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ABSTRACT

The DRC2 code, which couples MASH or MASHX adjoint leakages with DORT
2-D discrete ordinates forward directional fluences, is described. The forward flu-
ences are allowed to vary both axially and radially over the coupling surface, as
opposed to the strictly axial variation allowed by the predecessor DRC code. Input
instructions are presented along with descriptions and results from several sample
problems. Results from the sample problems are used to compare DRC2 with DRC,
DRC2 with DORT, and DRC2 with itself for the case of x-y dependence versus no
x-y dependence of the forward fluence. The test problems demonstrate that for
small systems DRC and DRC2 give essentially the same results. Some significant
differences are noted for larger systems. Additionally, DRC2 results with no x-y
dependence of the forward directional fluences are practically the same as those

calculated by DRC.






1. INTRODUCTION

The DRC2 code has been written to couple DORT? forward fluences with adjoint
leakages from a special version of the MORSE? Monte Carlo computer code called
MASHX. DRC2 has specialized applications because of the limited use of MORSE
features, limitations on input parameters, and the manner in which the detectors
are used. The code is an extensive modification of the DRC?® code, which has been
used in the past for coupling. With DRC, the spatial dependence of the fluence was
limited to axial variation. Linear interpolation was used to obtain the fluence at
axial locations falling between the DORT fluence locations. However, since radial
variation of the DORT fluences could be important for large vehicle systems or other
large structures, the DRC2 code was developed to incorporate coupling with axially
and radially varying DORT forward fluence fields. An option was included for
specifying either linear or logarithmic interpolation or extrapolation of the fluences.
In either case, linear is used when negatives are encountered.

An interim version of the MASH code* (called MASHX) was used to provide
data for testing the code. The MASHX code adds the X and Y coordinates of each
adjoint particle escape location to the list of collision file parameters output along
with five undefined and unused parameters. Thus, the collision file records, which
are 1020 words in length, each contain data for 60 collisions at 17 words per collision.
The number of words per collision and the record length are input parameters for
DRC2.

DRC2 is set up to use the MASHX file either with or without X-Y dependence or
the MASH file with its fewer collision file parameters (8 vs 10 defined parameters).
In addition, DRC2 can calculate results for several range/orientations in a single
pass through the code. Titles written to unit 11 are constructed from the input
range and orientation data and the first 56 characters of the case title. The format
is the expected one for an unpublished text-formatting and transmission-factor-
calculating code (TFX).

The inclusion of X-Y dependent fluence fields in the DRC2 calculation and the
calculation of results for several ranges and orientations in one pass through the
code results in considerably more data in core than was the case with the DRC
code. Therefore, if the allocated memory is not large enough to store all data
in core, the code will perform the calculation “ex-core” with group blocking (i.e.
the czlculation is performed for a portion of the groups at a time until all group
calculations are finished), provided data for at least one group will fit in core. There
is probably little CPU charge penalty when the calculation is performed ex-core.
The largest charge differences should be for IO (ex-core larger) and memory (in-
core larger). For example, for a 69-group calculation performed ex-core with three
blocks (29 groups each for the first two blocks) and then in-core, charge ratios
(in-core to ex-core) were 1.02, 4.49, 0.23, and 1.51 for CPU, IO, memory, and total



charges, respectively. A significant charge improvement was achieved for the ex-core
calculation by reading the sequentially-processed forward fluence file with direct
access rather than sequential. With sequential access and rewinding, the respective
charge ratios were 9.37, 13.9, 2.36, and 8.18. Since the in-core calculation is likely
to give the smallest total charge, whenever possible, one should allocate enough
core to store fluence data for all groups. For the case cited, about 1.9 million words
were required to store all data in core.



2. FILES

DRC2 uses and creates several files. The files are assigned unit numbers 5, 6,
10, 11, 15, and 24. The respective default file names are ft05drc, ft06dre, ft10dre,
ft1ldre, ft15dre, and ft24msh. The names may be changed by specifying alternate
names on the execute line as follows:
drc2 15=a,f6=b f10=c,f11=d,f15=¢,f24=f
where the letters to the right of the equal signs represent the alternate names
for the files. By unit numbers, the files are defined as follows:

Description of DRC2 Input and Output Files

Unit
Number File Description
5 input file for DRC2
6 printed output file for DRC2
10 special output text file
11 special output text file
15 VISTA? fluence file
24 MASHX or MASH collision file

The special output text files contain formatted summary data for generating
tabular output. Scratch files may be created and used, but their names are formed
by the code and cannot be named by the user.

The interim MASHX code may be executed similarly:

mashx f5=a,f6=b,{8=c 24=d
where the file descriptions by unit numbers are given below:

Descriptions of MASHX Input and Output Files

Unit

Number File Description
5 input file for MASHX (default=ft05msh)
6 printed output file for MASHX (default=ft06msh)
8 cross-section library file (default=ft08msh)

24 output collision file (default=ft24msh)

Scratch files are created and named by the code.






3. CODE SYSTEM

Several codes are executed to produce the final DRC2 results. Files produced
by one code may be used by one or more of the other codes executed in the cal-
culational sequence. The production of the forward fluence file generally involves
a calculational sequence executing the GIP®, GRTUNCL*, DORT?, and VISTA?®
codes. The VISTA code creates the fluence file that is used by DRC2. The MASH*
(or MASHX) code produces the collision file, and DRC2 couples the VISTA and
MASH output files to produce the quantities of interest (fluence, dose, etc.). The
sharing of files is outlined below, where “I” and “O” superscripts respectively indi-
cate input and output for the codes. A code to the right uses data from a code to
the left whenever the leftmost file on a line has a superscript “O” and a file to the
right has a superscript “I.” The underlined file names are default Cray file names
that are used if alternative names are not assigned on the execute line. File names
in quotes (“”) are generic names for the ANISN- (“ansxs”) and GIP-formatted
(“gipxs”) cross-section files. The other names refer to the code internal variable
names for the files.

Sharing of Files by Codes

GIP GRTUNCL DORT VISTA MASH DRC2
“ansxs” T ft08msh!
“gipXS” O “gipXS” I ugipx's” I
npso® ntdsi! nuncl/
nflsv® nflsv!
ntdir® naft!
ndata® ft15drc!

ft24msh? ft24msh’

*GRTUNCL reads cross sections from unit 4; therefore in a calculational sequence,
GIP should write cross sections to unit 4 and DORT, like GRTUNCL, should read

cross sections from umnit 4.






4. PROGRAM LOCATION

The DRC2 and MASHX programs (source files and CTSS executable files) may
be found in the cfs directory “/dos/vcs/slater” at LANL. Comments on field test
experience are welcome. '






5. DRC2 INPUT INSTRUCTIONS

The following input instructions are patterned after draft documentation writ-
ten by M. B. Emmett for the DRC code. In the input instructions, the term “vehi-
cle” is used to refer to the object(s) or structure(s) perturbing the air-over-ground
radiation field. It is modeled in the localized MASH calculation. A “vehicle system”
includes the object(s) and the air and ground modeled in the MASH calculation.

Input Card A: (20A4) Title for this problem.
Input Card B: Free-form FIDO format — Begin with ‘**’ in columns 2 and 3.

a. xd — x-location (cm) of the detector in MORSE geometry

b. yd — y-location (cm) of the detector in MORSE geometry

c. zd — z-location (cm) of the detector in MORSE geometry

d. zbot - bottom of coupling surface relative to MORSE geometry (cm)
e. ztop - top of coupling surface relative to MORSE geometry (cm)

f. iprt — printout options

0 = print VISTA file control data and vehicle doses

1 = print VISTA file control data and free-field spectra

2 = print VISTA file control data, free-field spectra, vehicle doses
and dose spectra, and protection factors

3 = print VISTA file control data, vehicle doses, and protection
factors. ,
(Note: iprt must be 2 for unit 10 output)

g. watmx — maximum adjoint particle weight accepted

h. ndet -~ number of vehicle range/orientations
i. idif - (/>0 = same/different group structures for MORSE and VISTA data
. ksiz — k-words of storage to be allocated (0 uses the default size of 500k words or

the value used in a previous case. One should use 0 in follow-on cases if
the same core allocation is desired.)

k. ibufsz — MASH or MASHX collision file record length in words (1000 for MASH
and 1020 for MASHX)

l. nparm - number of parameters written on collision file (8 for MASH and 17 for
MASHX)
m. idxy - 0 = no x-y data on collision file

1 = x-y data on collision file but no x-y dependence in the coupling
calculation
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2 = x-y data on collision file and x-y dependence in the coupling
calculation

n. 1wWw — number of responses desired (less than or equal to 10. Note that a 0
implies 2 responses and iww must be > 0 for unit 11 to be written).

0. Xq — x-location (cm) of the vehicle system rotation point relative to MORSE
geometry

p- yq — y-location (cm) of the vehicle system rotation point relative to MORSE
geometry

q. interp - 1/2 = linear/log flux interpolation
(Note: all the above paraineters are read as real numbers and are converted to
integers where required)

Input Card C: Ranges, MORSE-DORT 7 offsets, and orientation arrays —
Free-form FIDO format — Begin with “**’ in columns 2 and 3.

Ranges (xo(i),i=1,ndet) (cm) — DORT radii to the vehicle system
rotation point for each case

MORSE-DORT 7 offsets (zo(i),i=1,ndet) - DORT ground-air inter-
face z-location (cm) minus MORSE ground-air interface z-location
(cm). For simplicity, the MORSE ground-air interface should be
placed at z=0.0. Then one need only specify the locations of the
DORT ground-air interface.

Orientation array (alpha(i),i=1,ndet) — orientation angles (degrees
counterclockwise) of the vehicle system with respect to the positive
pertion of the DORT system x-axis.

Input Card D: (if idif > 0) nneut,ngam - Free-form FIDO format — Begin with ‘§$’
in columns 2 and 3.

nneut ~ group number of lowest energy neutron group in VISTA
ngam —~ group number of lowest energy gamma-ray group in VISTA

Input Card E: (if idif > 0) VISTA energy group boundaries (nog+2 entries)* -
Free-form FIDO - Begin with “**’ in columns 2 and 3.

Enter neutron upper energy boundaries in descending order followed
by gamma-ray upper energy boundaries in descending order followed
by the lower energy boundaries of the ‘nneut’ neutron group and the
‘ngam’ gamma-ray group.

* nog is read from the VISTA file and is equal to the number of groups for which
data is provided on the file.
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Input Card F: (20A4) Alphanumeric Title Information
Input Card G: (20A4) Title or units for total responses for all detectors
Input Card H: Title or units for each total response

Input Card I: Response Function — Free-form FIDO format —~ Begin with “**’ in
columns 2 and 3.

(resp(i),i=1,nmtg) ~ enter values in order of decreasing energy
Repeat Cards H and I for each response function.
Input Card J: Title of units for energy dependent fluence

To run additional cases, respecify all cards. In these follow-on cases, set ksiz on
Card B to zero to maintain the same core allocation.
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6. TEST PROBLEMS

Several test problems were run to verify the correct operation of the code fea-
tures. These include:

1. a problem designed to reproduce free-field fluences calculated by

DORT,

2. a calculation of detector responses in a relatively small system called
the "metric doghouse” (the reference DRC test case),

3. calculations of detector responses in two relatively large systems to
examine the effects of including x-y dependence in the coupling cal-
culation, and

4. a problem solvable by DORT involving the calculation of detector
responses in a shielded, large-radius, annular, cylindrical tunnel in an
air-over-ground radiation field.

For the latter calculation, the deterministic results from the DORT calculation
can serve as a basis for checking the accuracy of the results from the coupled method.

6.1 TEST PROBLEM 1: FREE-FIELD FLUENCE CALCULATION

For this test problem, a 2-group DORT calculation is performed for a point
source in air 300m above a purely absorbing medium. Then an adjoint MASHX
calculation is performed for a 1 em x 1 cm x 50.5 cm air box over a purely absorbing
medium (“ground”) with the detector located at the x-y center of the box 50 cm
above “ground” [i.e. at the coordinate location (100.0,0.0,50.0)]. Coupling of the
forward fluences with the adjoint leakages is performed with DRC2 and the results
are compared with the free-field fluences also calculated by DRC2. Logarithmic
interpolation of the VISTA fluences is used.

This problem is intended to demonstrate whether the coupled calculation re-
produces the free-field fluences calculated by DORT. The DORT calculation file is
shown in Fig. 1, the MASHX calculation file in Fig. 2, and the DRC2 calculation
file in Fig. 3.

The DORT and DRC2 fluences are compared in Table 1 for 25,000 and 105,000
MASHX histories. For the two cases, the last six range/orientation combinations
shown in Table 1 correspond to VISTA R-mesh locations and the detector is at a
VISTA Z-mesh location. Hence, the free-field fluences should be calculated almost
exactly at these range/orientations. The results show that the free-field fluences
are reproduced within about 4%. Also, since the system is very small in its x
and y dimensions, the inclusion of x-y fluence dependence in the coupling did not
significantly influence the results. There is only the slightest variation due to the
small distance of the escape surface from the detector point.
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Listing For CRAY File "mshdos3 ™

1. xgalact printlog=lmshdos3

2. R = =~ - - - dos input data file

3. xfile name=imshdos3

G. =gip

5. “"cross sectlon data for grtuncl test problem

6. 16 2 3 4 5 12 1202403 000 60 alB % 98 et /output on &
7. 10$% 2113 16 29%

8. 11$% 4r0 641 8

‘8. 12:* %r0 Gv1.06%97~5 4r%.0242-5

11. 143%3%

i12. / oxygen

13. 49567-6 0 1,635 79569-5 0 113087-5 0 1.6140 67369-5 18561-5
1%. 3z 2.085% 0 3z 1.7727 19093-5

15. 3z 2.7965 0 2z 2.34945 ~77476-6

16. 3z 2.9080 0 3z 2.9849 -96091~6

17. / nitrogen

18. 17506-5 0 1.559% 74305~8E 0 21900-5 O 1.5828 65669-5 18222-5
192. 2z 1.9705 0 32 1.7640 21830-5

20. Iz 2.6333 0 3z 2.3925 -35378-6

21, 3z 2.7991 © 3z 2.5433 -60930-6

z22. / absorbogsn

23. .10 .00 g5

2%. 10z

25, 10z

26. 10z

27. t

28. =griuncl

29. " air/ground first cellisien sources isotropic source at z=300ms p3
30. 148 ¢ 6 48 57 23450 0161620 4 0021 2

3. 030490 6 e

gg. Zi* 1.0 200+2 0.0 e

4. 2%% B5i-263.84 Bi-180 5i~60 510 51600 5i2600 5i8000 14i2.4+G 145
35, G%% Gi0 5i30.48 2i60.96 21150 2i450 3i1040 5i%000 5i1.2+¢ 11i4.2+4 145
36. 85%¢% Brl 15r2 ZBrS 17348 12r4% 22r5 14ré 25q48 £é

37. 9%% 3r-9 £-13

28, 15%x 1 £0

39, %
%0, =dort
&1, "dort air/ground transports B3

42, 61$¢ D 23 ¢ D 21 G0 22 0 e

43, 6264 0 3 6 4B B7 5 50 0016 0 240 11000
49 . 1150 3 000G Q0000 100602

45. 17 31 96 11 © 01111 450000 21 38 00 0
%6. o -1 00 40 =3

47. 63%xx 0.0 0.0 1-6 1-2 O 1-3 1.0 2~1 1.5 1+1
%8, 1.0 1.0 -1.0 3-1 1 1-1 14 0.0 3-1 ~1.8
49, 1.0 6~ 9.0 1-40 0.0 0.0 2-1 9~1 e

