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' MULTIGROUP RESONANCE-REGION CROSS SECTIONS FOR TUNGSTEN AND 

DEPLETED URANIUM FOR USE IN SHIELDING CALCULATIONS 

by Gerald P. Lahti and Robert M. Westfall 

Lewis Research Center 

SUMMARY 

Multigroup capture and scatter cross sections for the resolved resonance region 
were calculated for tungsten and depleted uranium slabs. The computer code used to 
generate the cross sections, GAROL, was previously observed to preserve the total 
capture rate in detailed multigroup neutron transport calculations. The cross sections 
a r e  intended for use in shielding calculations of neutron transport and capture distri- 
bution in slabs or  cylindrical or spherical shells of thick resonance absorbers. 

Capture and scatter cross sections were obtained for fully dense tungsten and de- 
pleted uranium slabs of thickness 1, 2, 2.54, 4, and 8 centimeters; the slabs were 
surrounded by either hydrogen or lithium hydride. Group cross sections were calcu- 
lated for a group split of 0.25 lethargy units extending from 0.414 to 1234.1 eV. This 
group split is identical to that of the last 32 groups in the GAM-I1 99-group split; thus, 
the presently reported group cross section sets may be readily merged with 1 keV to 
15 MeV cross-section data of GAM-11. Because it may not be generally convenient to 
run with 32 energy groups in the 1 eV to 1 keV region, the group fluxes which were cal- 
culated with GAROL are  also presented; further group collapsing either by hand calcu- 
lations or with an included computer code is thus permitted. 

INTRODUCTION 

A man-rated shield for a compact reactor is generally composed of alternate layers 
of hydrogenous, lightweight neutron shielding material and high-atomic-number, heavy- 
weight gamma shielding material. Because the gamma shielding material absorbs 
neutrons and produces capture gammas, a calculation of the spatial distribution of the 
neutron capture rate is necessary to determine the dose from these capture gammas. 
Optimum placement of the gamma shielding layers, relative to the neutron shielding 



layers, to yield minimum shield weight for specified dose constraints is dependent on 

accurate calculation af these secondary sources. 
A large fraction of neutron captures in the gamma shield material originates in  the 

resolved resonance region, extending from about 1 eV to 1 keV. In this region, the 
c ross  section is characterized by very high but narrow resonances. The methods of 
reducing the rapidly varying cross  sections to a broad multigroup structure for use in 
subsequent transport calculations in a thick resonance absorber a r e  discussed in ref-  
erences 1 and 2. The conclusions of that study were, f i r s t ,  that when the group c ross  
section generated by the code GAROL (ref. 3) is used in a subsequent neutron transport 
calculation within an absorber lump, the total neutron capture rate in the absorber was 
preserved. 

Second, because the GAROL calculation retains the region-averaged flux, it obvi- 
ates  a separate transport calculation to obtain information required to flux-weight 
group-averaged cross  sections. 

Because libraries of updated input data (i. e . ,  resonance parameters and optimum 
energy point distributions) z r e  required for GAROL and the code is not widely used, it 
is more of a research tool than a design tool at present. Also GAROL, as presently 
distributed (ref. 4), is written in FORTRAN I1 and FAP for the IBM 7040 computer and, 
because of this, its use is further limited. For these reasons, this report  presents 
group-average capture and scat ter  cross sections calculated with GAROL for tungsten 
and depleted uranium for use in shielding studies. Group cross  sections were calculated 
for  s labs of tungsten and depleted uranium ranging from 1 to 8 centimeters in thickness; 
the slabs were surrounded by a hydrogen or lithium hydride moderator. Group scatter 

and capture c ross  sections were obtained for the energy interval 0.414 eV to 1.234 keV 
in 32 equal lethargy intervals of width 0.25. This group split is identical to that of 
GAM-I1 (ref. 5) in this energy interval and permits the presently reported values to  be 
used with GAM-I1 high-energy cross  sections. Region-averaged group fluxes in the 

absorber region a r e  also reported that permit further energy group collapsing, either 
by hand or  with the computer code included to print and process the GAROL generated 

data. 

METHOD OF ANALYSIS 

The GAROL code, used to generate the group-average cross  sections, requires a 
table of cross  sections against energy as input. To ensure accuracy in the  representa- 
tion of the rapidly varying neutron cross section and a reasonable GAROL computation 
time, a se t  of energy points was generated with the use of EPIGRAM (ref. 6) such that 
the maximum e r r o r  in the c ross  section obtained by linear interpolation between the 



values calculated from resonance parameters a t  selected energy p i n t s  is the lesser  of 
5 barns or 2 percent. (The tungsten resonance parameters used a r e  listed in ref.  6. 

The parameters for the uranium-238 resonances a r e  the recommended values of ref .  7. 
The uranium-235 resonance parameters a r e  taken from ref. 8 supplemented by 22 r e -  
sonances below 50 eV from ref. 7. ) This optimum s e t  of about 3000 energy points, which 
will be different for each material considered, and the resonance parameters and a 
material temperature a r e  input to GAROL to generate a cross-section tape for future 
use. This tape contains point values of Doppler-broadened infinitely dilute total, 
scat ter ,  capture, and fission cross  sections calculated from the resonance parameters 
for  each of the energy points. GAROL calculations were then performed for various 
absorber thicknesses in various moderators using the prepared cross-section tape. 
Output from the GAROL code includes the average flux in the absorber and average 
capture, scat ter ,  and fission cross  sections for any desired multigroup energy split. 
Group-average cross sections a r e  obtained by GAROL for each region from equation (1): 

where the q (E)  a r e  the region-averaged fluxes calculated by GAROL a t  each energy 
point, u(E) is the appropriate cross  section a t  each energy point, and the integrals 
a r e  performed over the multigroup energy interval of interest. 

RESULTS AND DISCUSSION 

With the use of the method described in the previous section, group fluxes and 
scat ter ,  capture, and fission cross  sections were obtained for  fully dense natural tung- 
s ten and depleted uranium (0.23 percent uranium-235) with either hydrogen or  natural 
lithium hydride a s  an external moderator. Atom densities used a r e  a s  follows: 



Isotope Atom density, 
atoms/cm 3 

Tungsten: 
w180 0.0000885x1024 

w182 .01670 

w183 .00910 

w184 .01935 

w186 .01794 

Depleted uranium : 

$35 0.000109x1024 

$ 38 .0472 

Calculations were made for  tungsten and depleted uranium slab thicknesses of 1, 2, 2.54, 1 
4, and 8 centimeters. Moderator thickness was taken to be 60 centimeters (essentially 
infinite) in all cases. GAROL calculations were performed with approximately 2900 
energy points in each case. Microscopic group cross sections and fluxes were obtained 
for the energy interval of 0.414 to 1234.1 eV in 32 groups of width of 0.25 lethargy units. 

Table I lists the lower-limit energy boundary for each group in eV along with inte- 
grated group fluxes and microscopic cross sections, in barns, for natural tungsten cal- 
culated for the case of tungsten in hydrogen. (A complete listing of microscopic cross 
section by isotope appears in the appendix. ) The relative flux (table I(a)) shows a strong 

I 

dependence on absorber thickness. Figure 1, a histogram of the group fluxes for the I 
1 - and the (-centimeter -thick cases, illustrates this point. On the other hand, the cap- / 
ture and scatter cross sections (tables I(b) and (c), respectively) on this 0.25 lethargy 
unit group split show less than 50 percent variation with sample size for the range of 
thicknesses considered. 

Table I1 lists group fluxes and microscopic cross sections in barns calculated for 
the case of tungsten in lithium hydride. Again the strong dependence of group flux 
(table II(a)) on sample size is observed. In addition, comparing table II(a) with table ~ ( a )  
reveals the effect of using lithium hydride a s  a moderator. Figure 2 is a histogram of 
relative group flux in the 4-centimeter slab of tungsten with hydrogen or lithium hydride 

6 as moderator. Here the effect of lithium -6 (Li ) absorptions to deplete the low energy 
flux is clearly shown. The group capture and scatter cross sections (tables II(b) and (c) 
respectively) show a maximum of 50 percent variation with sample size. A comparison 3 
of group cross sections calculated with hydrogen moderator with those calculated with . 
lithium hydride moderator (tables I@) and II(b)) reveals only a few percent difference, a 

6 consequence of the moderator flux depletion due to the large Li (n, a) cross section 



Tungsten 
thickness, 

10-3 
. 4  2.4 8.3 29.0 101 354 1234 

Energy, eV 

Energy group number 

Figure 1. - Relative multigroup fluxes i n  tungsten slab surrounded by 
hydrogen. 



l o O ~  Surrounded by - r Hydrogen ----- Li th ium hydride 

lo-); 2.4 I 1 I 1 
8.3 29.0 101 354 1234 

Energy, eV 

Figure 2. - Relative multigroup fluxes i n  4 centimeter slab of tungsten. 

I  

which is proportional to l/v. 
Tables III and IV list group fluxes and cross  sections in barns calculated for  depleted 

uranium slabs in hydrogen and lithium hydride, respectively. The results a r e  qual- 
itatively similar to those obtained for tungsten; however, the maximum variation in re- 
spective group cross  sections is a factor of 2 for the range of thicknesses considered. 

USE OF CALCULATED CROSS SECTIONS 

30 25 20 15 10 5 4 3 2 1  
Energy group number 

The 32 group, 0 .4  to 1234 eV, capture and scatter c ross  sections presented in the 

l l l l  l l l l  I l l 1  1 1 1 1  1 1 1 1  l l l l  



previous section may be used a s  is for multigroup neutron transport calculations for the 
tabulated thicknesses of resonance absorber slabs (or cylindrical-or spherical shells of 
the same thickness). They must, of course, be merged with a high energy (1 keV to 
15 MeV) cross section set  a s  calculated by GAM-11, for example. If the slab is notof the 
thickness listed, interpolated values may be used. Extrapolation, especially to thinner 
absorbers, because of the rapidly rising average cross sections, is not advised. On the 
basis of conclusions reported in references 1 and 2, total capture rates in the absorber 
should be preserved when these cross sections a r e  used. 

It is often inconvenient to perform a neutron transport calculation with the 32 energy 
groups in the 0.4 to 1234 eV region. For this reason, the relative group fluxes which 
were calculated by GAROL are  also listed in the report (tables I(a), II(a), III(a), and 
IV(a)) to permit group collapsing according to the following equation: 

where i refers to energy group, and the summations are  taken over the desired groups. 

This group collapsing may be done by hand calculations or with the computer code included 
in  the appendix of this, report. 

- I 

CONCLUDING REMARKS 
- - - - - - - 

Multigroup capture and scatter cross sections in the resolved-resonance energy 
region were calculated for tungsten and depleted uranium slabs for use in multigroup 

- shielding calculations of neutron transport and capture rate in thick resonance absorber 
slabs. Methods used to generate the cross sections were those previously verified to 
preserve the total neutron capture rate in a large absorber lump. The cross-section data 
were generated by the GAROL code. Average group capture and scatter cross sections 

were obtained for fully dense tungsten and depleted uranium slabs of thickness of 1, 2, 
2.54, 4, and 8 centimeters; the slabs were surrounded by either hydrogen or lithium 
hydride. Group cross sections were calculated for a group split of 0.25 lethargy units 
extending from 0.414 to 1234.1 eV. This group split is identical to that of the last 
32 groups in the GAM-1199-group split; thus, the presently reported cross section set 
may be readily merged with the 1 keV to 15 MeV cross section data of GAM-II to obtain 
a complete cross-section set  extending from 0.4 eV and 15 MeV. 

The respective group cross sections for the different slab thicknesses show differ- 
ences ofxup to 50 percent in tungsten and a factor of 2 in depleted uranium. Interpolation 



of cross sections for intermediate thicknesses is justifiable and advisable. The group 
cross sections calculated for hydrogen moderator and lithium hydride moderator were 
different, for the respective slab thicknesses, by only a few percent. 

Because it may not be generally convenient to run a transport calculation with 
32 energy groups in the 1 eV to 1 keV region, the relative group fluxes, which were cal- 
culated and show a strong dependence on absorber size and choice of moderator, are  

also presented; this permits further energy group collapsing either by hand calculations 
or with an included computer code. 

Lewis Research Center, 
National Aeronautics and Space Administration, 

Cleveland, Ohio, August 19, 1969, 
124-09. 



