR MAX SCATTR MIKD-MAXSC
2.16152-0F 1.5T19E-14 1.60L8E-14 2.1494E-0%
2.16162-0% 1.5719E-14 1.56DLBE-14 2. 1494E-09
MAX SCATTR BIN
0.0C0CE=00 1
0.000CE+DD Fa
0.0000E+00 3
0.0000E+00 A
0. D300E+CO 5
0.0000E+C0 ]
F.54T2E-16 T
6.7705E-16 8
1.4839€E-15 ?
0.000CE+00 10
.89 E-15 11
L.402%52-15 12
5.62132-15 13
0.0000=+00 14
D.COCOE+D0 1%

GROUP
1

GROUP
1

Faga 3



Table E&.£.

5 = 9 9080E+02 ¥=
BOURCE = O.00DDE+00 ¥=
Gx0OUP ENZRGY SOURCE

1 2.0000E+00 1.3132E-04

TOTALS
EIN LOWER EDGE FRCTCE

1 0.0CCOE=00 1.2950E-07

£ 5.000CE-02 1.2950E-07

3 &.0000E-02 1.1850E-07

& 8.0000E-02 1.3000:-07

3 1.0000E-07 1.5%80c-07

& 1.Z000E-01 2.5%20=-07

7 2.0000E-01 3.70B0E-07

B 3.0000E-071 S.95B0E-O07

e L.CO00E-01 &.1L80E-07

10 5.0000E-01 1.02156-0&
11 5.0000=-01 1.2222E-0&
12 B.0000E-01 1.592BE-0&
1z 1.000CE«00 1.9Z30E-06&
14 1.50002+00 2Z.5520E-06&
15 2.0000E+00 3I.2T20E-0&

& X= 1.5240E+03 ¥=
SOURCE xX= O.0000=+00 ¥=
S=OUP ENMERGY SOURCE

1 Z.0000E+00 1.3132E<04

TOTALS
SIN LOMER EDGE FACTOR

1 C.O000E+00 1.2%950E-07

2 5.0000E-02 1,2950E-07

2 £.0000E-02 1.1880E-07

4 8.0C00s-02 1.3000E-07

5 1.0000E-01 1.5950E-07

& 1.5C00E-01 2_5920E-0T7

rd 2.0000e-01 3.7080E-07

a 3.0000E-01 5.9580E-07

g 4.000CE-01 8.%430E-07

10 5.0000E-01 1.02152-05
11 &.0000E-01 1.2222E-05
12 B.0O00E-01 1.592BE-0&
13 1.0000E+00 1.9230E-0&
14 1.5000E+00 2_5520E-06
15 2.0000E+00 3.ZT20E-0&

0.0000E+0C
0. 0000=+00
MIN DIRECT
£ .B020E-10
7.B020e-10
MIM SCATTR
0.000CE+DQ
0.0000E+00Q
0.0000E+00
0.0000E+00
C.0000E+00
(. 0000=+00
&.1097TE- 16
3.38TE-16
5.54T4E-14
8.5586E-16
1.207TEE-15
1.5482E-15
3.BO32E-15
0.000CE=00
0.0000E+0D

0.0000E+00
0.0000E+OD
MIN DIRECT
3.1058E-10
3.10542-10
MIK SCATTR
0.0000E+00
0.0000E+00
0.0CCCE+DD
0.000CE=D0
0.0000E+DD
0.0000E+DD
2.3353E-1&
4.3570E-15
3.54T9E-15
3.6382E-1&
4, 3309z-16
1.1&643E-15
2.209TE-13
2.000CE=DD
0.000CE+20

I= 1.T158E+03

= 0.0000=+00

MAX DIRECT MIN SCATTR

MEX SCATTR

T.9162E-10 B.9195E-15 9.2958E-15
T.9162-10 B.9195E-15 9.2958E-15

MIN SCATTR MAX SCATTR MIND+MAXNSC GROUP
3.2169E-15 5.£390E-15 3.1054E-10
3.2160E-15 5.63905-15 3.1054E-10

MAX SCATTR BIN
0.00C0E=DD 1
0.00CCE+DD 2
0. 00CCE+DD 3
0. 0000E+CO A
0.0000E+00 >
0.0DdD0E+00 &
T.6920E-1& 7
3.5605E-18 -]
5.7392E-18 9
B./r3E-15 10
1. e-15 11
1.5820e-15 12
J.S03TE-15 13
0.000CE=00 14
0.00CCE+DD 15
£= 2.&6395c+03
2= 0.D00d=+00
HaxX DIRECT
2.2113E-10
2.2113e-10
HAX SCATTR 32IM
D.0000E+00 1
0. 00002+00 2
0.CO00=+00 3
0.0C00=«00 &
0.0000==00 5
0.00CCE=DD &
3.LEBBE-16 T
% . B51BE-16 2
3.7TBL1E-16 2
I.HI55E-1& 10
S.Ms68E-16 11
1.22492-15 12
2.34432-15 13
D.0COOE=DD 14
0.000CE+D0 15

SAMPLE FROSLEM 0CZ, AIR SCATTERING FROM COLLIMATED SOURCE - Output Listing

UIEC=MAXEC
?1-31:[215' .ll:
T.BO21E-10

SROUP
1

o
!

fage &



o P =

Table E6.4. SAMPLE PROBLEM 002A, AIR SCATTERIMG FROM COLLIMATED SOURCE - Range Check Listing "age 5

COMTRCL 3 12 1 1 2 1 1 14 1 1 1 1 i 0 (1] 0
S.0000e+03 ¥.0000e=03 1.0000=+04 1.10D0E+D4 1.2000E+04 1.3000€-0C 1.4000E+04 1.50008=0%
1.46000E+04 1.7000E=0& 1.3000=+04 1.9000E+04& 2.0000E+04%
0R  PHI OQ.0000E+CO 4,.2832E+00
OR THETA 0.00DDE+00 1.7453E-02
E & 8.5000=+03 9.5000E+03 1.0500E=D< 1.1500=+0& 1.Z2S00E+04 1.3500E+04 1.4500=+0& 1.3S00E+0S
1.6500E+04 1.7S00E+04 1.B5006=04 1.95005+04

2

YOR PEI 3.14158+00

Fal

OR THETA A&.Té85E-03
F(L) 7.2333E+10 S.0333E+10 1.10336+11 1.3233E+11 1.5&833c=11 1.22338+11 2.1033E+11 2. 402511
2.T235E+11 3.08633z+11 3.4233E+11 I.BO3I3E+11
FiM) &.2832E+00
FiMy 1.3229E-04
ZOKE SWDS COM> 3MD1Y PET EBRDZ2 FK2 2823 FX3 BMDG FEL  BHDS PES BNDS  EES
1 =1 1 =1 a
1T} EQ A 3 C X0 Y0 zo K

1 % 0.0000e+00 O0.000J=+0C O.0000E+00 O0.0COCE+O0 0.00C0S+00 0.0000E+00 -1.000CE+03

COMP  MAT, 1 2
H 0
A 1.4007E+01  1.5999E=01

1 ?.5625E-04 2.9404E-04



Table E5.4.

TOTALS
BIN

Wi B =i R WA B L b -

—
(=]

= 7 E200E+01 ¥=
X= 0.00CC=+00 =

ERERGY
2.0000E+00

LOWER EDCE
0.0000+00
5.000Ce-02
&.000CE-02
2.00CCe-02
1.0000E-01
1.5000E-01
2.0000E-01
2.0000e-M
4 0000E-01
2 .0O00E-01
&.0000E-07
2.0000z-01
1.0000=-00
1.5000e+00
2.000CE+00

X

SOURCE
1.3152E+04

FACTOR
1.2950E-C7
1.2950E-07
1.18B0E-0T
1.3000E-07
1.596508-07
2.59208-07
3.T080E-07
C.F5E0E-07
8. 1480E-07
1.02156-06
1.2222E-06
1.5528E-06
1.9230E-0&
2.5320E-06
3.2T20E-08

1.53250E+02 Y=

¥= 0.COO0=+00 Y=

ERERGY
2.0000E+00

LOWER EDGE
0.0000E+00
>.000CE-32
&.000CE-02
&.0000E-02
1.0000e-01
1.5000eE-01
Z.0000E-0
3.0000E-01
4. 0000E-01
3. 0000E-01
&. 0000E-07
2.0000s-01
1.00002+00
1.5000e+00
2.00C0E+00

SOURCE
1.3152E+0%

FACTOR
1.2950E-07
1.2550E-07
1.1880E-07
1.3000e-07
1.5960E-07
2.3520E-07
3.7T020E-07
2. %580e-07
8.1480€E-07
1.0215E-0&
1.2222E-06
1.5928E-05
1.9230E-06
2.6520E-06
3.2720E-06

SAMFLE PRCBLEM 0024, AIR SCATTERING

0.0CCCE=00
0.00C0E=00
MIN DIRECT
1.45%82-07
1.45%8e-07
MIN SCATTIR
0.00CCE=DD
0.0000€+00
0.0000E+00
0.0000E+C0
0.0000E+GO
0.0D00E+0O
5.7583E-18
U.0000E+00
0.CO00=+00
0.CO00E=00
0.CC00E=00
0.000CE=DD
0.000CE+DD
0.000CE+QQ
0.0000E+00

0.0000E+00
(.0000E+00
MIN DIRECT
3.56087E-08
3.518TE-08
HIN SCATTR
0.0000E+CQ
0.0000E+CO
0.0000E+00
C.0000E+00
0. 0000E+00
0.C00%E+00
6.0 E-18
0. CO00=+00
0.COO0E+DD
0.CCCCE+J0
0.0000E+00
0.000CE+DD
. 000CE-DQ
0.0000E+DD
0.0000E+00

FROM COLLIMATED SOURCE - Range

2= 1. 3158E~02
Z= 0.000CE+00
MAX DIRECT MIN SCATTR MAX SCATTR
1.4399€-07 5.TS83E-18 3.04%0E-17
1.4399€-07 5.75H3E-18 3.04%0E-17
MAX SCATTR EIN
0.00CCE+00 1
0.GC0CE=DD F
0.0000E=DD 3
0.0000E+00 &
0.0000E+00 3
0.0000E+C0 &
3.0590E-17 T
0.0000E+00 8
0. 0O00E+HDD 2
0.000JE+00 10
0.0000=+00 1
0.0000E+D0 12
0.0000e+00 13
0.00CCe=0D 14
0.0000e+00 15
i=m 2.63908+02
2= 0.0C0CeE=DD
MAX DIRECT MIN SCATTR

Check Listing

MIND=MAXSC
1.4598E-07
1.4595-07

MAX SCATTR MIND+MAXSC

3.62005-08 6.027SE-1B 3.1714E-17 3.6187E-08
3.6200E-08 65.0275E-18 3.1714E-17 3.5187-08

MAX SCATTR
0.000CE+DD
0.0000E+00
0.0000E+C0
0.2000E+CO
0.0000E+00
0.0000E+00
3. ITILE-T
0.0000s+00
0. 0000z+00
0.CO002+00
0.0000=+00
0.0CCCE+00
0.00CCE-DD
0.00CCE=00
0.00CCE=DD

BIK

0 e O Ul W P s

O ]
i P o= O

il

u

EROUP
.T

CROUP

1

Fage &




X= 3.0400E+02 ¥=
%= 0.C000z+00 ¥=

SOURCE
1.3132E+04

FACTOR
1.2950E-07
1.2950E-07
1.1880=-07
1.3000€-07
1.53%¢60E-07
2.3520E-07
3.70B0E-0O7
5.9580E-07
8.14B0E-07
1.0215E-06
1.2222E-06
1.5528E-06
1.9230E-06
£.6320E-0&
3.2720E-06

X= 5.0950E+02 Y=
¥= 0.0000E+00 Y=

Table E&.4.
3
SOURCE
RO ENZRGY
1 2. DO00E+D0
TOTALS
BIN LOWER EDGE
1 2. 00CCE=D0
2 Z.000CE-O2
3 6. 0000E-02
'3 &.0000E-02
3 1.2000E-0N
& 1.5000E-M
T 2. 0000E-01
3 5.0000E-01
2 L. 0000=-01
10 5.0C00=-01
k| &.0000E-01
12 8.0000-01
13 1.0000s+00
T 1.50C0e=00
1 2.00CCE=DD
'3
SOURCE
GROUP EMERCY
1 £.0000E+00
TOTALS
SIH LOWER EDGE
1 0.00D0E+CD
2 5.00D0E-G2
3 &.0000E-C2
i g.0000E-C2
- 1.0000E-01
& 1.5000E-01
T 2 .0000E- 01
& 3.00002-09
g & . COO0E-01
10 2.0000E-01
i1 5. 0000E-01
i 8.0000E-M
13 1.0000E+00
16 1.Z000E+00
15 2 . 0000E+D0

SOLRCE
1.3132E+04

FACTOR
1.2950e-07
1.295C0€-07
1.182CE-OF
1.300CE- 07
1.5950E-07
2.9%20E-07
3.7080E-07
3.9580E-07
8.1480e-07
1.0215E-0&
1. 2ZZ22E-0&
1.5528E- 06
1.9230€-06
2.65206-05
3.2720E-04

SAMPLE PROBLEM 002A, AIR SCATTERIMG

0.CC00E+00
0.0CO0E+00
MIH DIRELT
8.50&2E-09
8.5062E-09
MIN SCATTR
0.000CE+CO
0.0000E+CO
C.0000E+00
0.0000E+00
0.0000E+00
0.CO00=+00
5.6087E-18
0.CCO0E+00
0.000CE+00
0.000CE+0D
0.000CE=QD
0.0000E+00
0.000CE+DD
0.0000e-00
0.0000E+00

0.0000E+00
0.0000E+00
MIN DIRECT
Z.1494E-09
2. 1494E-09
HIN SCATTR
. 0O00E+00
0. O000=+00
0.0000z+00
0. 0CO0E+00
0. 0O0GOs+00
0. 000000
T.BE5TE-18
0. 00CCeE=DD
9. 00CCE+DD
Q.0000E+00
0.0000E+00
0.0000E+C0D
0.0000E+00
0. CO00E+00
0. CO00E+00

MAX DISECT MIN SCATTR MAX SCATTR MIKD=MAXSC
B.9155E-09 &.6087E-1B I.J8T1E-17 8.90&42E-0%
8.7180E-09 &.5087E-1B 3.3BT1E-17 4.F0&ZE-09

iz S5.ZT93E+]?2 |
= 0.000CE=D0
MAX SCATTR  BIK
0.00C0CE+DD |
0.000CE+0Q 2
0.0000E+0Q 3
0.0000E+00O L
0. 2000E+0D 3
0. 00DDE+H00 &
3. 35ME-AT T
0. 0000E+00 .
0. 0OCDE+0D Q
0.0000=+00 10
0. OO00E=00 11
G.00CDE=DD 92
0.00C0E=DD 13
0.00COE=00 14
0.0000E+DD 15
2= 1.0S59E+03
2= 0.0000=+00

MAX DIRECT MIM SCATTR MAX SCATTR MIND+MAXSC GROUP
2.1614E-09 7.9457E-18 3.BES9E-17 Z2.149L4E-09
2.1616E-09 7.985TE-18 3.BE59E-17 2.149LE-09

M2X SCATTR
0.0000E+CO
0.0000E+00
0.00D0E+00
0.0000E+00
0. 0002=+00
0.COOOE+00
5.B659€-17
0.0000E+00
0.000CE+00
0.000CE+D0
0.0000E+0QQ
0. 0000E+00
0.0000E+C0
0.0000E+00
0.00D0E+00

ERL

M0 =) O W ds Ll Py s

=% =& =& = =k
= W g o= o

=i
il

FROM OOLLIMATED SOURCE - Range Check Listing

EOUF
1

Page 7



X= 9.90£0E-02 =
%= 0.0000e+00 Y=

SOURCE
1.3132E+0%

FACTCR
1.2950E-07
1.2950E-07
1.1880E-CT
1.2000E-C7
1.3960E-07
2.3920E-07
3.TOBOE-O7
2. 9280E-07
B.14850z-07
1.02125-056
1.2222=-05
1.5922=-05
1.5230€-05
2.6520E-05
3.2T20€E-046

1.5240+03 Y=

¥= 0.000Ce=00 Y=

Teble E5.4.
5
SOURCE
GROLP ERERGY
1 2.0000z+00
TOTALS
BIR LOWER EDGE
1 0.0000s+00
2 5.0000-02
3 &.00CCE-02
& 8.00cCE-02
5 1.00cCE-D1
& 1.5000€-01
T 2.0000E-01
g 3.0000E-01
g &.0000E-01
10 5.0000E-01
1 &.0000E-D
12 &.0000E-01
13 1.0000E+00
14 1.Z000E+00
15 2 _0000E+0D
& i=
sOURCE
GROUS ENERGY
1 2.0000E-00
TOTALS
BIN LOWER EDGE
i 0.000CE+D0
2 Z.0000E-02
3 &.0000E-02
4 E.0000e-02
5 1.0000E-01
& 1.5000E-01
[ 2.0000z-01
a 3.0000e-01
& %.000CE-01
10 s.00CCE-0
11 &.0000E-01
12 &.0000E-01
13 1.0000E+C0
14 1.5000E+00
1% 2.0000E+00

SOURCE
1.3132e+04

FACTOR
1.2950E-07
1.2950E-07
1.1B280€-07
1.5000E-07
1.5%&0€-07
2.3920E-07
3. M80E-07
5 ..9580E-07
8.1480E-07
1.0215E-06
1.22226-06
1.5%28E-05
1.9230€-05
2.5520E-D5
3.2T20E-05

0.000CE~D
0.000CE+D0
MIN DIRECT

~B020E-10
7.8020E-10
HIM SCATTR
0.000CE+QD
0.0000E+0D
0.0000E+0D
0.000CE+CD
0.0000E+00
0.0000E+00O
1.0110E-17
0.0000E+C0
0. 0000E+00
0.0300E+00
0.0000E+00
0. 00D0E+00
0.0000E+00
C.0000E+00
0.0000=+00

0.00C0e+00
0.00CCE+DD
MIN DIRECT
3. 1054E-10
3. 1054E-10
MIN SCATTR
0.0000E+C0
0.0000E+00
0. 0OODE+00
0.CO00E+00
U.0COCE=]0
0.0C0CCE+DD
1.L232E-17
0.0000E+00
0.0000E+CO
D.0000E+DO
0. 0000E+00
0.0000E+00
0. 0000z +00
0. Co00=+00
0. 0000s+00

Z= 1.715BE-C2
2= 0.0000e+00

MAX DIRECT MIK SCATTR MAX SCATTR MIMD+MAXSC CROURP

T.7E62E-10
T.9162E-10
MAX SCATTR
0.0CC0E=0D
0. 0000e=0D
0.00CCE~DD
0.00CCE=DD
0.000CE=DD
0.0000E+00
£.563%E-17
0.0000e+00
0.0000E+00
0.0000E+C0
0.0000E+CO
0.0000E+00
0.0000E+CC
0.0000E+00
0.00DDE+OD

1.0110E-17
1.01108-17
BIN
1

M} B = fh WA - kW R

15

i= 2 63FEE+ID
2= 0.0000E+DO
MAX DIRECT MIN SCATTR

MEX SCATTR
0.0000E+0Q
0.0000E+00
0.0000E+00
0.0000E+00
0. 0000z+00
0.C0C00s+00
5.7585e-17
0.00CCE=0D
0.000CE+DD
0.0000E+CO
0.0000E+HIO
0.0000E+H00
0.0000=+00
0.0000=+00
0.0000E+00

BIH
1

T - Y A P A

10
11

13
1%
15

SAMPLE PROSLEM OOZA, AIR SCATTERING FROM COLLIMATED SOURCE - Ramge Check Listing

4.2039E-17 7.B8020E-10
§.5639E-17 7.B020€-10

MAX SCATTR MIMD+MAXSC GROUP
1.42328-17 5.7T385E-T7 3.1064E-10
3.2113E-10 1.42328-17 5.T385E-17 3.1064E-10

1
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Table E5.5. PROBLZM GGGIOS (OPEM SILOY - Input Data #age 1

FROBLEM CO3A, CPEN SILO (150 DEGREE COLLIMATION -MEAR)
3 20 10 12 g 2 2- 14 5 4 1 1

i>. 100. 120. 200.0 0.0 300.0 350.0 400.0
=00. &00. 700, 500. 200. 1000, 1200. 1400,
1500. 1800. 2000. 200. 2000.
0.0 =1 -2 -2 -3 T 1.0 1.5
2.0 2.5 31415
0. - .30 .5 -7 -5 .7 1.0
1.1 1.2 1. 1.3 1.3134

2 1 1 2 3 3

3 1 -1 1 2 4 Ll

3 1 2 4 -3 1 & 5

-1 1 -2

2 % 3 £ 4

1 3 0.0 0.0 13924+04

2 3 0.0 0.0 44521+04

3 & 31.

£ & 52.
0.0 PS625-04 29375-04 0.0 0.0 0.0 0.0 0.0
0.0
0.01193 0.0 1.043 C.056% 0.0978 D0.&6731 0.0411  9.17%8
0.02883
1.0 7.0 4.0 1.0 15.0 1£.0 17.0 20.0
£5.0

1.007%7 14.007 15.995 22.990 24.98 28.0B5 39.102 40.08
S5.847

1.17 1.33

5.T0E=10 3.7Ce+10

0.05 0.0é 0.08 0.10 0.15 0.20 0.30 0.40
0.50 0.£0 0.80 1.C0 1.50 2.0

12950-07 11880-07 13000-07 15940-07 25%20-07 3I7080-07 59580-07 S1480-07
1022006 12220-0& 15930-06 19230-06 258520-06 12720-06

1.00E-04 1.00E-02 2.0

0.0 0.0 0.0 1
&0, 0.0 0.0 1
B0go. o0.c 0.0 1
15000. 0.0 0.0 1
26000. 0.0 0.0 1
32000. 0.0 2.0 i
48000, 0.0 0.0 1
&4000. 0.0 0.0 1

=1



Table E56.5. PROSLEM GGGOO3 (OFEN SILO) - Imput Data Page 2

PRCELEM 0038, OPEN SILO (150 DEGREZ COLLIMATION -FAR)
3 20 10 12 e 2 2 14 5 4 1 1
3000. 3500. Loco. L500. 5000. &000. 7000. B000.