80, t
5i. %

52. B3¢ /7 wts nm240

B3, 0 Zr102900-B £ 2r307825-8 O 2r510200~8 § Z2r708425-8 0

54. Zro0i350-8 0 5463869-8 316131-8 n2 0 6413285-8 359590-8 n2 O
E5, 714976-8 40084%-8 n2 0 784547-8 439853~8 nd 0 857529-8

Bé. 480771~-8 n? 0 642875~-3 293289-8 479169-8 n3 Q@ 681415-8

87. 3108728 5078%0-8 n3 0 716550-8 326901-8 534077-8 n3 0

58. 745915-8 T40298~-8 B55965-8 n3 0 7755658 353825-8 578066-8
B9, n3 0 489468-8 386282-8 5135346-8 364389~8 n% 0 500102-8

€9. 396674~8 524693-8 3723068 nd 0 508580-8 401365-8 5335878
81, I78617-8 n4 0 515474-8 90680468 560820-8 383750-8 n% O

62. 517107-8 408094~-8 542R34-8 384965-8 n% ql20

63, BE¥x / mus mm240

£%. ~641230~7 -421582-7 m1 -162963%-6 -939923-7 m1 -229252-6

€5, -15072%~-6 m1 ~316291-6 -207291-6 m1 -399349-6 -262555 -6 ml
6. ~472796-6 -411087~6 -143488-6 m2 -5E37046~6 -466952-6

67. ~162988~6 m2 -598374~6 -GK20275-6 -181600-6 m2 -656401-6
€8, -570729~6 -199211-6 m2 ~711034-6 -618231-6 ~215791-6 m2
69. -761667-6 -713133-6 ~470428-6 -164201-6 m3 -8B07567-6

70, -756207-6 -498843%-6 -174119-6 n3 -849108-6 -795106~6

71. ~-52650%-6 ~183075-6 m3 -BRLRO92E-6 ~-829582-6 -BE47266-6

72. ~191013~6 m3 ~917890-6 -B59514-6 -566991-6 -197905-6 m3
73. ~944812~-6 ~922954-6 -765692-6 ~505099-6 ~176303-6 m&

7a. ~966490-6 ~944130-6 ~783260~6 -5166B8-6 -180348-6 mG

75. -982847-6 -9260108-6 ~796516~6 -525433~6 -183400-6 mG

76. -993815~-6 ~970823-6 -B0B4D5~-6 -~531297-6 ~185447-6 m4

77. ~999213-6 -976194~6 -BO9BEO~6 ~534236-6 -186473~6 m4 q120
78. BIxx / etas mm2%0

79. Ir-,997942 3r-,989728 Zr-.973367 3r-.948995 3r-.916799
80. 5r~.881172 5r-.843553 5r-,801217 5r-.754%412 5r~.703158
81. 7r~.64R8086 Tr-.E89776 7r~.528222 7r~.G63B28 7r~.396835
a2, 9r-.327613 9r-.256706 9r-.184425 9r-.111045 9x~.037054 g120

Fig. 1. GIP-GRTUNCL-DORT-VISTA Input for Test Problem 1:
Free-Field Fluence Calculation.
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83. £
B8G. 2%% 5i~26%.86 Bi~180 5i-60 5i0 Eié00 5i2400 5i8000 14i2.4+4 145
85. 4% G4i0 Bi30.48 2i60.96 2i150 2i5850 3i1040 5i3000 5i1.2+4 11i4.248 Y5
86. 8¢% Brl 15r2 283 17948 12r4% 22r5 14ré6 25948 £6
87. 2%% 3r-9 £-13 e
88, 24%%  Gr1-10 7 £1~%
89. 1
90. and
1. svista
92. “"yizta Z2-group mash-drc output
32, 1%¢ 6 17 31 00 Z 23 22 21 26 56 17 31 0 00 e
. €
95, %%  J00+2 O e
96. 4%$% a1 32 37 e
97. +
98 . =end
29. ¥/ - - - - select output filename
10G. ¥let ocutput = 'omshdos3’
101. ®/
lgg. *; ————— select remote for routing output
. *
. *interrupt on deadstart to end,
. on checkpeoint %o end,
N on timeup to end,
. on jecerror to end,
on softwareerror to end,
, on bhardwareerror to end
. 2 o et
*/
N XS - e = - find and rename driver dropfile

*xdos: ¥/lect tiyecho=e
*¥destroy $oc Sod fi06
#*pork fé=$oc,fI9=imshdos3
#let mess=rplceci lastnl,’ '}
%xgwitch \nes\ $driver dst.

s

P

. */

. ¥/ -~ - - execute dos module up to halt instruction
. *3river= Sdriver

. o,

u A interpret module specification

B ®let megs=rplec{lasinl,” ')

*if mes .hasnot. *=' then goto p
*destroy S$dosxey

®let mes = trim{ rplpat{ mes, ‘=', '*}
*}et code = getsym(mes, 11}

%*

R

v s 9 a

) -~ -~ - - extract module from porb
*1ib porb

. extract \code\

B end

W=D 0B NREIPUN~OOBNARPANN~D 0B~

P

¥repame  \codeh $dosxeq
*,

el e med ) il i sk nth el ol e e drch s el el e e anfl 1ncd and b vl ool aal voak tnd aall mad 10ad woll wk wek end ek ek

B

/
. L 7 exacute module and save output
. x$dosKeq
7. */
8. #outs cat £i0é >> Sod
9. ¥goto driver
. */
161. B - e = - assemble combined output file
142. #p: select ttyechosy
1533, #if output.eq.0 then goto and

¥pgave: destroy outpuih

#coll foc > wxid

%xcoll $od > xxod

#select printlog=imshdos3

*¥sat Inshdosd xxid xxod > Soulputh

rih oo et sl sl met wd
nespspp
Doy

6 e e e e e e 8420 8 o A 5 e 2 0 A 28 0 1 e
®S
151. *and:
152, *groto

Fig. 1. (continued)
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Listing For CRAY File "mshx07 *

1. ¥solect printlog=limshxG7

2. ®interrupt on =zoftwarcerror to end,

2. on hardwareerryror to end,

G. on jeccerror to end,

5. on timeup to end

6. %¥{ile namesinfile

7. x10

&, mshingQc

9. mshingQd

10. *file name~mshingQc

11. mash air-over-ground problem -~ 25,000 histories ~-- small volume

12. $% 1000 1100 25 1 2 0 2 2 ] 1 3 4 0
13. % 0 2 1 0 »*x 1,0 6.3763+6 10000, Q.0 2.2e45
1%. % 10G.0 0.0 50.0 0.0 0.0 6.0 0.0
18, #% 1. 1.

16. ¥ 1. 1.

17. ®t 1,96602+47 1,0000e+7

18. 0D00343277244%4615

19. 4$$ 1 1 0 0 [ 1 2 0
20. &¢ G 1] ] 0 0 0 %% 1.0+01 5.0-02 5.0-01 0.
21. $% -1 920

22. $% o] [} 0 2

23. [} [} air-over-ground

2%, TPF -500.0 500.0 ~500.0 508.0 ~500.90 E00.0
25. PP 99.5 100.5 -8.5 0.5 ~10.0 50.5
26. PP 99.5 106.5 -0.8 0.5 0.0 5G6.5
27. end

28 . exv +1 -2

29. air +3

20. gra +2 -3

3. end

3z. 1 1 1

33, ¢ 2 1

4. cross sections 2 n - 0 gps

35. $ 2 3 0 0 2 5 G 2 3 3 4 4 1 3
26. $% 11z

37. b

35, G9567-6 D 1.635 79559-5 { 11307-5 § 1.6140 67344-5 18561-5

39, 3z 2.0854 O 3z 1.7727 1909%-5
40, 3z 2.7465 0 3z 2.%645 ~7P%T6~6
1. 3z 2.9080 O 3z 2.484%9 -96091~6
42, 17504-56 0 1.5593 74305-5 ¢ 2i900-5 ¢ 1.5825 656695 18222-5
63, 3z 1.9705 0@ 3z 1.7640 21836-5
%%, 3z 2.6333 0 3z 2.3925 -3B378-¢
45, 3z 2.7991 € 3z 2.5433 ~60830-6

46, 10 .10 10,1040
&7, 10z
43, 1Cz
49. 10z
50. $% 1 -3 %% 1.0
E1, $% 2 1 %% 71.06%97-5
E2. $F 2 -2 ®¥% 4,0262-5
53, mash case air-over-~ground Z gp

B4, #x 1,0

E5, 5% 4 [4

Bé. ¥file name=mzhing0d

87. mash air-over-ground problem ~~ 100,000 histories -- small volume

53. $% 1000 1100 1035 1 2 [} 2 2 0 1 3 2 0
59, $% [ b4 1 G == 1.0 6.3763+6 10000. 0.0 2.20+5
€0, 3% 106.0 0.0 50.0 0.0 0.0 0.0 0.0
61. ®x 1. 1.

62. %3 1. 1.

63. %% 1,9640e47 1.0000e+7

6% . C200343265264071

65, &g 1 1 0 Y G 1 2 0

66. $& 1] 0 o 1] 1] 0 3¢ 1.0+01 5.0-02 5.0-01 0.
£7. % -1 9¢3

68. $¢ 0 0 0 Q

£9. 0 g aiv-oveg~ground

70. Tpp -500.0 500. ~500.0 500.0 -500.0 500.0
71. PP 29.5 160.5 ~0.5 8.5 -16.0 50.5
72. TFP 99.5 100.5 -0.5 0.5 . 50.5
73, end

74%. axy +1 -2

75. air +3

76. grn +2 ~3

77. end

78. 1 1 1

79. 4] 2 1

80, cross sectiong 2 n ~ & gps

81. % 2 4 0 0 2 % 2 3 3 4 2 1 3
82. %% 11z

Fig. 2. MASHX Input for Test Problem 1: Free-Field Fluence
Calculation.
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2%
49547~6 0 1.635 79559-5 O 11307-5 0 1.6140 67344~5 18561-5
3z 2.085¢ O 2z 1.7727 19093-5
Tz 2.7465 O 3z 2.3645 ~77476-6
3z 2.9080 0 3z 2.4849 ~96091-6
17504-5 0 1.5593 74305-5 0 219008 0 1.5825 65669-5 18222~5
3z 1.9705 0 3z 1.7640 21830-5 .
3z 2.6333 0 Iz 2.3925 -35378-6
3z 2.7991 O 3x 2.5433 -60930-6
10,7006 .10 .100
10z
10z
10z
% -3 %% 1,

1 1.0

$¢ 2 7 %x 1.0697-5

$% 2 -2 ¢ 4.0242~58
mash case air~over-ground 2 gp

%% 1,

&% 2 2
¥nass get waitzon waitime=60 1s4fil mashx
*1stfil
smashx £5-mshing0c,f6xftéc,f24=mrstapl?
¥mashx f£Szmshing0d,f6=f+6d,f24=nestapl3
*mags store wait=on waitime=60 mrstaplZ mrstapl3
¥ends
*select printlog=lmshx07
*¥copy lmshx07 xmshxx
*fred xmshix

ny .

dopl, ls%%x pagesbec,,1s13dl.~1

dnpl, 13%%% pageibc,»13 3

sv

end

*cconcat xmshxx filst ftéc fibd -o omshx07
¥mass store waitzon waitime=60 omshx07

¥cdestroy sxmshxx £i¥ mashx 1stfil mrstap* mshing* filst

¥goto

Fig. 2. (continued)
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Lizting For CRAY File "“drgZiic "

#zselect printleog=ldrcitic
*interrupt on softwareerror to end,
on hardwareexcor to endj
on jecerror to end,
imeup to end

%¥file name=ina
x10

indrel
*¥file name=jindrcl
drecg for air-~over~-ground ~- xd=100,0 -~ iprt=2 -~ xy dep.
*% 100, 0. 50. ~10., 50.5 2. 50. 12. 1. 50, 1020. 1 2. 2. 100. O,
33 2;24556 2r33000. 2rG2500. 2r24500. 2r36500. 2r44416.7
3¢
;; 256 27¢. 60. 210. 150. 330. 45, 270. 60. 210, 150. 330.
** 1,964e7 i.0s7 6.376346 D

2 neutron - 0§ gamma flat response input

-~ 1=peut 2=veh n- % 3=sgrd n~g %=photons
mash 2n/0 roup flat response

% 1,000 g 0000

dose rate (rd/h/(n/cm¥*%2.s)3

x% §.02-9 E.0e-9
energy group totals
dre?2 for airﬂovnr~ground e Xd=0.8 -~ iprizs? -- no xy dep.
%% 0, 0, B0. -10, B50.5 2, BO. 12, 1. 0. 1020. V7. 1, 2, 2z 2.
A3 %gZQSSé 2r330060. Zr@?SOD 2rZA800, 2r34500., 2r944%16.7
%%

:: 256 270, #G. 219, 150. 330. 45, 270, 60. 210. 150. 330.

[

#¥% 1,96%e7 1.0e7 6.3763+6 O

2 neutron - 0 gamma flat response input

-- Izpeut 2=veh n % 3=grd n~g &=photons
mash 2n/0g group flat response

¥ },0000 1.0000

dose rate (pd/h/(n/em¥%2.51)

#% &,.0e~-9 B.0e~-9?
energy group totalsz
¥Mazss
get wait=on waitime=60 droz latfil vstaflx2
geg wait=cn waitime=60 mrstaplz mrstapl3
2n

¥dastroy droxxx drcyyg drcpr
*dre? fS=indrcl,f6~ft 6a,flszvstaflxz,fiﬁ’mrstaplZ;flo » =
¥dre? fhzindrel»f£6=F106b . f162ystaflIx?,.f2a=mrstapl13,f10 » =
#and: cconcat fi0éx -~o droyyy
¥1s54f i1 F5=ina,fé=cua
#cconcat oua dreoyyy -o drezzz
#select printlog=ldrcitic
¥copy ldrc2tlc droxxx
¥fraed drexxx

nv

dopl, Isx¥% pagesbc,,1313dl.~1

dnpl, 133%% pagesbc,,1)

sy

end

¥cconcat droxxx drezzz -o dyoprle

®odestroy drozzz indr¥* £t06% droxook ina dreoyyy oua
¥cconcat gl10% ~o £10ixt

¥cconcat gl -o £11ixt

¥mass store waitzon waltime=60 drepric £10txt:£10ixlc f11ixt . f11ix]IC
*cdistroy ql0¥ g11% mrstap* vistx yst¥® 1lsifil drel
xgoto

3. DRC2 Input for Test Problem 1: Free-Field Fluence

Calculation.
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Table 1. Comparison of DORT and DRC2 Calculated Fluences for Test
Problem 1: Free-Field Fluence Calculation
DORT Fluence/DRC2 Fluence
Orientation With No X-Y With X-Y
Range (cm) (degrees) Dependence Dependence
Case 1 (240 Directions; 25,000 Histories)
24556 45 0.999(.030)* 0.999(.030)
24556 270 1.009(.027) 1.009(.027)
33000 60 1.008(.035) 1.008(.035)
33000 210 1.036(.029) 1.036(.029)
42500 150 0.994(.021) 0.994(.021)
42500 330 1.040(.018) 1.040(.018)
24500 45 0.999(.030) 0.999(.030)
24500 270 1.009(.027) 1.009(.027)
34500 60 1.004(.034) 1.004(.034)
34500 210 1.032(.029) 1.032(.029)
44417 150 0.960(.024) 0.960(.024)
44417 330 1.008(.020) 1.008(.020)
Case 2 (240 Directions; 105,000 Histories)
24556 45 1.001(.014) 1.001(.014)
24556 270 1.021(.013) 1.021(.013)
33000 60 1.003(.012) 1.003(.012)
33000 210 1.011(.013) 1.011{.013)
42500 150 1.037(.011) 1.037(.011)
42500 330 1.020(.010) 1.020(.010)
24500 45 1.000(.014) 1.000(.014)
24500 270 1.021(.013) 1.021(.013)
34500 60 0.998(.012) 0.998(.012)
34500 210 1.007(.013) 1.007(.013)
44417 150 1.010(.011) 1.010(.011)
44417 330 0.993(.011) 0.993(.011)

*Fractional standard deviations are shown in parentheses.
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The agreement of the coupled results with the DORT free-field results did not
improve with the increased number of histories. However, as noted in Table 1, the
fractional standard deviations (fsd’s) of the results were cut in half in most cases
from the range 0.018-0.035 to the range 0.010-0.014. The DRC2 results generally
fall within three fsd’s about the DORT results.