APPENDIX - A COMPUTER CODE TO READ AND MAN1 PULATE 

GAROL PUNCHED OUTPUT 

Presented here is a small computer code to read multigroup region-averaged fluxes, 
capture cross sections, and scatter cross sections calculated and punched out by GAROL. 
Data a r e  for a group split of 0.25 lethargy units and extend from 0.414 to 1234.1 eV. 
Cross sections a r e  included for each isotope and each slab thickness. All cross sections 
a r e  microscopic and in units of barns. Energies listed a re  the lower energy boundaries 
of each group in units of eV. 

Separate codes a r e  included for the tungsten and uranium cases. The codes, when 
executed, will print out not only the information presented in this report but also a 
breakdown of cross section by individual isotope. The final section of each code outlines 
a procedure for further group-collapsing the cross sections. 

The first  code manipulates isotopic tungsten cross sections. Tungsten is fully dense 
and isotope fractions a r e  those occurring naturally. The code listing and output a r e  
given in table V. 

The second code manipulates cross sections of uranium -2 38 and uranium -2 35 a s  
calculated for fully dense depleted uranium (0.23 pct uranium-235). The code listing 
and output a re  given in table VI. 
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TABLE I. - MULTIGROUP FLUXES AND CROSS SECTIONS FOR SLABS 

OF NATURAL TUNGSTEN SURROUNDED BY HYDROGEN 

(a) Fluxes 

@) Capture cross section 

Group 

1 
2 
3 
4 
5 
6 
7 
8 
Y 

10 
11 
12 
13  
14 
15 
16 
17 
18  
19 
20  
2 1  
22 
23 
24 
25  
26  
27  
28  
29 
30 
3 1  
32 

Lower 
energy 

of group, 
eV 

9.6112E 0 2  
7 .4352 t  0 2  
5.8295E 0 2  
4.5400E 0 2  
3.5359E 0 2  
2.7536E 0 2  
2.1445E J 2  
1.6702E 0 2  
1.30076 0 2  
1.0130E 0 2  
7.8893E 0 1  
6 . 1 4 4 2 ~  0 1  
4.785IE 0 1  
3.7266E 0 1  
2.9023E 0 1  
2.2603E 0 1  
1.7603E 0 1  
1.3710; 0 1  
1.0677E 0 1  
8.3153E 0 0  
6.4760E 0 0  
5.0435E 0 0  
3.9279E 0 0  
3.0590E 0 0  
2.3824E 0 0  
1.8554E 0 0  
1.4450E 0 0  
1.1254E 0 0  
8.7640E-01 
6 . 8 2 6 0 6 0 1  
5.3160E-01 
4.1400E-01 

Absorber thickness, cm 

1 . 0  4. 0 2. 0 8. 0 

Multigroup fluxes 

2.54 

L . l b % h E - 0 1  
2.390UE-01 
2.32o3E-01 
2.379ZE-51 
2.2134E-01 
2.0330:-01 
1 .7297 i -01  
1.8390E-01 
2.060YE-01 
1.5744E-01 
2.2959;-31 
2.3040:-01 
2.1473E-01 
1 .45a lE -01  
2.15075-01 
9 .0212 i -02  
1.4626E-02 
1.014U:-Jl 
1,8128E-01 
1.9282E-01 
1.1670E-01 
1.8363E-01 
6.35lOE-02 
1.1689:-01 
1.8096E-01 
1.9484E-01 
1.95DlE-01 
1.9547E-01 
1.9477E-01 
1.9164E-01 
1 .8673 f -01  
l .8299E-01 

1 .97J lC-31  
2 . 1 d 4 l t - 3 1  
2.1+54E-31 
2.2231E-01 
1.99J3F-31 
I .bC32E-31 
1.2733C-31 
L.3632E-11 
1.7135E-31 
1.5237E-31 
2.0613E-31 
2.2255E-31 
1.921CE-31 
9.5122E-32 
1 .7271E- I1  
4.8C72E-37 
6.5397E-33 
5.03SCC-32 
1.1957E-31 
1.3963E-31 
7.061SE-32 
1.2d77E-01 
3.3903E732 
6.5284E-32 
1.2563E-31 
1 .4327E- I1  
1.4591E-11 
1.k535E-31 
L.4272E-31 
1.3835E-31 
1.3132E-31 
1.2532E-31 

2.U25sE-01 
2.2471E-01 
2.2033E-GI 
2.2786E-01 
2.Uj25E-Cl  
1.750+E-01 
1.4038E-01 
1.4982Z-01 
1 .d259 t -01  
1.b277E-01 
2.1397E-01 
2.2 715E-01 
1.9926E-01 
1.0873E-01 
1 . 3 5 3 3 t - 0 1  
5.7404E-02 
3.15ZjE-03 
5 . 1 2 2 3 t - 0 2  
1.3664E-01 
1.5540E-01 
6.2257E-02 
1.445dE-01 
4.0633E-02 
7.7b50E-02 
1.4142E-01 
1.586SE-01 
1.6087E-01 
1. b013E-01 
1.5814E-01 
1.5375E-01 
1.4770E-01 
1.4222E-01 

1.Y512E-01 
2.0475E-01 
2.3323E-31 
2.0985E-01 
1.8158E-31 
1.4UJ5t-01 
1.0144E-01 
L.0942E-01 
1.4775E-01 
L.2985E-31 
1.8h65E-31 
2.1144E-01 
L.7533E-01 
7.0652E-02 
1.4283E-01 
3.4637E-32 
4.3453E-03 
3.4017E-02 
8 -8571E-02  
1.0818E-01 
5.057hE-02 
9.8043E-02 
2.3273E-02 
4.5083E-02 
9 -5105E-02  
1.1205E-01 
1.1507E-01 
1.1413E-31 
1.1143E-31 
1.0668E-01 
1.0067E-01 
9.4897E-02 

1.6272E-01 
1.7969E-01 
1.6784E-01 
1,7965E-01 
1.4978E-01 
9.9953E-02 
6.5059E-02 
7.3545E-02 
1.0407E-01 
9.164CE-02 
1.4528E-01 
I . 8423E-01  
1.4203E-01 
4.126OE-02 
9.5041E-02 
1.9743E-02 
2.2504E-03 
1.7995E-02 
5.1306E-02 
6.5550E-02 
2.7977E-02 
5.7685E-02 
1.242YE-02 
2.3925E-02 
5.5218E-02 
6.7843E-02 
7.0522E-02 
6.975bE-02 
6 .740 lE -02  
6.3658E-02 
5.9183E-02 
5.4881E-02 



) 

TABLE I. - Concluded. M U L T I G I W P  FLUXES AND CROSS SECTIONS FOR SLABS 

O F  NATURAL TUNGSTEN SURROUNDED BY HYDROGEN 

(c) Scatter c r o s s  section 

Group Lower Absorber thickness, c m  

energy 1.0 2.0 2.54 4.0 8.0 
of group, 

eV Multigroup c r o s s  section, b 
P 

7 9:6112~ 02:. 
2 7.4652E 0 2  1.2151E Oi 1.156Yt 01 1.13tZE I 1  L.JB62E 01 1.0323E 01 
3 5.8295E 0 2  1.2114E JI 1.1713t n l  L.154tE 31  1.3992E 31  1.0481E 01 
4 4.54y3E J2  1.1226E 01 1.3739E 01 1.fJSLSE 31 1.0437E 3 1  1.32776 01 
5 3.5358.5 u2  1.0o34i 01 1 . 0 $ 0 9 ~  31 1 . 5 3 4 a ~  $11 1 . 3 2 7 2 ~  01 1 . 3 2 3 3 ~  01 
6 2.7536E OZ 1.2'644: UI 1.ZS~OE 01 1.2177E 31  1.2369E 01 1.2262E 0'1 
7 2.1445E 0 2  3 . 0 4 2 5 ~  01 2.b430E 01 2.831lE 'I1 2.7477.5 01 2.7359E 01 
8 1.6702E 0 2  2.9536; 01 2.0357t 01 2.5533E 31 2.4636E 01 2.3947E 01 
9 1-3307E 02 9.b6L3E 03 9.1o46.5 0'3 9.OC33E 33 8.3935E 33 8.7663E 00 

10 1.0130.5 0 2  1.6095: 01 1.4184C 01 1.4653E 31  1.4033E 01 1.3710E 0 1  
11 7.8893E 0 1  7.4d53t 00 I.CS8lc 03 7.4773E J J  7.5162E 30 7.6391E 00 
12 6.1442E 0 1  9.3156E 00 9.3119C 00 9.313QE 35 9.3372E 00 9.3025E 00 
13 4.7851E 0 1  1.3838E 01 1.3418E 01 1.3332E 3 1  1.3126E 01 1.2952E 01 
14 3.7266E 0 1  2.1734i 01 2.02 76E 01 2.0333F 1 1  1.9713t 0 1  1.9669E 01 
15 2.9023E 0 1  2.2506i 01 2.ZiOdt 01 2.2391E 31  2.2383E D l  2.2437E 01 
16 2.26O3E 0 1  6.2593E 01 6.1060E 01 b.0477E 31  5.9383E 0 1  5.7955E 01 
17 1.7603E 01 5.61422 02 5.2569E 02 5.175.3t 32 5.3604E 02 4.9559E 02 
18 L.37LOE 0 1  7.7449E U1 7.2341E 01 7.1238E 31  6.9635E 0 1  6.8224E 01 
19 1.0677E 0 1  1.6771E 01 1.6571E 01 1.6502E 3 1  1.6394E 0 1  1.6285E 01 
20 8.3153E 0 0  1.0010t 01 I.OOL6E 01 1.031SE 3 1  1.331bE 3 1  1.0017E 01 
21 6.4760E 00  8.1063i 00 8.0571E 03 d.0539E 53  8.3501E 03 8.0493E 00 
22 5.0435E 0 0  7.6737i 00 7.6694E 03 7.6578E 33 7.6052E 03 7.5628E 00 
23 3.9279E 0 0  9.0b30E 00 8.9358E 00 8.9353E 33 8.8665E 33 8.8339E 00 
24 3.0590E U O  5.4600E 00 5.4927E 00 5.5315E 33 5.5138E 00 5.5229E 00 
25 2.3824E 00  5.93542 00 5.Y380E 00 5.9331E 33 5.9410E 00 5.9433E 00 
26 1.8554E 0 0  6.0731t 00 6.0735E 00 6.0737E 33 5.3743E 33 6.0745E 00 
27 1.4450E 00  6.1514E 00  6.1515t 00 6.1515E 33 5.1515E 03 6.1515E 00 
28 1.1254E 0 0  6.2142E 00 5.2142E 00 6.21+2E 33 6.2142E 03 6.2142E 00 
29 8.764OE-01 6.2365E 00  6-2364E 00 6 -2354 t  13 6.2363E DO 6.2362E 00 
30 6.8260E-01 6.2545E 00 6.Z544E 00 5.2544E 33 6.2544E 00 6.2543E 00 
31 5.316OE-01 6.2669: 00 6-2669E 03 6.2553E 33 6.2668E 00 6.266BE 00 
32 4.1400E-01 6.2761E 00 b.2761E 00 6.2753E 33 6.2760E 33 6.2760E 00 

TABLE H. - MULTIGROUP FLUXES AND CROSS SECTIONS FOR SLABS 

O F  NATURAL TUNGSTEN SURROUNDED BY LITHIUM HYDRIDE 

(a) Fluxes 
- -- 



TABLE 11. - Concluded. MULTIGRDUP FLUXES AND CROSS SECTIONS FOR SLABS 

OF NATURAL TUNGSTEN SURROUNDED BY LITHIUM HYDRIDE 

@) Capture cross section 

Group Lower Absorber thickness, cm 
energy 1.0 2.0 2.54 4.0 8.0 

of group, 
eV Multigroup cross section, b 

1 9.611CE 3 2  6.0433E-01 5.70326-01 5.45eJF-31 5.0722E-01 4.7367E-01 
2 7.485EE 0 2  8.3933:-01 7.3+01E-01 7.0355C-I1 6.5255E-31 5.9355E-01 
3 5.8295E 0 2  6.SYM6r-01 5.1323E-01 5 .9337 t -31  5.5173E-01 5.3283E-01 
4 4.5400E 0 2  5 -3590E-31  4.b372E-01 C.C335E-31 4.2335E-31 4.3385E-01 
5 3.5350E 0 2  1.2474E 0 0  l .0728E 00 1.0335t  0 0  9.7003E-01 9.1373E-01 
6 2.7536E 0 2  2.05445 0 3  l.dZOuE OJ 1.7567r  33  1.6952E 03  1.6353C 0 0  
7 2.1445E 0 2  J.LO37t 0 3  2.J745E 0 0  2.7941E 3 3  2.6825E 0 0  2.5825F 0 0  
8 1.6702E 0 2  4.2505: 0 0  3.0102E 00 3.7135E 33 3.5334E 03  3.3771E 0 0  
9 1.3007E 0 2  1.8665E 0 0  1.6045E 03 1.5+37E 3 3  1.4618E 3 0  1.3972E 0 0  