S000. 10000. 15000. 20000. 25000. 30000. 35000. 4£0000.
50000. &00C0. 7O0000. BOOCO. 100000,
0.0 1 . 3 .5 i 1.0 1.5
2.0 2.5 3.14156
0. .25 .50 5 i § .B .7 1.0
1.1 1.2 1.25 1.3 1.3134

2 1 1 2 3 3

I 1 -1 1 2 4 3 3

3 1 2 & -3 1 & 5

1 1 -2

2 1 -& 3 2 &

1 3 0.0 0.0 13924404
2 3 0.0 0.0 44521404
3 & 31.
i & a2.
0.0 $5625-04 Z9375-04 0.0 0.0 0.0 0.0 0.0
0.0

0.01195 0.0 1.043 0.035¢ O0.097B 0.A731 0.0411  0.1798
0.02643

1.0 7.0 B.0 11.0 13.0 14.0 19.0 20.0
26.0

1.007%7 14.007 15.995 22.990 24.%8 28.086 33.102 4£0.08
33.847

1.17 1.3

3.70E+10 3.7DE+10

0.05 0.05 0.08 0.10 Q.15 0.20 0.30 0.40
0.50 C.60 0.50 1.00 1.50 2.0

12950-07 11880-07 13000-07 15950-07 25920-07 37080-07 56520-07 21430-07
10220-08 12220-056 15930-05 19230-06 28520-04 32720-04

1.00E-04 1.0CE-02 2.0

0.0 0.0 0.0 1
c000. 0.0 9.0 1
8000. 0.0 3.0 1
16000, 0.9 0.0 1
24000, 0.0 0.0 1
32000. 0.0 0.0 1
48000. 0.0 0.0 1
$4000. 0.0 0.0 1

-1

5TOP
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(]

Table Eb.6.

CONTROL

R =

R PHI

Or THETA

OR THETA

FILY

F(H)

E{K}

IONZ  BHDS

L LT

[

END

T T

3 20
T . S000+04
5.00002+02
1.6000=+03
0.0000=+00
2.0000+00
0.0000E+00
1.1000e=00
B.750CE~O1
2.5000E+02
1.7000E+03
>.0000E-02
2.2500E+00
1.2500E-01
1.1500=+00
1.52ME=D5
3.0333e+07
2. f2oTE=D8
1.0000E-01
5.000CE-D1
3.1082E-02
9.1238E-02

COMP  BND1

[ R e e W
LES]

A

0,00002+00
0. CO00E+D00
0. Co00E+00
0.0000e+00

MAT, 1

H
1.0080E+L0
0.0000E+QO
1.1530E-02

10 12
1.0000E+02
&.0000E+02
1.5000E+03
1.0000E-01

-S000E+00
2.5000E-01
1.2000E+00
1.2500=+02
&.5000=+02
1.500CE=03
1.500CE-a1
2.2208E+0]
2.7300E-01
1.2250E+00
T-F14TE+05
b Z3I3E+0T
T.2257E+08
f.0000s-01
&.%1602-01
2. 1330s-02
L.T03&E-02

FE1 ESMD2

bl O £= =

0.0000E+00
0.0000E+CO
0.0000E+C0D
C.0000E+00

2

L]
1.400TE=D1
9.5625E-04
0.00CCE=DD

v
T.50CCE=]2
7 . DCOCE=D2
2. 0000E+05
2.000CE-D1
3. 1416E+00
=.0000E-01
1.2500E+00
1.7500E+02
T.S000E+02
2.2500E+03
2.5000=-01

2

5.5000e-01
1.2750e+00
1.561TE=05
»033IE07
2.551TE«09
1.0000E-01

B .Z2ATE-D2
4. TB2LE-02

F2 BHD3

3
“
1 ke

c

0.00CCE+DD
2. 00CCE=DD
0.0000e+0D
0.0000E+0D

3

a
1.3995E+01
2. 73ME-04
1.0630E+00

2 T
£.0000z+02
B.DO00s+02
2.5000E+03
3. 0000s-01

§.0000e-01
1.5000E=00
2. 5N0E02
8.5000E+02
2.7500E+C3
4.0000E-01

&.5000E-01
1.3067=+00
2.541TE=D4
7.23336+07
3. T¥ITE=D9
2.00CCE-01

&.04F3E-02
1.2935E-02

#¥3 EBKDS

L

L

0.0000E+00
0.CoCos+00
0.000CE=00
0.00CCE=DD

is

HA
£.2¥90E+0
0.0000E+00
3.5400E-02

5,
2.5000E+02
©.0000E+02
3.0000E+03
2.0000E-01

o

7.0000z-01
1.3734+00
2. T300E+02
9.5000€+02

&.0000E-01

->000E-01

3.7917=+04
¥.0333E+07

2.0000E-01

&6.813Ee-02

PEL BNDS

Y0

C.00O0JE+00
C.CO00E+00
0.0000s+00
0.0000s+00

3

AL
2.5%B0E+01
0.0000E+00
9. 7800E-02

L
E

1

Q

3.0000e+02 3.5000s+0¢

1.0000E+03
¥ D000E-07
8.0000DE-01

3.2500=+02
1. 1000E+03

8.5000€-01
8.5000e-N

3.291TE+DE
£.4247E+(8

3.0000E-01

r.5097E-02

FKZ BNDS

20

0.0000E+00
0.0000E+CO
0.0000E+00
0_0000E+00

&

SI
2. 80852 +01
0.0C00E+D0
6, 310e-01

1.2000=+03

1.0000e+00

9.0000€-01

3.7200eE+02
1.3000e+03

1. S00E+00

9.5000E-01

7.041TE=D4
3.3867E=08

5.000c€E-01

8.1308E-02

FRS

4

1.3924E+04
£.4521E+00
3. T000E+D1
5.2000E+01

T

E
3.9102E+01
0. 0000E+00
4. 1100E-02

o

PRDBLEM GGGOOZA, OPEN SILQ PROBLEM (150 DEGRES COLLIMATION -MEAR) - Cutput Listing

0
4. 000002
1.4000E+03
1.5000E+00

1.0000E+00

& 3000z+02
1.5000=+03

1.7300E+00

1.0500E+C0

2.0335E+0T
& . S06TE+(B

5.0000z-01

8.6/0ME=-02

8
ca
£ .008ce-01

a

Fags 1

7
FE
5.585TE-D1

0.000CE=D0 0.00C0CE+QQ

1.7780E-01

2.5630E-02



& .0000E+03 Y=
0.0000EHID T

SOURCE
3.7T000E=10
3.7T000+10

FACTOR
1.2950=-07
1.2950=-07
1.1880E-07
1.3000E-07
1.5960E-07
2.5920E-07
5. /0B0E-0OF
5.9%80E-CT
8.1480E-07
1.0220E-0é
1.2220E-06
1.5930E-0&
1.9230E-C6
£.6520E-06
3.2720E-Cé

¥= 8.000CE-03 =

¥= 0.000CE=0D ¥=

Table E&.6.
1 X=
SIURCE X=
CROUR EHERLCY
1. 1F0CE+DD
2 1.5300E+00
TCTALS
BIN LOWER EDGE
1 0.00CCE=DD
2 5.000CE-02
3 &.00CCE-02
& 8.000cE-02
5 1.0000e-01
[ 1.500Ce-01
7 2.00CCe-01
a 3.000CE-01
g £.00CCE-01
10 3.0000e-01
11 &.0000e-01
12 8.00CCs-01
i3 1.000C==+00
14 1.5000E+00
15 2.00C0E+00
s
SOURCE
GROULP ERERGY
1 1.170CE=DD
- 1.330CE=00
OTALS
BIN LOMWER EDGE
1 0.000CE=DD
2 2.0000E-02
3 &.000CE-02
L &8.0000E-C2
5 1.0000E-01
& 1.5000E-01
7 2_0000E-01
5 5.0000E-01
9 &4 .00DDE-DF
10 5.0000E-D1
1 &.0000E-01
12 8.0000z-101
13 1.0000=+00
14 1.5C00=+00
15 2.0000=+00

SOURCE
3.TO00E+1D
3.7000E+10

FACTOR
1.2950E-07
1.2950e-07
1.1830e-07
1.3000€-07
1.5%960E-07
2.5%20e-07
3.7080€-07
5.95B0E-C7
8.1480e-07
1.0220E-0&
1.2220E-05
1.3930E-06
1.9230E-C&
£.6520E-0&
3.2720E-06

0.CO00E+00
0. C000=+00
MK DIRECT
2.9650E- 04
3.3477C-04
&.3137E-04
MIN SCATTR
0.0000E+00
0.0300E+CO
0.0000E+00
0.0D00E+C0
0. 0000E+00
0.0000E+00
1.2518E-06
1.755FE-0&
1.7TE3EE-0&
1.8522E-06
3.6L38E-04
2. P PLLE -5
5.B185E-0O7
0.0000E+00
0.0000E+20

0.0000E+QQ
0.0000E+CO
HIN DIRECT
5.5051E-05
&.3327E-05
1.1938E-04
MIN SCATTR
0.0000E+CO
0.0000E+00
C.0200E+00
C.0000E+00
0.0000=+00
0. CC00=+00
1.6221E-0F
2.4396E-07
2.8581E-07
3. 112¢E-07
7.2415E-07
3. 0034E-07
3.1788E-07
0.0000E+0D
0.000CEDD

Z= 0.0000==00

= [0.0C00E=DD
MAYX DIRECT HMIM SCATTR
2. 3502E-04 5.951TE-D6
2.TITIE-0G  S5.7R08E-06
T.08T2E-04 1.3542E-05
MAX SCATTR BIM
0.0000E+00 1
0. 0000E+CQ 2
0.0000E+00 3
0. 0000E+00 i
0.0000E+00 5
0.0000E+00 [}
2.7512E-04 7
2. TSECE -4 B
2.2B5EE-05 &
2.2051E-0&6 10
L. UBSE-06 11
J.09G1E-08 12
F.7348E-07 13
0.000CE+D0 14
0.000CE«00 15

Z= D.0000E+00
Z= 0.0000E+00

HARX DIRECT
8.0082E-05
8.8076E-05
1.5816E-04
MAX SCATTR
0.000CE+CO
0.0000E+CO
0.0DD0E+0O
0.0000E+C0
0.0000E+00
0.00D0E+0C
&.T1B5E-0T
T.2479E-07
£.0399-07
5.7TR22E-07
1. 14782-05
1. 1445808
L£.4C0TE-DF
0.00CQE=-DD
0.0CCCE=DD

MIN SCATTR
1.3549E-04
1.64303E-04
2.8252E-08
a1IM

R TR R TR I I R Y I

10
11
12

Tl
15

PROBLEM GGGOOSA, OPEH SILO PRCOBLEM (150 DEGREZ COLLIMATION -HEARY

MA¥ SCATTR
9.17ELE-D5
?.023%e-05
1.8203E-05

MAX SCATTR
2.6770E-0&
2.63352-06
2.3107E-05

= Dutput Listing

MIKC=MAXSC
3.0577E-0G
3.4377E-04
&.4957E-04

HIMDHMAXSD GROLP

S.TT28E-05
6. 9¥83E-05
1.25386%E-04

GRouP

.
2

Pege 2



X= 1.6000=+04 ¥
X= 0.0000s=00 ¥

SOURCE
3.7000E+10
3. TOD0EH1D

FACTOR
1.2950=-07
1.2950=-07
1. 1880E-07
1.3000-07
1.5%508-07
2.3¥0E-07
3.7080e-07
5.7580€-07
8.1&8Ce-Q7
1.0220E-05
1.2220E-06
1.5¥30E-05
1.7250E-0&
2.48520E-06
3.2720€- 05

X= Z2.5000E+04 f=

¥= 0.0000E+00 ¥=

Table Ef.6.
3
=0I=CE
RO ERERDY
1 1. T DE=+00
2 1.3300=+00
TOTALS
BIN LOWER EDGE
1 0.0000E+0D
- 5.0000E-02
3 &.0000E-02
& 8.0000E-02
5 1.0000E -0
& 1.5000€-07
i 2.0000E-D7
8 3.0000E-01
3 & . 0000E- 01
10 3.0000E-01
11 &.0000E- 01
12 8.00002- 01
13 1.00002+00
1% 1.50002+00
15 2. D000E+00
&
SOURCE
GROUP EHERGY
1 1.1700E=00
- 1.3300E+00
TJTALS
BIN LOMWER EDCE
1 0.0000E+0O
2 5.0000E-02
3 &.0000E-02
% 2.0000E- 02
3 t.0000E-01
& 1.5000E-01
[ 2.0000E-01
8 3.0000E-01
& 4.0000E-0
10 5.0000E-01
11 &.0000E-01
12 8.0000E-01
13 1. CO00E=+00
14 1.30002+00
15 2.00CCE=DD

SOURCE
3.T000=+10
3.T000+10

FACTOR
1.2%50€-07
1.2%50€-07
1.1880€-07
1.J00CE-0O7
1.5580E-07
2.5920E-07
3.7080E-C7
3. 9580E-07
8.1480e-07
1.022C€-05
1.2220E-05
1.5730E-06
1.9230E-0&
£.6520E-0&
3. 2T20e- 06

0.C00CE+00
0.CO0CE+00
4IM DIRECT
7.oBE4E-0&
9. 0551E-06
1.56551E-05
HIN SCATTR
0.3000E+0D
0.200DE+D0
0. 0000E+0D
0. 0000E+00
0. 0000E+00
0.0000E+00
1.1759=-08
e.1325E-08
2.7518E-08
3.42232-08
8.7T213z-08
1.1007E-07
5. 1053&-08
0. 00COE=DD
0.0CCCE-DD

0.0000e+00
0.0000E+CD
MIN DIRECT
1.8585E-06
£.305%E-06
& 1654E-06
MIN SCATTR
0.0000=+00
0.C000=+00
0.0000=+00
0.0000E+00
0.C00CE=D0
0.000CE+DD
1.583%E-09
3.208%E-09
5.3599z-09
&.0822E-0F
1.84162-08
2.5002E-08
1.5B£%9E-08
9.000CE=QQ
0.0000E+C0

Z=  0.00CCE=0D
Z= 0.000CE+00

HAX DIRECT
T.736ME-05
1.95M5E-05
3. FIGZE-05
MAX SCATTR
0.0000E+0D
0.0000E+00
0.000CE+CO
0.0000E+00
0.0000E+CO
Q. 0000E+CO
2. 1042E-08
1.2651E-07
1.2558E-07
1.1853=-07
2.4360E-07
2.6525E-07
1.3737e-07
0.C000=+00
0.CC00E-00

MIN SCATTR
1. 132E-07
1.8160-07
3.5292E-07
BIN

WO D8 =] % WA = W R =

B T T T T
W of o = O

2= 0.0DDDE+DO

Z=  0.0000z+00
MAX DIRECT MIM SCATTR
5.8020E-05 3.5403E-08
&.5455E-08 3.9932E-08
1.2447E-05 7.5625E-08
MiX SCATTR  SINM
0.0000E+00 1
0.0000E+00 2
0.0000=+00 3
0.0000E+00 &
0.0000s+00 5
0.00006+00 &
1.507SE-08 7
3.007%E-C& 8
3.9013E-08 9
3.2911E-082 10
7.7038E-08 11
B.20TE-08 12
L.9340s-08 13
0.0000E+00 14
0.0000E+00 15

FROBLEM GCGOO3ZA, COPEN SILO PROBLEM (150 DEGREE COLLIMATION -KEAR)

HAX SCATTR
5.5353E-07
5.5541E-07
1.1077E-0&

MAX SCATTE
1.5603z-07
1.6943E-07
3.3231E-07

- Dutput Listing

MIMD+MaXSE
8.13%7E-05
9.581%5E-056
1.775%€-05

HMIND+MAXSC GROUP

2.0258E-04
2.5TA3E-D6
& .Z00%E-06

GROLP

1
2

i

Led



Table E&.6.

SIRCE
GaOUp

TOTALS
BIN

O o= v WP W R -

=5

[ I e fp—
0 Wl g =s

15

TOTALS
BIK

]

MF o s R W i el R

[ B R |
Lad [ = D

. n
wn

A= 3.Z2000=+04 Y

X= 0.0000=+00 =

ENERGY
1. 1700E+00
1.3300+00

LCWER ZDGE
0.000CE=D0
>.000CE-02
&.000CE-02
&.0000E-02
1.0000E-01
1.5000E-01
. 0000E- 01
3.0000z-01
£.0000€-01
5.000CE-01
5.000CE-01
8.0000E-0
1.0000E+00
1.Z000E+00
2.0000E+00

SOURCE
3.700CE+10
3.7000E+10

FACTOR
1.2950E-07
1.2950E-07
1.1880s-07
1.3000e-07
1.5%¢E0E-07
2.5520e-07
3.70B0E-07
S5.9580E-07
8.1480E-07
1.0220E-06
1.2220E-05
1.5930=-05
1.¥230E-05
2.£5206-05
3.2720€-08

X= L£.8000e-04 Y=
X= 0.000CE+DD t=

ENERGY
1.1700E+00
1.350CE+00

LOWER EDGE
0.000CE=00
2.0000€E-02
5.0000E-02
8.0000E-02
1.0000E-01
1.5000e-01
Z.0000E-01
3.0000E-01
4. CO00E-01
3.0000E-01
&.0000E-01
2.0000z-01
1.0000€+00
1.5000€+00
2. 000000

SOIRCE
Z.7000=+10
I.7T000E+10

FACTOR

1.2950E-07
1.29505-07
1.1880=-07
1.30002-07
1.5%¢€0-07
2.5520-07
3.7080E-07
5.9580E-07
8. 1L80E-07
1.0220E-06
1.2220E-06
1.5930E-06&
1.9230E-0&
2.6520E-06&
3.2T20E-08

0.0CC0s=00
0. 00COE=0]
MIM DIRECT
5.TE2TE-OT
7.L2FBE-O7
1.31%2E-06
MIN SCATTR
0.0000E+CD
0.0000E+C0
0.0000E+00
0.CO00Z+00
0. CO00=+00
0.C0C0E=00
2.870&E-10
5.4585E-10
1.24835E-09
1.4371E-09
2. ZPLE-O%
T.4T14E-09
G, PAEVE-O¥
0. COD0=+00
0. 0000E+00

0. 0000E+0D
0.000CE+0D
MIN DIRECT
7.7B21E-C8
1.D824E-07
1.8508E-07
MIN SCATTR
0.0000E+00
0.0000E+00
0.0000=+00
0.0000E+00
0.0000E+00
0.0000=+00
1.3631E-11
5.6343E-11
F.34595E-11
1.134CE-10
5. 1657E-10
S.254%E-10
&.f762F-10
0.0000E+CD
0.2000E+00

Z= 0.000CE+QD

2= 0.0000E+00
MAX DIRECT MIK SCATTR
2.238%€-06 9.8903£-09
2.£202E-06 1.1172=-08
£.8591E-06 2.1C&2E-08
MAX SCATTR BIN
0.0000E+C0O 1
0.0000E+00 g
0.00D0E+CO 3
0.0000E+00 &
0. 00D0E+00 -
0.0000E+00 &
5.16582-09 T
B.0445E-09 i)
1.3235E-08 g
1.1&47EE-08 10
3.0281E-08 11
3.4045E-08 12
1.9640E-08 13
0.0000E+0C 14
0.CODOE+00 15

2= 0.0000E+00

2= 0.0DD0E+DO
MAX DIRECT MIM SCATTR

£.2150e-07
5.1083E-07
9.3213E-07
HAX SCATTR
0.0000E+00
0. J000E+00
0.0000E+C0
0.0000E+00
0.0000E+00
0.0000s+00
4. 7352E-10
.9207E-10
1.8621E-07
1.67163-0%
5.3318E-09
8. 2169€-09
3.9226E-09
0.00CCE=0D
0.000CE+00

1.0465E-07

1.2602E-03

2.30&7E-09
BN

MAX SCATTR
&.0411E-C8
&.2372E-08
1.2278E-07

HAX SCATTR
®.9115E-09
1.0505E-08
c.0477E-08

HINDHEAESE
&.3668E-07
&.0035E-07
1.5420E-05

HIMD+HAXED
8.7r32E-08
1.1876E-07
2.054%€-07

PROELEN GGGLO3A, OPEM SILO PROBLEM (150 DEGREE COLLIMATION -MEAR} - Cutput Listing
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Table E&.5.

PROBLEN GGGOC3A, OPEM SILO PROBLEM (150 DEGREE COLLIMATION -NEAR)

SAMPLE PROSLEM DO3A, OPEW SILD PROBLEM (150 DEGREE COLLIMATION ~MEAR)

i K= &5_L0CCE=D4 T=
SOURCE X= 0.0000E+00 ¥=
CROLP EKERGY SOURCE

1 1.1700e+00 3.7000E+10

2 1.5330CE+00 3.T70O0E+10

TCTALS
BIW LOW=ER EDGE FACTO=

1 0.0J00E+CO  1.2550E-07

5.0000E-02 1.2950E-07

3 &.0000E-02 1.1880E-07

& 8.0000z-02 1.3000E-07

> 1.00002-01 1.59&0E-07

& 1.5000€-01 2.5920E-07

T 2.000CE-01 3I_TOROE-OT

g 3.000C0€-01 5.9580E-07

& 4.000CE-01 B.1480E-07

i >.0000E-01 1.02202-0&
11 &6.0000E-01 1.22202-04
12 8.0000E-01 1.5%30-05
13 1.0000E+00 1.9230E-05
14 1.5000E+00 2.452CE-05
1> 2.0000s+00 3.2720E-06

0. 3000E+00)
0.0000E+00
MIN DIRECT
1.3301E-08
1.9954E-08
3.3264E-08
MIN STATTR
0. 0O00E+D0
0. O0O0E=D0
0.00COE+00
0.00C0E=0]
0.00C0CE=0D
2.00CCE+DD
5.09%3E-13
2 f3S3E=-12
8.53%7E-12
1.1418E-11
&.5059E-11
1.582E-10
1.1425E-10
0.0000z+00
0.0C00==00

2= 0.0000E+00

2= 0.0000zHIO
HMEE DIRECT HMIW SCATTR
P.LLLLE-TE  1.443%€E-10
1.1957E-07 1.8542E-10
Z.1451E-07 3.2982E-10
HAX SCATTR SIN
0. 0O00E+00 1
0.CODDE+00 2
0. CODOE+00 3
0.0000=+00 &
0.C000E=00 3
0.CC0CE-00 &
L,4T51E-11 T
1.2123E-10 B
£.784E8E-10 g
2.5H53E-10 10
9.8595E-10 11
1.2636E-09 12
C.5575E-10 13
0.00DDE+D0 14
0.0000=+00 15

MAX STATTR
1.82322-09
2.0117=-09
3.834%E-07

= Qutput Listing

MIMD+MANSC GROUP
1.512&E-CE i
2.1975E-08 P
3.TO99E-(8
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Table ES.6.