There were only two scatterings in the air in the small box for the 25,000 history
case and only one for the 105,000 history case. The scatterings were undersampled,
but those few scatterings should not have contributed much to the fluence, since
scatterings below the detector point must direct the neutron upward for it to con-
tribute significantly (the upward-directed angular fluence in the air from 0 to 50 cm
above the purely absorbing medium should be much smaller than the downward-
directed angular fluence).

Some printed output pages from this test problem are shown in the Appendix.

6.2 TEST PROBLEM 2: METRIC DOGHOUSE

The second test case is a two-group calculation of detector responses within a
3m x 1 m x 1 m building with 5-cm-thick side walls and a 10-cm-thick roof all
composed of purely absorbing material and a 1 m-wide doorway along and at one
end of the 3 m wall (X dimension). A drawing of the building is shown in Fig. 4.
The detector is centered on the doorway and at the Y center of the room. This
problem was calculated mainly to compare results with those obtained with DRC
for this same test problem. The DORT calculation file is shown in Fig. 5, the
MASHX calculation file* in Fig. 6, and the DRC2 calculation file in Fig. 7. The
DORT calculation used a 30 direction quadrature set (S¢) and a P3 cross-section
Legendre expansion. For this problem, the coupling surface is at the outside of the
building. Rigorous calculations using forward and adjoint coupling require that the
coupling surface be located at such a distance from the object (building, vehicle,
etc.) that there is no significant perturbation of the free-field fluence by the object.
In practice, if the object is small, the coupling surface may be located very close
to the object. The effect the metric doghouse, with its purely absorbing walls, has
on the inward-directed free-field fluences at the house outer surface is not known.
Certainly, fluences incident on surfaces hidden from direct view of the source will
be perturbed. The contributions of those fluences to the calculated response may
be small, however, because the fluences are basically forward peaked.

Protection factors calculated by DRC2 are compared in Table 2 for coupling with
and without x-y dependent forward fluences and both without and with in-group
biasing (INGB=0 or 1, respectively). It is noted that for this small system, x-y
dependent coupling influenced the answers very little. A greater difference is shown

* This file also contains input for an air-over-ground free-field fluence calculation
using a larger air box than that used in Test Problem 1. Results from this calculation
were superseded by those reported in Test Problem 1 (Section 6.1).



Fig. 4. Geometry for Test Problem 2: Metric Doghouse.

1¢
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Listing For CRAY File "mshdes2 **

1. ¥select printlog=lmshdos2

2. X/ = =~ = - - dos input data file

3. *file name=imshdos2

&. =gip

5. cross section data for grtuncl test problem

6. 1$$ 2 3 4 5 12 1202, 03 00060 218 4 98 et /output on 4
7. 10%6$ 2i13 16 2q%

8. 11$% 4r0 6311 8

13. 12:* 400 4r1.0697-5 4r4.02642-5

11. T4%%

12. / oxygen

13. 49547-6 0 1.635 79559-5 0 11307-5 0 1.6140 67344-5 18561-5

14. 3z 2.0854 0 3z 1.7727 13093-5

15. 3z 2.7465 ¢ 3z 2.3445 -77476-6

15. 3z 2.9080 0 3z 2.484% -96091-6

17. /7 nitrogen

18. 17504-5 0 1.559%3 74305-5 0 21900-5 0 1.5825 §5669-5 18222-5

19. 3z 1.2705 0 3z 1.7640 21830-5
20. 3z 2.6333 0 3z 2.3925 -35378-6
21. 3z 2.7991 0 3z 2.5433 -60930-6
22. / absorbogen
23. .10 .100 g5
24, 10z
25. 10z
26. 10z
27. t
28. =grtuncl
29. " a1r/ground first collision source; 1sotr021c source at z=300m; p3
30. 1% 0 6 4857 23450 0161620 00212
31. 00040 6 e
32. 2%% 1,0 300+2 0.0 =
33, t
34. 2%% 5j-243.84 5i-180 5i-60 5i0 51600 512400 5i8000 14i2.4+4 145
35, 4xx 430 5i30.48 2160.96 21150 21450 311040 513000 5i1.2+4 11i4.2+4 145
36. 88$ 5r1 15r2 28x3 17948 12r4 22r5 14r6 25948 fé
37. 9%% 3r-9 £-13 e
38. 15%% 4 £9
39. t
40. =dort
41, "dort air/ground transport g
42. 615 0 23 4 0 21 62 0 e
43, 62%% 0 1 6 48 57 2 3 4 5 0 0 16 0 30 11000
44, 115 03¢0 2000 0 0000 10002
42. 37 %1 20 11 0 0 1 11 1 45000 2138000
46. - e
47. 63%x 0.0 0.0 1~4 1—2 0.0 1-3 1.0 2-1 1.5 1+1
48, 1.0 1.0 -1.0 3-9 1.2 1-1 1-4 0.0 3-1 -1.5
49, 1.0 6-1 0.0 1-40 0.0 0.0 2-1 91 e
50, t
51. t
gz. g1*s 6 full symmetric -- 30 directions -- dort

3.
54, 0 + 0+ 0 2rt41667- 6 0 + 0+ 0 0 +41667- 6 2r+41667- 6 0 +41667- 6
55, o+ 0+ 0 0 +41667- 6 0 +41667- 6 2r+41667- 6 0 +41667- 6 0 +41667- 6
56. g+ 0+ 0 2r+41667- 6 0 + O+ 0 0 +41667- 6 2r+41667- 6 0 +41667- 6
57. 0+ 0+ 0 0 +41667- 6 0 +41667- 6 2r+41667- 6 0 +41667- 6 0 +41667- 6
58, 82x
59, 0 -36515- 5 0 ~-25820- 5 0 +25820- 5 0 -73030- 5 0 -68313- 5 0 -25820- 5
60. 0 +25820- 5 0 +68313- 5 @ -96609- 5 0 ~-93095- 5 0 -68313- 5 0 -25820- 5
61. 0 +25820- 5 0 +68313~ 5 0 +93095- 5 0 -36515- 5 0 -25820- 5 0 +25820- 5
62. 0 -73030- 5 0 -68313- 5 0 -25820~ 5 0 +25820- 5 0 +68313- 5 0 -96609- 5
62. Bg*-93095~ 5 0 ~68313- 5 0 -25820- 5 0 +25820~ 5 0 +68313~- 5 0 +93095- 5
64.

62. %r-93095* 5 5r-68313- 5 7r-25820~ § 3r+93095- 5 5r+68313- 5 7r+25820- 5
66. .

67. 2%% 53j-243,84 5i-180 5i-60 5i0 51600 512400 5i8000 14i2.4+& 1+5

68. 4x% 430 5i30.48 2i60.96 21150 2i450 3i1040 5i3000 5i1.2+4 11i4.2+4 145
69. 8%$ 5r1 15r2 28r3 17948 12r4 22r5 14r6 25q48 f6

70. 9%$ 3r-9f-13 e

71. 24%%  4r1-10 1 £1-1

72. t

73. end

74, =vista

75. "vista 2-group mash-drc output

76. 1% 6 17313 0 223222125 5617310 000 e

77. t

78. 2%%  300+2 0 o

79. 4%% 41 32 37 e
80. t
a1. =end
82, Xf = - = = = seloct cutput filename

Fig. 5. GIP-GRTUNCL-DORT-VISTA Input for Test Problem 2:
Metric Doghouse.
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:let output = "omshdes2®
/,

:/ ***** select remote for routing ocutput
V4
*interrupt on deadstart to end,

on checkpoint to end,

on timeup to end

on jocerror to end,

on softwareerror to end,
* on hardwareerror to end

e, o o 8 A e 2 e e o o e -

X/
X/ - - - - - find and rename driver dropfile

*¥dos: */lect ttyecho=e
7"c!estx-c)y $oc $od £t06
gorb £6=%0¢,f99=imshdos2
Xlet mes«rplcc(lastm1, ")
:swltch \mes\ Sdriver dst.

s
XS - - - - - execute dos module up to halt instruction
Xdriver: $driver
L ¥4
Rf = = = - 1nter€ret module spe¢ification
Xlet mes—rplcc(las N
¥if mes .hasnot. £hen goto p

¥destroy $dosxe?
Xlet mes = trim

ipatl mes, "=*, *%)
:1et code = getsymg g !
s

mes, 1)

XS = = - - - extract module from porbd

*1ib pord

extract \codeN

end

:rename \codeN $dosxeq

s

f e o execute module and save output
:idosxeq

*out: cat ft06 >> %od
¥goto driver

Bf = m = - - assemble combined output file
*p: select ttyecho=y

*if output.eq.0 then goto end

*psave: destroy Ooutpui™

*¥eoll Soc > wxxid

*¢old $od > uxod

*select Erxntlog=1mshﬂosz

*cat lms dos?2 xxid xxod > “ooutput\

x;
Rend :
Xgoto

Fig. 5. (continued)
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Listing For CRAY File "mshx1 7

*select printlog=lmshx1
*file name=infile

=10

mshing0

mshing1

mshingOb

*file name=mshing0

mash metric doghogge pr:blem

$¢ 1000 1100 2 0 2 2 ] 1 5 2 0
$$ 0 2 4 0 xx 1.0 6.3763+6 10000. 0.0 2.2e+5
:: 100.0 0.0 50.0 0.0 0.0 0.0 0.0
XK 1. 1.
*%  1,9640e+7 1.0000e+7
0000343277244615
$$ 1 1 0 0 1 2 0
$$ v} o 0 (1] 0 0 *x 1.0401 5.0-02 5.0-01 0.
$$ -1 9r0
% 0 0 0
0 1] metric doghouse
rpp ~500. 500. -500. 500. -500. 500,
rpp -155. 155. -55, 55. 0. 110.
rpp -150. 150. -50. 50. 0. 100.
rpp 50. 150. -55. -50. 0. 100.
Tpp ~155. 155. -55. 55. -10. 0.
end
shl +2 -3 -4 -5
ins +3 -4 -5
dor +4 -3 -5
fir +5
exv +1 -2 -3 & ~5
end
1 1 1 1 1
1 2 2 1 0
cross sections 2 n - 0 gps
$% 2 2 0 1] 2 5 4 2 3 3 4 2 1 3
$$ 11z
*K
49547-6 0 1.635 79559-5 0 11307-5 0 1.6140 67344-5 18561-5
3z 2.0854 0 3z 1.7727 19093-5
3z 2.7465 0 3z 2.3445 -77476-6
3z 2.9080 0 3z 2.4849 -96091-6
17504-5 0 1.5593 74305-5 0 21900-5 0 1.5825 65669-5 18222-5
3z 1.9705 0 3z 1.7640 21830-5
3z 2.6333 0 3z 2.3925 -35378-6
3z 2.7991 0 3z 2.5433 -60930-6
.46 100 .10 .100
10z
10z
10z
$3 1 -3 xx 1,0
$$ 2 1 %% 1,0697-5
$% 2 ~2 XX 4,0242-5
mash cases metric doghouse 2 gp
XX 1,
$$ 2 2
¥file name=mshing1
mash metric doghouse problem
$$ 1000 1100 25 1 0 2 2 0 1 2 0
$$ 0 2 1 0 xkx 1.0 6.3763+6 10000. 0.0 2.2et5
:* 100.0 0.0 50.0 0.0 0.0 0.0 0.0
* - .
*X 1. 1.
x*  1,9640et7 1.0000e+7
0000343277244615
$% 1 1 0 0 1 1
$$ 0 v} 0 0 0 0 *x 1.0+01 5.0-02 5.0-01 0.
$$ -1 910
$$ 0 0 0 0
] 1] metric doghouse
Cpp -50G. 500. -500. 500. ~500. 500.
rpp -155. 155. -55, 55, Q. 110.
rpp -150. 150. =50. 50. 0. 100.
PP 50. 150. -55, -50. 100.
rpp -155. 155, -55. 55. -10. 0.
end
shl +2 -3 -4 -5
ins +3 -4 -5
dor +4 -3 -5
fir +5
exv +1 -2 -3 -4 -5
end

Fig. 6. MASHX Input for Test Problem 2: Metric Doghouse.



83, 1 1 1 1 1

84, 1 2 2 1 [

85. cross ssctions Z n - 0 gps

86. $% 2 2 1] Y 2 5 4 2 3 3 4 2 1 3
87. $% 11z

88. *X

89. 49547-6 © 1.635 79559-5 0 11307-5 0 1.6140 67344-5 18561-5

90. 3z 2.08564 0 3z 1.7727 12093-5

91. 3z 2.7465 0 3z 2.3445 -776476-6

az. 3z 2.9080 0 3z 2.4849 ~96091-6

93. 17504-5 ¢ 1.5593 74305-5 0 21900-5 0 1.5825 65669-5 18222-5

94, 3z 1.9705 0 3z 1.7640 21830-5

a5, 3z 2.6333 0 3z 2.3925 -35378-6

96, 3z 2.7991 0 3z 2.5433 ~60930-6

97. 10 .1060 .10 .100

98, 10z

29, 10z

100. 10z

101. $$ 1 -3 ¥« 1.0

102. $5 2 1 %X 1.0697-5

103. $5 2 -2 XX §,0242~-5

104 . mash case metric doghouse 2 gp

105. X% 1.0

106. &5 2 2

107. *file name=mshing0b

108. mash air-over~ground problem

109. $% 1000 1100 25 1 2 ¢ 2 2 0 1 5 2 0
110. $6 0 2 1 0 xx 1, 0 6.3763+6 10000. 0.0 2.2et5
111. XK 160.0 0.0 50.90 0.0 0.0 0.0 0.
112. x¥ 1. .