1 0  1.0130E 0 2  3.1364E 0 0  2.6224E 00 2.4352E 3 3  2.3142E 33  2.1558E 0 0  
11 7.8893E 0 1  6 -8900E-01  5.411ME-01 5.OOlJE-31 4.3694E-31 3.6407E-01 
12  6.1442E 0 1  5.8707t-01 5.2d31E-01 5.1102E-31 4.9492E-01 4.8221E-01 
13 4.7851E 0 1  1.27d2E 0 0  1.0638E 00 1.0340E 0 0  9.5b27E-01 8.7995E-01 
I 4  3.7266E 0 1  6.4212E 0 0  5.502PE 03 5 .32 laE  1 3  5.1206E 03  5.0514E 0 0  
15 2.9023E 0 1  1.1770E 0 0  l . l o l O E  03 1 . 1 5 7 6 ~  3 3  i .1554E 0 0  1.1593E 0 0  
16 2.2603E 0 1  1.3914E 0 1  1.3462E 01 1.3367E 3 1  1.3234E 0 1  1.3115E 0 1  
17 1.7603E 0 1  1.1797E 0 2  1.1209E 0 2  1.1375E 0 2  1.0887E 0 2  1.3716E 0 2  
18 1.3710E 0 1  1.6034E 0 1  1.5135E 0 1  1.4933E 3 1  1.4b52E 3 1  1.4399E 0 1  
19 1.0677E 0 1  4.3L68E 0 0  4.2592E 03 4.2523E 33  4.2270E 0 0  4.2012E 0 0 .  
20 8.3153E 0 0  3. lh78E 0 0  3.17YlE 00 3.1761E 3 3  3.1712E 0 0  3.1659E 0 0  
2 1  6.4760E 0 0  1.08d7E 0 1  9.4560E 03  9.1328E 0 0  8.7090E 0 3  8.3879E 0 0  
22  5.0435E 0 0  3.6644E 0 0  3.6401E 00 3.6313E 3 3  3.6160E 33  3.6009E 0 0  
23 3.9279E 0 0  2.6140E 0 1  2.2543E 01 2.1775E 0 1  2.073JE 0 1  1.9998E 0 1  
24 3.0590E 0 0  1.1111E 0 1  1.0308E 0 1  1.0109E 3 1  9.8456E 0 3  9.5573E 00 
25 2.3824E 0 0  3.8629E 0 0  3.8415K OJ 3.8332E 1 3  3.8177E 0 0  3.7991E 0 0  
26 1.8554E 0 0  3.0060E 0 0  3.0045E 0 0  3.0338E 3 Q  3.0024E 0 3  3.3004E 0 0  
27  1.4450E 0 0  2.8264E 00 2.8264E 00 2.825CE 3 3  2.8264E 3 3  2.8264E 0 0  
28  1.1254E 0 0  2.6858E 0 0  2.8857E 0 0  2.8855F 33  2.8856E 03  2.8855E 0 0  
29  8.7640E-01 3.0b28E 0 0  3.0622E 03 3.0b23E 2 3  3.0615E 0 3  3.0609E 0 0  
30 6.8260E-01 3.3083E 0 0  3.3074E 00 3.3070E 3 3  3.3062E 0 3  3.3051E 0 0  
3 1  5.3160E-01 3.6115E 0 0  3.6107E 00 3.6104E 3 0  3.6098E 0 0  3.508JE 0 0  
32 4.1400E-01 4.0000E 0 0  3.9981E 00 3.9774E 3 0  3.9959E 0 3  3.9941E 0 0  

(c) Scatter cross section 



TABLE III. - MULTIGROUP FLUXES AND CROSS SECTIONS FOR SLABS 

OF DEPLETED URANIUM SURROUNDED BY HYDROGEN 

(a) Fluxes 

@) Capture cross section for uranium-238 



TABLE IH. - Continued. MULTIGROUP FLUXES AND CROSS SECTIONS FOR SLABS 

OFDEPLETEDURANIUMSURROUNDEDBYHYDROGEN 

(c) Scatter cross section for uranium-238 

(d) Capture cross section for uranium-235 



TABLE m. - Concluded. MULTIGROUP FLUXES AND CROSS SECTIONS FOR SLABS 

Group 

O F  DEPLETED URANIUM SURROUNDED BY HYDROGEN 

(e) Sca t t e r  cross section for uranium-235 

I I 

Lower Absorber thickness, c m  

energy 1.0 I 2.0 1 2.54 1 4. 0 8.0 
of group, I I I I 

eV 
Multigroup cross section, b 

1 .0509 '~  31 1 . J563 t  01 1.05b9C ? I  1 .0569t  01 
1.0555: 01 1.05bYE 01 1.0559F 11 1.0569E 01 
1.055ZE 01 l.05oY; Cl 1 .3563 t  31 1.35oSE 31  
1.0539E 01 1.0569E 01 1.0557E I1  1.3569E 31 
1 . 0 5 3 9 ~  31 1.05b9E 01 1.0569t J1  1.3569E 01 
1.0569: 01 1.d569E 01 I.0563C I 1  1.0569E Dl 
1.0569: 01 1.U569E 01 1.0569E 31 1.0569E 01 
1.0569: 01 l.O>6Yc 01 l.OS59E 31 1.0569E 01 
1 . 1 3 7 7 ~  01 1 . 1 3 9 a ~  01 i . 1 ~ 3 7 ~  11 1 . 1 4 2 6 ~  0 1  
1.0882E 01 1.OB56E 01 1.0843E 31 l.ORl1E 01 
1 . 1 6 3 3 ~  01 l . l b 3 3 t  01 1.1645E 31 1. l669E 01 
1 . 1 1 4 a ~  01 1 . 1 1 6 5 ~  01 l . l l 7 j ~  31  1 . 1 1 7 9 ~  01 
1.1775E 01 1.1767E 01 1.1763E 31 1.1752E 01  
1.1675E 01 1.1624E 01 1.1333E 31 1.1548E 01 
l.lo76E 31 1.1399E 01 1.123+E 31 1.1396E 31  
1.145JE 01 1.1445E 01 1.1442E I 1  1. 1435E 01 
1.2345E 01  1.2124E 01 1.2325t 31 1. l818E 01 
1.0794E 01 1.0798E 01 1.0833E 31  1.0807E 01  
1.2406E 01 1.2390E 01 1.233BE 31 1.2390E 01 
1.32915 01 1.3245E 01 1.3232E 31  1.3213E 01 
9.0566E 00 8.96405 00 3.9321E 33 8.8766E 33 
9 . 7 6 0 9 ~  00 9 . 7 9 6 9 ~  00 9 . 8 1 1 7 ~  30 9 . ~ 3 9 2 ~  30 
9.8622E 00 9.8692E 03 9.8727E 3Q 9.8812E 03 
1.0191E 01 1.0191E 01 1.0190E 31 1.0193E 01  
9.9837E 00 9.9839E 00 9.9843E 31 9.9844E 00 
1.0250E 01 1.0250E 01 1.0230E I 1  1.0253E 01  
1.0265E 01 1.0265t  01 1.0265E 31 1.3265E 01 
1.0408E 01 1.0408E 01 1.0438i 31 1.0408E 01  
1.0177E 01 1.0177E 01 1.0177E 31 1.0177E 01  
1.0208E 01 1.0208E 01 1.0208E Ot 1.02OBE 01 
1.0271F 01 1.0271E 01 1.3271E 01 1.32716 01 
1.0322E 01 1.0322E 01 1.0322F 31  1.3322E 01  

(f) Fission c r o s s  section f o r  uranium-235 



TABLE IV. - MULTIGWUP FLUXES AND CROSS SECTIONS FOR SLABS 

O F  DEPLETED URANIUM SURROUNDED BY LITHIUM HYDRIDE 

(a) Fluxes 

(b) Capture cross section for uranium-238 



TABLE IV. - Continued. MULTIGROUP FLUXES AND CROSS SECTIONS FOR SLABS 

OF DEPLETED URANIUM SURROUNDED BY LITHIUM HYDFUDE 

(c) Scatter cross section for uranium-238 

(d) Capture cross section for uranium-235 



TABLE IV. - Concluded. MULTIGItOUP FLUXES AND CROSS SECTIONS FOR SLABS 

OF DEPLETED URANIUM SURROUNDED BY LITHIUM HYDRIDE 

(e) Scatter cross  section for uranium-235 
1 I I 

( ( Lower 1 Absorber thickness, crn 

-- 
(f) Fission cross  section for uranium-235 



TABLE V. - CODE LISTWG AND SAMPLE OUTPUT FOR TUNGSTEN CASES 

0 1 4 E V S I O V  4 1  1 2 1 1  E I 3 2 1 ,  F 1 3 L 1 5 1  t A B 1 3 2 8 5 1 5 1  S C I j 2 , 5 1 5 1 ,  
I N A M 1 5 ) *  T i I : < I 5 1 ,  A€lUNO151. A B S l 3 2 . 5 l 1  S C T l 3 2 . 5 1 ,  
2 I G 4 P l 3 2 1 .  J R A 3 5 1 3 2 ~ 5 1 .  J R S C T 1 3 2 . 5 1  

D A T A  T H l C K l 6 H  1 C H t b H  2 C M , 6 H 2 . 5 4 C M t 6 H  4  C H t 6 H  8  CM/ 
D A T A  N A M / b H  W - L B J . 6 i  W - L B 2 , 6 H  U - 1 8 3 . 6 H  n - l B 4 , b H  d - 1 8 6 /  

c NAYIPULATE ; ~ K L L  XESUNANZE C R O S ~  SECTIONS IGAM-II r ' q ' p  SPLIT) 
C  F I R  F J L L Y  D E N S E  N A T U 4 A L  T U N G S T E N  
C  E l  I 1  I S  LCWEK E N E R S Y  S K U U P  8 O U N U  
c F I I I I S ~ ~ ~ O A ~ L K O U P F L U X I N I T H W O U P  
C A B I  l r J , K I  = C A P T J a E  :RUSS S E C T I U k  .. I T H  G R O J P ,  J I H  N A T L ,  KT14 C A S E  
C  S C I  I . J , K I  = S C A T T E Z  :aJSS S E C T I O k  .. I T H  G R O J P .  J T H  H A T L ,  K T H  C A S E  

5 0 0  F 3 R M A T I 6 E l 2 . 4 1  

6 0 0  F J R N A T (  1 5 ,  L P 7 E L 2 . 4 1  
6 0 2  F O R M A T I 1 d L I  l H 0 l  l 2 A b l  
6 0 3  F 1 & H A T l L i O , / l 8 H O  : L U X E S  & Y  C A S E  / I  

I 1 7 H  I L 3 n  E V E X S Y *  5 I 1 0 H  C A S E  I Z 1 / 1 7 X ~ 5 1 6 X l A 6 1 1  
6 0 4  F 3 h Y A T (  I i 0 , / 4 4 H O  Z P P T U K E  C R O S S - S E C T I O N S *  BARNS P N A T L  A b l l  

I 1 7 H  I L O U  E V E R G Y .  5 1 1 0 H  C A S E  l 2 ~ 1 1 7 X ~ 5 I 6 X ~ A 6 1 1  
6 0 5  F l R H A T I 1 1 1 0 . 1 4 4 H J  S C A T T E R  C A O S S - S E C T I O N S .  RAR14S. H A T 1  A 6 I I  

1 1 7 i  I L J w k N E R b Y , 5 ( 1 0 H  C A S E 1 2 ~ / 1 7 K , 5 1 6 x , A 6 1 1  
6 0 6  F 3 R H A T l 1 1 4 0 ~ / 4 Y H O  C 4 P T U K E  C R O S S  S E C T I O N .  BARNS.  N A T J K A L  T J N G S T E V I I  