CONTRIL
X CR 2

Y Ok  PHI
QR THETA

X ORr

R Pl

CR TEETA

L&)

FLL)

FM)

FIK)

IONE  BMDS

OB Lal Nl o=
o= W e P

SMD EQ

= e Py ==
i On bl L

A

MAT

3 20
3.0000=+03
¥.0000=+03
2. 0CC0E=D4
0.00CCE+00
2.00CCE=0D
0.0000E+0D
1.1000E+00Q
3.2500E+03
¥.5000E+03
3.Z000E+04
5.0000E-02
2.2500E+00
1.2500E-01
1.1500=+00
5.2F1TE=D9
¥.0333E+10
3.05336+13
1.000CE-01
5.000CE-D1
3.1082E-02
9.12Z58E-02

COMP  BERD

e R
Ful

0.000CE+0D
0.00CCE-DD
0.0000e+0D
0.0000E+00

: 1

H
1.0C20E-00
0.00CCE=00
1.193CE-02

10 12
3.2000E+03
1.0000E+04
&.0000E+04
1-.0000E-04
2.50002+00
2.5000=-01
1. 2000e+00
3.T500E+03
1.2500=04
G.500CE~DL
1.5000€-01
2.8208E+00
3.7500E-MN
1.2250E+00
T.0L1TE+CD
T.PATE+1
4. 2o 3E+13
1.0000E-01
&.4160E-01
®.1330z-02
4. TO3&E-02

PK1 SND2

= Y ]

[T — T

0.00D0E+O0
0.COJ0E+00
0.0000=+00
0.C0000E+00

£

H
1.5007E+01
0.58625E-04
0.0000E+00

el
& .000CE-03
1.5000E+04
7.0D0CE+D%
2.0000€e-01
3. 15148E+00
3.0000E-01
1.S00E+00
4. 2500403
1.TS00E+04
T.3000E+04
2.5000z-01

2

2.50C0e-01
1.2750E+00
F.OLITE=D9
1.5&417E+12
3.8333e+13
1.00CCE-01

S.224TE-02
5.7B2LE-C2

PKZ BHD3

0.000CE+CD
0.2000E+CO
0.0000E+00
0.00DDE+0D

3

o
1.59%5E=01
2.9375E-04
1.0&830E+00

2 14
&, o000==03
2. 00C0E=DS
B.00CCE=DS
3.0000E-01

&.0000E-01
1.2000E+00
&.7500E+03
2.2500E+04
#.0000E+04
4 .0000E-01

&.5000E-01
1.3067E+00
1.1292E+10
2.341TE=12
1.626/ME~14
2.000CE-01

&.0495E-02
1.2935E-02

P35 HKDG

xn

0.000CE+00
2.000CE-00
0.0000E+QO
0.0000E+CO

&

ha
2.2¥¥0E=D1
0.000CE+DD
3.5400E-02

5,
5 . 00D0E+03
2 . S000E+H)4
1.00002=05
5.000CE-I

&

7.000CE-D1
1.3134E+00
5.5000E+03
2. TSD0E+04%

&.0000E-01

T.3000E-01

3.0333=+10
3.7T917E+12

2.0000=-01

&.8136E-02

PEL  ERDS

L]

0.0CC0E=D0
0.0CCCE=D0
0.00CCE+DD
0.0000E+0D

5

AL
2. 5980s+01
0.C0CCE+00
9. ra00e-02

1
&.D000E+C3
S D000E+0S
T-I- I:':':L_JE - I:I [
8.0000s-01

&.5000e+03
3.250CE~04

3.500Ce-0

5.5000E-01

4.2333E+10
3.2917E+12

3.0000E-M

7.3097E-02

PKS

20

0. 0000E+00
0.0000=+00
0. GO00=+00
0. 0000E+D0

&

51
£.5085E+01
C.C000E+00
&.7310=-01

SHDS

0 0

7.0000s+03
3.5000e=0-
1.0000E~0Q
9.0000E-01

7.5000E+03
3.T300E+04

1.2500=+00

¥.3000E-01

5.4333E+10
7.0617E=12

5.000CE-01

8.1308e-02

FES

1.3524E=04
$.4521E+04
2. 1000E+01
5.2000E+01

T

4
3.9102e=01
Q0.000CE+DD
4.1100E-02

PROSLEM GGGOOUZS, OFEW SILO PRCBLEM (150 DEGREE COLLIMATION -FAR) - Cutput Listing

0
8.0000E+03
4. 0000E+04

0

1.5000e+00

1.000CE+DD

8.3000E+03
& -S000E+0%

1.7500E+00

1.0%00E+Q0

F.2333E+10
2.0333E+13

5.0000z-01

B.&6M07E-02

8

)
4.008DE+01
0.C000E+00
1./920E-01

Fage &

=
"

FE
-SB4TE+01



Taole ES.L.

TOTALS
BIN

1

W 0 =] &« W - &l P

10

i3
14
15

Em

GRCOLF
1
2
TOTALS
BIK

= L, COOQE+03 T=
¥= 0.0000=+00 Y=

EREREY
1.1T00E+00
1.3300=+00

LOWER EDGE
0.0000E+00
5.0000E-02
&.000Ce-02
8.0000E-02
1.0000E-D01
1.5000E-01
£.0000E-0N
3.0000E-01
e, DOODE-0F
2.0000g-01
&.0000E-01
8.00CCE-D1
1.0000E+0D
1.5000E+00
£.0000E+C0

SOURCE
=./000E+10
3.700C0E+10

FACTCR
1.2950E-07
1.2950E-07
1. 1&850E-07
1.3000E-07T
1.5960E-07
2.5%20e-07
3. Me0E-07
5.9580E-07
§.1480E-07
1.0220E-0&
1.2220E-06
1.5930E-06
1.92350E-06
2.E8520E-05
3.2720e-05

¥= B8.0000=+]3 =
¥= 0.0CCCE-DD Y=

EKERGY
1.1700E+00
1.3300e+00

LOWER EDGE
0.000CE=DD
2.000CE-02
6.0000E-02
&.0000E-02
1.0000E-01
1.5000E-01
£.0000E-0
3.0000E-01
&, 0000z-01
5.0000=-01
&.0000E-01
2.0000c-01
1. 0000E+00
1.50C0s-00
£.0000e=00

SOURCE
3. 70D0E+10
3. TDDDE+1D

FACTOR
1.2950s-07
1.29502-07
1.1880=-07
1.3000E-07
1.59€0e-07
2.5520e-07
3.7080E-07
=.¥2BCE-OF
8.14B0E-0OF
1.0220E-0&
1.2220E-0&
1.5930E-Cé
1.9230E-06
2.6320E-06
3.2720E-06

0.0CC0E-00
{0.00C0E=0D
MIN DIRECT
2. 7E6E0E-04
3. 3LTE-S
&.3137E-04
MIN SCATTR
0.0000E+00O
0.0000E+00
0.0000E+CO
0.0000E+00
0.0000E+00
0.0000E+00
2.£265E-06
8.529%&-07
5.07TSE-O7
1.2730E-07
0.0000E+00
0.9000E+C0
0.0000E+00
0.0000E+00
0.0O0DE+D0

0.00¢0s=00
0.0000E+00
MIM DIRECT
5.5051E-05
&.352%E-03
1.1838E-04
MIN SCATTR
0.0000E+00
0.0000E+C0
0.0000E+00
0.0000E+00
0.0000E+00
0.0000=+00
5.42TE=-07
5.0247=-07
£.0329=-07
3.45458-07
5. L3P4E-07
2. 2884E-07
1.8308E-08
0.0000E+00
0.0000E+00

2= 0.0000E+00
Z= 0.0D0CE+00

MAX DIRECT MIN SCATTR
3.3502=-04 1.TEBLE-D6
S.TIFIE-DL  1.73&1E-08
T.0&T2E-04 3.5245z-04
MAX SCATTR BIN
0.0000E+DQD 1
0.000C0E+00 2
0.0000E+00 3
0.0000E+CO &
0.0000E+00 3
0.0000E+00 5
S.5083z-06 7
1.0535E-05 &
3.3511e-07 ?
1.3254E-07 10
0.000CE«DD 1%
0.000CE-00 ¢
0.0000E+00 13
0. 0000E+00 &
D.0000E+CC 15

2= 0.0000e+00

2= 0.0000E+00
MAX DIRECT MIW ZCATTR MAX SCATTR

B.00BZE-05
8.80TEE-05
1.4816E-05
HAX SCATTR
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.02000E+00
2.1632E-08
1. 1005E- 06
& ET162-07
& BRASE-OT
5.58432-07
2.7B43E-07
2.22262-08
0.000CE=00
2.000CE=-DD

1.2855E-05

1.29T&E-05

2.2831E-05
BIH

O 00 o O b P e

=
o= ]

MAY SCATTR
3.5928E-0é
3.4370E-0&
7.0298E-0&

£.T382E-06
2.654TE-06
5.4229E-06

MIND+HMAXSC
3.0015E-04
3.3821E-04
6.3840E-04

MIND+MAXST
5. TIT0E-05
&.56014E-05
1.2380E-0%

PROELEM GGGOCES, OPEN STLO PRCBLEM (150 DEGREE COLLIMATION -FAR) - OQutput Listing

GROUP

GROU=

Page T



X=  1.6000E+04 Y=
%= 0.CO00z+00 Y=

SOURCE
2. 700CE=10
3.700CE=10

FACTOR
1.2%5Ce-0F
1.2950€-07
1.18B0E-O7
1.3000E-07
1.5%60€E-07
2.5920e-07
3.70BOE-O7
S.9580E-07
8.14B0E-07
1.0220E-0&
1.2220E-06
1.5530E-06
1.9230E-06
2.5520=-06
3.27T20E-05

X=  2.4000c+04 Y=
X= 0.0000E+00 ¥=

Table EG.6.
a
SOURCE
GRouP ENERGY
1 1. 1700E+CO
2 1.2500E+00
TOTALS
SIN  LOMER EDGE
1 0. 0000E+CO
2 5.0000E-02
3 &.0000DE-02
&  B.0000z-02
= 1.0000=-01
& 1.5000E-01
T 2.0000z-01
& 3. 0000z-01
e £.0000s-01
10 5.000CE-01
11 5.000CE-01
12 8.00CCE-01
i3 1.0000E=00
4 1.5000E+00
15 2.0000E+00
&
SOURCE
e Ly ENZRGY
1 1.1700=+00
2  1.3300=+00
TOTALS
BIN LOWER EDGE
1 0.00CCE+DD
2 5.000CE-02
3 &.0000E-02
£ &.0000E-02
2 1.0000E-C1
& 1.5000E-01
[ 2.0000E-01
5 3.0000E-01
e &.0000-01
10 5.0000=-01
1 &.0000E-01
12 8.0000€-01
1 1.000CE+0D
Th 1.5000e+00
15 2.000CE+Q0

SOURCE
3.7000E+10
3.7000E+10

FACTOR
1.2950E-07
1.2950E-07
1.1B30e-07
1.3000€-07
1.5%6C€-07
2.5520E-07
3.7080E-O7
2.7580E-0F
B.1480E-07
1.0220E-0&
1.2220E-06
1.5930E-06
t.9F30E- 04
2.5520E-06
3.E70E-06

0.CO00E+00
0.CO00=+00
MIK DIRECT
T.5854E-04
.08 1E-06
1.8851E-05
MIR SCATTR
0.0000=+00
0.0000==00
0.0Co0==00
0.0CCOs+00
0.0000s+00
0.00CCE~DD
&.9GLE5E-08
8.55841E-08
1.2075E-07
1.237EE-OF
1.2004E-07
1.5692E-07
3.3032E-08
0.0000E+00
0.0000E+C0

0.COO0=+00
0.COCOE+00
MIH DIRECT
1.8385€-05
2.30&5E-05
L£.1854E-06
HIN SCATTR
0.0000E+00
0.0000E+00
0. 0000E+00
0.0000E+00
0. 0CO0E+00
0. 000000
F.ITLEE-D9
2.7792E-08
2.717EE-08
3.4357E-0C8
T.9526E-08
&6.4137E-08
1.7558E-08
0.0000E+CO
0.0000E+00

£= 0.CCOCE=DO |

Z= 0.000CE=00
HAX DIRECT HMIN SCATTR
1.7TSSTE-05 3I.7921E-07
1.957=E-05 &.0022E-07
3.T142E-05 T.T9LLE-OT
FAX SCRTTR EIN
0. OO0O0E+00 1
C.0000E+00 2
0.0000s+00 3
U.0000=+00 &
0.C000=+00 5
0.CO0DE+D0 &
& 439E-OF [
&, 089%42-07 8
3.610&2-07 =
2. 507E-0F 10
& 1601EE-07 11
3.0BFZE-OF 12
5.3506E-08 13
0.0000E+DQ 14
0.J3000E+00 15

Z= 0.0000=00

2= 0.000CE+D0
MAX DIRECT MIN SCATTR
5.B0F0=-08 1.2498E-07
&.6455E-086 1.3693=-07
1.264TE-05 2.8191E-07
HAX SCATTR BINW
0. 00CCE+DD 1
0. 0D00E+00 2
0.0000E+00 3
0.0000E+00 £
0. COD0E+00 5
0. 0ODOE+D0 &
F.e43TE-DB T
1. &1 2E-07 ]
1.312E-07 g
1.3525e-07 10
2.3%0SE-07 11
1.7508E-07 12
L.TR4CE-O08 13
0.0000E+D0 14
0.0000E+Q0 15

PROBLEN GGGOO33, OPEW SILO PROBLEM (150 DEGREE COLLIMATION -FAR) -

HAX SCATTR
1.141TE-04
1.1514E-05
2.2932E-06

HMAX SCATTR
&.8F13E-07
5.0741E-O7
. P65LE-07

Cutput Listing

MIKD-HANSC
B.7281E-06
1.0217E-05
1.8943E-05

MIMD=MAXSC CROUP

2.3477=-08
2.8143E-05
5. 14206-05

GROUP
1
2

1
2

Fage &



X= 3.200CE-Q% =
¥= 0.0000E+20 T=

SOU=CE
3.7000z+10
5.7000e+10

FACTOR
1.2950E-07
1.2950E-07
1.1880E-07
1.3000€E-07
1.5950E-07
2.3920E-07
3. TOBUE-CT
5.9550E-07
B.1450E-07
- 0Z20E-D5
-22P0E- D5
-2¥30E-05
-SE30E-05
2.6520E-05
3.2720€-05

R T T

X= L.BOOCE+D4 =
X= 0.00CCe+a0 f=

Table E5.5.
3
SOIRCE
GROLP EMERGY
1 1. 1700E+0D
2 1.3300E+00
TOTALS
21N LOWVER EDGE
1 C.00DJE+00
2 5.0000E-02
3 §.0000z-02
A 8.00002-02
5 1.0000=-01
& 1.5C00-01
T 2.0CC0e-01
a 3.0000e-01
& 4£.000CE-D1
10 5.0000E-01
11 &.000CE-01
12 8.00CCE-D01
13 1.000CE=00
14 1.5000E+00
15 2.0000E+00Q
5
SOURCE
GROU= ERERGY
1 1.1T00E+00
2 1.3300e+00
TOTALS
BIN LOWER EDSE
1 0.000CE+00
z >.0000€-02
3 &.0000E-02
& &.0000E- 02
5 1.0000E-N
& 1.5000E-M
7 2.0000E-01
] 3.0000E-01
o £.0000=-01
10 5.000C€-01
1 &.0000E-D1
12 8.0D00E-D1
13 1.0000E+00
14 1.5000E+00
13 2.00005+00

SOURCE
3.T000E+10
3.7000e+10

FACTOR
1.2¥50E-0T7
1.2950E-07
1.1880z-07
1.3000s-07
1.5%60E-07
2.5520€-07
3.7080€E-07
5.9580E-07
8.1480E-07
1.0220E-06
1.2220E-06
1.593(-08
1.9230€-04
2.6520E-D5
3.2720E-06

0.0000E+00
0. 0000E+CO
MIN DIRECT
5. 7627E-OF7
7 -4298E-07
1.3192£-06
HIK SCATTR
0.COoC0e+00
0.C0CCE+D0
0.0C0Ce-00
0.000CE+DD
0.000CE+DD
0.0000E+QQ
1.7L55%E-09
6.6022E-09
9.8017E-0%
1.1707E-02
2.9415E-08
2.5053E-08
g8.7a13s-0%
C.0000E+00
0. 0000E+00

0. 00COE=00
0.00C0E=00
MIN DIRECT
7.TB21E-OB
1.0826E-07
1.B&0BE-07
MIN SCATTR
0.0000E+CO
0.0000E+CO
0.0000E+00
0.0000E+00
0.0000=+00
0. CCD0=+00
B.6E603E-11
§.22650E-10
9.L58TE-10
1.4305E-09
&.TH52E-09
5.3853E-09
1.8922z-09
0. 0O00+00
0. 0000+00

PROBLEM GGGOC3E, OPEN SILO PROBLEM (150 DEGREE COLLI

Z= 0.0000e+00
Z= 0.0000=+H00

H&X DIRECT
2.238%E-06
2.56202E-06
4. B591E-06
HAX ECATTR
0. 000DE+00
0. 0000E+DD
0. 000Ce=0D
0.00CCE=0D
0.00CCE+00
0.0CCCE=QD
2.5625E-08
3.93056-08
5. 170LE-CE
5.2054E-08
1.1385€-07
P.951LE-CE
I.01T1E-08
0. 0000E+00
0. 0000E+00

MIN SCATTR
S, L¥FIE-00
S.1104E-C8
?.6055E-C8
BIN
1

LT Y]

e =] - W k-

)
10
11
12
13
14
15

2= 0.0000E+DO
2= 0.0000E+00

MAX DIRECT
L.2150e-07
5.1083E-07
¥.3213E-07
MAX SCATTR
0.0000€+00
0.0000E+00
0.0000E+CQ
0.00D0E+CC
0.0000E+00
0.0000E+00
2.0987=-09
8.5507E-09
1.10%EE-08
1.£221E-08
5.2250E-08
2.9823E-08
P.ALTYE-OF
0.0000E+00
0.COD0=+00

MIK SCTATTR
&.9213E-09
B.4294E-0%
1.5351=-08
BIN

MY D0 =) O WA i LW P e

TION -FAR) -

MAX SCATTR
e.2215E-07
2.359CE-07
£.5B14E-O7

MAX SCATTH
3.1082E-08
S.84L5E-C8
1.0753E-07

Jutput Listing

MIMD-+MAXSC
T.PBL3E-O7
9. 7oF6E-07
1.7TTT4E-06

MIND+HEXST
1.2890E-07
1.847T0E-O7
2.9360E-07

GROUP
1
2

GROUP



Table ES.4.

i
SOURCE
GRoUp

1

2

TOTALS
BIN

W@ ) oW Fe W [ —a

-
L=

1

=
14
15

X
K
ENERGY

1. 1700z+00

1.33002+00

LOWER EDGE
0. 000000
5.00CCE-02
5.000CE-02
g.0000e-02
1.0000E-01
1.5000E-01
2.0000E-01
3.0000E-01
& .00J0E -0
3 .0000E-01
&.0000E-01
8.C000E-01
1. COO0E+DD
1.5000E+00
2.00CCE=-D0

é‘a- mﬂf*ﬂﬁ T:
0.0000z+00 ¥=

SOURCE
3.7000E+10
3.7000E+10

FACTCR
1.2930E-07
1.2950E-07
1.1830E-07
1.3000=-07
1.508608-07
2.3%0E-07
3.T0ere-97
5.9580e-07
8.14BCE-07
1.0220E-04
1.2220E-0&
1.5930E-D&
1.9230E-06
2.46520E- 058
3.2720E-0&

0.CO00E+00
0.0000=+00
NIN DIRECT
1.3501E-08
1.9955E-08
3.3254E-08
MIM SCATTR
0.000CE+DD
0.000CE+D0
0.00D0E+00
0.0000E+00
0.0000E+00
0.0000E+00
4. 0252812
5. 1091E-11
1.40842-10
2.34862-10
8.1T65E-10
1.1336€-09
L LESGE-1D
0.000CE+DD
0.0000e+00Q

Z= 0.0000E+00

= 0.000CE=00
MAX DIRECT MIN SCATTR
F.04442-08 1.2277E-09
1.1997=-07 1.6017=-0%
2.1581E-07 2.8294E-0%
MAX SCATTR BIN
0.000CE=00 1
0.000CE=QD 2
0.00CCE=QD 3
0.000CE=C0 A
0.0D00E+00 5
0.0000E+C0 5
1.5108&-10 7
1.1&677E-0¢ 8
2.1997E-0% 9
3.1245E-0% 10
T.92425-08 N
B.72IPE-09 12
2.977=-09 13
0.0000E+00 1
0.00CCE-Q0 1S5

FROSLEM GEG0038, OPEN SILO FROBLEM (150 DEGIEE COLLIMATION -FR3s -

Hex SCATTR
1.219FE-08
1.4092E-08
2.6292E-08

Dutout Listing

MIND+MaXSC CcROUP

2.5300€-08
3.40546£-08
5.¥556€-08

1
r

Ezge 0



Table £5.7. PROBLEM GG500&, OFEN SILO PROSLEM - [nput Data

3 20
33.
1000.
21550,
0.0

O O W W = =k = P s

0.0

0.0
0.011%3
0.02553
1.0
£5.0
1.00797
55.847
1.8

2.

0.05
3.50
=4315-11
£r3s2-10
1.00E- 04
0.0
4000,
8000.
150010,
24000.
32000.
45000,
&4000,

STCP

20 20
#0.
1470,
314650,
025
-

L]
—
..