113. K 1. 4.

114. X% 4,96400+7 1.0000e+7

115. 0000343277244615

116. 5 1 1 0 0 0 1 2 0
117. ¢$ 0 0 G o 0 0 *x 1.0+01 5.0-02 5.0-01 0.
118. % -1 9¢0

119. 5% 0 1] 0 0
120. 0 ¢ air-over-ground

121. rpp ~500.0 500.0 ~500.0 500.0 ~500.0 500.0
122. rpp -150.0 150.90 ~50.0 50.0 ~-10.0 100.0
123. rpp ~150.0 150.0 ~50.0 50.0 0.0 100.0
124. end

125. 2xv +1 -2

126. air +3

127. grn +2 -3

128. end

129. 1 1 1

130. 0 2 1

131. cross sections 2 n - 0 gps

132. $%F 2 2 0 0 2 5 4 2 3 3 4 2 4 3
133. 5% 11z

134%. R

135, 495476 B 1.535 79559-5 O 11307-5 0 1.6140 £7344-5 18561-5

136, 3z 2.0854 ¢ 3z 1.7727 19093-5

137. 3z 2.7465 0 3z 2.3448 -77476-6

138. 3z 2.9080 ¢ 3z 2.484%9% -96091-6

139. 17504-5 0 1.5593 74305-5 0 21900~-5 0 1.5825 65669-5 18222-5

140. 3z 1.9705 0 3z 1.7640 21830-5

1%1. 3z 2.6333 0 3z 2.3925 -35378-6

142, 3z 2.7991 0 3z Z2.5433 -60930-6

143. 10 1006 10 100

154 . 10z

145. 10z

146, 10z

147, $$ 1 -3 xx 1.0

148, 56 2 1 %X 9,0697-5

149. $$ 2 -2 X% 4,0242-5

150. sh case air-over~-ground 2 gp

151 ** 1.0

152. B 2

153. XS - - e select oubput filename

154, *lﬂf cutput = Tomshx1l®

158.

156. x/ ----- select remote for routing output
157. x/
158. *interrupt on deadstart to end,

159. on checkpoint to end,
160. on timeup to end,
161. on jecerror to end,
162. on softwareerror to end,
163. on hardwareerror to end
164, B e o e
165. x/
166. ’cdestroy mrstap® $od
167. *1stfil

Fig. 6. (continued)



*destroy ft05msh
Xcopy mshing0 ft05msh

¥cat ft06msh >> $od

*suitch ft24msh mrestapi

¥suitch fi34msh mrstap2

*destroy ft05msh

*copg mshing1 £t05msh

Xmashx

*cat ft06msh >> Sod

Xgwitch ft24msh mrstap3

*gwiteh ft34msh mrstapt

¥destroy f£t05msh

*copﬁ mshing0b £t05msh

*mashx

%cat ft06msh >> $od

*guwitch ft24msh mrstapd

¥switch ft34msh mrstapé

*if output.eq.0 then goto end

¥psave: destroy Noutput)

¥coll filst > xxf1

*coll $od > xxod

Xselegt printlog=lmshx1

¥cat Imshx1 xxfl xxod > “outpuiM

*destroy xxf1l xxod mshing0 mshing

*destroy ft33msh filst infile ft
/ ———————————————————————————————
®/

*end:

*goto

Fig. 6. (continued)

26

0b mshing1 $od ft23msh

5msh ft06msh
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22.

Listingy For CRAY File “dreoZtlix ¢

Xzgelect printlog=ideclitin
®#interrupt on softwaresrrer to end,
on bardwareerror to aend,
on joocerror o end,
on timeup to and
*lea name=ina
x30
indrel
#file name=indrel
dre? foz matric daghausa - ¥%dz0.0 ~~ ipri=2 -~ no xy dep.
¥ ¢, 50, ~1g. 118, 2. 50, 6. 1. B0. 1020, 17, l. 2, 2z 1.
¥ 2r2&5§6 Zr35000., 2042500,
xx
*£ 45, 270, 0. 210, 156. 330,
£ 2 0
%% 11,9687 1.027 6.576%¢8 O
2 neuiron -~ ¢ ganma flat zesponse input
-= 12paut Z=veh n-g Izgrd n-g 4=photons
mash Zn/0g group flat regponse
wx 1.0000 1.0000
dose rats {rdh/lnionssg 1)
% 8.0e~9% B.0g~P
anergy group totals
drcz for metric doghouse -~ xd=i100.0 -~ ipri=? ~- xy dep.
a*% 100, 0, 50, -10. 110, 2. B0, 6. 1. 0. 1020, 17. 2. £. 22 1.,
5 2:2@556, 2r33000. 2r%2500.
%%
;: 25. 278. 60. 210. 150, 330.
*% 3, %89e7 I Pe7 6.376346 O
2 neytron - € gamma flat response input
-~ Yzpeut 2Z=veh n~g 3%grd n-g 4¥photons
mash 2n/lg groug flat response
*% 1.0000 1.0000
dose rata {rd/h/{n om¥%2 . g)}
*¥% 6.00-9 5.02~9
energy yrouz totals
r

dreZ for me ic doghouze -=- xd=100.0 -~- iprt=! -=- Xy dep.

*% 100, 0. 50, ~10. 3110, 1. BO. 6. 1. ©. 1020. 17. 2. E. 2z 1.
%% §r245§6 2r5300u° 2r42500.

% &%

*% &5, T76. 68, 210, 150. 330.

8% 2 0

%% ),96%e27 1.027 6.376346 O
2 neutron ~ 0 gamma flat responze input
~= Yzneut 2Z2=veh n-g 3¥grd n-g 4=photons
mash 2n/Cg group flat response
*% 1.0000 1.0000
dose rate ird/h/(n/cm*ﬁz.sil
% 6,009 5.0a~9
energy group totals
*mass
get wait=on waitinex6D dre2 1sifil vigtalflx
ge; waitron waitime=60 arstapl mrsiapld
en
*destrog droxxx drey, drepy Ix
¥dyrc? £5=indrcl,fé=zftléa.f158=viataflx ,F2e>nrstapl ,f10=q102,£11=g)1a
*¥dre? £5=indrel »f63f106b,fibsviatalfix .f24=mrstap3,£f10=qi0b,fi1i=qiib
%*¥and: cconrat £406% ~o droyyy
#lstfil fS5=ina,fé=oun
¥cconeat oua dreyyy -0 drozze
#gelect printlog=ldreftix
*gopy LdrveZiix doaxrxx
*frad drene

dcp];],!** 9aga;hc‘,ﬂgiad1 =1

dnpl, 1% pagesbers.is 8

sV

end

#oconcat dyeow drogzs ~o dreprix

¥odestroy drexzs inde¥ £406% drooxe ina droyyy oua
*¥zooncat g10% -0 £10%xt

®econcat qlix -0 £i14unt

#mass store wait~on waliinme=60 dropyix FIOET:FI10ExeTx FiTcbFI1iExtIx
#edestroy q10% g1l¢ arstap® vigt® Istfil dec?
#goto

Fig. 7. DRC2 Input for Test Problem 2: Metric Doghouse.
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Table 2. Comparison of DRC2 Calculated
Protection Factors for Test Problem 2:
Metric Doghouse

DRC2 Protection Factors

Orientation With No X-Y With X-Y
Range (cm) (degrees) Dependence Dependence % Difference*

Case 1 (INGB=0)

24556 45 2.715 2.718 0.11
24556 270 1.912%* 1.908 —-0.21
33000 60 2.576 2.574 —0.08
33000 210 2.104 2.104 —
42500 150 2.261 2.258 —0.13
42500 330 2.373 2.368 -0.21
Case 2 (INGB=1)
24556 45 2.798 2.797 —~0.04
24556 270 1.883*** 1.880 —0.16
33000 60 2.643 2.642 ~0.04
33000 210 2.062 2.060 -0.10
42500 150 2.302 2.298 -0.17
42500 330 2.375 2.371 -0.17
*(—-—X——B—n;‘;mydgep — 1) x 100.

**DRC calculated a protection factor of 1.913.
***DRC calculated a protection factor of 1.884.
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between results without in-group biasing and those with in-group biasing. Also
note that DRC gave essentially the same result as the no X-Y dependence DRC2 at
the one point indicated in Table 2, differing by only 0.05% for both INGB=0 and
INGB=1. Fractional standard deviations ranged from 0.015 to 0.029.

6.3 TEST PROBLEM 3: LARGE (30M x 6M x 3M) STEEL-TOPPED
CONCRETE BUILDING

The third test case is a 69-group (46 neutron and 23 gamma-ray) calculation
of detector responses in a large (30 m long by 6 m wide by 3 m high) steel-topped
concrete building. The side walls of the building are 20 cm thick and are composed
of ordinary concrete. The floor is a 10-cm-thick slab of borated concrete and the
roof is a 10-cm-thick steel slab. There are two doorways, two windows, an interior
partial concrete wall, and an opening in the roof. Drawings of the building are
shown in Figs. 8 and 9. Fig. 9, with the roof removed, shows the interior of the
building. The detector position is near a window and the interior partial wall so
that it may be shielded by the wall or exposed by the window or the roof opening,
depending on the orientation. The system rotation point is at x=1500 cm and
y=300 cm.

This problem is intended to test the effects on calculated responses of including
x-y dependence in the coupling calculation. While the building may occupy only
one DORT radial mesh interval or portions of two, the variation of the fluence across
the expanse of the building could be significant.

The source for the calculation is a point source at zero radius and 300 m above
the ground. It consists of prompt neutron and gamma-ray fission sources obtained
by extrapolating and regrouping data from Ref. € and combining without regard
to normalization except that all values were multiplied by 10!°. The tissue dose
response function was obtained from the DABL697 response function set. A 240
direction quadrature set and the DABL69 cross section library with a P5 Legendre
expansion were used.

Table 3 is a comparison of neutron and gamma-ray tissue dose protection factors
calculated with DRC2 using x-y dependent coupling with those calculated by DRC2
using no x-y dependent coupling. At close range (26.73 m) and an orientation (172.5
deg.) where the detector position is partially exposed due to the roof opening, the
neutron and gamma-ray protection factors calculated with x-y dependent coupling
show a greater than 10% difference from the result with no x-y dependent coupling.
At distant ranges, the 180 deg. orientation gives the largest differences in the
protection factors, probably because of the exposure provided by the roof opening.
Although the neutron protection factors differ by less than 5%, the gamma-ray
protection factors at two range/orientations differ by greater than 10%.

Even though differences in neutron protection factors were less than 5% at dis-
tant ranges, Table 4 shows that the calculated neutron doses can differ by greater
amounts. The protection factors tend to differ less than the fluences or doses be-
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Fig. 8. Exterior View of the Geometry for Test Problem 3: Large,
Steel-Topped Concrete Building.
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Fig. 9. Interior View of the Geometry for Test Problem 3: Large,
Steel-Topped Concrete Building.
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Table 3. Comparison of DRC2 Calculated Neutron and Gamma-Ray
Tissue Dose Protection Factors for Test Problem 3:
Large Steel-Topped Concrete Building

Protection Factors (tissue dose)

Orientation With No X-Y With X-Y

Range (m) (degrees) Dependence Dependence % Difference*
Neutron
26.73 0 2.997 2.774 ~7.44
26.73 172.5 2.700 2.986 10.6
150 0 4.077 4.131 1.32
150 90 2.769 2.792 0.83
150 180 3.194 3.127 ~2.1
150 270 3.797 3.821 0.63
300 0 4.026 4.090 1.59
300 90 2.422 2.399 —0.95
300 180 3.088 2.939 —4.83
300 270 3.624 3.588 —0.99
Gamma Ray
26.73 0 39.41 39.88 1.19
26.73 172.5 21.33 26.48 24.1
150 0 36.53 37.46 2.55
150 90 12.60 13.39 6.27
150 180 16.27 18.30 12.5
150 270 25.79 25.90 0.43
300 0 33.33 34.07 2.22
300 90 6.630 6.742 1.69
300 180 13.45 12.04 —-10.5
300 270 16.04 15.56 —2.99
(el — 1) x 100.
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Table 4. Comparison of DRC2 Calculated Neutron Tissue
Dose for Test Problem 3: Large Steel-Topped Concrete Building

Neutron Tissue Dose*

Orientation With No X-Y  With X-Y
Range (cm)  (degrees) Dependence  Dependence % Difference®*

26.73 0 4.035-2%** 4.157-2 3.02

26.73 172.5 4.475-2 4.215-2 -5.81
150 0 5.297-3 4.822-3 8.97
150 90 8.123-3 8.081-3 -0.52
150 180 6.966-3 7.702-3 10.6
150 270 5.757-3 5.673-3 ~1.46
300 0 8.580-4 7.918-4 ~7.72
300 90 1.517-3 1.539-3 1.45
300 180 1.164-3 1.308-3 12.4
300 270 9.742-4 9.790-4 0.49

*The free-field doses are 1.323-1, 2.499-2, and 4.079-3 at 26.73m, 150m,
and 300m, respectively. With the detector located about 550 cm from the
vehicle system rotation point, the x-y dependent free-field dose varies from
7.6% below to 8.2% above the reference values, the largest variations being
for 0- and 180-degree rotations.

—y de
**(“—L—ng‘x,_y i — 1) x 100.

***Read as 4.035 x 1072,
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cause the division of the free-field quantities by the shielded quantities cancels errors
in both quantities, particularly when there is not much spectral shift in the impor-
tant energy regions. Fractional standard deviations of the cited results are in the
range 0.027 to 0.059 with x-y dependent coupling and 0.027 to 0.049 without x-y
dependent coupling.

6.4 TEST PROBLEM 4: BREN SIX-HOUSE CLUSTER

The fourth test case involves the calculation of neutron and gamma-ray dose
rates and protection factors at a detector location within a BREN six-house cluster.
A picture of the cluster (from Ref. 8) is shown in Fig. 10. A plan view of the cluster
is shown in Fig. 11. The detector locations identified on the figure have no meaning
for this test problem. The box enclosing the local system geometry is about 25.4 m
x 25.3 m x 10.2 m. Overall, this system is larger than that for test problem
3. However, because VISTA fluences were available for only four radial locations
and these were 300 to 500 m apart, the entire system can fit within one interval
between the VISTA fluence points (The fluences were obtained from a file created
by W. A. Rhoades). The ranges were chosen at the VISTA fluence locations; hence
for a given range, the calculated fluences incident on the system may involve up
to three of the VISTA fluence radial points in the interpolation of the fluences.
Logarithmic interpolation of the fluences was used.

For a rotation peint at the center of the system, the surface points are removed
from the VISTA fluence points by at most about 6% of the distance between ad-
jacent peints. Thus, the x-y dependent fluence values should be 94 to 100% of
the VISTA fluence values when linear interpolation is used and one could expect
little difference between results obtained with x-y dependent coupling and those
obtained with no x-y dependent coupling. For the fluence differences over the given
ranges, logarithmic interpolation should also show small differences between the x-y
dependent and the no x-y dependent results.

Table 5 compares soft tissue kerma total protection factors calculated by DRC2
using x-y dependence in the coupling operation to those calculated by DRC2 with-
out using x-y dependence in the coupling operation. All differences are essentially
3% or less. Table 6 compares DRC and DRC2 calculated soft tissue kerma total
protection factors. Differences less than 3% are observed here also. Finally, Table 7
compares DRC and DRC2 calculated soft tissue kerma values. The differences are
generally larger than those observed for the protection factors, but they fall within
the 6% variation in the incident fluence over the surface of the system mentioned
above. With no x-y dependent coupling, DRC2 gives the same results as DRC.
Fractional standard deviations of total quantities ranged from about 0.01 to 0.06.
The uncertainties associated with the dose due to capture gamma rays in the houses
were generally greater than 30%.