1 1 7 H  I L J W  i Y E R > Y .  5 l L O H  CASE 1 2 1 / 1 7 < . 5 1 6 X . A 6 1 1  
6 0 7  F U % M A T I L H 0 ~ / 4 Y H O  S C 4 T T E K  C R O S S  S E C T I O N .  B A R N S ,  N A T U R A L  T J N G S T E V I I  

I 1 7 4  I L J H  E V E R Z Y .  5 0 O H  C A S t  1 2 1 / 1 7 X . 5 ( 6 X ~ A 6 1 1  
R E A D 1  5 . 5 0 0 1  E  

i 1 ) 1 5 . z n 1 1  A 

2 5  W < l T E I 6 . 6 0 0 1  1 , E I I I .  I A R I l  tN .  YC).NC=1.51 
W2 I T E  I 6 . 6 0 2 1  A  
W S I T E I  b , b 0 5 1  N A M I M I ,  I M C , H C = l  , 5 1  r l T H l C K l H C 1 t M C = l , 5 1  

3 5  C 3 V T I N U E  
C M I X  N A T U d A L  T U N S S T t N  

A B U N D I  1 1 =  0 . 0 0 1 4  
A b J N U l  2 1 -  0 . 2 b 4 1  
A d U N O l  3 1 =  0 . 1 4 4 0  
A B U V U I  41; 0 . 3 0 6 4  
AUUNU( 5 1 -  0 . 2 8 4 1  
0 3  3 6  YC=1.5 
DO 3 6  I = 1 , 3 2  
A B S I I , M C 1 = 0 . O  
S C T I I . H C ~ = O . O  
0 3  3 6  M T = 1 . 5  
A B h I l r N C I = A 3 S 1 1 , 1 4 L )  t A B U N O I M T I * A B l I , M T , M C 1  

3 6  S C T l l r N C 1 = S L T I l , M C l  + A B U N O I M T l * S C I l , M T , M C I  
U K l T E l 6 . 6 0 2 1  A  
W R I T E l 6 , 6 0 6 1  I H C ~ N C = 1 ~ 5 1 ~ 1 T H I C K 1 M C 1 , N C = 1 , 5 1  
D 3  3 7  I = 1 . 3 2  

37 W X I T k 1  6 , 6 0 0 1  1 1 E l 1  1, ( A B S I I , M C l r  H C = L , S 1  
W a I T E I  6 , 0 0 2 1  A  
W H I T E I 6 , 6 0 7 1  I H Z 1 Y Z = l 1 5 1  . l T H I C K l M C 1 r M C = 1 . 5 1  
D l  3 9  I = 1 . 3 2  

39 d R I T E l t . 6 0 0 1  1 , E l l ) .  I S C T I I . F I C 1 .  H C = 1 . 5 1  
C  F E h  G6OUP A V c Q A G E  

H E A D 1  5 . 5 0 5 1  N 8 b t I G d P  
5 0 5  F 3 ? N A T 1 3 b I 2 1  

C Y B G  I S  THE N U M H t K  OF 8 R O A O  G R O U P S  C O N S I O E R E O  
C I G S P I N I =  NO. >F THE 3 2  F I N E  S R P S  I N  E A C 4  BROAO G K O J P  
C  I.[. I F  T t l e  F I X h T  B K O A D  >ROUP I S  TO C O N T A I N  T H E  F I R S T  T H R E E  
C  G 3 J U P S  OF T t l t  O a I S I N 4 L  3 2 ,  T i & N  I G R P l l l = 3 ,  E T  C E T E R A  

W 2 1 T E 1 6 r 6 1 B )  I M C , M C = l r 5 1 ~  I T H I C K I H C I ~ M C = L 1 5 1  
6 1 8  F 3 7 M A T I l i 1 / 5 ? 4 0 d ~ O A U  ;AOUP A V E R A G E D  C A P T J R E I S C A T T E R  CROSS S E C T I 3 V  

1 1 2 7 H O d b  NO. C O N T A I q S  G R O U P S  , 
... . 
DO 7 5  N = 1  , N a S  
I H I G H = I L I ~ + ~ S K P ( N I - ~  
I F 1  I H l b H . b T . 3 2 1  C A L L  E X I T  

5  S = S t S C T l I . Y C 1 + F l I , N : )  
B R A B S I U , Y C ) = Z / F F  

5 0  BRSCT I N1 I L  i = S / F F  
W R I T E l 6 . o O 9 1 N . I L J ~ ~ I  ~ I U ~ I I B R ~ B S I N . M C I  . M C = l  ~ 5 1  . I B R S C T I N ~ M C I ~ M C = L L ~ I  

6 0 9  F 3 S Y A T 1 1 t 1 0 1 1 6 , 1 1 3 . 2 X , 7 i T 0 , 1 3 ~ 3 X ,  l P 5 E L 2 . 4 /  2 7 X 1 I P 5 C L 2 . 4 1  
7 5  I L 3 W = I H I E H + I  

G 3  1 3  1 
EYO 





TABLE V. - Continued. CODE LISTING AND SAMPLE OUTPUT W R  TUNGSTEN CASES 

FULLY OENSE TUNGSTtEI SLAD I N  -1YUKLIGEN 

BARNS. HATL 

LJW ENERGY LASE 1  
1 C"( 

9. 0400E 0 0  
9.0400E 0 0  
Y.0400E 0 0  
9.0400: 0 0  
9 . 0 4 0 0 i  0 0  
9.04005 00 
9 . 0 4 0 M  0 0  
9 .0400t  0 0  
9.04(.OE 0 0  
9 . 0 5 3 i l t  0 0  
1.25676 0 1  

CASE 2 
2 CM 

9.04M)E 00 
9.0400E 02 
9 .0400E 03 
9.0+006 03 
9.0400E. 00 
9.0400E 03 
9.0100E 00 
9.0400E 00 
9.0400E 00 
9.0518E 00 
1 .26ULt  01  

CASE 3 
2.51CH 

9.0403E 3 0  
9.0433E 33 
9.0130E 0 3  
9.04306 33 
Y.0400E 5 3  
9.04>3E 33 
9.0433E 33 
9.3400E 0 3  
9.0433E 33 
9.0512E 3 3  
1.252bE 3 1  

CASE 4 
4 CY 

9.0400E 0 0  
9.0400E 3J  
9.3400E 03 
9 .3403E 33 
9.0400E 3 0  
9.3403E 0 0  
9.0400E 03 
9.0400E 03 
9.J453E 03 
9.0535E 0 0  
1.2695E 0 1  
' t .1827E 3 1  
1.2163E 0 1  
8.4691E 3 0  
Y.0242E 00 
9.2967E 0 0  

CASE 5 
8 C'I 

9.0400E 0 0  
9.04OOE 00 
3.0400E 0 0  
9.0403E GO 
9.040JE 00 
9.0400E 00 

FULLY DENSE TJNGLTEE* SLAB I N  iYURUGEN 

IAKNS. HATL 

I L J U  ENERGY C45E 1 
1  CY 

CASE 2 
2 CN 

CASE 3 
Z.5'tCM 

CASE 4 
4 CH 

5.0053E-01 

CASE 5 
8 CY 

4.7711E-01 
1.1653E 03 
4.7726E-01 
6.3451F-01 
1 .0954t  0 0  
8.3348E-01 
2.2375E 0 0  
9.0412E-01 
7.0647E-01 
5.3403E 00 
2.3155E-01 
8.6253E-02 



TABLE V. - Continued. CODE LISTING AND SAMPLE OUTPUT FOR TUNGSTEN CASES 

FULLY Ott4SE rJNGSTEN 3LAd I N  iYOKUGEN 

SCATTEk L 3 U S S - S t C l I i J N S 7  BARNS, MArL  U - I 8 2  

I LJW t ' ikdGY CASE 1  C A S t  2  CASE 3 CASE 4 CASE 5 
1 2 %  2  CH 2.5+CM 4  CM 8  CY 

1  9 .6112E 0 2  1.9062E 0 1  1 .7774E 9 1  1.7441E 3 1  1 .6954E 0 1  1 .6523E 0 1  
2  7 .4852E 0 2  1 .4042E (11 1.206UE 0 1  l . 1 5 3 2 E  3 1  1 .0695E 0 1  9 . 7 5 5 L E  0 0  
3  5 . d 2 9 5 f  J L  1 . 1 1 5 3 t  0 1  l . O d J 3 E  0 1  1 .0730E 3 1  1.0534E 0 1  1.0376E 0 1  
4  4 . 5 4 0 0 E  OL 1 .35266  0 1  1.2411E 0 1  1 .2135E 3 1  1 .1746E 3 1  L . 1 4 L I E  0 1  
5  3.535dE 0 2  1.2449E 0 1  1 .1790E 0 1  1.1b5OE 3 1  1 . 1 4 8 9 E  0 1  I . 1 4 3 8 E  0 1  
6  2 . 7 5 3 6 t  3 2  1 .5632E 0 1  1.5570E 0 1  1 .5528E 3 1  1 .5448E 3 1  1.5327E 0 1  

FULLY DENSE T U N G S r t N  SLAtl I N  iYDRUGEN 

CAPTUKE C K U S S - S t L T I U N S *  BARNS. HATL W- I83  



TABLE V. - Continued. CODE LISTING AND SAMPLE OUTPUT FOR TUNGSTEN CASES 

F U L Y  DENSE TiJNGSTEN SLAB I N  IYOROGEN 

YATTEK CROSS-SECllONS~ BARNS, HAIL W-183 

1 LJW tNEKGY CASE 1 CASt 2 CASE 3 CASE 4 CASE 5 
I cn z cn 2 . 5 6 ~ ~  c CY 8 cn  

1 9.6112E 0 2  9.120OE 0 0  9.1LOOE 00 9.12OOE 33 9.1200E 0 0  9.1203E 00 
2 7.4852E 0 2  9.12002 0 0  9.12dOE 00 9.1233E 33 3.1203E 03 9.1203E 00 
3 5.8295E 0 2  9.12UW 0 0  9.120OE 03 9.123JE 33 9.1200E 0 0  9.1203E 00 
4 4.5400t 0 2  9.1200E 00 Y.12OOE 03 9.1233E 33 '3.1230E 33 9.1203E 00 
5 3.535YE 02 1.174RE 0 1  1.1475E 0 1  1.14JCE 3 1  1.12876 3 1  1.1138E 0 1  
6 2.7536E 0 2  1.1613E 01 1.7292E 01 1.6986E 3 1  1.6570E 0 1  1.6221E 0 1  

F U L Y  DENSE TUNGSTEN SLAB I N  IYOROGEN 

CAPTURE CXOSS-SECTIONSs BARNS* HAIL W-184 

L3W ENERGY CASE 2 
2 CM 

7.5087E-01 
8.0660E-01 
6. 32 39E-01 
6.5256E-03 
6.9834E-01 
8.3983E-01 
7.5241E-01 
4.3039E 03 
3.6263E-01 
8.5026E-01 
9.2L53E-02 
P.6I83E-02 
4. LOBPE-02 
3.9067E-02 
3.9362E-02 
4.0837E-02 
4.2711E-02 
4.75 L9E-02 
5.1476E-02 
5.6528E-02 
6.3394E-02 
6.9781E-02 
7.5858E-02 
8.9121E-02 
9.92t)lE-02 
1. L232E-01 
1.2552t-01 
1.4192E-01 
1.61 35E-01 
1.824OE-01 
2.0528E-01 
2.334IE-01 

CASE 3 
2.56CH 

7.1313E-31 
7.6343E-31 
6.1735E-31 
6.5175E-33 

CASE 4 
4 CY 

CASE 5 
8 CY 

6.2293E-01 
5.9483E-01 
5.4475E-01 
6.4884E-03 
6.072JE-01 
7.5018E-01 
6.3357E-01 
3.6432E 00 
3.6219E-01 
6. L774E-01 
8.0737E-02 
4.6882E-02 
4.1121E-02 
3.9060E-02 
3.9364E-02 
4.0709E-02 
4.2671E-02 
4.7599E.-02 
5.1582E-02 
5.6513E-02 
6.3503E-02 
6.9685E-02 
7.5691E-02 
8.9423E-02 
9.9527E-02 
1.1248E-01 
1.2552E-01 
1.4189E-01 
1.6123E-01 
1.8223E-01 
2.0515E-01 
2.3317E-01 