93525-04

0.0

7.0

154.007

0.0&
0.50
31158-1
32480-10
1.00E-02
C.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

¥ 2 1
125. 150.0
2155. I140.
4548170, &5130.
05 1
- 5
2.0 2.4
.2 3
-85 .7
1.27%5 1.3

3 3

2 4 3

-3 1 L

2 &
29373-04 0.0

1.053 0.0384

8.0 1.0

15.995 Z22.9%0

0.08 0.

J.80 1.00
33911-11 41555-11 &7987-11 97255-11
42132-10 31013-10 &9914-10 35&78-10

2.0
0.0
0.0
0.0
0.6
0.0
0.0
0.0
0.0

10

o il il amlk sk

e ]

ul L

5 &
210.0
£5L40,
100000.
-1
8
3.1415
A
.55
1.314

c.0
0.0

0.0

0.0978

13.0

26.93

0.15
1.50

315.0
=310,

-l

1.0

1.0

0.0

0.0

2.0

0.46731

154.0

£8.085

0.20
2.0

465.0
10000,
1.2

&
1.05

0.0
0.0s11
1.0

7. 002

Q.30

£50.0
14740
1.4
.70
1.10

13524+04%
4L021+04
31.

52.0

9.0
0.1798
20.0

Lo.ceé

0.40

15799-10 215580-10



Taole EG.O.

CONTROL 3 0
® 5.5000=+01
1.CO00=+03
2. 1550E=04
0.0000s+00
3.0000E-01
1.46000e+00
0.000CE+D0
7. 53000E-01
1.1250E+00
7 -2500E+01
1.2350E+03
2 . E505E+04
1.2500E-02
3.5000E-01
1. TOCCE+DD
5.000CE- 02
7.7500E-D1
1.1875E+00
1.875LE+05
T-2551E+0S
T.2422E+102
2.5000E-02
1.0000E-01
£.0000E-01
&.995EE-03
3.4982E-02
1.1585E-01

® CR
R

FHI

R THETA

PHI

=

OR THETA

F{L)

F(H)

FIR)

ZOHE ENDS COMP  BMDY

*

Wi i LW g e

2
3
3
1
-

= el =k Py we

BRI EQ A

0. 0ODDE+0C
0. CC00E+00
0. 0CCOE«DD

0. 00COE=00

Bl Pl b

=

3
3
&
&

MaT, 1
H

1. 008000

1 2.0000E+CO

e 1.1930E-C2

20 20
9. 0000E+Q1
1.4700E+03
3. 15650E+04
2.5000E-02
4 .0000E-01
1.E000E+00
1 .0000=- 01
8.0000=-01
1.25008+00
1.0750s+02
1.81252+03
3.9035E-04
3.7500E-02
4.5000E-01
1.9000E+00
1.5000E-01
8.2500=-01
1.26255+00
L .OBO4E=D5
2.2TTIE=0%
2.2T42E+13
2.5000E-02
1.0000E-01
2.0000E-01
1.49382-02
I.ET24E-02
2.3820e-02

= )

bl D B o= Py

0. 0000E+00
0.0000E+00
0. 000DE+CD
0.00DDEHIG

2

N
1.4007E=01
9.54252-04
0.000CE=DD

v 2
1.250CE+02
2. 155 0E+03
£.5010ED%
2.000CE-02
>.000CE-O1
Z.J00CE+CO
£.0000E-0
&8.>000E-01
1.2TS0E+00
1.3 0E+02
2.6573E+03
5.TETOE=D4
&.2500-02
5.5000e-01
2.2000E+00
2.5000e-01
S. ra00E-01
1.2875E+00
& . TIF5E+05
F.lofrs+0y
7.2092E+13
2.5000e-02
1.0000E-01
4.0000E-01
2.4TI0E-02
3.8373E-02
2.4003E-02

PK2 B3

0.00CCE+DD
0.0000E+DD
0.000CE+DD
U.0000E+00

3

a
1.539952+01
2.9375E-04
1.0630+00

1 16
1.5000==02
3. E00E=03
5. 813004
7. 3000E-02
&.00C0E-D1
2.L000€+00
3.000CE-M
2.0000E-01
1.3000E+CO
1.5000E+02
3.9000E+03
B.4045E+04
B.m00E-02
T . COO0=-01
2.TT0EE+00
3.500Ce-N
#.2500E-M
1.3070E+0
1.9820E+06
2.27TB1E+1D
2.2T92E+14
2. 5000E-02
2. 00CeE-01
7. L180E-01
3.L275E-02
I.992TE-(2
1.3314E-02

FKZ 3udd

XD

0.0000s+00
0.0000e=00
0.00C0CE=00
0.00CCE=0D

4
HA
2. 2950+
0.0030E+00
3.6400E-02

PRCELEM GGGUOG, QFEM SILO PROBLEM - Output Listing

5 &
2. 1000E+02
& EA00E+05
1.0000E+05
WL CO00E-01
8.0000E-01
3.14188+00
&.000CE-DN
¥.5000E-M
1.3140€+00
2.5250E+02
5. 750EHG

1.2500€E-
%.0000E-

o
o

&, S000E-01
?.7200s-01

. 331EE+06
T AST5E+10

5.0000E-02
2. 0000E-01

£, 34TEE-02
£.1381E-02

FiK< BMDS

Yo

C.0000E+00
U.CO00=+00
0.COO0E=D0
0.0C00E+00

5

AL
2.5720E+01
0.0000E+00
9.7B00E-02

1 1
3.1500e+02
&.5100E+03

1.3000E-01
1.0000c+00

5.0000s-01
1. 0000=+00

3.5000e+02
8.4050e=03

1.7500€-01
1.1000E+00

5.5000E-01
1.0505+00

2.3095+07
2.2806E+11

s.0000E-02
2.0000E-01

5.2247E-07
&, 2T31E-02

PES  BRDS

20

0.3300E+00
0.0000E+00
0.0000E+C0
0. 0000E+00

&

s
2. BlELE+01
0.00CCE-DD
&.7510E-01

o 0
& . 850002

1.0000E+0&

2.00CCe-01
1.20CCE=0D

&.000CE-01
1.0500E+00

2.7250E+02
1. 22805+

c.2a00E-01
1.3000=+00

&.500CE-21
1.0750E+00

T« 1298E+07
Teoooac+11

=.0000E-02
2.00CCE-01

6.0493E-02
Sea7raE-02

FKS

1. 3524E+04
4. 4521E+08
3. 1000e=01
5. 2000E+01

7

K
3.M02E+01
0. 000E+00
L. 1100E-02

o Q

&.5000E+02
1.4750E+04

2.3000E-01
1.40002+00

7. 0O00E-01
1.1000-+00

d.e00CE=Q2
1.8155E+04

£.7500E-01
1.5000E+00

T.£500E-01
1.11=&+00

2.2B85£E=08
2.28L1E+12

5.0000E-02
2.0000E- 01

3.31532-02
C.2515E-02

2

ca
4. 0020e+01
0.0000E+0D
1.7980E-01

Paga ©

¥

FE
3.5847E+0T
0.0000E+00
£.5530E-02



Table ES.S.

1
SIURCE
R

1

TOTALS
BIN
1

WD =) O WA - LW R

il el bl ol ol
ol oo O

—
i

SOURCE
EROUP

TOTALS
BIN

A s O WA e P e

I TR TS R I Y
L I L 7Y R (Y

i=

W=

ERERGY
1.25002+00

LOWER EDGE
0.00CCE=DD
>.000CE-02
&.0000E-02
8.000CE-C2
1.0000E-01
1.5000E-01
2.0000E-01
5.0000E-01%
4 .0C00=-01
=.0000z-01
&.00C00s-01
8.00CCE-01
1.00CCE=DD
1.5000E+00
£.0000E+00

=

&, DOCOE=]3
0.000CE=00

8.0000E+03

=

=
SRCE

£.0000E+00

FACTOR
3.43715&-11
3.43715E-11
2. 1158E-11
3.3711E-11
&.1655E-11
6.7FETE-11
9.7255E-11
1.5799E-10
2.1580E-10
2.T342E-10
3.2480E-10
L. 2132E-10
5.1013E-10
6.9914E-10
8.587cE-10

m

= 0.000CE+00 =

ERERGY
1.2500=+00

LOWER EDGE
0.000CE-00
5.0000E-02
©.0000E-02
8.0000E-02
. 0000s-01
1.5000E-01
2.0CC0E-01
3.00CCE-01
&.000CE-D1
5.0000E-01
&.0000E-01
B.C000E-01
1.0000E=00
1.500CE+0D
2.0000E+00

SOURCE
2.0000E+C0

FACTOR
3.4313E-11
3.43138-11
3. 115811
3.3%11E-11
4.1855E-11
&6.7F8TE-11
Q. TES5E-11
1.5799E-10
2.15802-10
2.7342E-10
3.2480E-10
4. 2132E-10
5.1013E-10
£.99142-10
B.587a=-10

0.00CCE=DD
J.0000E+0D
MIN DIRECT
&.8728E-23
S-0fcBE-23
MIN SCATTR
0.0000E+00
0.0000E+00
0.COJ0E+00
0.CO00E+00
0.COC0E=00
0.CO00C==00
2.31TE-20
2.1352E-20
1.38%3E-20
1.4L84E-20
2.T17BE-20
£ 52 FE-20
&6.0217TE-21
C0.0000E+00
0. 0000E+00

0. 0OO0E+D0
0.0000s+00
MIW DIRECT
9.1305€-24
2.1305E-24
HIN SCATTR
0. 0D00E+CO
0. 0000E+00
0. 0000E+00
0.CO0JE+00
0.000CE+00
0.000CE+DD
&.07SEE-21
G.2580E-21
S.5581E-21
5.1851E-21
Yedeust-21
7.L35%e-21
2.3181E-21
0.0000E+0Q0D
0.0000E+00

PROSBLEM GGGOO&, OPEM SILD PROBLEM - Output Listing

MAX DIRECT MIN SCATTR MAX SCATTR HMIMDHMAXSC GROUP

1.11258-22 3.92415-20 T.T4BAE-20 7.7458E-20
1.7925E-22 35.9241=-20 T.TSB3E-20 7.785£E-20

2= 0.0000E+CO |
Z=  Q.0000E+00
5.00BSE-22 1.2421E-19
6.00B6E-22 1.2821E-19
HMAX SCATTR 3IN
0.3D00E+C0 1
0.0000E+00 2
0.0000E+00 3
0.0000z+00 =
0. 0000E+00 -
0. 0000z+00 &
5.73282-20 T
3.00%es-20 g
1.766TE-20 g
1.708Ce-20 10
3.061BE-20 11
2.2540E-20 1
&5.4TL5E-21 13
0.0000E+0Q 14
0.0000E+C0 15
Z= 0.0CCCE-DD
2= 0.J00C0e+00
MAX DIRECT MIN SCATTR
MAX SCATTR BIN
0.000CE+DD 1
0.0000E+00 2
0.0000E+00 3
0.0000=+00 -
C.0000=+00 -
0.0C00E+00 &
2.2003E-20 T
1.1437E-20 8
S.914LE-21 ¥
B.2872E-21 10
1.35252-20 11
1.0330e-20 12
5.2185E-21 13
0.00COE+00 1&
0.0D00E+CO 15

1.8185£-1%
1.B185%€-19

1.81%0E-19
1.8190E-19

HAYX SCATTR MIHD+MEXSE

.

CROUP

1

Paga 2



Table ES.8.

SOURCE
eten Y

TATALS
SN

M B = i W L P =

]
=t =¥

12

TOTALS
BIN

W 08 W) O W P bW P e

ek b ol el ok
(5, B U YU Y R

X= 1.60002+06 Y=
=  0.COO0E+D0 =

ENZRGY
1.2500E+00

LCWER EDCGE
0.CO00E+00
5.0000z-02
&.0000-02
8.000CE-02
1.00CCE-1
1.500CE-01
2.0000E-01
3.0000E-MN
4. 0000E-N
5.0000E-01
&.00D0E-01
2.0000z-01
1.0000s+00
1.50C0E=00
2. 00CCE+00

SOURCE
2.000CE+0D

FACTOR
3.4315E-1
-5315E-11
3.1158E-11
3.3 11E-11
b, 1&633E-11
5. T9EE-11
F.TES5E-11
1.57%9=-10
2. 158CE-10
2.73L2E-10
3.2680E-10
$.2132E-10
5.1013E-10
&.9914E-10
B.5878E-1C

X= 2, 4000E+04 ¥m
X= 0.000E+00 Y=

ERERGY
1.2500=+00

LOWER EDGE
0.000CE+DD
5.0000g-02
&.0000E-02
8.0000E-C2
1.0000E-01
1.5000E-01
£.0000E-01
3.0000z-01
4. 0000=-01
5.0000=-01
&.00C0=-01
2.000Ce-01
1.000CE=DD
1.500CE=00
2.000CE+OD

SOURCE
£.0000E+00

FALTOR
3.4313E-11
3.4315E-11
3.1158E-11
3.3911E-11
4.1655E-11
&.758TE-11
9.7/235E-11
1.57F%E-10
2.1580E-10
2.7T342E-10
3.2480E-10
&.2132E-10
2. 1013E-10
£.99142-10
B.5BTEE-10

0. 0000E+0]
0. 00COE=0D
MIH DIRZCT
1.20825E-24
1.2B25E-24
MIN =CaTTR
0.0CCCE=DD
2. 00C0E+QD
0. 000000
0.0000E+00
0.0000E+CO
0.0000E+00
5.7T447E-22
7. TUSSE-22
1.11298-21
1.0597-21
2.09¥2EeE- 21
1.¥8E2E-21
&, 3858E-22
0.000CE+0Q
0. 0000E+00Q

0. CO00z+00
0. 0CC0E=00
MIN DIRECTY
3.20TFE-25
3.201%E-25
MIM SCATTR
0.0000E+CO
0.0000E+00
0.CODDE+DC
0. CO00E+00
0. 000000
0.0000=+00
1.0263£-22
1.5%53&-22
2.TLT3E-22
3.2345E-22
6.73L2E-22
& B5TEE-22
2.29TBE-22
0.0000E+00
0. 0000E+00

PROGLEM GGGOOS, OPEW SILO PRCBLEM - Qutput Listirg

I= 0.0CCCE=DQD |
Z= 0.000CE+DD

MAX DIRECT MIN SCATTR
1.3335E-23 B.2451E-21
1.33352-23 B8.2451E-21
MAX SCATTR EBIN
0.0000+00 1
0.0000E=00 -
0.0CCCE=DD 3
0.0COCE=DD &
0.000CE+DD 3
D.0DOCE+DD &
3.8250€E-21 7
2.8303E-21 8
3.36%1E-21 ¥
2.8510s-21 10
L.¥Z29e-21 N1
4.ZMN5E-21 12
1.3857-21 13
0.00CCe-00 14
0.0000E+00 15

Z= (.CCCCE-00
Z= 0.00C0E+00

MAX DIRECT MIN SCATTR

3.81192-24
3.B119E-24
MAX SCATTR
0.0000E+00
0.0000E+00Q
0.0200E+00
0.0000E+C0
0.0000E+00
0.0000=+00
2.I375E-22
1. 22132- 21
1.3624E-21
1.2494E-21
2.1526E-21
2.00%4E-21
&6.7T5T0E-22
0.000CE=OD
0.300CE+CO

2.4585E-21
2.4583%- 21
BIK

WO 00 g Oh AN A PO e

—
(=]

i
12
13
14
15

MAX SCATTR MIKD=HAXSC
2.6858E-20 2.4657E-20
2.L556E-20 Z2.4657E-20

ROUP
1

HAX SCATTR MIND+MAXSC GROUP

¥.0528E-21
Q.8325E-21

9.6330e-21
9.4330€-21

1

Page 3



Table E6.3.

SOURCE
EROUP

TOTALS
BIN

SOOR s O W e kel

[ R N S -
o™ P o= D

=&
LY

&
SOURCE
GROUP

L
E

TATALS
BIM

BB =] O+ W &= W e ==

ol il ol =B
LEC I LY E R = R ]

-

i
un

X= 3.20CCE~O4 ¥=
X= _0.0000E+00 T=

EMERGY
1.2500E+00

LOLER EDGE
0.C000E+00
5.000CE-02
. 000CE-02
5.000CE-02
1.0000E-01
1.5000E-01
2.0000E-01
5.0000=-01
&.00CCE-01
5.00CCE-O1
&.000CE-O01
8.0000E-01
1.0000E+00
1.5000E+00
2. 0000E+00

SOURCE
2.0000E=00

FACTOR
2.4315E-1
3.4315E-M1
3.1158E-11
3.3911E-11
&.1655E-11
a./F8E-11
@.7255E-11
1.5799E-10
2. 1580E-10
2. T342E-10
5.2480E-10
&.21322-10
5. 1012E-10
8.9F14E-10
8.587EE-10

X¥= 4. BOOCE=DS T=
¥= 0.0000E+00 Y=

EMERGY
1.250CE+00

LOWER EDCE
0. 00D0E+CO
5.0000E-02
&.0000s-02
8.00002-02
1.0000-01
1.500C€-01
2.000CE-O1
3.0000E-M
%.J000E-01
5.0000E-M
&.C000E-01
8.0000=-01
1.000CE=-00
1.5000E+00
2.0000e+00

S0URCE
2.00002+00

FACTOR
3.L315E-11
3.4315E-1
3.1158E-11
3.3911E-11
&.1635E-11
6. T987E-11
P.T255E-11
1.579%E-10
2.158CE- 10
2.7342E-10
3.24B0E-10
&.2132E-10
5.1013-10
6.79142-10
B.58Tee-10

0.03000E+DO
0..3000E+00
HIN DIRECT
1.0118E-25
1.0118=-25
MIN SCATTR
D.00CCE+DD
0.0000E+0Q
0. 0000E+00
0.0000E+00
0.0000E+00
0. 0OCIE=D0
1.4483E-23
£.8350€-23
F.2305E-23
2.5311E-23
2.3009g-22
£.7607E-22
&.1809E-23
0. CO00E+00
0.0000=+00

0.000CE=DD
0.0000E+00
HIN DIRECT
1.8193E-26
1.4193E-26
MIN SCATTR
0. COOQE+00
0. 0CO0E+00
0.0C00E+00
0.0000E+00
0.0000E+QD
0.0000E+C0D
T-4052E-25
3.5579-24
G.63592-24
1.2960€- 23
3. L9T5E-T3
L.TO4%E-23
1.7988E-23
0. 00IEHID
0.0000=+00

s
Z

MAX SCATTR
0.CCC0E=DD
0.000CE+DD
0. 0000E+D0
0.0000E+D0
0.0000+00
C.00022+00
2.214T=-22
&, E040E-22
5.BV34E-22
5.3835E-22
1.0258E-21
1.02%2E-21
3.4104E-22
0.0000E+0C
0. CO00=+00

PROBLEM GGGOCS, OPEM SILO PROSLEM - Qutput Listing

0.0000E+CO .
0.0000E+00
HAX DIRECT MIM SCATTR MAX SCATTR MIND=MAXSC
1.2255E-24 B.4500E-22 4£.20088-21
1.2256E-24 BS.4500E-22 4£.2008E-21

EIN
1

M1 OB s O WA e Ll pa

i
=

11
12
13
15

13

Z= 0.0000E+C0
Z= 0.0000E+00

MAX DIRECT

E2x SCATTR
0.0000E+00
0.0000z+00
0. DOGOE+00
0.00C0E=00
0. 000CE=DD
2. 0000E+00
1.9020E-23
6. 2552E-23
1.0334E-22
1.1574E-22
2.3629€-22
2. 7223E-22
9.5L20E-23
0. 0D00E+GD
0.0000E+00

31N

O M0 B8 i B WA B L g =

]

14
13

&.2009E-21
L. JO0PE-21

o= OUF
1

MIN SCATTR MAX SCATTR MIND+MAXSC GROUP
1.955¥E-25 1.2742E-22 §.2514E-22 9.2514E-22
1.9559E-25 1.2762E-22 9.2514E-22 9.2518E-22

1
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Teble E5.8.

7
SDURCE
GROUP

1

TOTALS

3L

I IR ST R S Y N

sl =l ol =l =l
LRI T T R L I

¥=  &.5000E+0% =
¥= 0.0000E+00 Y=

ENERCY
1.2500E+C0

LOWER EDGE
0.0000z+00
5.0000s-02
&.0CCCE-D2
3.00CCE-02
1.0000E-01
1.5000E-01
£.0000E-01
3.0000E-01
& .0000E-01
5.0000E-01
&.0000E-01
B.0000z-01
1.0000+00
1.5000=+00
2. 000000

SOURCE
£.00CCE=00

FACTCR
3.4315E-11
3.4315E-11
3-1158c-11
3.3911E-11
&.16552-11
&. 798 =-11
9.7255e-11
1.577%%-10
2.158CE-10
2.7T36L2E-10
F.2LBCE-10
4.2132E-10
5.1013e-10
&6.991LE- 10
8.387RE-10

0.00J0E+00
0. COD0E+00
MIK DIZECT
2.51988-27
2.51985-27
MIN SCaTTR
0.0000E+00
0.0000E+00
0.0000E+C0
0.0000E+C0
0. 0000E+00
0.0000E+00
2. E3ATE-26
G.I041E-25
1.04202-24
1.4857E-24
&.0429E-24
F.3T4SE-24
3.8111E-24
0. 00GCE=Q0
0. 000CE=00

Z= 0.0000z+00

FROSLEM GGEGD05, CFER SILO FROGLEM - Cutput Listing

= 0.0000=<00

MaX DIRECT HMIM SCATTR MAX SCATTR MIKD=M&XSC
4.41356E-26 2.2712E-23 2.17BEE-22 2.175BE-22
4.51366-26 2.2712E-23 2.17BEE-Z22 2.17V88:=-22

MAX SCATTR
0.0C00E+00
0. 00COE=0D
0.0000E+00
0.000CE+00
9.0000E+C0
0.0000E+00
1.5685E-24
1.0327E-23
1.7759£-23
2.25357E-23
6.500¥E-23
T.36T3E-23
2.T161E-23
0.00CCE-DD
0.C00CE-DD

BIN

WE D ) = WA P L P s

o et A T e R 1
LN B W = D

GROUP
1



Teble ES.7. PROSLEM GGGDD7, SHIELDED SILO (21 CM COWCRETE) - Data

3 200 20 20 ¥ 2 1 15 5 4 = .
=5. 0. 125. 130.0 210.0 315.0 455.0 £E80.0

1000. 1470. 2155, 3140, 46510. &510. 10000. 14780,
21330, 3148580, 48410, 48130, 100000.
0.0 025 05 073 .1 15 ) 23
-3 o - .5 .8 1.0 1.2 1.4
1.6 1.8 2.0 2.4 3.1814
0. .1 2 o ol 3 o5 « 70
05 .3 .B5 -7 .55 1.0 1.05 1.10
1.125 1.25 1.275 1.3 1.314
e 1 T 2 3 3
3 2 -1 1 2 4 = 3
3 2 2 & -3 1 & 5
=g =g
s 1 & 3 2 4
13 0.0 0.0 13524+0L
e 3 0.0 0.0 L4521-04
2 & 3.
4 4 52.0
0.0 $5625-06 29373-04 0.0 0.0 0.0 0.0 0.0
0.0
129%2-02 0.0 1.1560&6 I5ET2-02 11136-01 73544-01 £4544-02 19143-01
28304-02
1.0 7.0 8.0 11.0 13.0 14.0 19.0 20.0
25.0

1.00797 15.007 15.955 22.990 25.%8 <5.085 39.102 4&0.08

55 .547

1.25

Z.