A computation charge comparison between DRC and DRC2 was also made for
this test problem. A separate DRC calculation was performed for each range, but
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View from Northwest

Combingrorial geometry of the six-house cluster model

Dimensions of Model Japanese Houses (cm)

; Second Story  Partition
House Type Roof Peak  Length  Width Floor Height  Height
Single story house A 475 872 700 - 270
Two story house B 15 - 8582 675 400 315
Tenement {(one unit) 860 7002 500 360 300

*Main pottion of house

Fig. 10. Geometry for Test Problem 4: BREN Six-House Cluster.
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Plan of the six-house cluster showing location of detectors

Fig. 11. Plan View of the Geometry for Test Problem 4: BREN
Six-House Cluster.
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Table 5. Comparison of DRC2 Calculated
Soft Tissue Kerma Total Protection Factors
for Test Problem 4: BREN Six-House Cluster

Soft Tissue Kerma
Total Protection Factor

Orientation With No X-Y With X-Y

Range (m) (degrees) Dependence Dependence % Difference*
700 0 1.509 1.481 ~1.86
700 90 1.682 1.632 —2.97
700 180 3.378 3.349 ~0.86
700 270 1.825 1.780 —2.47

1060 0 1.341 1.352 0.82
1000 a0 1.836 1.817 -1.03
1000 180 4.514 4.472 —-{.93
1000 270 2.244 2.191 —2.36
1500 0 1.098 1.095 -0.27
1500 90 1.846 1.826 —1.08
1500 180 5.824 5.682 —-2.44
1500 270 3.009 2.922 —-2.89
2000 0 0.945 0.939 -0.63
2000 30 1.824 1.804 -1.10
2000 180 6.596 6.393 —-3.08
2000 270 3.654 3.597 —-1.56
oot — 1) x 100.



38

Table 6. Comparison of DRC and DRC2 Calculated
Soft Tissue Kerma Protection Factors for
Test Problem 4: BREN Six-House Cluster

Soft Tissue Kerma
Total Protection Factor

Orientation
Range (m) (degrees) DRC DRC2 % Difference*

700 0 1.506 1.481 —-1.66

700 90 1.680 1.632 --2.86

700 180 3.372 3.349 —-0.68

700 270 1.822 1.780 -~2.31
1000 0 1.339 1.352 0.97
1000 90 1.832 1.817 —0.82
1000 180 4.506 4.472 —-0.75
1000 270 2.241 2.191 ~2.23
1500 0 1.096 1.095 -0.09
1500 90 1.843 1.826 —-0.92
1500 180 5.813 5.682 -2.25
1500 270 3.003 2.922 —-2.70
2000 0 0.943 0.939 —0.42
2000 90 1.821 1.804 —-0.93
2000 180 6.584 6.393 -2.90
2000 270 3.647 3.597 —~1.37

#(DRC2 1) 5 100,
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Table 7. Comparison of DRC and DRC2 Calculated
Soft Tissue Kerma for Test Problem 4:
BREN Six-House Cluster

Soft Tissue Kerma¥*

Range (m) (degrees) DRC DRC2 (X-Y dep) % Difference**
700 0 0.234-2+¥* 9.734-2 5.42
700 90 8.284-2 8.7242 5.31
700 180 4.1242 4.01+2 —2.67
700 270 7.63+2 7.654-2 0.26

1000 0 2.7842 2.864-2 2.88
1000 90 2.03+2 2.104-2 3.45
1000 180 8.264-1 8.074+1 -2.30
1000 270 1.66+2 1.6742 0.60
1500 0 4.44+41 4.59+1 3.38
1500 90 2.64+1 2.724+1 3.03
1500 180 8.36+4-0 8.3240 —~{.48
1500 270 1.62+1 1.6441 1.23
2000 0 8.294-0 8.584-0 3.50
2000 90 4.2940 4.42+0 3.03
2000 180 1.194-0 1.194+0 -

2000 270 2.1440 2.1440 -

*The DRC2-calculated free-field kerma values are 1393, 372.9, 48.7, and 7.831
at 700m, 1000m, 1500m, and 2000m, respectively. They differ slightly from the
DRC values because of logarithmic versus linear interpolation in the Z
direction. The x-y dependent values vary from about 2% below to 3.5% above
the reference values.

“(BRC2 1) x 100.

***Read as 9.23 x 102,
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results for all four orientations were obtained from a single calculation. The DRC2
calculation was performed for all ranges and orientations in a single pass through
the code. In addition, the core allocation was large enough that fluence data for
all groups could be stored in core during coupling (430,000 words were allocated
versus slightly more than 423,000 required). The DRC core allocation was fixed at
150,000 words. Both the DRC and DRC2 calculations were performed for two source
conditions, and DRC?2 performed the calculations with and without x-y dependence
of the forward fluence during coupling. For these calculational conditions, the DRC
to DRC2 charge ratios for the case of no x-y dependence in the DRC2 coupling were
1.90, 2.34, 0.65, and 1.79 for CPU, 10, memory, and total charges, respectively. The
respective ratios for the case with x-y dependence in DRC2 were 1.91, 3.23, 0.76,
and 1.88. 10 and memory charges for 3 DRC2 calculation having no x-y dependence
in the coupling with one of the sources appeared to be anomalous. The IO charge
was 75% higher than that for the x-y dependent coupling case with the same source
and 80% higher than that for both no x-y and x-y dependent coupling with the
other source. Smaller differences were noted for the memory charges. The memory
charge was 37% higher than that for the x-y dependent coupling case with the same
source and 25% higher than that for both no x-y and x-y dependent coupling with
the other source.

From the above time comparisons, it would appear that DRC2 has a distinct
advantage in all categories except memory, for which DRC has a slight advantage.
The larger memory charge for DRC?2 may be attributed to the greater amount
of storage allocated (280,000 more words than DRC). Also, it can be noted from
the above data that the IQ and memory charges can fluctuate significantly between
similar calculations (compare the no x-y dependent versus the x-y dependent cases).
While the CPU charges are about the same for the two DRC2 cases, 10 charges
differ by about 38% and memory charges differ by about 17%.

6.5 TEST PROBLEM 5: LARGE RADIUS, AIR-FILLED, ANNULAR,
CYLINDRICAL CONCRETE TUNNEL

The fifth test case involves the calculation of neutron and gamma-ray fluences
and doses within a large-radius, 9.8 m wide, air-filled, annular, cylindrical concrete
tunnel. The concrete walls surrounding the tunnel are 20 cm thick, and the tunnel
is centered at a radius of 3.45 x 10* cm. A sketch of the problem geometry is shown
in Fig. 12. The geometry for the calculation is such that DORT should be able
to calculate the desired quantities. Therefore, the DRC2-calculated results can be
compared against reasonably well-known quantities and the accuracy of the DRC2
coupling process can be established.

Again, the DABL69 group structure that was used in test problem 3 is used
here. The source and cross-section library are the same. An S;2 quadrature (96
directions) was used initially rather than the 240-direction quadrature. However, the
240-direction quadrature is used in the final analysis, mainly to aid in the transport



Source Locations of Tunnel Coordinates

r=0 m
=300 )
2360 m \ ? r; {em) 25 {tm)
! i 30080.0 -50.0
{ 2 30100.0 0.0
3 38900.0 1400.0
4 399200 1420.0
% 5 34560.0 860.0

-

Fig. 12. Sketch of the Geometry for Test Problem 5: Large-Radius,
Air-Filled, Aunular, Cylindrical Concrete Tunnel.

87
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down range of secondary gamma rays produced near the source. In addition, two
air-layer thicknesses are used in the MASHX calculations (10.8 m and 50 m). A
mean-free-path in the air mixture ranges from 19 to 171 m for neutrons and 4.3
to 460 m for gamma rays. The optical thickness of the thicker air layer is several
mean-free-paths for several neutron and gamma-ray groups. Hopefully, this layer
is thick enough that the presence of the concrete tunnel would not perturb the
free-field fluence at the system boundaries.

The DRC2 results obtained by folding adjoint leakages and forward fluences are
compared to the DORT-calculated results in Table 8. Fractional standard deviations
of the results are also given. With the 10.8-m-thick air layer, both the x-y dependent
and no x-y dependent DRC2 results are reasonably close to the DORT results.
The results without x-y dependence are slightly lower. An analysis of the DRC2
results showed a significant contribution to the gamma-ray fluence and dose from
the production of secondary gamma rays in the regions around the tunnel. As
shown in the Table 8, all fractional standard deviations are less than 0.07 for the
10.8-m-thick air layer.

When one compares the results for the 50-m-thick air layer to those for the
10.8-m-thick air layer, one finds that overall agreement for the 50-m-thick air layer
results improves for the x-y dependent coupling case. In particular, excellent agree-
ment is achieved for the neutron and gamma-ray fluences, but the agreement for
the doses worsens slightly. Perhaps, the better agreement for the fluences may be
attributed to the adjoint source being a fluence response function. The results ob-
tained with no x-y dependence in the coupling operation are lower than the DORT
results by 14 to 25%. Fractiona! standard deviations range from 0.034 to 0.085. The
good agrecment between the DRC2 x-y dependent results and the DORT results
give added confidence in the correctness of the DRC2 coupling procedure.

As mentioned above, (Section 6.2) the air layer around the object should be thick
enough that the fluence at the boundary of the air layer is not perturbed by the
presence of the object. Since the 50-m-thick air layer led to better overall agreement
with DORT than did the 10.8-m-thick air layer, perturbations to fluences at system
boundaries with those air layer thicknesses were examined. Table 9 shows the
maximum percent differences between the above-ground perturbed and unperturbed
neutron and gamma-ray total fluences as a function of leakage surface. The six
surfaces shown represent the leakage surfaces used in the MASHX calculations (i.e.
a top and inner and outer radial surfaces bounding either a 10.8-m-thick or a 30-
m-thick air layer surrounding the concrete tunnel). One can see that there is much
more perturbation for the 10.8-m-thick air layer surfaces. The outer radial surface
shows greater differences because the tunnel partially shields some points on that
surface,
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Table 8. Comparison of DRC2 and DORT Calculated Fluences and Doses for

Test Problem 5: Large-Radius, Air-Filled, Cylindrical Concrete Tunnel.

DORT Calcuiation
Calculated Quantity Perturbed Unperturbed
Neutron Fluence 4.225+3* 7.263+4
Gamma-Ray Fluence 3.960+3 3.881+4
Neutron Dose 7.335-5 1.361-3
Gamma-Ray Dose 4.387-5 4.243-4
DRC2 with 10.8-m-Thick Air Layer

Calculated Quantity With No X-Y With X-Y

Dependence Dependence
Neutron Fluence 3911 +3[0.026](0.93)*’ 4.035+3[0.027](0.96)
Gamma-Ray Fluence 4.010+-3[0.066](1.04) 4.209+3[0.067](1.06)

Neutron Dose

Gamma-Ray Dose

6.761-5[0.035](0.92) 6.975-5[0.034](0.95)
4.295-5[0.066](0.98) 4.408-5[0.066](1.00)

DRC2 with 50.0-m-Thick Air Layer

Calculated Quantity With No X-Y With X-Y
Dependence Dependence
Neutron Fluence 3.650+3[0.042](0.86) 4.228+3[0.044](1.00)
Gamma-Ray Fluence 3.342+3[0.062](0.84) 3.971+3[0.068](1.00)
Neutron Dose 5.490-5[0.034}(0.75) 6.903-5[0.060](0.94)
Gamma-Ray Dose 3.730-5[0.078](0.85) 4.506-5[0.085](1.03)

“Read as 4.225 x 10°.

*Fractional standard deviations are in brackets and ratios of DRC2 to DORT
quantities are in parentheses.
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Table 9.
Maximum Percent Differences Between the Above-Ground Perturbed and
Uuperturbed Neotron and Gamma-Ray Total Fluences as a Function of Leakage
Surface for Test Problem 50 Large-Radius, Air-Filled, Cylindrical Concrete Tunnel.

Mazimum Percent Difference in Fluences*

ILeakage Surfacs Neutron Gamma-Ray
Tager Radial
10.8-m Air Layer 10.5 33
50.0-ma Air Layer 0.4 12
Outer Radial
10.8-m Air Layer 39.0 47.6
50.0-m Air Layer 9.3 14.2
Top
10.8-m Air Layer 8.8 15.2
50.0-m Air Layer -14 6.7

« [ Unperturbed Fluence

: -1 x 100
Perturbed Fluence
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For the top surface, the perturbation is significant for the 10.8-m-thick air layer
but is much less for the 50-m-thick air layer. There is probably less perturbation of
the inward-directed fluences than that shown in Table 9.

It should be noted that the results for the MASHX calculations were quite
sensitive to the GWLO values input. In addition, the value of NMOST had to
be increased for some changes in GWLO due to “imaxn” being exceeded. There-
fore, to eliminate the requirement for having to input these values and to guard
against inappropriate selections of the parameters, the calculations were performed
as if they were neutron only and a modified version of the MASHX code (called
MASHY) sorted the various collision or pseudo-collision events. This required an
additional input card following the last MASHX input card (the air and ground
media identifiers). The input is free form; hence, the data should be preceded by
‘$$’ in columns 2 and 3. The two entries on the card are:

iptyp a signal to indicate no effect if 0 or a coupled problem
run as neutron-only if 1, and

jprigp the number of neutron groups.

The code calculates the gamma-to-neutron transfer probabilities through the
cross-section scattering matrix. MASHY uses the above parameters along with
old and new group numbers to determine when a gamma-to-neutron transfer has
occurred at real scattering events.

Finally, the change to a 240-direction quadrature and the inclusion of the thicker
air layer in the MASHX calculation led to a very large data storage requirement in
DRC2. Nearly six million words would be required to store all data in core (i.e. data
for 69 groups, 200 nonzero weight directions, 10 i mesh, and 42 j mesh). The DRC2
calculation was performed with a core allocation of three million words. While a
CPU charge of about two minutes was required for the four calculations (for two
coupling surfaces with and without x-y dependence during coupling), large memory
and IO charges resulted in a total charge of about 30 minutes. For the DRC2
calculation of the perturbed fluence by integration of the perturbed DORT-VISTA
angular fluences, the total charge was only about three seconds.
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7. CONCLUSIONS

The DRC2 code has been written and tested and appears to be performing the
coupling operation correctly. Results have been compared with some from the DRC
code and some simulated DRC results (obtained with DRC2 by coupling without
x-y dependence). Those results indicated that there were some significant effects
(greater than 10%) of including x-y dependence in the coupling operation, but small
effects were observed in small systems and even one reasonably large system. In
addition, the good agreement for a test case solvable directly with DORT gave
added assurance of the correctness of the coupling procedure.

Although the code allows for calculations with very large fluence data require-
ments to be solved “ex-core,” one may incur a large IO cost penalty when data has
to be stored ex-core. It is therefore recommended that, whenever possible, enough
core be allocated so that all fluence data can be stored in core.
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APPENDIX A

Partial Output Listing for Test Problem 1:
Free-Field Fluence Calculation



14108159 000:00.009 505/05/91 1lslcc cosmos 4.5 dna 685802% soux #¥% +cosm5all ¥¥% drc24ic slater ¢ %%% page 3

14.98:52 000:00.017

¥geiect printlog=idre2iie
14198259 000,00.0590

®*inverrust on sofiwareerror %o and,
on hardwaresrror 1o 2nd,
on ccerror to end,
on timeup to end
14:986,59 000.00.059 #file name=ina
14:97:00 000:00.080 file ¥sxdést ina Mxxsextcreated with 2 linelas) I30666wN
16:99¢92 909:90.086 *file nama=indrcl
14199199 999:90.1%4 file euoeke iadpel xxxexxcreated with 28 linels) w6606
14:99:99 999:90.1240 *nasg
14:09:00 000:00.3195 ?