TABLE V. - Continued. CODE LISTING AN? SAMPLE OUTPUT FOR TUNGSTEN CASES 

F U L L Y  U t i \ l S t  TdNGSTkN S L I R  I N  -1Yl )KuCEN 

1 LJW t N E R b Y  C4SE 1  CASE 2 <ALE 3 C4SE 4 C A S E  5 

'+. L 1 8 6 E  0 0  
6 .9262E 0 0  
9 . l I U i J E  Q 
'3 .1400E OD 
9. LPOOE 0 3  
Y.LIOOE 0 3  
9 . 1 4 0 0 E  0 0  
Y.14dOE 0 0  
9 . 1 4 3 0 t  00 
9 .1400E 0 0  
Y.1400E 0 0  

FULLY O k N S t  T I I I JGbT tN  SLAd 114 iYOKOGEN 

CA? l U < E  C< lJS>-b t ,  T lUNS,  BARNS, MATL W-185 



TABLE V. - Continued. CODE LISTING AND SAMPLE OUTPUT FOR TUNGSTEN CASES 

FULLY UEIqSc' T u t I I G b r t ~  SLAB I h IYUROGEN 

Y A l I E a  C<O>S-SEZTIUNS.  dAKNS, M A I L  W-185 

I LJWEWEKGY C4SE 1 CASE 2 C A S t  3 CASE 4 CASE 5 
1 i Y  2 C i  2.5'tCM 4 CY 8 CY 

1 9 .6112E OL 1. 7 5 3 4 t  0 1  1 .585bE 0 1  1.5432E 3 1  1 . 4 d 2 7 E  0 1  1 . 4 3 1 4 F  0 1  
2 7 . 4 8 5 2 t  J 2  1.2853; 0 1  1.2bO8E 01 1 . 2 4 i I E  5 1  1.222ZE 0 1  1 .1913E 0 1  
3 5 . 8 2 9 5 E  07 1.7711E 0 1  1 . 4 9 5 3 E  0 1  1 .4185E 3 1  1.2937E 0 1  1 .1551E 0 1  

FULLY O € N S t  I U Q L S T t N  SLAd I N  1YDROGEN 

CAPTU2E CROSS S E C T I ~ N V  d43NS.  NATURAL TUNGSTEN 



TABLE V. - Continued. CODE LISTING AM) SAMPLE OUTPUT FOR TUNGSTEN CASES 

FULLY 0 E X b E  TJblu>TEN \ L A 8  I N  r lY0KOGEN 

S C A T l t l  CAOSS SF:TILIIVI j431q51 INATURAL TUNGSTEN 

I L3W E U t K G Y  CASS 1 C A S t  2 CASk  3 CASE 4 CASE 5 
1 CF( 2 CM 2.5'1CM 4 CY 8 C4 

1 9 . b L 1 2 E  0 2  1 .8280E 0 1  1 .6b47E 0 1  1 . 6 2 1 2 E  3 1  1 .5563E 0 1  1 .4967E 0 1  
2 7 .4 t i 52E  U 2  1.2751: 0 1  I. l 5 b 8 E  01 1 . 1 3 b Z E  11 1 .3862E 0 1  1 .0323E 0 1  

BROAD GROUP AVERAGE0 C&PTU4E/SCATTFR CROSS SECTION 

BG NO. :LINT& I N S  ;KOOPS C A S t  I CASE 2 C A S E  3 C4SE 4 CASE 5 
I C M  2 CN 2 . 5 4 ~ ~  4 c q  8 CN 



TABLE V. - Cont inued.  OODE LISTING AND SAMPLE OUTPUT FOR TUNGSTEN CASES 

FULLY OEZ4SE TJNGSTEN SLA8 I N  L I T i I U H  HYJKIOE 

K U X E S  rlY CASE 

I LJWEVERGY CASt 1  CASE ' 2  CASt 3 CASE 4  CASE 5  
I -.M 2 CM 2.5'tCM 4 CM 8 CY 

FULLY DENSE TUNGSTEN SLAd I N  L I T i I U M  HYDRIDE 

CA?lU<E CKJSS-SECTIUNS. BARXS, NATL W-183 

L J U  EUEKGY C4SE 1  CASE 2 CASE 3 
2.5CCM 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

CASE 4  
4  C Y  

D. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
5. l b b 5 E - 0 4  
1 .4517t  0 1  
5.6252E 3 1  
2.2633E 3 1  

CASE 5  
8  CY 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
4.8163E-04 
1.481fJE 0 1  
6.5314E 0 1  



TABLE V. - Continued. CODE LISTING AND SAMPLE OUTPUT FOR TUNGSTEN CASES 

FULLY UEYSt TUNGSTEN SLAB I N  L I I i I U H  HYJKIOE 

,-SE; TlUNS. bAHNS. HATL 

CASE 1 CASE 2 
I ,Y 2 CH 

Y.04OOE 0 0  9.04OOE 00 
9.040UE 3 0  9.0400E OJ 
Y.04OOE 00  Y.040JE 00 
Y.04OOE 00 9.0400E 00 

CASE 3 CASE 4 
7.54C.H 4 CM 

CASE 5 
8 CY 

9.04OOE 00 
9.3403E 00 
9.3403E 00 
9.0400E 00 
9.04OOE 00 
9.34OOE 00 
9.3403E 00  
9.04OOE 00  
9.J4OOE 00 
9.0497E 00 
1.2829E 01  
4. L778E 0 1  
L.1123E 0 1  
8.4720E 00 
9.0249E 00 

9.0400E 00 
9.04 JOE W 
9.04OUE 00 
9.0403E 00 
9.04OOE 00 
9.0517E W 
1.2594E 01 
4.24Y8E 01 
1.2154E 01 
d.4548E 00 
9.023UE M 

5.3LbYE 00 
6.9YIOE 03 
Y.OC00E 00 
9.OIOOE 00 
9. OIOOE 03 
9.040OE 00 
9.0VOUE 00 
9.0400t 00 
Y.340OE 00 
1.UV00E 00 
Y.0IOOE 00 
9.040UE 00 
9.U400E 00 
Y.0400E 03 

FULLY UENSE TUNGSlEN SLA3 I N  LLTi IUM HYORIOE 

CA'TUXE LIUSS-S~LTIONSI BARNS* HATL 

CASE 5 
-- - - 

4.7697E-01 
1.1552E 00 
4.7716E-01 
6.3495E-01 
1.0955E 00 
8.0187E-01 
2.2392E 00 
9.1035E-01 
7.0109E-01 
5.3387E 00 
2.321bE-01 

LJW ENERGY C4SE 1 CASE 2 
H 

9.6112E 0 2  b.255bE-01 5.464YE-01 
7.4852E 02  1.5625E 00 1.3949E 03 
5.dZY5E 0 2  6.4376t-01 5.6410E-01 
4.5400E 0 2  d.8894E-01 7.6054E-01 
3.535dE 02  1.4655E 00  1.L67YE 00 
2.7536E 0 7  9.8313:-01 d. 8137E-01 

CPSE 3 CASE 4 
H t H  4 C* 

5.2735E-01 5.304OE-01 



TABLE V. - Continued. CODE LISTING AND SAMPLE OUTPUT FOR TUNGSTEN CASES 

S C b T T t d  C , < U S S - ~ E C T I ~ N S I  HAKNS. MATL W-182 

LJW E q t d G Y  1  CASE 2  CASE 3 
: 4 2  CM 2 . 5 i C N  
J 1  1 . 7 7 7 3 E  0 1  1 . 7 4 4 3 E  3 1  
0 1  1 . 2 0 7 3 E  0 1  I. 1 5 4 C E  1 1  

FULLY DEN>€  T U N G J ~ C N  5143 I N  L I T i I U M  H Y 3 R I D t  

CAPTUKE CALIIS-SECTLUNSI BARNS! MATL W-183 



TABLE V. - Continued. CODE LISTING AND SAMPLE OUTPUT FOR TUNGSTEN CASES 

FULLY 0 t U S t  I ' J ~ G S T L I U  3LAD I N  LLT-110'4 HYDRIOE 

SCATTEd C i O S ~ - 5 E C T l 0 i i S 1  dAkNb,  HATL W-133 

I L J h  E N E ~ v Y  C9SE 1 CASE 2 CASE 3 CASE 4 CASF 5 
1 L l i  2 CY 2 .54CH 4 CY A CY 

FULLY D t V S E  TUhGSTEN SLAB I N  L I  T i I U H  HYORIJE 

BARNS. MATL 

LASE 2 
2 CH 

LASE 3 CASE 4 
7.5$CM 4 CY 

CASE 5 
8 CY 

6 .2245E-01  
5 .9393E-01  
5 .4568E-01  
6.49 I R F - 0 3  
6.088OE-01 
7 .497YE-01  



TABLE V. - Continued. CODE LISTING AND SAMPLE OUTPUT IWR TUNGSTEN CASES 

FULLY 0EnSt TJNZSltN >LAB I N  LLTI I IJH HYORIOE 

SCATTE* CRO! 

LUW tVil(GY 

SA.(NS, MATL 

CASE 2 
2 CM 

L.997YE 01 
l. lS60E 0 1  
1.0750E 01 
9.1567E 00 
9.363LE 00 
1.361St 01 
1.8d79t 0 1  
i.9985E 01 
1.307YE W 
4 . 1 ~ 3 a ~  00 
b.YL54E 03 
9.1400E 00 
9.1400~ m 
9.1 4 00E 03 
9.14OOE 03 
Y.1400t 00 
9 .~400 t  m 
9.140OE 00 
9.14OOE 00 
Y.1400t 00 
9.1400E 00 
9.1400E 00 
9.1400E 00 
9.1400E 
9.1400E 00 
Y.ICOOE 03 
9.14OOE 00 
9.1400E 00 
Y.140OE 00 
9+1400E 00 
Y.14OOE 00 
Y.1400E 03 

CASE 3 
2.54LN 

1.924ZE 3 1  
1.1225E 3 1  

FULLY DENSE TUNbSTtN SLAB I N  L I T i I U M  HYORIOE 

BARNS, HATL 

CASE 2 
2 CH 

5.9OZPE-01 
4.2743E-01 

CASE 3 
2.51Ct4 

6.5534E-31 
4. 1197E-I 1 

CASE 4 
4 CY 

L.dLO4C 0 1  
1.3563E 01 
1.0477E 0 1  
J.1577E 33 
9.3155E 3 0  
1.3279t 3 1  
1.8R82E 0 1  
b.5OLZE 3 1  
1.3138E 0 0  
4.0895E 33  
7.0317E 3 0  
9.1430F 03 
Y.1400t 0 0  
9.1400E 33 
9.1130E 0 0  
9.1433E 33 
9.1400E 03 
3.1400E 03 
9.1430E 0 0  
9.1400E 0 0  
9.1430E 0 0  
9.1403E 13  
9.1400E 33  
9.1400E 33  
9.140OE 00 
9.1400E 00 
3.1400E 0 0  
9.1433E 33 
9. 140OE 33 
9.1400E 03 
9.1400E 0 0  
9.1433F 03 

CASE 5 
8 CY 

1.7303E 0 1  
9.9787E 00 
1.0232E 0 1  
9.1588E 0 0  
9.3323E 00 
1.3203E 0 1  
1.8873E 0 1  
b.2893F 0 1  
1.3302E 00 
4.0727E 0 0  
7.1763E 00 
9.1400E 00 
9.14OOE 00 
9.1400E 00 
9.1400E 00 
9.1403E 0 0  
9.1400E 00 
9.1400E 00 
9.14OOE 00 
9.1400E 00 
9.1400E 00 
3. 14OOE 00 
9.1403E 0 0  
9. L403E 0 0  
9.1400E 00 
9.1403E 0 0  
9.1400E 0 0  
9. L400E 00 
9.1400E 00 
9.14OOE 00 
9.14OOE 00 
9.1403E 00 

CASE 4 
4 CW 

b.0397E-01 
3.9219E-01 

CASE 2 

8 Cq 
5.5257E-01 
3.6553E-01 



TABLE V. - Continued. OODE LISTING AND SAMPLE OUTPUT FOR TUNGSTEN CASES 

FULLY OtNSE TUNGSTEQ SLAb I N  LIT-1IU.Y HVDRIOE 

SCATTER CKU SS-SECT1 ONSI 8AHNS. HATL H-185 

L 3 U  ENERGY CASE -1 
1 "'4 

1.7528C 0 1  
1.2d38f 0 1  
1.7747E 0 1  
1.2415E 0 1  
Y.8438E 0 0  
9.6955s 00 
3.5585E 0 1  
5.8426E 0 0  