0.05 0.06 0.08 0.10 0.15 0.20 0.30 0.40
0.50 0.£0 0.20 1.00 *1.50 2.0

3£315-11 31158-11 33911-11 L1455-11 &7%&7-11 97255-11 1575%-10 21580-10
27542-10 324B0-10 4£2132-10 51013-10 &59146-10 S587E-10

1.00E-04 1.00E-0C2 2.0

0.0 0.0 0.0 i
4000, 0.0. 0.0 1
2000, 0.0 0.0 1
1&0C0. 0.0 0.0 1
ZL000. 0.0 0.0 1
32000. 0.0 0.0 1
45000. 0.0 0.0 1
&4000. 0.0 0.0 1

-1

S5TCP




Table ES.10.

CONTROL
X O B

¥ OR

PHI

Z DR TEETA

X OR 73

£ OR THETA

FCLY

F(M)

FOWD

ZCHE ERDS

LI #5 e S =
B EH

LTI

BRD

(11}
(=]

= LH el s
O O W4 W

3 20
S -SO00E+01
1.0000E+03
2. 1550E+05
0.00J0E+00
3.0000E- 01
1. &000E+00
0. DO00Z+00
7.5S0002-01
1. 1250E+00
7. 2500s+01
1.2350e+03
2.5605E+04
1.2500E-02
3.5000E-01
1.700CE~DD
2.0000E-02
7. 7S00E-01
1. 1875E+00
1.57S4E+05
T.2551E+08
T.24Z2E+12
2.5000e-02
1.000CE-D1
2.0000E-01
§.7F58E-03
3.4982E-02
1.1585c-01

COMP  SMD1

s B

L

0. 0000s+00
0.0C00=+00
0.0C00=+00
0.00C0E-DD

AT, 1

H
1.0080E+00
0.0000E+C0
1.2992E-02

=0 20
2.000CE=1
1.£T0CE=D3
3. 18E80E=D4
2.5000E-02
4. 000CE-D1
1.2800CE=D0
1.0000E-01
&.0D00E-01
1. 2500E+00
1.07S0E+02
1.8125E+03
3.90T5E+04
3. T=00E-02
4 .5000=-01
1.9000+00
1.50002-01
8.2S500s-01
1.2625E+00
4. 0BCLE+DS
2. 2TTE+09
2.2TL2E+13
2.5000E-02
1.0000=-01
2.0000s-01
1.4%38=-02
T.ETE4E-D2
2.3820€E-02

PE1 ENDZ2

bl O &= =2
W
[¥7]

0.0000E+CO
0.0000E+C0D
0.0000E+00
0. 0000E+00

2

N
1.4007+01
¥.5625E-04
0.0C0CE=DD

2 2
1.2500z+02
2.1550=+03
&.E84102-04
5.00002-02
5.00002-01
2.0C00E-00
2.0000e-01
8.5000e-01
1.275CE=00
1.3750E+02
2.5575E-03
5.72T0E+0S
&.2500E-02
3.-3000E-01
2.2000E+00
2.5000E-01
8. 7=00E-01
1.2B8TSE+00
L. T3IR5=+05
7. 1822207
7.20GZ2E=13
2.5000E-02
1.0000E-01
4.0000E-01
£.4730E-02
3.8873-02
2.40032-02

PKZ EAND3

el

£

0.000CE+DD
Q.000CE=-QD
0.0000E+Q0
0.000CE+D0

3

0
1.3995E+01
2.9373E-04
1.15461E+00

1 i)
1.5000=+02
3.1600E+03
&.8130E+04
¥.Z000E-02
& .0000E-01
2.4000=+00
3. GO0CE-01
2.0000E-01
1.3000e+00
1.B00CE=02
3.500CE+03
B.4DESE+D4
8.7500€e-02
.000CE-
2.770BE+00
3.5000E-0
9. ZS00E-01
1.3070E+00
1.9620E+0&
2.2781E+10
2.2T92E+14
2.3000e-02
2.00C00E-0
7-£160E-01
3.4275E-02
3.9927E-02
1.3515E-02

FK3 3uD4

X

0.0000E+00
0.00CCE-0D
0.0CC0E=00
0.00CCE~DD

[

Ha
2.29%0E+01
0.0000E+00
3.9672E-12

S 4
2. 1000E+02
4.5500E+03
1.0000E+05
1.0000E-01
2.0000E-01
2. 1415E+00
b 0O02E-0f
&.5000=-01
1.31402+00
2.6250E+02
S.r2S0e+3

1.2500e-01
F.000CE-01

4.5000E-01
9.7300E-0

T.3315E+06
. 1975E+10

5.000CE-02
2.00CCE-01

L.34TEE-D2
4.1381E-02

FK& BMDS

b 1]

0.COO0E+00
0.COO0E+00
0.CCO0=+00
0.C000E+00

-

C1
2.5580E+01
0.0000E+00
1. 1135E-01

L 1
3.1500e=02
&.81006+03

1.5000e-01
1.0000E+00

5.0000E-01
1.0000E+00

3.9000E+02
B.S0G0E+03

1.7500E-01
1.1000=+00

5.500CE-01
1.025Ce+00

2.309EE+07
2.2B0SE+11

5.0000E-02
2. 0000E-01

5.2247E-02
4.2731E-02

PES BNDS

20

0. 0000E+CO
0.0000E+C0
0. 0000E+00
0. 0000=+00

5

1
2. 8084201
0.000CE+DD
7.3544E-M

PROSLEM GGGOO7, SHIELDED SILO PROSLEM (21 CM COMCRETE) - Cutput Listing

Q I
& .E500=+02
1.C000E+D4

2.0000E- 017
1.2000=+00

§.0000c- 01
1.0500e+00

2. /250e+Q2
1.2580E+0

£.2500E-01
1.3000E+00

&.3000E-01
1.07=02+00

7 1296E+07
£.3853e+11

5.000CE-02
2.0000E-01

&.0493E-02
L. 397>E-02

PEE

K

1.3%24E=04
4, L5027E=0<
3.1000e=
5.2000E+

T

E
3.91028+01
0.0000E+00
4. 4544E-02

0
&.8000E+02
1.4T50E+DS

2.2000e-01
1.5000E+00

T.Q000E-01
1.100DE+00

B.4000z+02
1.81552+04

2. 00E-01
1.5000e=00

7.250CE-01
1.1125E+00

£2.2852E+08
2. 25L1E+12

2. 0000E-02
2. 0000E-01

2.a123E-02
2.2&17E-02

3

ca
&.008CE-D1
0.0000E+COQ
1.91&3E-01

Fage

[
FE
5.5BLTE+0Y
J.0000E+00
2.35304E-02



Tazle ES.10. PROBLEN IHIEEI:II:."?'4r SHIZLDED SILO FROBLEZH (27 CH COMCRETE) - Jutput Listirg Page 2
1 X= &4.000CE+03 Y= O.0000E+00 2= 0.DDDDE+CO

SOURCE  X= 0.00006+00 Y=  0.ODDOE+00 2= O.00D0E+00

CROUP  ENERGY SOUSCE  HMIN DIRECT MAX DIRECT MIN SCATT® MAX SCATTR MIAMD4MAXSC SROUP
1 1.2500E+00 2.00005+00 1.7545E-23 2.0920E-22 1.0823e-21 1.5897-21 2.0073E-21 1
TOTALS 1.7545E-23 2.0920E-22 1.0823E-21 1.9897-21 2.0073E-21
BIN LOWER EDGZ  FACTOR  MIN SCATTR MAX SCATTR  3SIM

1 0.0000E+00 3.4315E-11 0.00005+00 0.0000E+00 1

2  S.0000E-02 3.4315e-11 O0.0000S=00 O.0000E+00 2

3 &.0000E-02 3.11526-11 0.0000S+00 0.0000Z+00 3

£  E.0000E-02 3.3911E-11 0.0000+00 0.00005+00 &

5  1.0000-01 4.1555E-11 0.00CCE=00 0.0000S+00 5

&  1.5000E-01 &.7987E-11 0.0000E+00 0.0000E+00 &

7  2.0000E-01 9.7255E-11 4&.0015E-22 1.02562-21 7

& 3.0000E-01 1.579%E-10 2.5507E-22 4.8681E-22 8

9  4.0000e-01 2.1SBOE-10 1.7157E-22 2.32356-22 ¢

10 5.00006-01 2.7342E-10 1.045SE-22 1.30688-22 10

11 6.0000E-D1 3.2480E-10 9.172%E-23 1.0841E-22 14

12 8.0000E-01 &4.29325-10 1.8430E-23 2.17056-23 12

13 1.0000E+00 5.10138-10 1.3114E-24 &.5013E-24 13

14 1.5000E+00 &.9915E-10 O0.0000E+00 O.0000E+00 14

15  2.0000E+00 8.5375=-10 0.0000E+00 O.0000E+00 15

2 X= B.0000E+03  ¥= O0.COOCE+00 2= 0.000CE=00

SOURCE  X= 0.0000E+00 Y= 0.0000S+00 7= 0.0000E=00

GROUP  ENERGY SOURCE  MIN DIRECT MAX DIRECT MIN SCATTR MAX SCATTR MINDSMAXSC CROLPD
1 1.2S00E+00 2.0000E+C0 3.2877E-2¢ 3.9114E-23 2.93175-22 6.4050E-22 B.437es-22 1
TOTALS 3.287TE-2¢ 3.9114E-23 2.9317E-22 B.4050E-22 B.L37eE-22
BIN LOWER EDGE  FACTOR  MIM SCATTR MAX SCATTR  BIN

1 0.000CE-00 3.4315E-11 O0.0000E+CO 0.000CE+00 1

2  5.00006-02 3.53155-11 O0.0000E+CO O.0D00E+00 2

3  4.00006-02 3.11582-11 O0.0000E+00 O.0D00E+00 3

4L  S.0000E-02 3I.3911E-11 (.0000E+00 O.0000E+0C &

5 1.0000E-01 £.1855E-11 0.0O00E+00 0.0000E+0C 5

&  1.5000E-01 64.7%R7E-11 0.0000S+00 O0.CODJE+00 &

7  2.0000E-01 9.7255E-11 7.587EE-23 3.54088-22 7

&  3.0000s-01 1.579SE-10 8.3452E-23 2.38842-22 &

9  4.00006-01 2.1580E-10 S5.3941E-23 1.178&E-22 ¢

10 5.00006-01 2.7362c-10 3.55506-23 6.5850E-23 10

1 £.0000E-01 3.2480E-10 3.2898:5-23 5.32938-23 11

12 B.0000E-01 4.2932E-10 7.00132-24 71.0448E-23 12

13 1.0000E+00 S.1013E-10 4.7759€-25 1.2594E-2¢ 13

1% 1.50005+00 6.9914E-10 O0.000CE+00 0.00008<00 14

1 2.0000E+00 2.587BE-10 0.0000E+CO0 0.000CE+00 15



Table E&.10.

E
SOURCE
GROUP

1

TOTALS

=EINM

WO O = 0 WM oFe L ) =

T T T
L

5,

—
WA

SOURCE
GROUP
1
TOTALS

BIN

WO ow O W B W R ek

- al sl ml = =l
W E W ) = O

X=  1.&6000+04 Y=

K
ENERGY
1.2500E+00

LOWER EDGE
0.C0CO0s+00
5, 0000e-02
6.00CCE-02
83.0000E-02
1.0300E-01
1.5000€-01
2.0000E-01
5.0000=-01
£.00002-01
2.0000e-01
&.000ce-01
&.000ce-N
1.000CE+0Q
1.5000E+00
2.0000E+00

0.CODDEHIO Y=

SOURCE
2.0000e+00

FACTCR
3-4315E-11
3.4315E-11
4. 1158e-11
3.3911E-11
L, 1855E-11
&.798TE-11
9.7255E-11
1.57%%E-10
2.1580E-10
£.7342E-10
3.2480E-1
L, 2132E-10
2. 1073E-10
&.¥914E-10
8.5878E-10

X= 2.4000=+04 =
X= 0.0000=+D0 =

ERERGY
1.2500=+00

LOWER EDGE
0.00CCE=DD
5.000CE-02
5. 00CCE-02
S.00CC0E-02
1.000CE-01
1.5000€-01
Z.0000E-01
3.0000E-01
&.0000E-01
5 . CO00E-01
&.0000E-01
8.CO00E-D1
1.C000=+00
1.5000=+00
2.0000e+00

SOURCE
Z.0000E+00

FACTOR
3.48315E-11
3.4315E-11
3.1158E-11
3.3911E-11
4. 16558-11
8.7T987E-11
9. TE55-11
1.57%E-10
2.1580€-10
2.734ZE-10
3.2480E-10
4.2132E-10
2. T013E-10
6.9914E-10
B.58TRE-10

0. 0000=+00
0. DOO0=+00
MIN DIRECT
& B1TSE-25
L, 51TSE-25
MIN SCATTR
0., 00CCE=DD
0.0000E+0D
0.0000E+00
0.0000E+CO
C.000DE+HID
0.0000E+00
T.E349E-24
1.3430=-23
1.05T2E-23
¥ .DETBE=2%
T.T=31E-24
1.5704E-25
1.2495E-25
D.0000E+CO
0.000DE+00

0.CO00=+00
0.0C00E+00
4IH DIRECT
1.152%E-25
1.152%€-25
HIM SCATTR
0.000CE+DD
2.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.2000E+00
1.1651E-24
Z2.90154E-24
Z.74102-24
2.1474E-24
2.4031E-24
&.4254E-25
4.510%9E-25
0.000CE+00
0.0000E+0D

£

L
HAX DIRECT
3.5613E-24
3.5613E-24
MAX SCATTR
0.0000E=00
0.0C00E=0D
0.00CCE+0D
0.000CE+CO
0.0000E+C0
0.0000E+C0
&.2814E-23
T.4023E-25
5.33582-23
2.4673E-23
2.055TE-23
£.4555E-24
3.557TLE-25
0.0000E+00
0.0000E+00

PROSLEN GGGOOT, SHIELDED SILO PROSLEM (21 OM COMCRETE

0.0CO0E<00
0.000CE=00

MIN SCATTR MAX SCATTR MWIKD-MAXSC
&-9115E-23 2.3066E-22 2.3113E-22
4-9115E-23 2.3068E-22 2.3113=-22

BIN

—

o0 ot O W - el T

i

—n

-l sk sk
T T

i= 0.000Ce=00
2= 0.000CE+O0
MAX DIRECT MIN SCATTR MAX SCATTR MIMD+MAXSC GROUP

T.44568-24
T.44568-24
MAX SCATTR
0.00CCoE=00
0.00CCE=DD
0.000CE+2D
0.0000E+00Q
0.0000E+00
0.0000E+00
1.4229E-23
2.4551E-23
1.7205E-23
1.0579€E-23
©.3B483E-24
2. 111&E-24
1.6319E-25
0.C000E=DD
0.000CE+DD

1.20442-25 7.B1TSE-23 7.02942-23
1.20442-25 T.B1TSE-23 7. 0204E-23

BIN
1

W 8 =] = Wi F- L [

- Dutzut Listing

EOUP
1

Faga 3



Table =5,10.

5 ¥= 3.2000E+04 Y= 0.0DD0E+CO
SOURCE  X= 0.0000E+C0 Y= D.0DDDEHID
GROUF EMERGY S0URTE MIN DIRECT

i 1.2500E+00 2.0000E+00 3.543LE-26
TOTALE 2.683LE-26

51N  LOWER EDGE FACTOR HIN STATTR

1 0.0000E+00 3.43152-11 0.0000E+00

2 5.0000E-02 3.4375E-11 0.C000=+00

3 &.0000E-02 3.11S2E-11 0.0000=+00

& B.0000E-02 3.3511E-11 0.0000E=00

5 1.00002-01 4.1555E-11 0.0000E=00

. 1.500C€-01 &.7987E-11 0.00CCE+0D

T 2.000CE-01 9.VZS5E-171 2.0431E-25

a2 3.000CE-01 1.5799E-10 T7.0F17E-25

g 4.000CE-01 2.95208-10 7.9128E-25

13 3.00D0E-01 2.7342E-10 &.P0R5E-25

11 &.0000E-01 3.2420€-10 B.ITEZE-25

12 2.0000E-01 4.2132E-10 2.57152-25

12 1.0000E+00 S.1013E-10 1.B274E-25

14 1.5000=+00 A&.9914E-10 0.0000E+00

15 2.00C0E-00 B.587BE-10 0.0000E+00

& ¥= 4_S000E+05 Y= 0.00002+00
SOURCE X= 0.0000=+00 Y= 0.00002+00
EROUP ENERGY SOURCE MIN DIRECT

1 1.25002+00 2.0000E+00 S.1107E-27

TOTALS 5. 1107E-27
BIN LOWER EDGE FACTCR MIN SCATTR

1 0.000CE+00 3.4315E-11 0.0000E+00

2 5.000CE-02 3.4315E-11 0.0000E+00

3 &.000CE-02 3.1158E-11 0.0000E+CO

& S.0000E-02 3.3911E-11 0.0000E+00

5 1.0000E-01 4&.1655E-11 0.0000E+00

& 1.3000E-01 &4.T%ETE-11 0.0000E+00

[ Z.0000E-01 9.7T255E-11 9.18968-27

] 3.0000E-01 1.5799E-10 5.13772-25

? 4. 0000E-0% 2.1580E-10 7.8248=-25%

10 5.0000e-07 2.7342E-10 B,.375EE-25

11 £.0000E-01 3_2480E-10 1.2284E-25

12 B.000CE-01 &.2132E-10 4£.3L2TE-28

13 1.00002-00 5.1013E-10 3.570%E-27

1% 1.50CC€=00 £.9914E-10 O.0000E+CO

15 2.00CCE+D0 B.58TSE-10 0.0000E+00

Z= D.00D0DE+0C
Z= 0.00DDE+00
HMEX DIRECT MIM SCATTE MAXN ZCATTR HIMD+MANSC SROUP
4.910BE-25 3.5070E-24 3.0250E-23 3.0287E-23
%.710BE-25 3.5070E-24 3.0250S-23 3.02B7E-23
MaX SCATTR 3SIM
0.0200E+CO 1
0.0030E+00 2
0.COD0E+00 3
0.CO00E+00 &
0.CO00E+00 >
0.0C00E=DD &
3.TB2EE-24 T
B.508%TE-24 &
7. 1679E- 24 7
L.5962E-264 10
G.6082-26 N
1-11282-24 12
T.BA12E-26 13
0.00COe=0D 14
0.000CE+DD 15
Z= 0.Co00s-00
I= 0.000CE=DD
MAX DIRECT MIN SCATTR HAX SCATTR MIND-MAXSC
B.E7T98E-26 3.9225E-25 S5.3128E-26 5.3177=-2¢
B.ET9EE-25 3.022%E-25 S5.3125E-26 S5.317TTE-24
MAX SCATTR BIK
0.000CE=DD 1
0.0000E+DD 2
0.0000E+0D 3
0.3000E+CO L
0.0000E+00 5
0.0000E+00 &
3.21432-25 T
1.19522-24 &
1. ZE545-24 a
1.047rE-2&4 10
1.1467E-24 1
2.5082E-25 12
2.15B1E-26 13
0.000CE+D0 14
0.0000E+00 15

PROBLEM G55007, SHIELDED SILO PROBLEM (21 CM CONCRETE) - Output Listing

GROUP

1



Table £5.10. PROBLEM GGGOOT, SHIELDED SILO PRCBLEM (21 CM CONCRETE) - Output Listing ®age 5

5. 5000E+-0% Y= 0.0000E+CO 2= 0.0000E+00

SOURCE  X= 0.0000E+0Q Y= 0.0000E+C0 Z= 0.0000E+00

EROUP ENERGY SOURCE MIN DIRECT RAX DIRECT MIM SCATTR MAX SCATTR HMINMD4MAXSC GROUP
1 1.2500E~00 2.0000=+00 9Q.073LE-28 2.0325E-25 S5.4352E-256 $.99292-25 1.0002E-2% 1

T x

[1]

TOTALS 9.073LE-28 2.0325E-26 5.4352E-256 9.59295-25 1.0002E-24
BIN LOMER EDGE FACTOR MIN SCATTR MAX SCATTR SIM
1 O0.0000E+00 3.4315E-11 0.00005+00 0O.0000E+00 1
Fd 3.0000E-02 3.4315E-11 0.C000E+00 O0.0000E+00 -
3 G E-0Z2 3.1158E-11 0.0COCE+00 0.0000=+00 3
4 8.0C00E-02 3.3911E-11 O0.000CE+D0 0.0CCOS+00 o
3 1.00002-01 4&4.1655E-11 0.000CE+00 0.00C0E+00 5
& 1.5000€-01 6&.7987E-11 0.000CE+00 0.000CE+00 &
rg 2.0000E-01 9.72552-11 S.0379E-28 2.8017E-26 T
8 3.000CE-01 1.5799E-10 4. 3511E-27 1.4340E-25 8
¥ 4.0000E-01 2.1580E-10 B.9290z-27 2.3388E-25 £
12 5.0000E-01 2.7342E-10 1.13432-25 2.1570E-25 10
1 6.0000E-01 3.24B0E-10 1.96938-28 2.7002=-25 1

12 B.0DO0E-01 &4.2132E-10 B.5091E-27 B.07932-28 1
13 1.0000=+00 5.1013E-10 7.3546E-28 5.8£00€-27 1
T4 1.50002+00 &.99142-10 O0.000CE+OO0 O.0CCCE+DD 14
i 2.0000e+00 B.5578=-10 O0.0000E+00 O.000CE+00 15




? 2
145.
2155.
LE4170.
05

[ ]
=Ll

15.995

0.08
0.80

1 14 5 4 1 1 .
150.0 210.0 315.0 L55.0

3160. 4840 10.  10000.
£8130. 100000,
075 1 .15 .2
.5 B 1.0 1.2
2.4 3.1416
3 - .5 6
9 .95 1.0 1.05
1.3 1.314
3 3
4 5
0.0 0.0
0.0 0.0
0.0 0.0 0.0 0.0

3967202 11135-01 T35544-01 L4545-02

11.0 15.0 1L.0 19.0

22.990 25.98 28.0886 39.102

0.10 0.15 2.20 0.30
1.00 1.50 2.0

PROBLEM GGGOOS, SHIELDED SILO {&42.3 CM CONCRETE) - Data

&80.0
147EQ.