14:09: 02 000,090,358
14109102 000:00.427
14109103 000,00.522
16109103 000:00.591
56133100 000:09.687
¥4:11,00 000:00.756
1413100 000:00.824

16532:68 000.00.988
1647123468 900:0%.057
1651438 090.:01.153
16,14135% 990,01 .222
14174138 000.:01.290

C-J- 0 B SR POy S

vstafix2

ée% wait=on waitime=60 drcz 1‘ £
& $/605021/dre2

200 9|/06/U6 Yy 03:117.828 a
- Q01 (255737000 bits) 91/05/0? ii 2.539

0on 71/06/06 14:03: 19,345 gex 15:f;a|/60%ﬁ’1/lsiail
007 2153626005 bits ) 9u/ﬁ9/19 19¢33:32.5

000 P1706/06 16:103:20.%32 getr ustaf xZ féﬂ 21 /yztafix?
Q0% {12577000b bits) 90/05/ﬁ’ 12:145198.456

gat wait=on waltine=60) mratssi? mrztapili

900 91/06/09 14:05:117.236 get mrsiapi2/695021/mrstapi2
0% (15293G690% bits) 9/10/703 12:08:59.679

SO V/08/0D 14107105,.138  gut mrstep’3/005021/mrstapil
B3y A\S75YHE2000 bits) 90710703 12:0%:06.027

3

end
14119138 000:901.411 aill done
14114138 000:07.41%6 42 *destroy drexxx droyyy dreprie
4114338 U00:01.476¢ we—-- not found:
411438 000:103.529 ---e- deexxx drecyyy dreeris
14314338 000:03.900 ali done
¥6:36:38 000:01.905 63 wdrc? £6=indre),f6=Ft06a,f15=vstafix2,f24mrstapi2,fi02q10a,1i=qa
14136112 000:45,95]  —==w- dre? ctss time 43,967 saconds
14136312 0001%5.063  ~--eo- cpus 38.989 /o= 2.938 men= 2.9%1
16315113 000:46. 141 ail cdone
19116313 000:46.146 44 #dra? f5=indrel,f6=F106b,{15=vatafix2,f24=mrstapls,f10=q10b,F11=qlh
1121152 003439,427  ===uu dre? ctss 11me 173,202 seconds
16121452 003:39,539 ~==mw cpu= 160.594 i/o0= 5.550 men= 4. 958
14:21:52 003:39.617 all done
14:231153 003:39.621 45 ¥*end: cconcat Ftdéx -o dreyyy
14121156 003,640,868 all done
314121156 003:640.37% 46 ®#istfil f5=ina,fé6=oua
14121157 003:40.985  ~-m-- FELISE1 <iss tine 057 seconds
14121457 003:4)1.95¢  ———-- cpus .26 ilo= 130 mem= .001
$6:121157 003:141.111 ali done
14121157 003:41.116 47 ¥cconcat oua drcyyy -o drcrzz
16:22,00 003:42.366 all done

16122100 $03:42.37% 48 ¥select printiog=ldrc2tic

¢S



Listing For CRAY File “indrei *

1. dre? for ailr-over-ground == xd=100,0 -- fpri=2 =-- xy dep.
2. #x 100, B, 50. -10, 50.5 2, 50, 12. 1. 50. 1020, 17. 2. 2, 100, O, 2,
z, L 5524556 2633000, 2r42500. 2ree500. 234500, Zradals.?
. AR
2. :; 256 270, 60, 210, 150, 330, 45. 270. 60. 210. 15G. 330,
7. ®% ¥, 964e7 3.0e7 6.376346 0
a. 2 neutron - 8 gamma flat responas input
9. == {=neut 2=veh n-¢ 33grd n-g S=photons
10. mash 2n/0g9 group fiat response
11. % 1,0080 11,8000
iz. dose rate (rd/bh/{n/om¥x2.al}
13, x% 6,009 5.0e-%9
1%, energy group totals
15. dro2 fo: air-over~groand ~= xd=0,0 -- iprt=2 -- no xy dep.
15, *% G, 5 . 50,5 2, 50, 12, 1, O, 1020, V7. }, 2, 2z 2.
}g. el %;24556 2r33000 2042500, 2r24500. 2r34500, 2r44416.7
. %
ég. :; 25. 278. 68. 210, 150, 330. &5, 270, 66. 210, 150. 330,
. o
23, %% 1.964e7 1.0e7 6.3763+46 0
2B, 2 peutron - 0 gamma flat response input
23, =~ 1zpeut 2xveh n-g 3=grd n-g A=phoions
24. wash 2n/0g %toup flat response
25, *% 1,0000 0000
28, dose rate {rd/h/{n/cm¥%2.8))
27. #% 6,0e~9% §.0e-9
28. energy group totals
##% dropfiles +dre2a , lengthz 552448, program loaded 05/07/91 06:55:28

This wasa bagan on Juns 6, 1991 at 14:14:39,



cdete

idbufsz
agarm
idxy
Inw

He

Y9
interp

c5Oor response code: drc? for air-over-ground -~ xd=109,.8 -- ipri=2 -- xy dep.

x=-joc., {cm) of del. in MORSE yeom
Y=-ioc. icm) of det. in MORSE geom
z-1oc. {cm) of der. in MORSE geom
bottom »f coupling surfzce {em)

top of goupling surface iem)

0 print vehicle doses only

i primnt VISTA datat+iree field specira
£ print VISTA data+df speceveh doseatspectprot
3 print VISTA datasveh doses+proi facs
maximum weight acecepted

no. of wehicle ranges/orientations

9/>0) same/cifferent group siructure

#0RSE coliision file record lengih

no, of paramasters written on coll. file
3 o x-y data

i x~-y data dut no x-y dependence

2 -y cata and x-y dependence

no. of responses desired {.le.10)

note: 9 implies 2 responses

X~loc, {cm) of veh. sys, roi.point
y-loc. {en) of veh. sys, rot.point

= 1/2 -~ linear/log flux interpolation

1.0909%e+02
9.00000e+33
5.00000e+d}
1.00000%e49}
5.0500039@%

5.00000e+01
¥2

1
50
1020
17

2

2

1.00000e 402
0.00000QQOg

4%



vehicle rangs/orisntation parameters

JeSp—

PO~ 8340 {30 08 DT L4 1N e 4o

loc. of morse origin

rotation

X z angle
2.455608406 0.000002100 4.50000+01

2.455604404%

4.
.

0.000002 00 2,70000e402
.300006+04 §.000002100
. 300006404 0.000008+00
.250000+0% 0.600002+00
250006 ¢04 G.00000e+00
2.45000e404 0.00000e400
2.45000e+04 0.00000e400
3.45000e+0% 0.00000e+00
2.45000e+04 0,00000e+00
44167e+0% 0.900006400

.00000&+0}
- 100002402
.500002+02
.30000a+02
.500000+01
. 70000e+02
. 000002 +0}
- 10000e+02
. 500000402

- O D AN - D N

49167¢+04 D.000006+00 3,30000e102

rotation matrix for

7.97107e-0%
7.87107e-21
9.90000e400

rotation matrix for
-£.80385e-G7
-1.000002200
9.006000e+00
rotation matrix for
5.00000e-01
8.660252-01
0.00000e400
rotations matrix for
-8.66026e~01
-5.00000c-01
0.00000a+03
rotation matrix for
-8.660¢£5e-01
5.9500002~01
§.00000c+00
rotation matrix for
8.66025e-01
-5.000010-01
0.00000e4+00
rotation matrix for
7.07107¢-21
7.07107e-0}
0.0000024+00
rotation matrix for
~$.803858:-07
~1.00000a+00
9.00000e400

rotation matrix for

range/orientation

~7.071072-01
7.07107e-01
0.00000e¢+00

rangesorientation
1.000006+00
=§.80385¢-07
0.00000e400
rangesorientation
-8.660252-0)
5.,060000e-01
©.000002400
rangs/oriantation
5.00000a-01
~8.66026e~01
0.00000e400
rangesorientation
-5.00080e~081
~8.,66025e-081
2.00000e 4038
rangeforientation
5.00001e~01
8.66025=~-01
0.00000e+00
range/orisntation
-7,0671072-0%
7.07187e-01
0.000002:00
rangesorientation
1. 0000De 400
=6 . 80385¢-07
9.00000¢+00

range/orientation

no, 1

©.00000e400
0.00000e+00
1.00000c400

ne. 2
0. 00000e+00
0.00000e400
1.00000e+00
ne. 3z
0.000000409
0.00000+00
1.000095400
no. 4
0. 00000e+00
0.00000a+00
1.000000+00
no. 5
0.000032+00
0.000080e+00
1.03838000+00
20 é
{.00000e +00
08.0000G0e +00
1.00000e +00
ne. 7
0.00000+90
0.00000e+00
1.000000+00
ne. 8
0.00000a4008
8.000002+00
1.00000e 400

no. 9

Y



5.00009e-9}
8.66025e~01
0.00000e+00

rotation matrix for

-8.66026e-01
-5.4200Ce-01
2.00000e+00

rotation matrix for

-8,66025e-13}
5.00000e-01
0.00000e+00

rotation matrix for

B8.660252-01
-5.0000%e-9}
0.00000e+93

anergy parameters for the vista group structure

-8.65025e-01
5.00000e-91
0.00000e400

rangesorientation no.
£.090005-91
-8.586026a-01
0.00000a400
rangeforientation no.
-5.00000e~01
-8.65025e-01
0.00009e+00
range/orientation no.
5.0008%e-91

85.660250-03
8.00090e+0D

9.00000a+00
0.00000e+00
3.02000e+00

10
0.00000e+00
9.0000024+90
1.00000e439

11
2.90900e+DD
0.00000e+00
1.00000e¢00

i2
0.90000e+09

9.,00000e4+00
1.00000e+00

ag

energy
grp. boundary delta-a
1 1.96600=2407 9.64000e404
2 1.000002407 3.62370a+04
3 $.37630e+06
4 0.00000e+00

vehicle escape histories from: mash case air-over-ground 2 gp § 10703790 —- 12:0642¢ 3

fluence file from: "vista Z-group mash-drc outpui

dot iitle ("dort air/ground iransporti p3

nang = no. of gquadrature angles 246
nradi = no. of radial points 48
naxii = no. of axial points 57
nog = no., of energy Jgrougs 2
nogpl = no. of energy grours plus 1] 3
ndwn = no., of angles down 328
niflx = no. of axial fluxes 15
niflx = no. of radial £luxes 6
jstet = index of first 3 flux 17
jlist = index of last j flux £ )



gquadratura weights and angles

|230e—02 9. 979429-01

9923e~02-9.8972Be~01

4
2
4
3
H
2
5
15291e-01-9.48995e~01
07291e~01-9.48995e-01
07291e~01~2.48995¢-0}
99349¢-01-9.16799%e -0}
2555e-01~9.1679%-01
2555e~-01-9.1679%-01
72796e~-01~8.81172e-0}
11087e-01~-8.811FZe~01}
43488e-01~8.81172a~-01
3488e-01-8.81172=~0}
11087¢-01-8,81172g-01
37046e-01-8.43553~01
£952e-01-8.43553%e~-01
62988e-01-8.4355%-0}
26 !.629889-0!-8 431563e-01
25 4.66952¢-01-8.43553e-01
26-5,983742-01-8.012)Te-01
27-5,20275a-01-8.03217a-0}
28-1.816902-01-8,01217e-01
29 1.81690e-01-8.0}1217e-0}
10 5,20275e-01-8.01217a-01
3)-6.564012-01~7 544} 2e-01
%z-5.707292-01-7.5644 ) 2a~01
33-1,99213e~01-7.54412:-01
34 1.99211e~01~7.54412e~0)
35 5.7072%e-01-7.5441 2001
36~7.11034e-01-7.03158e-0}
37-6.18231e-01-7.03158a~-0}
28-2.157916~01-7.03158e-01
39 2.15791e-01-~7.03168e-01
40 6.182316-01-7.031580-01
41-7.615676-01-6.48086e~01
42-7.13133e-01-6.48086e~01
43~% . 7042B8c-01-6 .48086u-01
44-1.642012-01-6.48086e-0%
45.1.64201¢-01-6.48086¢-01
46 4,70428e-01-6,48086e-01
47 7.13133¢-01-6.48086e-01
48-8.075676~01~5.89776e-01}
49-7.562076~01-5.89776e-0}
£0-4, 988436¢-01-5.89776e-01
~1.7%119¢-01-5.89776e-01
52 1.74119e-01-5,89776e-0)
53 4.98843e-01-5,B9776e-01
4 7.56207e-01-5,8%776e-0]
55-8.49108¢-01-5,28222e~-0)
£6~7.95106e-01~5,28222e-0)
57-5.24503e¢-04~-5.28222e-01
8-1.83075e-01-5.28222e¢-0)
1.83075e-01-5,28222e-01
60 5.24503¢-01-5.282272e-01
61 7.95106e-01-5,28222e~01
£2~8.85928e-01~4,63828=2~-01
$3-8.2958820-01-4,63828a-01
84-5,472462-01-%,63828e~0)
65-1.91013e-01-%,63828e~01
66 1.21013a-01-4,63828a-01
67 5.47246e-01-0.638282-01
€8 8.29582e~01-%.63828e-0)
~9.17890a-01-3, 96835e~01
70~8.59514e~01-3, 96835e-01
71-5.66991e-01-3, 96835e-01
72-1.97905e~01-3.96835e-0}

4
5
[
&
4
[

NN—‘OOWNO‘«U‘IJ‘WN—'OOQV?\W&NN"

-6
-4
4
=1
~9
9
-2
-1.
)]
-3
-2
2
-3
-2
2
-4
4.
-},
¥
G,
-5.
-4,
-1,

PO TS TN} T\ o ot et ot st 2 b ot e el

wgt
0.00000e+00
.02900e-03
.029000-02
.00000e+00
.07825e~03
.07825a-03
.00000e+00
00e~03
j0200e-03
i0a+00
084 25e~03
3425¢-03
0000 +00
350e-03
250e-03
30002500
2869203
}Ste-ai

-
<
»n

o
5888
e

oo

N OOODS

.14976e-03
0000e+00

3985%a-03
%,39853e-03
7.84547e~-03
0.00000a+00
8.5752%e-03
4.80771e-03
4,.80771e-03
8.5752%-03
©,000006400
6.42875e~03
2.9328%:-02
4,79164e-02
%.79164a-03
2.93289%9¢-03
6.42875e¢~03
©.00000s+00
6.81815¢-03
3,10872e-03
5.078%0e-03
5.07890¢-03
3.10872¢-03
6.81415¢-03
0.00000e400
7.146550e-03
3.26%901e-03
5.34077a-03
5
z

awowb»wQmwwmemwwm@voo%ubmmcuwcwv
S . :

-34077e~03

. 26%01e-03
7.165508-03
0.00000a+00
7.45915a-03
3.402%8e~03
5.55%652~03
5.55965e~03
3.402980-03
7.45915e-03
0.000006+00
7.755650-03
3.53825a-03
5.7806%40-03

LG



73 1.97905e-01-3.96835e-01
74 5.66991e-01-3,96835e-01
75 8.5951Ge-91-3.
76-9.464812¢-01-3.274132-0}
77-9.22954e-01-3
78-7.65692e-01-3
79-5.05099%e-01-3
0-1.76302e~01-3,27513e-01
81 1.76303e-01-3.27613e-01
&2 5.05099%e~-01-3.27613e-01
83 7.65692e-01-3.27613e-0]
84 9.22954e-01-3.27613e-01
B85-9.66490e-01-2.56704e~0}
85-9.44130e-01-2.56704e~01
87-7.83260e-01-2.5670%e-9}
88-5,16688e-01-2.5670%e-01
89~ 1 B80348e-01-2.56790%9e-01
99 1.8036G8e-01-2.567042-0)
21 5 16688e-01-2,.567042-01
92 7.83260e-01-2,56704e-01
93 9.44130e-01-2.56704e-0)
96~-9.82867e~01-1.844252-0)
95-9.60108e-01-1.844250-01
96-7.965162-01-1.84425¢-0}
97-5.2564332-01-1.84425e-01
98-1.83400e-01-1.84425e-01
29 1.83400e-01-1.84425e-0)
56433e~-01-1.84925e-01
965!63-01 .B4425e-01
.84425a-01
.93815&-0!