CASE 3 
2.5'tCH 

1 . 5 ~ 2 9 E  ' 3 1  
1.2I7JE 3 1  

CASE 4 
4 CY 

1.4824E 0 1  
1.2207E 0 1  

CASE 5 
R C'l 

1.4311E 0 1  
1.1803E 0 1  

CAPTUaE CRUSS SEZTION1 aPRNS, NATURAL TUNGSTEN 

L 3 Y  ENERGY CASE 1 
I CY 



TABLE V. - Concluded. CODE LISTING AND S A M P L E  O U T P U T  FOR TUNGSTEN CASES 

FULLV OtNSE TUNGSTEN SLAB I N  L I  T i l U I  HYURIOE 

SV NATURAL 1 

CASE 4 
4 C'I 

1.5562E 0 1  
1.0858E 0 1  
1.1033E 3 1  
1.0433E 0 1  
1.0275E 0 1  
1.2364E 0 1  

CASE 
8 

1.4965E 
1.0315E 
1.0489E 
1.3279E 
1.0232E 
1.2255E 
2.7053E 
2.3949E 
8.7666E 
I. 3723E 
7.6330E 

I L3W ENERGY CASE 1 
1 CY 

1.8283E 01 
1 .2750  01 
1.2724E 01 
1-123OE 01 
I.Ob87E 0 1  
1.2838E 0 1  
3.041OE 01 
2.95291 0 1  
9.6656E 00 
1.6104E 01 
7.4795E 00 

CASE 2 
2 CH 

1.6645E 01 

CASE 
2.54 

1-6211E 
1.1353E 
1.1453E 
1.05lSE 
1.0351E 
1.2471E 
2.8332E 
2.553SE 
Y.0495E 
1.4C33E 
7.4735E 

BROAD CROUP AVERAGED CAPTUIEISCATTEtl CROSS SECTION 

8GNO. C0NT41NS~RUUPS CASE 1 CASE 2 CASE 3 CASE 4 CASE 5 
1 CM 2 Gn 2.54CH 4 C'I 8 CH 



TABLE VI. - CODE LISTING AND SAMPLE OUTPUT FOR DEPLETED URANIUM CASES 

3 l q t V j l ~ Y  4 I l L I .  E I 3 L I  I - 1 3 2 . 5 ) ,  4 t 3 I 3 2 , 5 . 5 i 1  S C I 3 2 . 5 . 5 ) ~  
1 F Y I  3 2 1 5 ) .  V A n l Z I ,  T + l : K I 5 1  9 A B t J N O I 5 ) ,  A U S 1 3 2 , 5 1 *  SCT132.51.  
2  I G k V I  321,  J R 4 3 5 1 3 2 + 5 I ,  u R > C T l 3 2 , 5 )  

UATA N A N I b h  U - 2 3 5 , o t i  U-23.81 
DATA T H I ; K / o i  I CHID+ 2  L4.5H2.54CM.6H 4 CMlbH 8 C M I  

C  W4l.IIPIJLATE ;4KOL KtS3NANNC CCRIlS SSCTIOYS ( S A M - l l  GROJP S P L I T 1  
C  ~ 3 i  FULLY U ~ N S ~  J ~ P L E I E V  URANIUM 1 3 . z ) ~ ~ ~  J - 2 3 5 1  
C  G.P . ~ A I l T I  Y A S 4 - L I H I  S  aESFARCt i  CENTER A P R I L  I 9 5 9  
C  E l  1 )  I S  L>V;A t V i K S Y  ;<OUP HOUND 
C  F I  I I 1 s  J i lD ID  GRJUP F L U X  I i l  I T H  GAOUP 
C  A B l  l . J . K I  = Z 4 P T J h E  ; i O > S  S t L l l l J N  I T H  GKDJP,  J f H  VATL. K T H  
C  S C I  1,J.K) 2 S C A T I E A  :ROSS S E C T I O N  .. I T H  GROJPI J T H  H A T L ,  K T H  
C  F V I  I. <I = F I 5 5 L U N  ;KcJSS SECT LIZ,. . I T d  Z K U J P r  K T H  CASE 

5 0 0  F 3 1 N A T l t Z l 2 . 4 )  
5 0 1  F J d N A T I  L Z A 6 1  
6 0 0  F J K N A T l  1 5 ,  L P 7 E L L . 4 l  

CASE 
CASE 

b U 2  F 3 K M A T I  I H I I  l H O l  1 2 4 6 1  
6 0 3  F 3 R M A T I L i i ) ~ l l J H O  F L U X E S  SY CASE I/ 
I 1 7 1  1  L U H  !NtK;Y, 5 I l O H  C A S t  I Z 1 / 1 7 < ~ 5 I b X ~ A 6 ) 1  

6 0 4  F 3 i R A T l  l H O , / 4 4 H O  CAPTURE CROSS-SECTIONSr BARNS v M A r L  A 6 l /  
1 17H I L 3 N  S V t d f Y ,  5 I l O H  C4SE I Z I / L 7 X , 5 l 6 X ~ A 5 l l  

6 0 5  FORMATI  L r I 0 ~ 1 4 4 H O  SCATTEA CROSS-SECTIONS,  UAKNSI WATL A6f 1 
1 1 7 d  1  L3V FVEA;Y. 5 l L O H  CASE I Z ) / l 7 ~ r 5 I b X , A 6 ) )  

6 0 6  F 3 R ~ A T I l d O ~ l 4 Y H O  ZAPTUKE CROSS S E C T I O N ,  8 A R N h r  DEPLETFO J R A N I U Y I I  
1 17t l  1  L 3 H  i A E R j Y ,  5 I l O H  C A S t  I Z 1 / 1 7 < ~ 5 I 6 X 1 A 6 l )  

6 0 7  F J R H A T I I H O t / 4 9 H 3  SC4TTE& CRUSS SECTION,  RARNS. D E P L E T E D  J R A N I U H I I  
1 1 7 f l  1  L3W SVERSY, 5 l 1 0 H  CASE I Z l 1 1 7 X r 5 1 5 X ~ A 5 ) )  

6 0 8  F l K H A T I l H 0 , / 4 5 H O  F l S S l U Y  CROSS-SECTldN,  BARNS, J - 2 3 5  /I 
I . 174 I L ~ W  iNER;Y, 3 l l O H  CASE I 2 i / 1 7 ~ ~ 5 1 6 X , A 6 1 1  
R E A U 1 5 . 5 0 0 1  E  

D l  3 0  [ = I 1  3 2  
H R I T E l 6 ~ b O O l  I r E I l  
C I V T I U U E  
M I X  D E P L E T E 2  U K A V I  
ABUNDI I ) =  0 . 0 0 2 3  
ABUNDI 21-  0 . 9 9 7 7  
0 3  3 6  M C = l r 5  
DO 3 b  1 = 1 ~ 3 2  
A B s I l r K ) = O . O  
S C T I  1.NC I =O.O . . . - . . . . . 
0 3  3 6  N T = 1 , 2  
ABSII.,.IC)=A~SI I , n c i  c n a u n o i w r ) * a a t r  , n r . M c l  

3 6  S C T I i . H C I = S : T I I , H : I  t A 3 U N O l M T i * S C l l r N T , H C l  
W R I T E l 6 , 6 O Z I  A  
H S l T E I 6 , b O b l  IMC,HC=1,51 . I T H I C K I N C ) , U C = I L ~ ~  
0 3  3 7  f = I , 3 Z  

3 7  U l l T E I  6 , 6 0 0 l  I I E I l i l  1 4 B S I I . M C ) r  HC=1,51 
H R I T E I  6 ,602)  A  
d 3 I T E l 6 , 6 0 7 1  l H C , Y C = L , 5 1 . 1 T H I C K l W C l r H C = l ~ 5 1  
DO 39 1=1.32 
~ R 1 T E l 6 , 6 0 0 1  1 , t l l ) .  l S C T l l r M C l  I HC-1151 
FEU G K O W  A V E 7 A G I  
READ1 5 . 5 0 5 )  U B G t l G R P  
F 3 R H A T 1 3 6 1 2 )  
N B b  I S  THE YUNBEK OF B R 0 4 D  GKOUPS CONSIDERED 
I G R P I N I =  NO. OF THe 3 2  F l N t  Z R P S  I V  EACH RROAD GROJP 
1.6. I F  THF F I R b T  BAOAO ;ROUP I S  TO C O N r A I N  T H E  F I R S T  THREE 
G<3UPS UF T i z  U i I G I N 4 L  3 L .  H E N  I Z K P l l ) = 3 .  E T  CETERA 
H R I T E I  6 , 6 1 8 )  IMC,MC=1.5), I T H I C K I M C I  ,HC=1151 
F 3 R H A T l l H l / ~ 2 i O B < O A D  ZAOUP AVERAGED CAPTJREISCATTER CROSS SECTlClY 
I l Z l H O B G V 3 .  C O Y T A I N S G R D U P S  t 

2  5 l l O H  ZASE 1 2 1  I 2 7 x 1  5 l b X t A 6 1 1  
l L J H = L  
0 3  7 5  N=L,N3; 
I H I G H = I L l n + I G K P I N ) - 1  
I F 1  I H l G H . G T . 3 2 )  CALL E X I T  
DO 5 0  NC=L,5 
FF=O.O 
c=o.o 

EYU 





TABLE VI. - Conttnued. CODE LISTING AND SAMPLE OUTPUT FOR DEPLETED 

URANIUM CASES 

FULLY OENSE OtPLer?0 UUH4NIUH SLAB I N  HYUKOGEN 

I LOU ENERGY CASE 1 CASE 2 CASE 3 
I CM 2 c n  2 . 5 4 ~ ~  

I 9.6112E 02 0. 0. 0. 
2 7.4852E 0 2  0. 0. 0.. 
3 5.8295E 0 2  0. 0. 0. 
4 4.5400E 0 2  0. 0. 0. 
5 3.5358E 0 2  0. 0. 0. 
6 2.7536E 02 0-  0. 0. 
1 2.1445E 0 2  0. 0. 0. 
8 1.6702E 0 2  0. 0. 0. 
9 1.3007E 0 2  6.1546E 00 6.3006t 00 6.3818E 33 

10 1.0130E 0 2  6.9262E 0 0  6.8706E 00 6.8231E 33 
11 7.8893E 0 1  1.3864E 0 1  1.4107E 0 1  1.4213E 3 1  
12 6.1442E 0 1  1.2116t 01  1.3036E 01 1.3153E 0 1  
13 4.785IE 0 1  2.3693E 01 2.3680E 01 2 - 3 5 3 l E  3 1  
I 4  3.1266E 0 1  2.3937E 0 1  2.3883E 01 2.3833E 3 1  
15 2.9023E 0 1  4.3767E 0 1  4.247YE 01 4.1818E 1 1  

FULLY DENSE DEPLETE0 URANIUM SLAa I N  HYDROGEN 

LOW ENERGY CASE 1 
I c n  

9.611ZE 0 2  1-0569E 0 1  

CASE 2 
2 cn 

1.0569E 01 

CASE 3 
2 .5 tcn  

L.Oi69E 3 1  

CASE 5 
4 c n  

0. 
0. 
3.. 
0. 
0. 
0. 
0. 