]
1.4

.70
1.10

12924+04
44521404
31.

73.8

0.0
19163-01
20.0

£0.08

.40

31158-11 33911-11 £1455-11 &7987-11 97255-11 15799-10 21580-10
32480-10 42132-10 51013-10 49914-10 &55878-10

Table E&.11.

3 20 20 20
. 0.
1000, 1470,
21550, 31880,
0.0 « 025
= o
1.5 1.8
0. -1
B -5
1.7125 1.25

2 1 1 2

3 2 -1 1

I 2 2 £

-1 1 =2

£ & 3

1 3

2 3

3 &

4 &5
0.0 FS&25-04
0.0
12¢92-02 0.0
2E30S -T2
1.0 T.0
25.0
1.007%7 14,007
33,847
1.25
r8
0.05 0,08
2.50 0.40
2L315-11
2ra42-10
1.00E-0& 1.00=-02
0.0 0.0
&000. 0.0
BOCO. 0.0
TE000. 0.0
SEO00. 0.0
32000, 0.0
&8000. 0.0
&4000. 0.0

STOP

2.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

[ Rl RN R R IR p—" p—



Table ES.12.

CONTROL
£ OR R

FHI

CR TEETA

el

THETA

F(L)

Fi{M)

FOND

IONE HHDS

L T R R
H L B

BEKD EQ

e LA Pd s
O O iy L

3 20

-S000E+01
1.00D0E+D3
£. 1550E+04
C.0000E+00
3.0000E-01
1.6000E+00
0.C0000=+00
7.5000=-01
1.1250E+00
8.2500E+01
1.2350=+H013
2.5805E+04
1.2500€-02
=2.3000E-01
1.70C0E+0D
=.0000E-02
7. 7300E-01
1.1875E+C0
1.023BE+05
7.2551=+08
F.2AZ7E+12
2.5000e-02
1.0000E-01
2.0000E-M
& 9958E-03
3.4982:-02
1.1585E-01

COMF EAD1

- " N .Y
Pk

A

0.0O00E+00
0.0000z+00
0. 0000=+00
0.0000==00

MaT, 1

H
1.0080E+C0
0.00D0E+C0
1.2992E-02

20 20
¥.0000e=01
1.L700e-03
3. 1880E+04
£2.5000e-02
%.0000E-D1
1.8000E+00
1.0000E-07
&.0000E-01
1.2500E+CO
1.0750E+02
1.8125E+03
3.9035E+04
3.7300E-02
& .5000=-01
1.5000E+00
1.5000s-01
8.2500e-01
1.25825E+00
£.0B04E-05
2.2ITIE+DR
2.2TL2E+13
£.3000E-02
1.0000c-01
2.0000e-01
1.4%938€-02
3.8T24E-02
£.3820E-02

FX1 BMDZ

b o o =

0.0000E+CO
0.0000E+CO
C.0DJ0EHID
C.0000E+00

2

N
1.&LC0TE=DT
9.38625E-0%
0.0000E+DD

9 2
1.2500E+02
2. 1550=+03
4. E5102+04
3.0000-02
2.00002-01
2.0000€-00
2.000CE-01
B.500Ce-0
1.2M5C0E+DD
1.3750E+02
2.8575E+03
S.T2TOE+Ds
&.2500E-02
5.>000E-1
2.2000e+00
2.5000z-01
B.7S00=-01
1.28T=E+00
L. TIREE+05
7 A8E2E=09
7. 20%2E+13
2.5000E-02
1. 0000E=01
& 00D0E-01
2.4730E-02
3.8373E-02
2.4003E-02

PEZ END3

%]

c

0.0CCCE=DD
0.00CCE+0D
0.00C0E+DD
0.0000E+0D

3

O
1.5995E+01
2. 937304
1.15861E+00

1 14
1.5000E+02
3. 16002403
&.5130E+04
T.3000E-02
. 0000z- 01
2.40002+00
3.00002-01
¢.0000E-01
1.30CCE=DD
1.BOCCE+]2
3.70006+03
8.L045E+04
8.7500E-02
7.0000E-07
2. TTOBE+(D
3.5000E-01
e.S00E-01
1.3070E+00
1.9620E+08
2.2781E+10
2.2TF2E+14
2.5000e-02
2.0000E-01
T-4150E-01
3.4275E-02
3.99d7E-02
1.35142-02

PE3 ENDS

X0

0. D000=+00
0.00C0E=00
0. DO0COE=DD
0.000CE+DD

4
&

2. 2990E+01

. 0OD0E+HDD

3.9672E-02

B, £
2.1000E+02
4. 5L00E+03
1.0000E+C5
1.0000E-01
3_0000E-01
3. 14 14E+00
4 0000 - 01
%.50005-01
1.31505+00
2.£2505+02
5. 7250603

1.250C€E-01
¥.0000E-D1

4.2000E-01
. T=00E-01

T.3316E+06
T.197=E+10

2.00CCe-02
2.0000E-01

S.ILTRE-C2
4. 1281E-02

PKS& 305

Y0

0.0000E+00
0. C0000E+00
0. 0000==00
0.0000E-=00

3

Al
2.53B0E+01
0.0000E+00
1.1135E-01

1
3.1500E-02
6. 8100E+03

1.500CE-D01
1.000CE+DD

>.J000E-01
1.0000E+00

3.9000E+02
B.40302+03

1.7200E-01
1. 100000

5.50CCE-O1
1.025CE+00

£2.3098E+07
2.2B05E+11

5.0000E-02
2.0000E-01

5.224TE-02
4.2739E-02

FiS

Z0

0.0000E+CO
0.00D0E+0D
0.00D0E+CO
0.0000E+00

&

Sk
2.808£2-01
0.000CE=00
7.3584E-01

BMDE

FROSLEM GGGO0B, SHIELDED SILO PROBLEM (42.8 CM CONCRETE) - Output Listing

0 Q
4. 6500E+02
1.0000+04

2.0000E-01
1. 2000+00

&.0000-01
1.0500e=+00

=« fea0E+Q2
1.2580E+04

£.2200E-01
1.3000E+00

&.5000E-01
1.0/50=+00

£ A2P6E-0T
7.3833E+11

5.0000€E-02
£.0300E-01

&.0493E-02
L, 3973=-02

PR

1.39258+04
L.E52TE=0
3.1000e+01
7.3800E+01

T

K
3.9102E+01
0.0000=+0C
L. 4554E-02

g a
&.800Ce-02
1.&47E0E+0S

2.5000€-01
1.4000E+00

7.0000E-01
1. 1000E+00

B.4000E+02
1.81552+H4

2. 7500e-01
1.5C0CE=DD

7.2500E-01
1.1125E+00

2.2852E+08
2.2501E+12

5.0000E-02
2.0000E-01

3.3153E-02
£.2&19E-02

&

ca
%.0080E+O
0.0000E+00
1.91&43E-01

Fege 1

9

FE
2. 2BLTE+(1
0.0000E+00
2.850Ls-02



Table ES.12.

SOURCE
GROUP

TOTALS
SIN

W 0 = Oh W A R P

11

B =] % W1 F< LA iyl s

- sk =l =l =l =
L R T T = s

E
)
CMERGY

&.0000E+03 Y=
0.0000E+G0 Y=

SOURCE

1.2500E+00 2.000CE+D0

LOVER EIGE
0.COD0E+00
5.0000E-02
5.0000s-02
8.0000e-02
1.000C€E-01
1.5000€-01
2.0000E-N
3.0000E-N
£.0000E-01
5.0000E-01
&..3000E-01
8.0000E-01
1.0000E+00
1.5000E+00
Z.0000E+00

FACTOR
3.4315E-1
2.43156-1
3.1158E-11
3.3711E-11
b 1655E-11
&.METE-11
9. TZ55E-11
1.5799E-10
2.1580=-10
2.7342E-10
3.26202-10
£.2532E-10
2.1013E-10
&5.9914E-10
8.58TEE-10

= 8.00002-03 Y=
X= 0.0000e-00 =

ERERSY
1.25002+00

LOWER EDGE
0.0CC0E=DD
5.0000s-02
&.0000E-02
8.0000€E-02
1.000CE-D1
1.5000E-01
2.0000E-01
3.0000e-01
&.0000E-01
5.0000E-01
&.0000E-01
B.0000E-01
1.00002+00
1.5000E+00
2.000CE=00

SOURCE
£.0000E+CO

FACTOR
3.4315E-11
3.4315E-11
4. 1158E-11
3.3911E-11
&. 1655E-11
&.M78ME-11
¥.feS5E-11
1.579%%-10
2,1580e-10
2.7342E-10
3.24BOE-10
4.2132E-10
5.1013E-10
6.9914E-10
2.5878E-10

0.0000E+00
0.0000E+00
MIN DIRECT
1.7545E2-23
1.75452-23
MIN SCATTR
0. 0000s-00
0. 00COE+Q0
0. 0000E+00
0. 000CE+00
Q.0000E+C0O
0.0000E+00
1.2452E-23
9.344TE-24
4. 0991E-26
1.7T207E-24
B.£S53E-25
B.39232-26
3.0188E-25
0.0003E+00
0.0000E+00

0.C0000E+00
0.0000E+00
HIMH ODERECT
3.287TE-24
3.2877E-24
MIM SCATTR
0.000CE=DD
0.000CE+DQ
0.0000E+00
0.J000E+CO
0.0000E+00
0.0000E+00
2.5000E-24
2.0910E-2&
1.3153=-24
& .CE9TE=25
2.7718E-25
2.9913E-25
S.83082E-25
0.000CE+COD
0.0000E+00

2= 0.0000s+00 -
L= 0000000

MaX DIRECT
2.0920E-22
2.0920E-22
MAX SCATTR
0.CO00E+00
0.0C00+00
0.0C0CE+00
0.0000E+0D
0. 000CE+QQ
0.0000E+QQ
3.2BBEE-23
1.5150E-23
>.57%0E-24
2.1903E-24
1.0716E-24
T-25H3E-£5
2.5435E-24
0.0000E+00
0.0000z+00

HIM SCATTE

PROBLEM GGSD08, SEIELDED SILO PROBLEM (42.B CM COMCRETE) - Output Listing

f.8T50E-23

2.9028E-23 &.1185E-2F 7.E730E-23

EIN
1

m = [k W I« Ly K

7
10
11
12
13
14
1=

Z= 0.000CE=QQ

2.F114E-23 T.Q949E-24 2.4775E-Z23 2.B0&3=-23
TAP49E-26 Z2.4775E-£3 2.BO0&3E-23

i= 0.0000E+0D
MAX DIRECT MIN SCATTR
3.71142-23
MAX SCATIR BIN
0.00CCE=DD 1
0.00CCe=00 2
0.0000E+00 3
0.000CE+CQ &
0.0000E+0QQ 3
0.0D00E+CO =
1.1333E-23 7
7.9301E-24 a
2.9942E-24 7
1.1883E-26 10
2.2108E-25 11
1.4938E-25 12
&6.8135e-25 13
0.00CCE+DD 14
0.0000E+00 15

MAX SCATTR MIND<MAXSC GROUP
2.9028E-23 5.1185E-23

1

HaX SCATTR MIKD+HAXSC GCROUP

1

Foge 2



Table ES.12. PROSLEM GEE008, SHIELDED SILO PROBLEM (52.8 CM COWCRETE) - Output Listing FPage 3
3 K= 1.5000E+0% Y= 0.0000E+00 Z= 0.0000=+00 .
SOURCE XM= 0.0000+00 Y= 0.0000E+00 Z= 0.CO00=+00
GRouP EMERGY SOURCE MIN DIRECT MAX DIRECT MIM SCATTR MAX SCATTR MINDMAXSC GROUP
1 1.2500E+00 2.000CE+00 4.5173E-25 S5.54613E-24 1.1538E-24 &4.38396-24 &.8457E-24 1
TOTALS 4.61752-25 5.5613E-24 1.153BE-24 &.3B396-24 6.8457E-24
SIN LOUER EDGE FACTOR MIN SCATTR WX SCATTR BIN
1 0.0000E+00 3.4315E-11 0.00005=00 0.0000E+00 1
- 2.0000E-02 3.4315E-11 0.0CCCE+00 O.0000E+00 2
L &6.0000=-02 3.115BE-11 0.0CCOE=00 0.0000+00 3
- 8.C000E-02 3.3511E-11 0.00CCE+00 0.0000S+00 4
3 1.00002-01 &4.1555E-11 0.0000E+00 0.C0OCCE=00 5
& 1.50002-01 6.7987E-11 0.000CE+00 0.COOOE+00 &
T 2.000CE-01 9.7255E-11 2.4BBSE-25 2.0277E-24% T
[ 3.000CE-01 1.5799E-10 &.2T713E-25 2.4434E-24 B
g 4.0000E-01 2.1530E-10 2.61%1E-25 1.1305E-24% ¥
10 5.0000E-01 2.T342E-10 1.2982E-235 4.45T2E-25 10
11 6.0000E-01 3.2480E-10 7.2072E-26 2.08B4E-25 11
12 3.0000E-01 &4.2132E-10 6.03BBE-Z7 2.7957E-26 12
13 1.0000E+00 5.1013E-10 B.OSS1E-27 1.0243E-25 13
14 1.5000E+00 &5.9914E-10 0.CO00S+00 O.0000E+00 14
15 2.00005+00 3.587BE-10 0.000CE+00 O0.0O00=+00 15
) X= 2 L000E+04 Y= 0.000CE+QD 2= Q.0000E+CO
SOURCE X= 0.0000E+00 Y= 0.0000e+00 Z= 0.0000c+00
GROUP EMERGY SOURCE MIN DIRECT HMAX DIRECT NIM SCATTR MAX SCATTR MIAMD+MAXST GROUP
1 1.2500E+00 2.0CCCE+00 1.1529E-25 1.4456E-24 2.5045E-25 2.05408-24 2.1893E-24 3
TOTALS T.1529E-25 1.4458E-24 2.504%E-25 2.0540E-26 2.1693E-24
BIN LOWER EDGE FACTOR MIN SCATTR MAX SCATTR  BIN
1 0.CCOOE+00 3.4315E-11 0,00008<00 0.0O00E+00 1
2 5.0000E-02 3.4315E-11 0.00C0E<00 0.0000E+00 £
3 5.0000E-02 3.1158E-11 0.00CCE+00 0.000CE=DD 3
L S.000CE-02 3.39112-11 0.0000E+CO O.000CE+00 “
5 1.0000E-01 &,.16552-11 0.0000E+00 0.J000E+CO 3
[ 1.5000E-01 &.TS87E-11 0.0000E+00 0.0000E+00 &
T 2.0000E-01 9.7255E-11 3.6434E-26 4.578%52-25 T
a8 3.00002-01 1.57%9E-10 5.2919-25 £.1984:-25 =
9 4.00002-01 2.1580E-10 5.75236-25 4.40093E-25 9
1 5.0000E-01 2.7342E-10 3.7354E-25 1.95638-25 10
11 5.0000E-01 3.2480E-10 2.2257E-256 9%.3507E-26 11
12 8.000CE-01 &.2132=-10 1.9871E-27 1.0048E-26 12
13 1.000CE+0D 5.1013£-10 1.9800E-27 2.4903E-26 13
14 1.5000E+00 5.9914E-10 0.000DE+00 0.0D0DE+CO 14
15 2.00D0E+00 8,587EE-10 0C.D000Z+00 OQ.0DJ0E+00 15



Table £5.72. PROBLEM GGG008, SSIELDED SILO PROBLEM (42.8 CM CONCRETE) - Qutput Listing

5
SOURCE
GROUP

1

TOTALS
ERL
1

m o= O

3
10
1"
12
13
14
]

&
SOURCE
GROUP

1

TOTALS
SIN

Do o=y Ok oW Es L R s

10
11
12
13
1&
15

= I.2000E+0% Y=
¥=  0.0000E+CO T=

EHEREY
1.250CE+00

LOWER EDGE
C.0000E+CO
2 .0000E-02
&.0000E-02
8.0000:-02
1.0G00E-01
1.5000e-01
2.0000e-01
3-0000E-01
4.0000E-01
5.0000E-01
&.0000E-01
8.0000z-01
1.0000E+00
1.50002+00
2. 0000E+00

SOURCE
2.0000=+00

FACTON
3.&315E-11
3.L315E-1
2. 1158E-11
2.2911E-11
4. 1655E-11
&.T987TE-11
o_T2S5E-11
T.5799E-10
2. 1580e-10
2.7342E-10
3.24BCE-10
£.2152E-10
5.1013E-10
&.991LE-10
8.5878E-10

s & S000E+CS Y=
%= 0.000DE+00 ¥=

ENERGY
1.Z500E+00

LOMER EDGE
C.0000E+00O
5.0000e-02
&.0000E-02
B.0000E-02
1.0000=-01
1.5000=-01
2.0000e-01
3.0000z-01
£.00CCE-D1
5.00CCE-01
6.00CCE-D1
8.000CE-01
1.0000E+CO
1.5000E+CO
2.0000E+C0

SOURCE
2.0CCCe=00

FACTOR
3.L3156-11
3.4315E-11
3.1158E-11
2.3911E-11
&.1855E-11
&.TP87E-11
@.T255E-11
1.5799c-10
2.1380E-10
2.73428-10
3.2430=-10
L£.2132=-10
5.1013s-10
5.9%14E-10
8.5872E-10

0.0000E+C0
0.0000E+00
MIN DIRECT
S.6435E- 26
3.6434E-26
MIN SCATTR
0.C000=+00
0.C000E+0D
0.000CE+00
0. 00C0E+DD
2.000CE=QQ
0.0000E+00
6.56585E-2T7
2.2350E-25
1. E-25
1.1942E-26
£ .BO00E-2¥
7.TGR4EE-28
&6.1557E-28
0.00C00E=0D
0. 0000E+CD

0.0000E+CO
0. 0000E+00
HIK DIRECT
5.1107E-27
2. 1107E-2T
HIK SCETTR
0.COO0E+00
0.CO00E+00
0.0COo0E=00
0.CCCCE=DD
0.0000E+00
0.000CE+DD
2.¥538E-28
1.8358%E-27
1.2450E-2T7
1.458LE-2T
1.12&7E-27
1.2550E-28
B.I923E-2¢
0. 0000z+00
0.0000=+00

MIN SCATTR MAX SCATTR MIND+MAXSC
f.0021E-26 T.54562-25 T.9100E-25
7.5L5£E-25 T.9100E-25

2= 0.0000=+00 -
Z= 0.0000=+00
HA% DIRECT
4.9108E-25
4.F10BE-20 7. 002%E-24
EAX STATTR =N
£.0000E+00 1
0.C000=+00 2
0. CCOD==00 3
0.0CCDE=DD i
0.00C0E=20 3
0.00C0E=0D &
1.23L8E-25 rif
2.8827E-25 8
1.9145E-25 F
e.080¥=-26 10
4Q.7Z52E-28 N
&,.34328-27 12
B.G514E-27 13
D.C0CCE=D0 14
0.000CE+D0 15
2= 0.0000=+00
Z= 0.0000s+00

MaX DIRECT MIN SCATTR
8.5798E-26 &.&T3LE-ZT
B8.57FBE-26 &5.4T3LE-ZT

MAX SCATTR
0. 0000E+00
0. COO0E+00
0. 0O0=+00
0. 0000E+00
0.0000s-00
0.0CCCE=DD
1.0484E-25
L, 0BS0E-25
J.L814E-26
1.9841E-26
1.1590E-26
1.0767E-2T
1.3925E-27
0.0000E+00
0.0000E+00

BIN
1

A M =] B oW E W RJ

10
11
12
13
14
15

1.1568E-25
1. T¥56EE-25

MAX SCATTRE MIKD-MAXSC

1.2479E-25
1.2479E-25

GROUF
1

SR0UP

1

Fage £




Teble £5.12. PROGLEM GGGOOS, SHIELDED SILO PROBLEM (42.8 CM COMCRETE) - Output Listing

T X= 5.L000E+04 Y= 0.0D000E+00 2= D.0DDDE+0O0 .