05405e-0}
.70823e-01-
.99313e-01~
.76194a-01-
.09860e-01- 3 70540e~02
.342368-01-3.70540e-02
.86673e-01-3,.70540e-02
.866732-01-3.70540e-02
.34236e-01~-3.70540e-02
.09860e-01-3.70540a-02
.76194e-01-3.705400-02
.412302-02 9.979%42e-0)
-%.21582e-02 9.979%4z2a-01
4 21582e-02 9.97%42e-01
.42963e-01 9.89728e-01
39923e-02 9.89728e~01
.39923e-02 9.8972B8e-01
.29252e~01 9.73367e-01
.50724e-01 9.73367e-01}
.50726e-01 9.73367e-01
.15291e-01 9.48995¢-01
.07291e-01 9.489956¢-0)

.66952e-01
.62988e-01
.62988e-01
.66952e¢-01
.98374¢-01

.20275e-01

st e ek s o i vl ik < 28 s ok s ] ) s o and i et o e o i o o} D Sk i b o O ) s ) s b b o s o ) ik s

9
9
8
3
8
8
8
170456e-01 8
8
8
8
a
-
8

5.7806%e-03
3.53825e~-03
7.75565a-03
Q. OOOODeQOB
4.
3.
5.

9.00000e+50
.00102e~03
. 94674003
.264693e-03
.723062-03
.723049-03
. 26693-03
.94679e-03
.90102e-03%
»00000e+00
08580e-03
0}365e-03
33587e-03
78617e-03
3.78617e~03
5.33587e-03
4.01365a-03
5.08580e-03%
0.0000024+00
5.15474e-03
%.06806e~03
5.408200-03
3.83750e-03
3.83750e~03
5.40820e-03
%.06806e-03
5.1547%e-03
0.00000e+00
5.17107e-03
4%.08094e-03
5.42536Ge-03
2.B9965e-03
3.84965e-03

4.0809%4e-03
5.17107¢-03
0.00000e+09
1.02900e-03
1.02900e-0%2
0.00000e+00
3.07825e~03
31.07B25e-03
0.00000e+00
.10200e~-03
. 10200e-03
00000c+00
08425¢-03
.08425¢-03
09000e+00
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5
0
7
7
0
9
9
0
5
3
3
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0
6
3
2
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0
7
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148-1.816002-01
149 1.81600e~01
150 5.20275¢-01
151-6.56401e-01
152-5.7072%e-01
153-1.99211e-01}
154 1.99211¢-01
155 5,70729¢-01
156-7.1103%e~01
1567-6,18231e~-01t
158-2.157%21e-01
.157%91e-01
.18231e-01
-61567e-01
-12133c-01
.70428e-01
.64201e-01
64201e-01
.70428e-01
-13133e-01
107667a-01
.56207a-01}
. 98843e-01
.7411%e-01t
.7411%e-01
.98843a-01
.56207¢-01
.49108a-01
. 95106e-01
.24503e-01
-83075¢-01
.830756-01
26503e-01
95106e-01
.85925e-01
.29582a-01
472462-01
910132-01
.910132-01
472%60-01
296582a-01
.178902-01
.59514a-01
1669918-01
. 979052-01
.97905a-01
166991201
.595142-01
.44812e-01
- 2295%e-~01
.65692a-01
. 05099201
.763032-01
201 l 76203e-01
202 5.0509%e-01
203 7.65692e-01
204 9.229584e-01
205-9.664%0e-01
206-9.44130e-01
207-7.83260e-0}
208-5.166882-01
209-1.80348¢~0}
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222 9.60108e-01

6.48086e-01
5.89776a-01
5.89776s-01
5.897766-01
5.89776a~01
5.897760-01
5.897760~-01
5.897768-01
5.28222¢-01
5.28222e-01
5.28222¢-01
5.2B2220~-01
5.2B222¢-01
5.28222a-01
5.2B2220-01
4.63B280~01
4 e-01
4. 30-01
4. e-01
4.638282-0
4%.638280-~01
%.63828a-01
3.96835e¢-01
3.968350-01
3.96B250-01
3, 968350-01
3. 96835001
3.96835a-01
3.96835a-01
3
3
3
3
3
3
3
3
3
2
2
2
4
2
2
2
2
2
1]
1
]
1
1
1
1
]
1.

[

Led

o
o 15 05

V276130-01
+27613e-01
. 27613e-01
.27613e-01
.2761%e-0)
.27613e-01
.27613e-01
.27613e-01

4.00849¢-03

7.84547e~03
0.00000e+00
8.5752%-03
4.80771e-03
4.80771e~-03
8.57529e-03
0.00000e+00
6.42875¢-03
2.93289e-03
4.7916%9e~03
%.7916%e-03
2.9328%e-03
6.%2875¢-03
0.00000e+00
6.B1615e-03
3.10872e-03
5.07890e-03
5.07890e-03
3.10B72e-03
6.B1415e-03
0.000800e+00
7.16550e-03
3.26901a-03
5.24077e¢~03
5.34077e-03
3.26901e-03
7.16550e-03
0.00000+00
7.6459152-03
3.4029Be-03
5.559650-03
5.55965¢-03
3.402982-03
7.459152-03
0.00000e+GC
?7.75565¢~03
3.53825e-03
5.7806%2-03
5.78064e-03
3.53825e-03
7.755650-03
0.00000e+00
4.894680-03
3.862B2e~03
5.13536e-03
3.6438%e-03
3.6438%e-03
5.13536e-03
2.86282a~03
4.B9468e-03
0.0000Qe+00
5.00102¢-03
3.9467%e-03
5.24693e-03
3.72306e-03
3.72306e-03
5.29693e-03
3.9967%e~-03
5.00102e~03
0.00000e+00
5
4
5
3.
3.
5.
4
5

.08580¢~03

64



223-9.93816e-0%
224-9.70823a-01
225-8.05405e-01
226~5.31297e-01
227-31.85447e-01
225 1.85647e-01
22% 5.31297e-01
230 &.05495e-01

1045e-01 0,00000e200
10465e-01 5.15474a-03
1045e-01 4,06806e~-03
1045e-01 5.40820e-03
10450-01 3,83750e-03
1045e-01 3.82750e~03
1045e-01 5,40820e-03
1045e-01 4.06806e~03
2331 9.70623e-01 1045e-01 5.1547%e-03
232-9.99212e-0% 0540e-02 (.00000e+00
213-9,76196e-91 3,70560e-02 5.171072-03
224-5.098560e-01 2,70540e-02 5.0809%%e-03
235-5,342%6e-01 3.70560e-02 5.42534e-03
236-1.86473e~01 3.70540e-02 3.B4965e-03
237 1.86973e~01 3.70540e-02 3.84965e-03
238 5.34236e-071 3.70540e-02 5.4253%e-03
239 B.09860e-01 3.70540e¢-02 4.08094e~03
260 2.761992-01 3,70540e-02 5.17107a-03
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index of each radial filux
1 flux indax

TN PP
w
"

radial and axial mash points

'S

radius height

1. +06-3, +0
2.45000e+04~5,00000e +00
2.95000e+0% 5,900000a+0}
2.45000e+04 1.50000e+02
3.95000e+04 2,.50000e+02
%.64167e+04 3,50000e+02
4.50000e¢02
5.50000e¢02
7.50000e+02
1.05000e+03
1.35000e+403
1.65000e+0%
1.95000+03%
2.25000e+03
2.866670403
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~-1.

i1

0.00000e+00
-1.57080e100
0.00000e100
~1.570802+00
0.000002+00
~1,57080e400
0.00000e+00
-2.13509e100
-1.57080e+00
~1.00650e100
$.00000e+00
~2.13509e+00
-1.57080e100
~1.00650e+00
g 00000100
1
1
[*]
-2
-1
-1
0.
-Z.

. 800002100
. 135692400
.570802+00
006502400
000000400
135092400
28-1.57080e+00
29-1.00650e+400
10 8.00000e400
31-2.42810a+00
I2-2.1025%e+00
33-1,57080e+00
34-1.03900e+00
35-7.13492e-0}
36 0.00000e+00
37-2.42810e+00
28-2. 102592400

~1.57080e+00
33900 +00
41~ 7.!34922—01
42 6.00000e+00
43-2,42810e+00
44-2.1025%+00
45~1,57080e+00
46-1.03900e+00
47-7.13492¢-0)
48 0.00000e+00
9-2.42810e+00
50-2,1025%2+00
51-1.57080e+00
52-1.,03900¢+00
53-7.12492¢-0}
54 §,00000e+00
E5-2,42810e+00
56-2.1025%+00
57-1.57080e+00
58-1.03900<+00
59-7.13492e-01
66 ©.000002+00
61+2.70317e+00
62-2.35717e+00
63-1.89719e+Q0
64-1,57080e+00
5~1.264%9%1e+00
66-7.84%29e-01
67-4.38425e-01
68 0.00000e+00
69-2.70317e+00
70~2.35717e+00
71-1.89719e+040
72-1.57080e+00
73-1,26%%1e+00
74-7.89928e-0)
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pol znew
~9.958840-01~1.50000e+01
-9.83571e-01-5.00000¢+00
-9.63163e-01 5.00000e+01
-9.34826e-01 1,50000e402
-8.98772¢-0}
-8,63572¢-0}
-8.23533¢-~01
-7.78900e-01}
-7.29924e-0}
-6.76392e-01
~6.19779¢-01
~5,59772e¢-0}
-4,.96671e-0}
-4.30%8%e-01
~3.626869-01
-2.9253%a-01
~2.20868e-01
-1.47982¢-01
~7.41080e-02
8.00000e+00
7.51080e-02
1.47982e-01
.20868e-01
.92539e-01
.62686e-01
30984e-01
96671e-01
59772e-01
L 1977%e-01
6392e~0}
.29924e~01
.78900e~01
.23533e-01
8.63572e¢-01
8.98772e~01
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75-4, 386425a-01
76 0.00000e+00
77-2.70317e+00
78~2.35717e+00
79-1.89719e+00
80-1.57080e400
81~1.2644%1e400
82-7.86424e-0}
83-6,28425e¢-01
&4 0.00000e490
85-2.70317¢+09
B6-2.35717+09
87-1.89719e+00
88-1.57080e+00
89-1.24%41e+00
90-7.8642%e-0}
91-4.38625¢-01
92 0.00000e+00
3-2.70317c400
94-2.35717e+00
95-1.89719e+00
96-1.57080e+00
97-1.244612+00
98-7. 84424001
99-6.284252-01
0¢ 0.00600e+00
1-1.57080e+00
2 0.00000e+00
~1.57080a+00
0.000002+00
-1.570B0a+00
0.000002+00
~1.57080e+00
0.00000e+00
-1.57080e+006
.00000a+00
- 13509400
.57080e+00
.00650e+00
.00000e+00
13509e+00
57080e+00
00650e+00
00000e+00
1350%9e+00
57080e+00
00650e+00
90000e+00
13509¢+00
57080e+00
.00650e+00
.00000e+00
.1350%e+00
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57080e+00
00650e+00
.90000e+00
428100400
.10259¢+990
.57080e+00
.03900e+00
13492e-901
.00000e400
.H28310e+00
.1025%¢400
.57089¢+090
.03900e+00
.13492e-0}
00000 +00
.42810e+00
.1025%a+00
.57080e+00
146 1.03900e+00
147-7.13452e-01
148 0,00000e+00
169-2.42810e+00
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150-2.1025%e400 184
151-1.57080e+00 ’ 185
152-1.03900e+00 186
153-7,13492e-01 187
154 0.00000e+00 188
155-2.42810e+00 190
156-2.1025%e+00 191
157-1.57080e+00 192
158-1.03900e400 193
159-7,13492e-01 194
160 0,00000=+00 195
161-2.70317e+00 197
162-2,357212a+00 198
163-1.89719+00 199
164-1,57080e+00 200
165-1, 24441400 201
166-7.84425e-01 202
167-6.38425e-01 2032
1468 0.00000e+00 204
169-2. 703172400 206
170~2.35717e+00 207
171-1.8971%e+00 208
172-1.57080e+00 209
173-1.24641e400 210
174~7.84%92%e-01 21
175-4.38625¢-01 212
176 0.000002+00 213
177~2.7031 7e+00 218
178-2.357172400 216
179-1.89719¢+00 217
180-1.57080s+00 218
181-~1.2449418+400 219
182~7.844246-01 220
183-4.284250-01 [44]
184 -0.00000a+00 . 222
185-2.70317e+00 224
186-2.26717e+00 225
187-1.89719e+00 226
188-1,57080e+00 227
189-1.24641e+00 228
190-7.84424e-01 229
191-4, 38425e-01 230
192 0.00000e+00 23}
193-2,.70317e+00 233
194-2.357217e+00 234
195-1.89719e+00 235
196-1.57080¢+00 238
197-1.244912+00 237
198-7.844246e~01 238
199-6., 38425¢-01 239
200 0.00000c+00 240
the morse case was run with ingb = ]
group struciure and source spectrum
unnormalized
group energy source spectrum biax function
1 1.9640e:07 1.0000e+00 5.0000e~01

2 1.0000e+07 1.0000e+00 5.0900e-0%
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2 neutron - ¢ gamma flat response input

nd= 84, nne= 2, ne= 2, nt= G, naz O, nresp= 2, nex® &, nexnd= 1

group resp{ 11} respl 21}
)] 1.00002+00 6.0000a-09
F4 1.0000e+00 5.00000-99

number of primary energy bins
total number of energy bdins
lower lower

bin no. limit energy delta
group lini¢ e
1.964a407
1 1 1.000e+07 9.640e4+06
2 2 6.376e4+04 3.624e+06

number of time bins 0

number of angls bins 0
upper limits of cosine bins

NN

2192 cells used by analysis, 45258 cells remain unused,

first storage location used for fluxes is
last storage location used for fluxes is
calculation performed in 1 blocks with

morse leakaga by batch and total

475%
14342
2 groups per block

1000 1000 1000 1009 1000

1000 1000 1000 1000 1000

3000 1000 1000 1000 1000
The number of leakage data records in the file is 425

group structure and free fiald spectra for response no.
xo0= 2.45560+04 zo=  0.0000a+00 1

case no.