CASE 4 
4 CH 

1.0569E 0 1  
1.0569E 0 1  
1.3569E 0 1  
1 . 6 5 6 E  51 
1.0569E 0 1  
1.0569E 0 1  
I.0569E 0 1  
1.0569E 0 1  
1.1426E 0 1  
1.0811E 0 1  
1.1669E 0 1  
I. 1179E 0 1  
1.175ZE 0 1  
1,1548E 0 1  
1. LO96E 0 1  
1.1435E 0 1  
1.181UE 0 1  
1.0807E 0 1  
1.2390E 0 1  
1.3213E 0 1  
8.8766E 33 
9.8392E 30 
9.8812E 03 
1.0193E 0 1  
9.9844E 00 
1.0253E 0 1  
1.3265E 0 1  
1.0408E 3 1  
L.Ol77E 0 1  
L.OZO8E 0 1  
1.3271E 0 1  
1.0322E 0 1  

CASE 5 
8 C'4 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

CASE 5 
8 C'I 

1.0569E 0 1  
1.0569E 0 1  
1.0569E 0 1  

x x 5 6 F E u l  
1.0569E 0 1  
1.0569E 0 1  
1.0569E 0 1  
1.0569E 0 1  
1.1458E 0 1  
1.0748E 0 1  
1.169SE 0 1  
1.1183E 0 1  
1.1711E 0 1  
1.1464E 0 1  
1.0833E 0 1  
1.1421E 0 1  
1.1521E 0 1  
1.0821E 0 1  
1 - Z I O l E  0 1  
1.3194E 0 1  
8 . 8 l l l E  00  
9.8717E 0 0  
9.8976E 00 
1.0188E 0 1  
9.98542 00 
1.0253E 0 1  
1.3265E 0 1  
1.0408E 0 1  
1.0177E 0 1  
1.OZOBE 0 1  
1.0271E 0 1  
1.0322E 0 1  



TABLE VI. - Cont inued. CODE LISTING AND SAMPLE OUTPUT FOR DEPLETED 

URANIUM CASES 

FULLY DENSE DEPLETED U d t N I J H  SLAB 1 4  L l T i I U N  HYOAlOt 

CAPTU4E C~US>-SECTIONSI BARNS, HATL 0 -238  

1 LOW ENEHCY CASE 1 CASE 2 CASE 3 CASE 4 CASE 5 

FULLY DEYSE O t P L c T t D  U4411UY SLAd I N  L I T i I U H  HYORIOE 

SCATTER CROSi-StCTIUNS, BARNS, HATL U-238 

CASE 
1 

1.2ldbC 
1.1217E 
1.1794E 
L.LOalE 
1.1486t 
I. 1249E 
1.1454E 
1.3063E 
1.0925E 
1.75265 
7.8742: 
1 .3395 i  
9.8UbOE 
1.8713t 
7.8140E 
1 . 2 5 6 4 i  
1.1147E 
9.06YOE 
I. 0867c 
1.2089E 
1.52176 
7.6783E 
9.4391E 
9.8850E 
1.0355E 
1.08,BE 
1.0858t 
1.0858E 
1.0858t 
1 . 0 8 5 8 ~  
1.0858E 
1.0858E 

CASE 3 
2.5'+CH 

CASE 
4 

1.1324E 
1.0583E 
1. 1242E 
1.0823E 
1.1403E 
1.0850C 
l . L I 8 9 E  
l . l Z 3 3 F  
1.0925E 
1.6007E 
7.958LE 
1.3169E 
9.842LE 
1.7317E 
6.7605E 
1.2418E 
1.0415E 
9.0825E 
l.Oab7E 
1.2058E 
1.4595E 
8.0090E 
9.4570E 
9.8859E 
1.1356E 
1.0858E 
1.0858E 
1.0858E 
1.0858E 
1.0858E 
1.3853F 
1.0858E 

CASE 5 
8 C'I 

1.1047E 0 1  
1.0389E 0 1  
1.1376E 0 1  
1.0763E 0 1  
I. 1387E 0 1  
1.0720E 0 1  
1.11ZhE 0 1  
1.3723E 0 1  
1.3734E 0 1  
1.5538E 0 1  
R.062bE 0 0  
1.3353E 0 1  
9.8936E 0 0  
1.6765E 0 1  
6.7265E 00 
1.2325E 0 1  
1.0515E 0 1  
9.1023E 0 0  
1.0867E 0 1  
1.2335E 0 1  
1.4417E 0 1  
8.1109E 0 0  
9.4727E 00 
9.8870E 00 
1.3359E 0 1  
1 .0858 f  0 1  
1.385BE 0 1  
1.0858E 0 1  
1.0858E 0 1  
1.0858E 0 1  
1.0858E 0 1  
1.0858E 0 1  



TABLE VI. - Continued. CODE LISTING AND SAMPLE OUTPUT FORDEPLETED 

URANIUM CASES 

FULLY UEY5E U t P L c T t U  U iAYIUH SL4-J I N  L I T i I U M  HYUKIOE 

CAPTUKE L f l ~ l S S - s k C ~ l u H S ,  dARNSl HATL U-235 

I L3ki ENEAGY CASE CASE 2  
2 CH 

0. 
0. 
0. 
0. 
0. 
0. 

CASE 3  
Z.j',CH 

0. 
0. 
0. 
0 .  
0. 
0. 

CASE 4 
4 CH 

0. 0. 
0. 0. 
n.  0. 
0. 0. 
0. 0. 
3. 0. 

CASE 5 
8  C'I 

FULLY OtYSE UEPLSIEO U d 4 a I U q  SLA3 I N  L I r H l U H  HYDRID€ 

SCATTEA CQOS5-5ECIIUNS9 RASNS, HATL U-235 

f L i f h  ENEK 



TABLE VI. - Conllrmed. CODE LISTING AND SAMPLE OUTPUT FDR DEPLETED URAMUM CASE8 

UROAO a O U P  AVEflAGEO CAPlWilSCATTER CROSS SECTIUN 

0 6  NO. CJNT91NS GROJPS CASE 1 
1 cn 

CASE 2 
2 CM 

CASE 4 
4 CY 

5.8526E-01 
l - I 0 + 9 E  0 1  

7.5393E-31 
L.Lb46E 0 1  

1.1832E 00 
1.1097E 0 1  

1.1191E 00 
1.0703E 0 1  

2.0823E 00 
1.0612E 0 1  

CASt 5 
8 cn 

5-53488-01 
1.0837E 0 1  

6.9076E-01 
1.1466E 0 1  

1.0137E 0 0  
1.1148E 0 1  

9.3Ib8E-01 
1.0693E 0 1  

1.7360E 0 0  
1.0635E OL 

FULLY DENSE OEPLETEO U114NIUY SLAB I N  LITHIUM HYORIOt 

FLUXES BY CISE 

CASE 1 
I :u 

CASE 2 
2 CY 

2.2U15E-01 
2.1693E-01 
2.1830E-01 
2.1755E-01 
2.14LIE-01 
2.1557E-01 
Z.0925E-01 

CASE 3 
2.5bCn 

2.1519E-31 
2-  1395E-31 
2.1346E-31 
2.1334E-31 
2.0953E-3 I 
2.1187E-31 
2.0174E-01 

CASE 4 
4 cn 

2.0328E-01 
2.018ZE-01 
2.0144E-01 
2.3277E-01 
1.9834E-01 
2.0269E-01 
1.9341E-01 

CASE 5 
8 C'I 

1.7552E-01 
1.7329E-01 
1.7273E-01 
1.7608E-01 
1.7067E-01 
1.1950E-01 
l.6586E-01 

FULLY DENSE DEPLETED UZ4NIUH SLA3 I N  L I T i I U Y  HYORIOE 

I LJW ENERGY CASE 2 
z cn 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

CASE 3 
2.54CY 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

CASE 4 
4 cn 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

CASE 5 
8 C4 

0. 
0. 
0. 
0. 
0. 
0. 
0. 



TABLE VI. - Continued. CODE LISTING AND SAMPLE OUTPUT FOR DEPLETED 

URAMUM CASES 

FULLY OENSt dEPLETEO UR4Nl UM SLAB I N  HYDROGEN 

CAPTURE CAOSS SEZTION, OARNS. OEPLETED URANIUM 

LDW ENERGY CASE 2 
2 cn 

6.0265E-01 
b.9699E-01 
6.42LLE-01 
6.4750E-01 
5.5866E-01 
5.5555E-01 
6.2309E-01 
1.2048E 00 
5,5552E-01 
2.0567E 00 
1.1149E 00 
1.8567E 00 
1.332LE-01 
1.3047E 00 
3.4738E 00 
7.3805E-01 
6.2570E 00 
4.3573E-01 
3.7477E-01 
7.91 42E-01 
Y.3512E 03 
2.9976t 00 
1.2432E 00 
7.1074E-01 
5.2470E-01 
5.1014E-01 
4.6365E-01 
5.0019E-01 
5.3185E-01 
5.4179E-01 
5.891 1E-01 
b.5305E-01 

CASE 3 
2.5C;M 

5.790LE-31 
5.5835E-I1 
b.1753E-31 
b.2392E-31 
5.3435E-I1 
5.3594E-31 
5.9864E-3 1 
1.1669E 30 
5.2553E-11 
1.9131E 33 
1.0798E 33 
1.7532E 33 
L.3284E-31 
1.2342E 00 
3.1645E 33 
7.3205E-31 
5.8308E 3 0  
4.3492E-31 
3.7342E-31 
7.830PE-I1 
8.6352E 30 
5.7089E 13 
1.2375E 33 
7.1049E-01 
5.2558E-31 
5.1303E-31 
4.b355E-I1 
5.0012E-31 
5.3181E-31 
5.4178k-31 
i . a 3 0 ~ ~ - 3 1  
6.5299E-I1 

CASE 4 
4 CW 

5.4575E-01 
5.269LE-31 
5.8314E-01 
5.8355E-01 
5.0102E-01 
5.0854E-01 
5.660lE-01 
1.1131E 03 
4.8724E-01 
1.7552E 33 
1.0323E 00 
1.5989E 00 
1.3183E-01 
1.114OE 00 
2.6928E 00 
7.1237E-31 
5.2073E 0 3  
4.3270E-01 
3.7108E-01 
7.6502E-01 
1.6315E 0 0  
5.2643E 33 
1.2243E 33 
7.0992E-01 
5.2456E-01 
5.0998E-01 
4.6365E-01 
4.9996E-31 
5.3172E-01 
5.4177E-01 
5.8902E-01 
6.5285E-01 

FULLY OtYSE OEPLElEO URANIUM SLAB I N  HVOROGEN 

J ~ ~ & & F P 3 N ~ t m i 3 U M r d .  

CASE 5 
8 c r  

5.1539E-01 
5.9057E-01 
5.5348E-01 
5.5027E-01 
4.7217E-01 
4.8*08E-O1 
5.408lE-01 
1.0725E 0 0  
4.5163E-01 
1.544bE 00 
9.9635E-01 
1.4773E W 
1.292lE-01 
9.6755E-01 
2.2319E 0 0  
7.0277E-01 
4.55158 0 0  
4.27l lE-01 
3.6873E-01 
7.3662E-01 
6.6109E 0 0  
4.8285E 0 0  
1.1983E 00 
7.0875E-01 
5.2425E-01 
5.0985E-01 
4.6366E-01 
4.9956E-01 
5.3151E-01 
5.4176E-01 
5.8887E-01 
6.5251E-01 

L o n  ~ N E R ~ ~ Y  CASE 
1 

1.218ZE 
l.1215E 
1.1792E 
1. IOBOE 
1.1485E 
1.1248E 
1.1454E 
1.3039E 

CASE 
2 

l . lb91E 
l.Od4BE 
1.1474E 
1.0923E 
1.143LE 
1. LO22E 
I. lZ9OE 
1. L994E 

CASE 
4 

1.1322E 
1.0584E 
1.1239E 
1.0822E 
1.1402E 
1.0851E 
1.1191E 
1.122OE 

CASE 
8 

1.1046E 
1.0389E 
L.lO7QE 
1.3763E 
L.1387E 
1.0724E 
t . l l28E 
1.0706E 



TABLE VI. - Cont inued. CODE LISTING AND SAMPLE OUTPUT FOR DEPLETED 

URANIUM CASES 

FULLY uEn5E UcPLcTtO URANIUM SLA6 I N  HYDROGEN 

CAPTURE L IJSS-S~CTIONSI  8AKNS. HATL U-238 

I L3WENtR;Y CASt 1 CASt 2 CASE 3 CASE 4 CASE 5 
8 C'I 

5.1757E-01 
5,9193E-01 
5.5476E-01 
5,5154E-01 
4.7386E-01 
4.8523E-01 
5.4205E-01 
1.0753E 00 
4.3679E-01 

FULLY OtsSE O t P L t T t U  UKANIUH SLA8 I N  HYDROGEN 

L3si ENERGY CASE 2 
2 CM 

1.1697E 01  
l.OY49E 01 
1.1476E 01 
1.0924E 01  
1.1433E 01  
L.IO23E 01 
1.1292E 01 
1.1997E 01  
1.092lE 0 1  
1.6650E 01 
7.9126E 00 
1.3148E 01 
9.8239E OD 
1.8037E 01 
7.0052E 00 
1.2532E 01 
1.054dE 01  
9.0789E 03 
1.0867E 01 
1.2083E 01 
L.4909E 01  
7.8811E 00 
9.rt531E 00 
9.8d73E 00 
1.0365E 01 
1.0858E 01  
1.085dE 01  
1.0858E 01  
1.0858E 01 
l.OB58E 01 
L.0858E 01 
1.0858E 01 