SOURCE X¥= 0.0000E+0Q Y= 0.0000E+00 Z= 0.0000e+00

GROUP EHERGY SOURCE MIN DIRECT HMAX DIRECT MIM SCATTR MAX SCATTR MIND4MAXSC GROUP
i 1.25006+00 2.0000E+00 9.0734E-28 2.0325E-26 7.9087E-28 2.0205E-24 2.1113E-25 1

TOTALS 9.0734E-28 2.0325E-26 7.9087E-28 2.0205E-2% 2.1113E-26
2IN  LOMER EDGE FACTOR KIN SCATTR MAX SCATTR SIN
1 0.0000E+00 3.4315E-11 0.CCOOE+00 O.00008+00 1
2 3.0000E-02 3.4315E-11 0.00008+00 0.C000E+00 2
> 5.0000=-02 3.1158E-11 0.00C0E+00 0.00CCE=00 3
4 8.000Ce-02 3.3911E-11 0.0000E+00 0.0000E+00 g
5 1.0000E-01 &.1635E-11 O.DDD0E+CC 0.000CE+O0 5
6 1.5D00E-01 &.7987=-11 0.00005+00 0.0000c+00 &
7 2_0000E-01 9.T255E-11 1.8177E-2% ©.053%:-28 [
8 3.0000E-01 1.579%E-10 1.3893£-28 5.6532:-27 &
9 %.0000=-01 Z2.15BO0E-10 2.22T0E-28 &.3732:=-27 9
10 5.00C0E-01 2.7I42E-10 1.9388E-28 4.02T&s-27 10
11 5.00CCE-01 3.24B50E-10 1.8075E-28 2.T143E-27 11
12 §5.0000E-01 4.Z132=-10 2.48642E-29 2.7129E-28 12
13 1.0000E+00 5.10132-10 1.4438E-29 2.7002E-28 13
14 1.5000E+00 &.9914E-10 0.CO0JE+00 O.0000E+CC 14
15 £.0000E+C0 5.5B7TEE-10 0.0000E+00 O.0000E+00 15




Table £5.13. SAMPLE FROSLEM GGG104 - UNSHIELDED WALL PROSLEW - Data

2 20 20 20 2 3 117 5 5 1 1

0. 20, 100. 150. 210. 315, SE5, &30,
1000. 1470. 2153. 3150. 540, &810. 10000, 14670,
21550. 31550. 44410.  &3130. 100000.

0.0 023 .05 0 1 « 13 e .25
0.3 0.4 0.5 0.6 0.8 1.0 1.2 1.4
1.6 1.8 c.0 2.5 3.1415

100. a0, 200. 2E0. w00, =50, 800. 1100.

1£00. 2200. 3200. L500. &300. 8700. 12500. 17800,
25100. 35500. 50100. 7O0R0O. 100000.

301 1 0 2 & L
£ - 1 0 -3 3
% 1 1 0 -5 & 3 2
£ 3 e e 3 2 5 3
& 1 1 0 =& 1 2 3 g &
1 1 Z2_00E+10
2 & 100.
3 4% 110.
& & T0.
> & 100.
0.0 FIES-04 29Z75-04 0.0 0.0 0.0 0.0 0.0
0.0
0.09193 0.0 1.083 0.0364 0.0978 0.56731 0.04711 0.1758
0.02683
2.0 1.00E+04 0.0 o.o 0.0 0.0 0.0 0.0
0.0
1.0 7.0 8.0 11.0 13.0 14.0 19.0 £0.0
£5.0
1.007%7 15.007 15.995 22.950 25.98 28.088 19.102 &0.08
33.847
6.12
2.
0.05 0.0& 0.08 0.10 0.15 0.20 0.30 0.40
0.50 0.&0 0.0 1.00 1.50 2.0 3.0 £.0
5.0 6.0 8.0

34315-11 371958-11 33911-11 &1655-11 &7%&7-11 §7255-11 157%%-10 Z1580-10
27342-10 32480-10 £2932-10 57013-10 45%14-10 85878-10 11285-09 13275-09
15365-09 18147-09 22480-09

-2 1. 2.0
0.0 0.0 0.0 1
10000. 0.0 £.0 1
Z0000. 0.0 0.0 1
30000. 0.0 0.0 1
20000, 0.0 0.0 1
80000. 0.0 0.0 1
I



Table Eb.1%.

CONTROL
CR s

FEI

L J= THETA

oR

FHI

0% THETA

F(L)

F{M)

FEMD

ZOKE BSMDS

Wb il P
= W B e

EC

LY - P I B
o i - B

COMP

2 0
0. 0000E+00
1.0000=+03
2. 15502+04
0. 0C00=+00
3.00cCe-01
1.40CCE=D0
1.0000E+02
1.&4000E+03
2.5100E+04
2.5000E+07
1.2550E+03
2. L805E+04
1.2500-02
5.5000€-01
1.7000E+0D
1.2000E+02
1.90D0E+03
3.0300E+0%
1.2500E+03
5.8045E+05
2.58982+08
2.5000e-02
1.00CCE-O1
2.000cE-01
4.0000E+0
6.0000E+02
1.0200E+04

CON=  BRE1

ik LR sl e el
e

0.0000E+00
0.00300E+0O
0.0000E+00D
0.0000E+00
0.00002+00

MAT, 1

-
1.0020E-00
0.0DOCE+DD
1.1930€E-02
0. 0000E+HID

20 20
3. 00C0E+D
1.4700E+03
3. 15840E+04
£.20D0E-02
&.00D0E-07
1.8000E+00
1. 5000E+02
2. c000E+03
3.5500=+04
7. 3000E+]1
1.8125e+03
3.9035E+04
2.7500E-D2
&.3000E-01
1.90002+00
1.T000E+02
2. 700003
L, 2BC0E-DL
3.7SCCE=-O3
1.25818E+04
S.ToriEHIE
£.S000E-02
1.0000E-01
2.0000=-01
5. 0000E+01
1.0000==03
1. 4600804

PK1 BMD2

S I = ==
¥
L]

0. 00C0E+00
0. 000000
0.000CE-QD
3. 00CCE=DD
0.000CE=-D0

Fd

u
1 .4007E+01
¥.5625E-04
0.00C0s=00
1.0000E=04

9
1.CC0CE=D2
2. 155003
L. 8LCE=0%
5.000CE-02
5.000CE-01
2.0000E+00
£.J0D0E+0Z
3.2000+03
E.0100E+04
1.25002+02
255755
5.72T0E«D&
&.25C00e-02
>.500CE-O1
£.2000E+20
£.4000E+02
35200403
&.0450E+0G
&.2500E+03
2. 5T0EE=08
1.2435€+09
2.5000E-02
1.0000E-01
4. 2300E-01
£.0000E+0N
1.2000E+03
2.0700E+Dg

3

F2 3BMD3

=_ wmk A L B
el L

LA

0.0000E+00
0. C00JE+00
0.0000=+00
0.C0CO0E+00
0.0000E+00

1.59%56+01
2.9375E-04
1.0630£+00
0. 0000E+00

PROSLEM GGG10S, UMSHIELDED WALL PROBLEM -

1 i
1.30002+02
3. 16800=+03
6.81302+04
7.o0CCE-D2
&.0000E-01
2. &00CE+0D
2.8000E-02
4.5000E+03
7.0B00E+04
1.5000E+02
3.9000=+03
B.40&65E-04
B.T500E-02
7 .0C0CE-D1
2.7T0RE+DD
3. &000E+C2
5.4000E+03
8.5400E+04
1.0500+04
5. 7T20z+05
2.6792=+09
2.5000€-02
2.000CE-M
7.L1&0E-01
1.2000E+C2
1.8000E+03
£.9200E+04

FE3  BHDRA

fud b
Loy

®O

0.0000E+CO
0.0000E+CD
0.0000E+00
0.0000£-+00
0.00002+00

-

Ha
2. 2950E+01
0.0000E+00
3.5400e-02
C.0000E+00

Output Listing

- 5
2.1000E+02
&4.6%00E+H03
1.0000E+05
1.0000z-01
8.0C00s-01
3. 141&E+00
&.000CE=0Q2
6.3000E+03
1.0000E+05
2.8250E+02
5.7250E+03

1.2500=-01
&.0O00E-01

£,8000E+02
7.6000E+03

2. TSE3E+04
1. 2423407

2. 0C00E-02
2.0C00E-01

1.46000€+02
2.0000E-03

PEL  BMDS

L

YO

0.000CE+0D
0.0000E+C0
0.0000E+00
0.0000E+00
0.0000E+0C

5

AL
2.55E0E=01
0.0000E+00
¥.7800E-02
0.0000E+00

Ly
|

3.1500E+02
&.8100+03

1.5000€-01
1.0000E+00

5.60002+02
8. F000E+03

3.900CE=02
5.405CE-3

1.7300E-01
1. 1000E+00

6. BOO0E+02
1.0700E=04

2.8500E+04
2.8812E+07

5.0000E-02
2.C000E-01

2.4000s+02
3 E000E+03

FES

i)

0.00CCE~D0
0.0000e=00
9.00CCE=DD
0.0000E+09
0.0000E+00

&

g1
2. E0S&T+01T
0.0000E+00
5. 7310E-MN
0.000CE+DQ

SMDS

a
&, 6500=+02
1.0000E+04&

2.000Ce-01
1.2000E=00

&.0000E+02
1. 2500E+H04

2. r2SE+De
1.23355+04

2.2a00E-01
1.3000E+00

?.5000E+02
1.31308+04

1.2309€+05
5.TE04E-07

$.000CE-02
2.0000E-01

3.0000E+C2
5.3000E+03

2.0000E+10
1.0000E+02
1.1000E+0g
7.CO00E+01
1.0000E=+02

T

K
3. 9102E+0
0.00D0E+00
4.1100E-02
0.0000=+00

0
&.8000E+02
1.4570E+D4

£.5000E-01
1.40005+00

1. 7000E+03
1. 7800E=04

8.4000E+02
1.8110E+04

2.7T300E-01
1.5000=+00

1.3500€+03
2. 1L30E+04

2.4BB0E+CS
1.2450E+08

5.0000E-02
£.0000z-01

5.0000e=02
7. 3000E-03

8

ca
&, 0080e-01
0.000CE~OD
1.7980E-01
0.00D0EHID

Fage 1

e

FE
5.5BAVE+D
0.0000E+00
2.5550E-02
0.0000E+00



1.0000E+0% Y=
0.0000E+0O T=

SOURLE
2.0000E+00

FACTOR
3.6315e-11
3.4315E-11
3.1158e-11
3.3511E-1
4.1655E-11
6. 7987E-11
9.7255E-1
1.5799E-10
2. 1580E-10
2. 242E-10
3.24802-10
£.2132E-10
5-1013E-10
S.7¥14E-10
8.587EE-10
1.1285E-C9
1.3275E-09
1.3955=-09
1.815ME-09
2.26ECE-07

= 2.CO00CE+D& =
¥= 0.000CE+00 Y

Table £5.14.
1 Xm
SOURCE  X=
GROLP ERERGY
1 &, 1200e+00
TOTALS
BIK LOWER EDGE
i 0.00D00E+CD
2 5.0000E-C2
3 &.0300E-62
L 8.0000E-02
5 1. 0000E-01
& 1.3000=-01
T 2.0000e-01
2 3.00CCE-01
L 4. 0000eE-01
1 5.000CE-N
11 &.0000E-01
12 &.0000E-M
13 1.0000E+CO
14 1.5000E+00
15 2.00002+00
1 3.0000==00
17 £.00CCE+00
18 5.0000E+00
1% 5. 0000E+DD
20 8.0000E+00
2
SOURCE
CROUS EKERGY
1 5. 12002+00
TCTALS
BIK LOWER EDGE
1 0.000CE+00
- =.000CE-02
3 &.J000E-D2
L &.0000E-02
5 1.0000E-01
b 1.5000E-M
i Z2..0000E-01
8 3.0000E-01
£ & D000E-01
10 5.0000E-01
11 &. DO0JE-01
12 8.0000E-01
13 1.0000=+00
T4 1.5000€=00
15 2.0000e=00
15 3.00006+00
iTr 4.0000€=00
18 5.0000E+0Q
19 &.0000E+H00
20 2.0000E+00

SOURCE
2.0000E+00

FACTCR
3.4315E-11
3.4315E-11
3.1158&-11
3.3911E-11
L, 165511
6. TYE7E- 11
9.7255E-11
1.57%%E-10
2.1580E-10
2.7342E-10
3.24B0E-10
&.2132E-10
5. 1013E-10
&.991LE-10
8.587BE-10
1.1285-09
1.32742-0%
15965205
1.8167=-05
2.2580E-0%

0.0000E+00
0.0000E+00
HIN DIRECT
0.00DDE+D0
0.00D0E+00D
MIN STATTR
0.0000E+0D0
0.000JE+00
0. C000=+00
0. 0CO0=+00
0.0000s+00
0.00C0E=00
I.8T24E-22
7. 100BE-22
5.3¥81E-22
4.430%E-22
5.8070E-22
3.1845E-22
T.9T23E-23
0.CO00E-00
0.CC0CE+30
0.000CE+DD
0.0000E+00
0.0000E+00
0.0000E+00
C.0000E+00

0. COO0=+00
0. 00O0E=DD
MIN DIRECT
0. 00C0e=00
0.0000e=00
MIN SCATTR
0.0000E+00
0.0000E+CO
0.0000E+00
0. D0D0E+HIG
0. 0000E+00
0.0000=+00
2.51545£-23
B.C585E-23
B.£819E-23
T.TaTEE-23
1.0533-22
5. E34TE=Z3
J.F848E-23
0.000CE+DD
0. 2000E+00D
D.3000E+CO
0.00D0E+CO
0.0000E+00
0.0000=+00
C.00002+00

FPROBLEM GGS10&, UWSHIELDED WALL PRCBLEM - Output Listing

g.42802-21
¥.4d80E-21

HIMD+MAXET
9.4280E-21
e.4280E-21

2.3789e-21

0.00CCE~DD &£.81522-22 Z2_37B9E-21 2.37BGE-21

2= 0.0000E+00 .
Z= 0.0000E+00
MaX DIRECT MIM SCATTR MAX SCATTR
0.0000E+C0 3.0384E-21
0.0000E+CO 3.0384E-21
HAE SCATTE  SIM
0.0000E+00 1
0.0000E+C0 2
0.0000=+00 3
0.00002+00 4
0.CO0JE+00 5
0.CO0Ce+00 &
2.3332E-21 T
2. TBS4E-21 8
1.5213e-21 &
1.035&E-21 10
1.0761E-21 11
S.44580E-22 12
1.3337E-22 13
0.0000E+00 14
0.0000=+00 15
0.00C0E=DD 16
0.00CCE=QD 17
0.0000E+00 1
0.0000E+00 1%
0.0000E+00 20
2= 0.000CE+DD
2= 0.000CE+OD
MAX DIRECT MIN SCATTR
0.CCO0E=J0 L. 8152z-22 2.37R3E-21
MAX SCATTR  HIK
0.0000E+00 1
0.0000E+00 2
0.000CE+C0D 3
0.0D00E+00 L
0.J000E+00 5
0.0000E+00 5
I.0222s-22 T
&.2581E-22 8
4. T499E-22 Cl
3.2430=-22 10
J.54TIE-22 1N
1.89332-22 12
1.0802E-22 13
0.00CCE-DD 14
0.0000E+«00 15
0.000CE+Q0 15
0.000CE+CO 17
0.0000E+CO 18
0.0000E+000 19
0.0000E+00 Z0

ERDLF

*
[}

HAX SCATTE MIHND+MRXSC GROUP

1

Fage 2



vable E6.14. PROSLEM GGG104, UNSSIELDED WALL PROBLEM - Qutput Listing Fage 3
3 X& 3.0000E+04% Y= 0.0000E+00 I= 0.0000s+00 |,

SOURCE 3=  0.0000s+00 Y= '0.00DDE+GC = (.0000z+00

SROUP EMERCY SOURCE MIN DIRECT MaX DIRECT MIN SCATTR MAX SCATTR MIMDSMAXSC GROUP

1 6.1200E+00 2.00002«00 O.OODDE+0C O.0000E+00 1.1032E-22 7.T0SSE-22 7.708SE-22 1
TOTALS 0.0000E+00 0.0000E+00 1.1032E-22 7.7085£-22 7.7085E-22
3IM  LOWER EDGE FACTOR MIN SCATTR HMAX SCATTR 3IM

1 0.0DOCE+QD 3.4315E-11 0.0000E+00 0.0D00E+CO 1

2 2.0000e-02 3.4315E-11 0.CO0DE+00 0.0000E+00 2

3 6.0000E-02 3.11528-11 0.0000=+00 O.0000E+00 3

i B8.0DDDE-02 3.3911E-11 0.0000S+00 O0.0000E+00 £

- 1.00DDE-07 4.1855E-11 0.CO00E+00 0.0000E+00 5

& 1.5000E-01 &.7FETE-11 0.C000S+00 O.0000E+00 &

7 £.0000E-01 9.7255E-11 2.663B=-26 5.3%47E-23 [

8 Z.0000E-071 1.579SE-10 1.2934=-23 1.86308-22 &

e 4.0000E-071 2.15B0E-10 1.T885E-23 1.5704=-22 9

10 5.0000E-01 2.7342E-10 1.9311E-23 1.3044E-22 10

11 ©.0000E-07 3.28B0E-10 2.84138-25 1.39158-22 11

12 2.0000E-01 &.2132E-10 1.MS3E-2B 7T.2334-23 12

13 1.0000E+00 5.1013E-10 1.41B4E-23 5.2240E-23 13

T4 1.5000=+00 &.9914E-10 O0.0000E+00 O.00CCE=00 1

15 2.00002-00 RB.5873=-10 0.0000E+00 O.000CE+00 15

14 3.000CE+00 1.12852-09 0.0000E+00 O.0000E+00 1%

17 &.0000E+00 1.327&6E-09 0.0000E+00 O0.0000E+0C0 17

18 3.0000E+00 1.5%65E-07 O0.0000=+00 O.0DDDE+00 18

1% £.0000E+00 1.8147TE-0% 0.0000s+00 O0.0000E+00 19

0 B8.0000=+00 2.2480E-09 0.0000€-00 O0.COO0E+00 20

&4 X= S5.0000E+0% Y= 0.0000E+00 2= 0.0000E+00

SOURCE X= 0.0000E+C0 Y= 0.0000E+C0O Z= 0.0000E+00

GROUP ENERGY SOURTE MIN DIRECT HMAX DIRECT MIM SCATTR MAX SCATTR MIMD+MAXSC GROUP

1 5.1200E+00 2.0000s+00 O.0000E+00 O.DDDOE+00 9.1257E-25 1.0555E-22 1.054LE-72 1
TOTALS 0.0000E+00 O.0D0DOE+D0 9.125TE-25 1.05458-22 1.0844E-27
SIN  LOWER EDGE FACTOR MIN SCATTR MAX SCATTR SIN

1 0.COD0E+00 3.4315E-11 0.0000=+00 0.0000=+00 1

2 2. 0000E-02 3.£315E-11 0.0000€+00 0.0000E+00 2

3 £.0000z-02 3.1158E-11 0.000CE+=D0 0.000O0S+00 3

& B.0000s-02 3.3911E-11 0.0000E+00 0.000OS+00 &

s 1.0000-01 4&4.1855E-11 0.000CE+00 90.00008-00 5

& 1.50C0E-01 &.7987E-11 0.0000E+0Q0 0.00CCE«DQ &

T £.0000E-01 ©.T255E-11 S5.24LTE-26 2_257BE-24% T

-} 3.0000E-01 1.579PE-10 S.3I0L3E-29 1.L545E-23 B

e 4£.DO0CE-D1 2.1580=-10 9.9397E-25 1.9037E-23 ¥

10 5.000CE-01 2.7342=-10 1.2435E-24 1.7LLTE-22 10

11 6.0000E-01 3.24808-10 2.4594E-24 2.7517E-23 11

12 6.0000E-01 &£.2132E-10 1.B254E-24 1.40%8E-23 12

13 1.0000E+00 5.1013E-10 1.8209=-24 1.043%E-23 13

14 1.5000E+00 &.9914E-10 0.00002+00 O.000DE+0C 14

15 2.0000E+00 B.587EE-10 0.00005+00 0.0000E+00 15

14 5.C000E+00 1.12B5E-09 0.0000S+00 O_0O0D0=+00 16

17 &.0000E+00 1.327&E-09 0.0000s+00 O0.C00DE+00 17

18 3.CO00E+00 1.5965E-09 0.0CCOE<DD O0.COOQE+Q0 18

= £.C000E+00 1.8157E-09 0.00CCE=00 0.0000=00 19

20 B.C0OCE+00 2.2¢50E-09 0.000CE+00 0.0000E=00 20




Table E5.14.

3
SOURCE
EROUF

1

TUTALS
314

b P o=

1o s [k WA B

X= B.00CCE=D4 ¥=
X=  Q.0000E+0D Y=

EHERGY
6. 12006=00

LOWER EDGE
0.0J00E+CO
5.0000E-02
&.0000E-02
8.000CE-02
1.000CE-01
1.500CE-01
2.0000E-M
3.0000E-01
4. 0003E-01
5.0000E-01
5.00002-01
8.0000=-01
1.00CCE+00
1.5000=00
2.0000e=00
3.000CE=0D
%.0D00E+QD
5.00D0E+D0
&.0000E+C0D
8.0000E+00

SOSCE
2.0000s+00

FACTOR
3.4315E-11
3.4315E-11
3.1152E-11
I.3911E-1
4. 1855E-11
&.T9a87E-11
2.72552-11
1.5799E-10
2.158C0E-10
2.7342E-10
3.24B0E-10
&.2132E-10
5.1013E-10
&.9914E-10
&.3878=-10
1.12852-09
1.327&-09
1.2965E-09
1.81&67E-09
2.2LE0E-09

0.0000E+D0
2. 0000E+00D
HIN DIRECT
0.000DE+CO
0.0000E+00C
MIN ZCATTR
C.0000E+00
0. 0C00E+00
0.0000e+00
0.000CE=DD
J.0000E+CD
0. 0000E+CGO
2. 7871E-28
& ETL3E-2T
2.22195-26
&, 3439225
F.7875E-25
Y. ESEGHE~25
1.003%E-25
0.3000E+00D
0.3000E+00
0.0000E+D0
0. 0000E+0D
0. 00D0E+00
0. 0O02E+00
0. Co0dE+00

2= 0.DJ00E+CO

PRCELEM GGGI04, UNSHIELDED WALL PROSLEM - Outpus Listing

2= 0.0000E+CO

MAX DIRECT MIH SCATTR MAX SCATTR MIMD+MAXSC GROUP
0.0000E+0Q 3J.SETEE-25 4.54132-24 A4.%413E-24
O.DODOE+CO 3I.557TEE-Z5 &.54138-2L &.5413E-24

MaE SCATTR
0.0000E+CO
0.CO00E+00
0.0000=+00
0.C0CCE+D0
0.000CE=QD
0.0000E+CD
2.5728E-25
2.9%10E-25
O.0524E-25
1.20482-24
1.8793s-24
1.3231E-2¢
?.0911E-25
0.00CCE=00
0.000CE~QD
0.000CE+0O
0.0000E+C0O
0.0000EHIC
0.0000E+00
0.C0D0E+00

31N

e}
=8 O W 0 i v e W R =

e B e e e T T
O s e W B kA P

o

Page &



Table £6.15. SAMPLE PROSBLEM GGGT103, SHIELDED MALL {30 CM CCMCRETE) - Data

2 20 20 20 ¢ I T 19 o 1 1
a. 0. 100. 150. 210. 315. &S . &80,
1000. 1470. 2155. 3150. 4640, &510. 10000, 14670.
21550. 31650. 45410,  A5130. 100000.