group energy fluence

P by sl
free field neutron flux = 1.4297e-11 free fiald photon flux =
free field neutron dose = 1.4297e-11 free field photon dose =

L]
orientation angle=

1000 1000 1000
1000 1000 1008

45.000 deg.

free field dose

1.11808-11
3.1163e-12

0.0000e+00
0.0000e400

free field total fiux =
free field 4otal dose =

1000
1008

1.4297e-11
1.4297e-11

¥9



group structure and free field spectra f .
xoz  2.45E56e+0G zo®  0.0000=4+00 case no. i orientation am

group energy
] 1.9640e+07
2 1.00002+07

frea field neutron flux = 1.42%7e-11
free fiald neutron dose 3 8,2664a-20

mash 2n/0g group flat response

fluence

1.1180e-11
3.1163e-12

responses{detector} -~ l=neut 2=veh n-
for case no. 1 orjentatfon angles
detector uncoll fsd
responsa uncoll
] 0.00008400 0.08000
2 0.00006+00 . 00000
3 0.000004+00 G. 0000
4 0.00000+00 ©.00000
5 0.0000e+00 0.00000
6 0.0000e+00 G, 00000
7 0.0000a+00 G.0g000
protection factor {neutrons} = %.9908e-01
protection factor (photons} = 0.00002+00
protection factor (totall = 2.9908e-01
reduction factor {neutrons} = %.99080-01
reduction factor {photons} = 0.0000e+00
reduction factor (total} = 2.9908e-01

dose rate (rd/h/(n/cmxx2.s}}

responsestidetector} -- Y=neut 2=veh n~

for case no. ] orientation angle=
datector uncoll fsd
TeSPOnse uncoll
1 0.,0000e+00 0.00000
2 0.0000e+00 0.00000
3 0.0000e+00 0.00000
4 0.06000e+00 0.00000
5 0.,0000e+00 0.00000
6 0.00002+00 0.00000
7 0.0000e+00 0.00000

protection factor {(neutrons} =
protection factor (photons} =
protection factor {totall =

reduction factor {neutrons}
reduction factor fphotons}
reduction factor ftotal}

9.9913e~01
0.0000e+00
9.99130-0¢

9.9913e-01
4.0000e+00
9.9913e-01

free field photon flux =
free field photon doss =

2
orientation angle= 45.000 deg.
free field dose

6.7082e-20
1 .5582e-20

g 3%

total
response
Y.4310e~11
0.0000e+00
0.0000e+00
0.0000e+00
0.
9.
Y.

0000e+00
4310e-11

grd n-g

0.0000e+00
0.0000e+00

4=photons
deg.

g Stgrd n-g G=photona

ota
response
2736e-20

8.2736e-20

deg.

free field total flux =
free field total dose =

fad
total
. 02980

00000
00000

0000
2980

oY=y

12— 3-1-1-7-]

oe

fad
total
0.03069
0.00000
0.00000
0.00000 .
0.00000
0.00000
0.03069

1.4297e-11
B8.286%e-20
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fluence{energy,detector) energy group totals

for case no. 1 orientation angle= 45,000 deg.
direct capture photons capture photon direct
neutron from vehicle source from ground photona
energies
1.964e407
1.119e-11Y 0.000e400 0.000a+00 9.900e+00
9.037 9.000 0,000 0.500
1.000e+07
3.123e-12 0.000e400 0.000e+00 0.000e+00
0.016 9.000 0.600 .000
46.376e406
ectra per unit lethargy
no;::lé::: gﬁfence‘lp oriantation anglae= 45,000 deg.
neutrons photons
enet%ézs a7
1. ad
+00 0.00090e+00
i i 0.000
1.000e+07?7 4.569968-01 0.,00000a4+00
0.0%6 0.000

6.%76e406

sum of all
photons

0.909:400
9.000

9.99%e+00
0.300

photon source
antering vehicle

©§.000e+00
0.000

0.000e+00
9.000

99



energies
1.964e307

1.000e+07

6.376e406

for response
direct
neutron

6.712e
0.

1.562e¢
a.

energies
1.964e407

7.000e407

6.376e+06

extra arrays of
25000

dose spectralenergy,detector)

no. 2 for case no. 1 orientation angles 45,000 deg.
capture photons capture photon direct
from vehicle source from ground photons

-20 0.0002400 0.000e+00 0.000e400

037 0.000 0.000 0.000

~20 0.0008400 0.000e+00 0.060e400

016 0.000 0.000 0.000

ormalized dose specira Yer unitilethzigy ::;I:eaponse
orientation =

for case no.

neutrons photons
1.20190e+00 0.00000e +00
0.037 0.000
4.19419e-01 0.00000e+00
8.016 0.000

length nod= 7

2
5.000 deg.

sum of all
photons

0.000e+00
0.000

0.000e+00
0.000

photon source
entering vehicle

0.0002+00
0.000

0.0002+00
0.000

25000
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group siructure and free field apectra for response no. ]
xos 2.4554e¢06 zo= 0.0000e+00 cas9 no. 4 orientation angle= 270.000 dey.

group energy fluence free field doss

] 1.9640:2407 1.1180g-11 1.118%e-11

2 1.00000107 3.1163e-12 3.1163e-12
free field neutron fiux = 1,4297e~11 free field photon flux = 2,3000a400 free field total flux = 1.6297e-11
free field neutron dose = 1.42972-11 frea field photon doze = 9.0000e+00 free fiald total dose = 1.62%7e~11

wom 2.65560106 T oanet 6 00060400 | case 0. T E - orienintion angles . 270.000 deg.
group energy fivence free field dose
RT3 il R
free fileld neutron flux = 1.4297e-11Y frea field photon flux = 4.0000e+00 free field total flux = 1.4297e-11

free fiald neutron dose =  %.266%a-20 frea field photon dose = 0.0000e+00 free field total dose = 8.26649e-20

89



mash 2n/0g group flat response

responsesidetactor) -~ l=neut 2=veh n-g 3-grd n-g 4 photons

for case no. 2 orientation angle= 270.000
detector uncoll fad total fsd
response uncoll response total
1 0.0000e+00 ©.00000 1.4164e~11 0.02676
2 0.0000e+00 0.00000 0.0000e+00 0.,00000
3 0.0000e+00 0.00000 0.0000e+00 0,00000
& 9.000024+00 0.00000 0.0000e4+00 0.00000
5 9.0000e+00 0.00000 0.0000e+00 0.00060
& 0.0000e+00 0.00000 G.0000e+00 0.00000
7 G.0000e+00 0.00000 t.4164e~1) 0.02676
protection factor {(neutrons} = 1.009%4e400
protection factor {(photons} = €.0000e+00
protection factor {total} = 1.009%4e+00
reduction factor {neutrons) = 1.0094a400
reduction factor {photons}) = 0.0000e+00
reduction factor (total) = 1.009%e+00
dose rate (rd/h/in/cm¥%Z.s))
responsastdatector) -- lzneut 2=veh n-g 3—%rd n-g 4=photons
for case no. 2 orientation angle= deg.
detector uncoll fsd total fad
response uncoll response total
1 0.0000a+00 0.00000 8.1800e-20 0.02794
2 0. 0000a+00 0.00000 0.0000c+00 0.00000
3 0.00G0e+00 0.00000 0.0000e+00 0.00000
3 0.0000e+00 0.00000 0.0000e+00 0.00000
5 0.0000e+00 0.00000 0.0000e400 0.00000
[ 0.0000e+00 0.00000 0.0000a4+00 0.00000
7 0.0000e+00 ' 0.00000 8.1800e-20 G.02794

protection factor {neutrons) = 1.0106e4+00
protection factor {photons) = 0.0000e+00
protection factor (total) = 1.01062+00
reduction factor (neutrons) = 1.010624+00
reduction factor {photons}) = 0.0000a+00

reduction factor ttotal) 1.0106e+00
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fluence(energy,detector i energy group totais

for case no.

direct
neutron
energies
1.9642407
1.098a-113
0.036
1.000e407
3.182e-12
0.016
6.3762+06
enargies
1.964e+07
1.0000+07

6.378a+06

capture photons
from vehicle

0.000e400
0.000

0.000e+00
0.000

normalized fluancezl

for case no.

orientation angles

capture photon
source from ground

8.000e+00
$.000
0.000e+00
0.000

neutrong photons
1.14870e+00 0.00000e+00
0.036 0.000
%.99218e-01 0.00000e+00
6.016 0.0600

270.000

dey.
direct
photons
9.300a40¢
0.000

0.000%e+400
9.000

pectra per unit lethargy
orientation angle=  270.000 deg.

sum of alil
shotons

0.000e+00
0.000

0.000e+00
9.009

photon source
entering vehicle

0.000e+00
0.000

0.000e+06G
0.000

0L



for response no.

direct
neutron
energies
1.964e407
6.58%-20
0.0356

1.591e-20
0.016

1.000a+07

6.376e+06

energies
1.96%e407

1.000e+07

5.376c+06

dosa’ spectrafenergy,dotoctcr)
2 for case no.

capture photons

from vehicle

0.000e+00
0

0.000e+00
0.000

neutrons

1.19338¢+400
36

4.32@973-0!

extra arrays of length nod= 7

25000

o

capture photon
source from ground

0.000e+00
0.000

0.000e+00
00

orientation angle= 270,000 deyg.

direct sum of all
photons photons
0.000e+00 0.000e+00
6.000 0.000
0.000e400 0.000e+00
0.000 6.000

normalized dose spectra per unit lethargy for response @2
or case no.

orientation angles 278,000 deg.

photons

0.000063+00

0.00000a+00
aoo

.

photon source
entering vehicle

0.000e400
0.000

0.000e+00
[

25000

1L



roup struciure and free field ayag%ra for response no.

4
xo= 3.3000e+04 zo=  0.0000e+00

casa no.

3
orientation anglex

40.000 deg.

fluence free field dose
6.496%0-12 6.496%e~12
1.9697e-12 1.9697e-12
free field neutron flux = B.4666e-12 froe field photon flux = 9.00000400 free field total flux = 8.4666e-12
free field neutron dose = 8.4666a-12 free field photon dose = 0.,0000e+00 frea field total dose = 8.4566e~12
group structure and free field spéctra for response no. 2
xo0s 3.30000+04 zo= 0.0000e+00 case no. 3 orientation angle= 60.000 dey.
group energy fluence free field dose
1 1.9640e407 $.%969a~12 3.8982e-20
2 1.0000e407 1.9697e-12 9.848%a~21
frea field neutron flux = 8.65586=-12 frea fiald photon flux = 9.0000a+00 free field total flux = B.49666e-12
free field neutron dose = 4.8830e-20 free field photon dose = 0.0000e400 free field total dose = 4.8830e-20

(4



energles
1.966e407

1.000e¢G7?

6.376e406

mash 2n/0g group flat response

responses{detector} =-- l=neut E2=veh n-g 3=grd n-g 4*photons
for case no. orientation angle= 60.000 de
detector uncoll fsd ota fad
response ungoll response total
] 0.0000a+00 0.00000 8.4024e~-12 6.02515
2 0.0000e+00 0.00000 0.0000c+00 0.00000
3 0.0000e+08 0.00000 2.0000e+00 8.00000
4 0.0800c+00 0.00000 0.0000c+00 ©.00000
5 0.0000e+00 0.00000 0.0000e+00 0.00000
6 0.0008e +08 0.00000 0.0000e+00 0.00000
7 0.0000s400 0.900000 8.4024e-12 0.03515
protection factor {neutrons} = 1.0076e+00
protection factor (photons} = 0.0000e+00
protection factor (totall} = 1.00762400
reduction factor (neutrons) = 1.0076e+00
reduction factor (photons} = ©0.0000e+00
reduction factor (total} = 1.0076e+00
dose rate (rd/h/(n/cm¥%2.s})}
responsesidetector) -~ lsneut 2aveh n-g 3ngrd n-g¢ A=zphotons
for case no. orientation angle=  40.000 deg.
detactor uncoll fsad total fad
response uncoll response otal
1 0.0000e+00 0.00000 % ,8025e-20 0.03635
2 0.0000e+00 0.00000 0.0060e+00 ©0.00000
3 0.0000e+00 0.03000 0,0000e+00 0.00000
% 08.00002+00 0.00000 0.00002400 . 00000
5 0.0000e+00 0.00000 0.0000e+09 . 00000
6 ©.0000ec+00 0.00008 0.0000e+90 0.00000
7 0.0000e+00 0.00008 4.842be-20 .03635
protection factor (neutrons) = 1.00842400
protection factor {photona) = 0.0000a4+00
protection factor (total} = 1.0084e+00
raduction factor (neutrons) = 1.0084a400
reduction factor {photons} = 0.0000a400
reduyction factor {(totall = 1.008%2400
fluencelsnergy rdatector) energy group totals
for case no. orientation angles  60.000 deg.
direct capture photons capture shoton direct sum of all
neutron from vehicle source from ground photons photons
. - 0.000a4+00 0.000e+00 0.0008400 0.000¢+¢00
é q‘g?ogg . 0.000 0.000 0.000
1.98%-12 0.000a+00 0.000e+00 0.000e400 0.000e400
8.016 . 000 0.000 0.000 0.060

photon source
entering vehicle

0.000e+00
¢.000

4.000e+00
6¢.000

€L



energiea
1.964e407

1.000e+07

$.3762+08

dose
for response no.

diract
neutron
energies
1.9649e+407
3.848e-20
9.044

9. 9a5e-2}
0.0%6

1.000e+07

§.376a+06

normalized fluence spacira per unit lethargy

for case no.

neuizrons photona

1.1308%e+00 0. +
‘o390 OO?OGS 00

5.26028a-01 0.000 +
5.5% ooo00

orisntation angles 60.000 deg.

spuciraf{anergydetector)
PZ for c{;e no. 3 orientation angle= $0.000 deg.
capture photons capture photon direct
from vehicle source from ground photons
3,000e+00 9.000e+00 0.000e+00
2.000 g.000 0.000
§.0000400 ¢.900a4+00 0.000e+00
0,000 §.000 0.000

sum of all
photons

0.000e+00
0.000
9.0002200
0.000

photon source
entering vehicle

9.000e+00
8.000

0.909a+00
9.000

122



normalized dose spectra ;er unit lethargy for response 2
for case no. orientation angle=z 60,000 deg.

neutrons photons
energies
1.964e+07
1.1772704+00 0.000000+00
0.04% 0.000
1.000e207
4.56361e=01 0.00000e+00
0.016 .000
6.376e406

extra arrays of length ned= 7
25000 ] 0 0 [

normalized dose spectra per unit lethargy for response &

for case no. 12 orientation angle= 330,000 deg.
neutrons photons
energles
1.9646407
1.15327e400 ¢.00000e4+00
0.028 9.000
1.000e+07
4,92370e~-01 0.00000e+00
0.019 98.000
6.37624+06

extra arrays of length nod=s 7
25000 ) [} 14 0

This casa ended on Juns 6, 1991 =t 14315317,

25000

25000

gL
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