U-238 

CASE 3 
2 .5$ tH 

1.1556E 0 1  
1.3143E 5 1  
1.1387E I 1  
1.0834E 3 1  
1.142LE 0 1  
1.0953E 0 1  
1.125ZE 3 1  
1.173LE I 1  
1.0922E 3 1  
1.6412E 3 1  
7.92VZE I 3  
1.3125E 3 1  
9.8353E 33 
1.7775E 11 
5.9313E 35 
1.2501E 0 1  
1.0438E J l  
9.0813E 1 3  
1 .0867 t  3 1  
1.2377E 0 1  
1.4737E 1 1  
7.9359E 1 3  
9.4554E 33  
9.8875E I 3  
1.0355E 3 1  
1.0858E 3 1  
1.0953E 0 1  
1.0858E 0 1  
1.0858E 3 1  
1.085YE 3 1  
1.0858E I 1  
1.0853E 3 1  

CASE 4 
4 C'I 

1.1324E 0 1  
1.0584E 0 1  
1.1241E 0 1  
1.0823E 3 1  
1.1404E 0 1  
1.0852E 0 1  
1.1192E 0 1  
1.1222E 0 1  
1.0925E 0 1  
1.5028E 3 1  
7.9752E 03  
1.3155E 0 1  
9.8489E 00  
1.7363E 0 1  
6.7444E 0 3  
1.2444E 0 1  
1.3331E 0 1  
9.0884E 00 
1.0867E 0 1  
I.ZO63E 3 1  
1.4623E 0 1  
8.0297E 30  
9,4644E 33  
9.8d79E 0 0  
1.3365E 0 1  
1.0858E 0 1  
1.0858E 3 1  
L1085SE 3 1  
1+0858E 0 1  
1.0858E 0 1  
1.3858E 3 1  
1.0858E 0 1  

CASE 5 
R rq  



TABLE VI. - Concluded. CODE LISTING AND SAMPLE OUTPUT FOR DEPLETED URANNM CASES 

FULLY UENSE J E t L t T E O  !J?9NIUU SLAj  I N  L I I i I U U  HYORIOE 

CASE 2 
2 CH 

6.028CE-01 
6.9717E-01 
5 . 4 L l d t - 0 1  
5.4138E-01 
5.5904E-01 
5.5592E-01 
6.2438E-01 
L.ZO8OE 00 
5.5774E-01 
2. O471E 03 
I . l L 3 4 E  03 
I. 8'18UE 03 
1.3355E-01 
1.2914E 00 
3.5239E 02 
7.3329E-01 
b.3235E 00 
4.3732E-01 
J.7485F-01 
7.8495E-01 
9. ICLOE 00 
6.1077E 00 
l .2555E OU 
7. I ? & + € - 0 1  
5.255bE-01 
5.0999E-01 
4.6355E-01 
4.9900E-01 
5.32 77E-01 
5.4038E-01 
5 . 8 ~ 9 9 E - 0 1  
6.5003E-01 

CASE 3 
2.5'1CH 

5.7917E-I1 
5.5dZZE-11 
6 . 1 7 4 8 t - J l  
5 . 2 3 3 l E - I 1  
5.3C53E-11 
5.3523C-11 
5.9PYlE-11 
1 .17J IF  I 3  
5 . 2 8 J l t - 1 1  
L.933)E. I 1  
L.Ol36E 3 1  
L.1'123E 11 
l .33LBE- I1  
1.2217E I 3  
3.2132E 33 
7.2735E-31 
>.8933E 11 
4 . 3 5 i l E - I 1  
3.7152E-11 
7.755)E-31 
a . 4 4 ~ 9 ~  33 
5.8123E 1 3  
1.2503E I1  
7. L Z O E - I 1  
5.2552F-I1 
5.0993E-31 
4.6355E-31 
4.Yd94E-31 
5.3273E-I1 
5.4333E-11 
5.8531E-I1 
6.4397E-11 

FULLY UEYSE UEPLEIEO UX4NIUH SLA3 I N  L I I i l U H  HYURIOE 

:CTIOYI SA*NS, DEPLETED 

CASE I CASE 2 
I ZM 2 CH 

1.2182E UL 1.169JE 01 
L.LZLbt 0 1  I.OB47E 01 
1.1191E 0 1  1.1474E 01 
1.lOdOE 0 1  l.OYZ3E 01 
1.14d4E U1 1.1430E 01 
1.1247E 0 1  1.LOZDE 01 
I. 1 4 5 2 i  0 1  l . I Z 8 8 E  O l  
1.3057E 01  1.2011E 01 
1.0926E 0 1  1.0921E 01  
1.7511E 0 1  1.6613E UI 
7.8828E 0 0  1.9036E 03 
1.3390E 0 1  1.3155E 01  
Y.dI05E 0 0  9.8213E 00 
1 .8697 i  0 1  1.7969E 01 
7.8229E 0 0  7 .07d2 t  00 
1.2561E 0 1  1.2503E 01 
1.1150E 0 1  1.0634E 01 
9.0730E 0 0  9.0768E 00 
I .Od7Lt 0 1  1 . 0 8 l l t  01 
1.209ZE 0 1  1.ZOBOE 01 
1.526% 0 1  L .4863 t  01 
7.b83LE 0 0  I .8524E 00  
9.440lE 0 0  9.4437E 00 
9.8857E 0 0  9 .8860 t  00  
l.OJ54E 01  1 .035+t  01  
1.0857t 0 1  1.0857E 01 
1.0857E 0 1  1.0857E 01 
1.0857E 0 1  L.Otl57E 01  
L.Od56E 01  1.085SE 01 
1.0856E GI 1.0855E 01 
1.0857: O l  1.0857E 01 
1.0857E 0 1  l.Od57E 01  

URANI UH 

CAbt  3 
2.5+CH 

1.155'1E 1 1  
1.0748E 01  
l.1385E 3 1  
1.0333E 3 1  
1.14LBE 1 1  
1 .0335 t  3 1  
1.1247E I 1  
1.1715E I 1  
L.OY2ZE 3 1  
1.6375E 3 1  
7.9233E 1 3  
1.3133E I 1  
9.3277E 1 3  
1.7731E I 1  
5.9319E I 3  
1.2476E 3 1  
1.05236 1 1  
9.0132E 3 1  
I.OY71F I 1  
1.2074E 3 1  
1.4153E 3 1  
7.919LE 33  
9.4533E I 1  
9.8352E 1 3  
1.032'1E I 1  
L.0857E 0 1  
1.0857E 3 1  
1 . 0 a 5 7 ~  11 
I.OB55E 1 1  
1.0855E 3 1  
1.0357E 11 
1.0857E DL 

CASE 4 
4 c-4 

5.45)IE-01 
5.2737E-31 
5.8313E-01 
5.8343E-31 
5.3136E-Ul 
5.389LE-01 
5.6119F-31 
1.1163E 33  
4.8917E-01 
1.746BF 30  
1.0312E 03  
1.5916E 03  
1.3215E-01 
1.1027F 03  
2.7318E 03  
7.1538E-01 
5.2653E U3 
4.3423E-01 
3.1121E-31 
7.5875F-01 
7.4342E 00  
5.3576E 03  
1.2366E 03  
7. 1 lR2E-01  
5 . 2 5 4 l t - 0 1  
5.0985E-01 
4.6356E-01 
4.9875E-01 
5. JZ65E-01 
5.4037E-31 
5.8691E-01 
5.4383E-31 

CASE 
4 

I. 1322E 
1.0533E 
1.1243E 
1.0822E 
l .1401E 
1.3843E 
I. 1183E 
I. 1237E 
1.0926E 
1.5995E 
7.9666E 
1.3164t 
9.8465E 
1.7304E 
6.7105E 
t. 2 4 l b E  
1.3418E 
9.0865E 
1 .087 lE  
1.2361E 
1.4582E 
8.0132E 
9.4580E 
9.8866E 
1.3355E 
1.0857F 
1.0857E 
1.0857E 
1.3856E 
1.385SE 
1.0857E 
1.0857E 

CASE 5 
8 C'I 

5.1647E-01 
5.9372E-01 
5.5347E-01 
5.5014E-01 
5.7308E-01 
4.9445E-01 
5.4L95E-01 
1.J753E 00 
4.5335E-01 
1.5369E 0 0  
9.9593E-01 
L.470Yt 00 
1.2955E-01 
9.5794E-01 
2.2554E 00  
6.9858E-01 
4.7169E 0 0  
4.2853E-01 
3.6888E-01 
7.3058E-01 
b.4552E 0 0  
4.9124E 00  
1.2104E 00  
7. 1063E-01 
5.2509E-01 
5.0974E-01 
4.6355E-01 
4.9839E-01 
5.3253E-01 
5.4037E-01 
5.8675E-01 
6.4949E-01 

CASE 
8 

1.1045E 
1.3385E 
1.1375E 
1.0763E 
I. L385E 
1.07ZOE 
1.1125E 
1.3723E 
1.3935E 
1.5527E 
8.0713E 
1.3348E 
9.8978E 
1.6753E 
6.7361E 
1.2323E 
1.0517E 
9.106ZE 
1.0871E 
1.2038E 
1.4404E 
8.1149E 
9.4737E 
9.8877E 
1.0358E 
1.3857E 
l.OB57E 
L.3857E 
1.1855E 
1.0855E 
1.0857E 
1.0857E 

BROAD GX3W AVEHASED CAPTU%E/SCATTER CROSS SECTION 

8G NO. CL3NTAlNS NRJUPS CASE 1 CASE 2 CASE 3 CAjE  4 CASE 5 
1 CH 2 CH 2.54CH 4 Cq 8 CH 



FIRST CLASS MAlh 

POSTAGE AND EEES PAf 
NATIONAL AEPLONAUTICS 

SPACE AB&-AWP 

' T h e  aeroun//tical and space activities of the Ufsited States shall be 
cotzdr/cted so as to  contribztte . . . ro $Be expansion of h/tlnan klaowl- 
edge of ~benol?~el ta  13% the nti~/osphere ~ 9 . d  space. T h e  Adluinistrntion 
shdl proride for the zuilkest practicable nrzd nppropriate disse~izimtio.rt 
of i~zforlnntio~z corzcer~zi~zg its nctit~ities nnd the resirrlts thereof." 

-NATIONAL AERONAUTICS AND SPACE ACT OF 1958 

NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS 

TECHNICAL REWRTS : Scientific and TECHNICAL TRANSLITIONS : ~nformatim 
~ ~ ~ i m i m 1 i n f o r m a t i a n - c 0 1 1 ~ i d a e d ~ r ~ , - ~ & i i & ~ ~ f ~ r & ~ ~ a ~ e ~ ~ ~ c t e r d -  
c~mplete, and a lasting contribution to existing to merit NASA distribution in Englrsh. 
knowledge. 

SPECIAL PUBLICATIONS : Information 
TECHNICAL NOTES: Information less broad derived from ar of value to NASA activities. 
in scope but nevertheless of importance as a Publications include conference praceedings, 
contribution to existing knowledge. 

TECHNICAL h4EMORANDUMS: 

monographs, data compilations, handbooks, 
so~lrcehooks, and special bibliographies. 

Information receiving limited distribution TECHNOLOGY UTILIZATION 
k a u s e  of preliminary data, seemity classifica- PUBLICATIONS : Information on technology 
tion, or other reasons. used by NASA that may be of particular 

interest in commercial and other nm-aeraspace 
CONTRACTOR REPORTS: Scientific md  applications. Publicatians include Tech Briefs, 
technical information generated under a NASA Ttchnology Utilization Reports and mes, 
contract or grant and considered an important and Technology Surveys. 
contrib~irion to existing knowledge. 

.Details on the availability of these publications may be obtained from: 

SCIENTIFIC AND TECHNICAL INFORMATION DIVISION 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Washingtan, D.C. 80546 