0.0 025 05 7S -1 .15 2 e
0.3 0.4 0.5 0.5 .3 i.0 1.2 1.4
1.6 1.8 2.0 2.4 3.1416

100. Ta0. 200. 220, LO00. 560. 800. 1100.

1600, 2200. 3200. 4500, £300. BS00. 12500. 17800.
25100. 35500. 50100. 70800. 100000.

3 1 1 0 2 & & 5
2 1 1 0 -3 3
X1 A 0 =55 I3 o
& 3 1 0 -2 1 3 @ 3 3
& Z 1 0 -4 1 5 3 2 &
1 1 2.00E+10
2 4 100.
3 4 110.
£ & 70.
Dt 100.
0.0 95625-04 29375-04 0.0 2.0 0.0 0.0 0.0
0.0
0.01193 0.0 1.083  0.0354 0.0978 0.4731 0.0511 0.1798
0.02553
0.0 1.00E+04 0.0 0.0 0.0 0.0 0.0 0.0
0.0
1.0 7.0 g.0 11.0 13.0 14.0 19.0 20.0
25.0

1.00797 14.007 15.99% 22.990 256.98 2B.085 39.102 £0.08
55.847

5.12

2.

0.05 0.0& 0.08 0.1 0.15 0.20 0.30 0.40
0.50 0.50 0.80 1.00 1.50 2.0 3.0 4.0
5.0 6.2 5.0

34315-11 31158-11 33911-11 41455-11 67987-11 97255-11 15799-10 21580-10
2735210 32430-10 42132-10 31013-10 &9914-10 85&875-10 11255-09 13276-09
15965-09 1B1467-0% 22450-09

01 i. 2.0

0.0 0.0 0.0 1
10000. 0.0 0.0 |
2000C. 0.0 0.0 1
30000. 0.0 0.9 1
s0Do0. 0.0 Q.0 1
50000. 0.0 0.0 1

sSTCP




Toble ES.16.

CONTROL
LA B

Z 0% THETA

Pl

£ Of THETA

FLLY

FIM)

F(N)

COME  BNDS

LA s L =
F= E= L I Lad

BKE

-t

LR O (Y]
G On 8

COMP

2 20
0.0000E+DQD
1.0000E+03
2. 1550E+04
0.0000E+00
3.0000z-01
1.&000=+00
1. 00CCE+D2
1.50006+03
2. 5100E+04
2.5000E+01
1. 2550E+03
2. GEISE+0G
1.2500E-02
3. 5000:-01
1. 700000
1.2000€E+02
1.7000E+03
2.0300E+04
1.2500E+03
5 .B0L5E+05
Z.5RIAE+0E
£.53000E-02
1.0000E-0
2.0000E-01
iy, DOODE+DT
&.0000E+02
1.0500=+04

COMF SMD1

Pl el =i ek
[ R -

0. 0000E+00
0. 0CO0=+00
0.0000=+00
J.00CCE=DD
0. 00CCE=DD

MAT, 1

H
1.0080E+CO
0.COOOE+00
1.1¥30e-02
0.000CE+DD

20 i
5. DOO0E+01
1.6700E+03
3. 1880e+0L
2.500CE-02
%.000CE-D01
1.5000E+0
1.4000E+02
2. 2000E+03
5.5500+04
7. o000E+01
1.Bi25E4]3
3. 903504
3.7500€-02
& .S000E-01
1.2300E+CO
1.7000E+02
2« TO00E+03
L . ZE00z+04
3.T500=+03
1.25162+08
5.7577=+08
2. 2000E-02
1.00CCE-D1
2.000CE-D01
5., 000CE=D1
1.000CE+03
1.4500E+04

PK1 BWDZ

O O O O O
LV

0.0000E+0D
0.0000E+0Q0
0.0000E+00
0.0000E+00
0.C000E+00

2

h
1.£007E=01
9.5525E-04
0.0000E+00
1. 00DDEHDL

g 3
1.0000E+02
2. 13305+03
b &4 10E+04
5.0000E-02
5. 0000E-01
2.0000e+00
2.00CCE+D2
3. 2000E+03
5.0100E+04%
1.2500E+02
2.5575E+03
5. T2ZTOE+04
&.2500E-02
5. 500001
2. 2000E+00
2.400CE=-02
3.8500E-03
5. 055 0E-0%
5. 2500E+03
£.570BE+D6
1. 2483FE+09
Z.5000E-02
1.0000E-01
4. 0000E-M
B.000JE+01
1. 3000E+03
2. 0ods+0s

FKZ BS803

-k =k U LW
L

0.CO00E+00
0.0000E+00
0.000CE+DD
0.000CE=QD
0.0000E+00

3

Q
1.59952+01
2.¥3713E-04
1.0630€+00
0.0000E+0D

1 17
1.5000€+02
3. 1500E+03
&.5130E+04
7.5000£-02
5. D000 - 01
£..S000=E=00
2.B0C0CE-02
L. 500CE-03
7.0B00E-D%
1.8000E+C2
3.7000E+03
8. 40485E+04
8.7500E-02
e E-01
2.77T08==00
3.4CC0E=02
2. &0C0E+03
8. 54C0E+04%
1.0800E+04
5. TTeDE+D6
2.5TF2E+09
2.2000E-02
£.0000E-017
7-4150E-01
1.2000E+02
1.8000E+03
2.9200E+04

FK3 BHDG

Lt
i

X0

0. 00D0E+00
0.0000z+00
0. 00C0E+DD
0.00C0E+00
0.0C0CE=0D

&

MA
2.2990E+H01
0.0000E+00
J.6400e-02
0.0000E+0D

SAMPLE FROSLEM GGG1O5, SHIELDED WALL PROSLEM (30 M CCHCRETE)

5 5
2.1000E+Q2
L.5000+03
1.0000E+C5
1.0000E-01
&.0000e-01
3.1418E+00
&, COODE=02
&.3C00E+03
1.0000+05
2.5250E=02
5.7250E+03

1.2500E-01
?.0000E-01

& .EDOOE+02
7 . E000E+05

2. 53804
1.2423E+07

5.000CE-02
2.0000E-01

1.5000E+02
2.5000E+03

PEL  BHDS

YO

0.0000E+CO
0.0000E+00
0.0000E+00
0. CO00E+D0
0.COO0E+00

5

AL
2.5580E+01
0.00D0E+00
®.7500E- 02
0. 00COE=00

1 1
3.15002+02
&6.8100==03

1.5000€-01
1.0000E+00

3.5000E+02
8.9000E+03

J.F000E+02
8.40508+03

1.7500€-01
1.1000E+00

&.5000E+02
1.07T00E+D%

5.E500E+04
2.5512E+07

2 .0000E-02
2. 0000E- 01

2.4000E+02
5.5000E+03

PKS ENDS

0

0.000CE-DD
0.000CE<DD
0.000CE+DD
0.0000E+0O
0.0000E+CO

5

sI
2. B0g&ee=01
0.0000e+00
6.7310E-01
0. CODDEHIG

0
4.8500E+02
1.0000E+04

2 .0000E-01
1.2000E+00

8.C00CE+02
1.2500E+04

5.T250e+02
1. £335E+04

2.2500E-01
1.3000E+00

?.5000e+02
1.5150e+04

1.2309E-05
3. TE0LE-QT

5.0000E-02
2.000CE-D1

3.0000E+02
5. 2000E+02

2.0000E+10
1.0000z+02
1. 1000=+02
7.0000==01
1.00CCs=02

7

[ 4
3.M026+01
0.CO0JE+00
£.110CE-02
0.0000E+00

i)

= Dueput Listing

o
5.B000E+02
1.65ME=]4

2.500C0€-01
1.400CE-DD

1. 1000E+03
1.7800E+04

B.4000E+02
1.8110E+04

2.7T500E-01
1.5000E+00

1.3500E+03
2. 1450E+04

2.&EBOE+05
1.24560E+08

= .0000E-02
2.0000E-01

5.0000E+02
7. 3000E+03

3

ca
%.0C20e+-N
0.0000E+CD
1.7980E-01
0. 0000=+00

Page 1

o

3. 3BATEHDT
0.0000E+00
£.5530E-02
0.0000=+00



1.0000E+04% Y=
0.0000E+00 Y=

SOURCE
2.0000=+00

FACTOR
=.%315E-11
2.4315E-11
3.1158E-11
3J.39M1E-1
L. 1655E-11
&.7987E-11
9.7255E-11
1.57%%E-10
2.1580E-10
2_TILZE-10
3.2480E-10
&.21325-10
5.1013=-10
5.%¥14E-10
8.58TEE-10
1.1285-09
1.3276E-0%
1. 365E-0F
1.81&67=-0%F
2.24802-0%

K= 2.0000E+04  ¥=
X= 0.0000E+00  v=

Table £5.16.
. X=
SOURCE  X=
SROUF THERGY
1 &.1200E+CD
TOTALS
EIN LOUER EDGE
1 0.0000=+00
£ 5.00002-02
3 &.000CE-02
& 5.000CE-02
-] 1.000CE-01
& 1.5000E-01
7 2.0000E-
-] 3.0000E-01
2 &, 0000=-01
10 5.00C0€-01
11 &.000CE-D1
12 S.0000E-01
13 1.0000E+00
'3 1.5000E+00
15 £ .CO00E+00
16 3. 0000=+00
17 £.0000E-00
ig 5.000CE=00
1% &.0000E+00
20 &.0000E+00
2
SOURCE
CROUP ENERGY
1 £.1200=+00
TOTALS
BIN LOWER EDGE
1 0.00C0E=DD
2 5.000C€E-02
3 &.0000E-02
L &.0000E-02
5 1.0000E-01
& 1.5000E-01
4 2.0000E-01
& 3.0000£-01
= L. 000E-01
10 5.0000e-91
11 &.0000E-D1
12 &.000CE-)
13 1.0000E+00
15 1.2000e+00
15 £.0000E+00
16 3.0000z+00
17 £.0000=+00
1 5.00C0E=00
19 5.0000E=00
20 8.0000E+00

SURCE
2.0000E+00

FAZTCR
3.4315E-11
3.4315E-11
3.1158E-11
3.3911E-11
£.1655E-11
§.7987E-11
9. /255E-11
1.579%E-10
£.1380E-10
2.7342E-10
3.2480E-10
4.21322-10
5.1013-10
S.9914E-10
8.587M8E-10
1.1285E-09
1.3278E-09
1.5965E-09
1.5167E-0F
2.2460E-0%

0.000CE+0D
0.0000E+CO
MIN DIRECT
0.00D0E+0D
C.0000E+00
MIK SCATTR
0.00002+00
0.0CCCE=0D
0.00CCE=DD
0.0000E+0D
0.0000E+C0
0.0000E+GO
2.5079E-23
6.3559E-25
2.3E02E-25
L.5F83E-23
5.T923E-23
3.00&2E-23
T.M21E-24
C.0000E+00
0.0CO0=+00
0. 0CCOE=D0
0.0000E=00
0.0000E+00
0.0000E+00D
0.0000E+CO

0. COO0E+00
0. COD0E+OD
NIN DIEEC

0.0000E=00
0.0000E=00
HIM SCATTR
0.0000E+DD
0.J000E+00
0.0000E+00
0.000DE+DC
0.0000E+00
0.0000z+00
1.54762-24
7.L205E-24
8.35452E-24
7.5320E-24
1.0521E-23
&6.3075E-24
3.9108E-24
0._0000E+00
0.0000E+00
0.C0CO0E=00
0.0CoCE=DD
0.0CCCE+QD
0.0000E+00
0_0000E+00

Z= 0.000DE+0D
2= D.0000E+00
MAX DIRECT MIM sSCATTR

0.0000E+0C0 2.B386E-22 B.38458-22 8.3I8L5E-22
B.3845E-22 B.3845E-22

O.D000E+CO0 2.8366E-22
BAX SCATTR BIN
0. 0000E+00 1
0.CO00E+00 4
0.CO0CE=00 3
0.0C0CE=DD )
0.000CE+0D 5
0.000CE+C0 5
1.5924E-22 7
£.4884E-22 -
i. E-g2 9
1.0341E-22 10
1.11608-22 11
5.1344E-23 12
1.333%-22 13
0.0000E+C0 14
0.0000E+00 15
0.0000E+00 16
0.C000E=0D 17
0.0C0CE+DD 1B
0.0000E+00 19
0.000CE+0D 20
Z= 0.0000z+00
Z= [.000CE+00

SAMPLE PROBLEM GGG1035, SHIELDED WALL PRCBLEM (3D CM CONCRETE) - Output Listirg

HAX DIRECT MIN SCATTR MAX SCATTR MIKDeMAXSC
0.0000z+00 &4.5572E-23 2.1773E-22 2.1773£-22

0.0000=+00
MAX SCATTR
0. 00CCE=00
0.000CE+DD
0.000C0E+00
0. 0000E+DD
0. 0DJ0E+0O
0.0000E+00
1.8799c-23
5.7T304E-23
&.5TOTE-23
3. 1687E-25
3.555&E-25
1.B0BFE-73
1.0518E-23
0_0000E+C0
0.0000DE+D0
0. 0000E+00
0. 0O00E=00
0. 0000E=00
0. 00CCE+DD
0. D000E+Q0

&.5572E-23 2.177T3E-22
BIN

M D sl B W kel P e

e T T ]
[LE R

13

2. 1TT3=-22

MAX ZCATTR MIND+MAXSC GROULP

1

GROUP

1

Fage 2



Table E&.18.

SOURCE
GROUP

TITALS
BIK

SO 08 =) O oW i o

10

s &
i

13
14
12
15

17

L]
|

e
20

SOURCE

TOTALS
BIN

W B =) B W Ee bl i =

T R T T T Y
=4 O WA b W R - B

..

Bl =&
(= s

¥= 3.000CE+0s ¥=
%=  0.0000E+00 T=

EMERGY
&.120CE=0D

LOWER EDGE
0.000CE+OD
5.0000E-02
&.0000E-02
8.0000E-02
1.0000E-01
1.5000E-01
2.0000E-01
3.0000E-0%
&.0000z-01
5.0000=-01
&.000Ce-01
&.000Ce-01
1.0000E+00
1.5000E+00
Z2.0000E+00
3.0000E+00
& . CO0QE+00
5.0000z+00
&. 000DE=DD
8.00C0e=00

SOURCE
2.0000E+00

FACTOR
3.4315E-11
5.43158-11
3. 1158~ 11
3.3911E-11
&.1655E-11
5.7FETE-11
F.T255E-11
1.57%%€-10
2.15B0E-10
2.7T342E-10
3.2480E-10
4.2132E-10
5.1013E-10
&.9F14E-10
8.587TeE-10
1.1285E-09
1.32T4E-09
1.5545E-09
1.8147E-09
2. 2450E-09

X= 5_0000E+(4 T=
X= 0.0000E+00 Y=

ENERGY
&. 1200E+00

LOWER EDGE
0.COO0E+00
5.0000E-02
5.0000E-02
§.0C0CE-02
1.0C0CE-01
1.5000€-01
2.000CE-D01
3.000CE-D1
4.000CE-D1
=.000CE-D1
&.0000E-01
8.0000E-D1
1.0000E+00
1.2000E+00
2.0000s+00
5.0000=+00
&.0C00E+00
5.0CCOs+00
5.0000e+00
8.00CCE~DD

SOURCE
2. 0000E+DD

FACTOR
3.4315E-11
3.4315E-1
3.1158E-11
3.3911e-11
&.1655E-11
&.r?9E-11
¥.1S5E-11
1.5799E-10
2.1580e-10
2.73422-10
3.24802-10
L. 2932E-10
2.1093E-10
&.9F14E-10
S8.28/8E-10
1.1285e-09
1.327&E-09
1.5545E-09
1.8157E-09
2.2550E-09

0.000CE+C0
0.0000E+00Q
HIM DIRECT
0.0000E+CD
0.0000E+00
HIN SCATTR
0.0000E+00
0.0000E+00O
0. 0000E+00
0. 00DDE+00
G.0000E+00
0, 0000z+00
1.5051E-25
1.96&6TE-24
1.T643E-24
1.8801E-24
2.4303E-24
1.54%1E-24
1.3584E-24
0.0000E+00
C.00J0E+00
0.000d=+00
0.0000E+00
0.00C0CE=DD
0.000CE=DD
0.000CE+DD

0. 0000s+00
0.0000E+00
MIR DIRECT
0.0000=+00
0.0000=+00
MIN SCATTR
0.0C00=+00
0.00CCE+D0
0.00CCE=DD
0.00CCE=DD
D.000CE+CD
0. 0000E+CO
£.4T¥SE-ZT
4. 9113E-26
Q.5735E-26
1.2558BE-25
2.57T7TaE-25
1.8155E-25
1.67T55E-25
0.CCODE+D0
0.0CCOE«00
U.0CCCE=0D
0.0CCCE+DD
0.0000E+00
0.0000E+DQD
0.0000€+00

Z= 0.0000E+00 -
2=  0.0000E+00

MAX DIRECT MIM SCATTR MAX SCATTR HIMD+MAXST CROLP
0.0000E+00 1.0558E-23 T.2044E-23 T.PD4EE-23
0.0000E+=00 1.055£E-23 T.Z20S4E-23 T.204£LE-23
MRX SCATTHR BIN
2. 0000E+DO 1
0. 0000E+COD 2
0.0000E+00 3
0.0000E+00 4
0.0000E+00 -]
0. 0000E+00 &
5.07TN0E=26& r
1.4905¢8-23 8
1.54982-23 2
1.285:E-25 10
1.392EE-23 11
§.9962E-24 12
5.003%E-2% 13
0.0000E+00 14
0.00D0E+00 15
0.0000s+00 146
0.00002+00 17
D.0000E+00 98
0.00C0E=00 1
0.000CE+D0 20
2= D.00DOEHO0

Z=  0.0000E+D0

MAX DIRECT MIM SCATTR MAX SCATTR MIKD+MAXSC GROUP

0.0000EH00
0.0000E+00
MAX SCATTR
0.0000=+00
0.C000=+00
0.0CO0E=00
0.0000E+00
0.0000E+=00
0.0C0CE=DD
1.0857E-25
1.3385E-24
1.8218E-24%
1.8078E-24
2.5700E-24
1.4116E-24
9.6025E- 25
0. GO00E+00
0. 0OC0E+00
0. 0OGOE+00
0.0000E+00
0. 0OCCE+DD
0. 00CCE+DD
0.0000E+00

8.8288E-25 1.0115E-23
B.B288E-25 1.0115E-23
BIN

9O = Bk W B e R =

10
11

13
14
15
16
7
18

20

SAMPLE FROSLEM GGG105, SHIELDED WALL PROSLEM (30 CM COKCRETE) - Ousput Listing

1.0115E-23
1.0115£-23

1

"age 3



Tadle E&.1&.

=
SOURCE
CROUP
il
TCTALS
51H

.

Wi B = h WA & L P

Fd =% sbf o8 o ol ol of b o= -
2 9 0 s 0 W R = B

X= B 0C00=+04 =
%= - 0.00CCE-00 =

EKERGY
&.1200e+00

LOWER EDGE
0.0000E+00
5.0000E-02
&.0000E-02
B.CO00E-02
1.0000E-01
1.5000€-01
2.000CE-01
3.000CE-D
4.0000E-M
5.0000E-01
&.0000E-N
&.0000E-N
1.0000E+00
1.5000E+00
Z.0000E+00
3.0000E+00
L.0000E+00
5. 0000400
&. 0CO0E+00
8.00C0e+00

SOURCE
2.0000E+00

FACTOR
3.4315E-11
3.L315E-11
3. 1138E-11
3.3711E-11
4.1555E-1
6.7987E-1
O.T255E-11
1.2799E-10
2. 1580E-10
2.73482:-10
3.2480z-10
£.2132=-10
5.1013=-10
&.5914E-10
8.58TEe-10
1.1285E-09
1.32TEE-09
1.3955E-09
1.8157E-09
2.2%50E-C%

0.CO00E+00
0.CO0CE=00
HIN DIRECT
0.000CE=DD
0.0000E+DQ
HIN SCATTRE
0.0000E+00
0. O0DE+DD
. 0O0O=+00
0. 0000E+DD
0.0CC0E=00
0. 00GoE+DD
1.3218E-29
5.2384E-28
2. 0756E=27
4.33%8E-2T7
PS54 2E-2T
Q.TBR5E-2T
P.0502E-2T
0. CO00E+00
0.0000=+00
0.0000E+00
0.C000E-00
0. 0C0CE+00
0.0000E+DD
0.0000E+DD

Z= 0.00CCE-DD .

Z= 0.0000e+00

MAX DIRECT MIN SCATTR MAX SCATTR

SAMPLE PROBLEM GGGI03, SHIELDED WMALL FROSLEM (30 CM CONCRETE) - Outpus Listing

MIKD=HAXSC C=ROUP

0.0000+00 3.5560E-28 A.ITL8E-25 A.3T4EE-25 1
0.00CCe+D) 3,.5560£-26 6&.ITLBE-25 4.3742E-25

HAX SCATTRE
2. 0000E+00
Q.0000E+C0D
0. 00D0E+00
0. 0000E+00
0. CODIE+00
0. 000CE=00
1.1852E-27
2.551CE-25
5. LLEZE-25
1.2125€-25
1. P082E-25
1.315/E-25
&.1923E-26
0.00D0DE+C0
0.0300c+00
0.0300=+00
0.0000z+00
0. 0000=+00
0. 000000
0.00CCE=00

Fage 4






