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LEGAL NOTICE

This l;apoﬁ wos preperad as uni asccount of Government sponsored work. Neither the United States,

ner the Commission, nor any pérson acting on behalf of the Commission:

A Mékes any warranty or representation, expressed or implied, with respect to the nccuracy,
completeness, or usefulness of the information contained in this report, or that the use of
any information, appuratus, methad, ot process disclosed in this report imay not infringe
privately owned rights; or

B. Assumes any lisbilities with respect to the use of, or for damages resulting from the use of
anzy information, appuratus, method, or pracess disclosed in this repaort. !

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

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

or contractor of the Commission, or amployee of sich contractor prepares, disseminotes, or
providss access to, any information pursuant to his employment ar contract with the Commission,

or his;employment with such contractor,




I. INTRODUCTION

The forthecoming experimental program to be conducted at the Tower
Shielding Facility (TSF) using a modified SNAP-10A reactor, the TSF-SNAP,
has as one of its requirements measurements that can be related to the
fast-neutron dose at the doge plane of an instrumented SNAP system, as it
would exist in flight. These data cannot, of course, be cbtained directly
on earth because of structure and ground scattering. Preliminary calcula-
tionsl indicated that it would be feasible to perform the measurements
with a collimated detector and a collar surrounding the SNAP LiH shield
to block the alr-scattered neutrons. For the messurement to be obtained
with high accuracy, the collar should be designed sc as to give minimum
perturbation to the ideal measurement, and whatever perturbstion does
exizgt should be known with high accuracy. The amount of the perturbation
must, of course, be obtained by calculation.

An experiment2 was conducted at the TSF with beams of radiation from
the TSR-II and a SNAP-2 LiH shield, with the following objectives:

1. to determine whether cracks existed in the cast LiH shield,

2. to determine experimentally, insofar as possible, the relative

effectiveness of different collar configurations,

3. to provide data to verify Monte Carlo calculations, which were %o

ve used to determine the final collar design and to determine
the collar perturbation.

This report describes the transformations of the experimental data to

comparison of the calculated and experimental data.

a form sultable for comparison, the calculational techniques used, and
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Sceveral manipulations of the raw data ™ were required to permit ecasy
compariscn with the Monte Carlo calculations. The first step was to sub-
tract backgrounds from foregrounds for all modified long counter (MLC)
results. The MLC count rates were then normalized so as to agree with the
fast-neutro dosimeter (FND) results. The normalization was done by multi-
plying the MIC count rates by the mean ratio of FND dose results to MIC

L =5 -1 -1y . n . . S

count rates (1.26 x 10 ergs-gm ~-hr “/cpm with a standard deviation of

about 0.028 x 10'5).

Differences of these equivalent FND data were then
taken to obtain the neutron dose at the detector due only to neutrons
leaving the LiH shield surface, and due only to neutrons leaving the collar
shield surface. The former is obtained by subtracting results obtained
with a 12-in. polyethylene shield behind the LiH shield (subtending only
the LiH shield surface, as seen from the detector) from the results with
no shadow shield. The latter quantity is obtained by subtracting results
obtained with a 19-in. water tank covering both the LiH and collar shields
from the results obtained with the 12-in. polyethylene shield. The result-
ing data are presented in Table I (derived from the data in Tables 1, 3,
L, and 5 in ref. 2).

The last necessary quantity derived from the experimental data was the
total dose incident on the LiH shield. This was obtained by numerically
integrating the results of the direct-beam mapping (Table 7, ref. 2) by

- s . . . . -1
the FED in ite air-scattered shield. This result was 168.6 erg.gm +hr~1

i
=
\J



IT. TECHNIQUES

The Monte Carlo calculations were made using OSR,3 a general-purpose
neutron transport code, and ACTIFK,A a general analysis code for OSR.
Supplied to O5R with each calculation were the geometry of the shield and
one of three possible geometries for the collar: a source description,
the reactions taking place in the system, and special biasing parameters
to be used in track length selection.

Figure 1 shows a cross section of the geometric model used to describe
the SNAP-2 ILiH shield surrounded by a 20-in.~thick oil-filled collar. The
LiH shield is bounded by the z = O plane, an ellipsoid approximating the
actual toroid, labelled as surface 1 in Fig. 1 a cone (labelled ag 2),
and a sphere (labelled as 3). The equations of the latter three surfaces
are:

1. %% +3° + 6.01386(z - 10.3464)° - (29.786)° = 0

2. x2 + y2 - 0.021424(z + 189.3257)2 =0

3. N y2 PP (63.5)2 = 0.

The collar itself is bounded by planes at x = 3$60.96, y = £60.96, z = 0,

z = 50.8 and the cone describing the side of the LiH shield. TFigs. 2 and
3 show cross sections of the models used to describe the other two collars
used in the calculations. The collar shown in Fig. 2 has 10 in. of iron
followed by 10 in. of transformer oil. The collar shown in Fig. 3 has

4 in. iron, 1 in. oil, 3 in. iron, 2 in. oil, 2 in. iron, 3 in. oil, 1 in.
iron, and 4 in. oil, starting at the side nearer the source.

Measurements of fast-neutron dose as a function of distance along the

beam centerline indicated that the beam could be described fairly well by

a point source emitting particles with a specified angular distribution.



Teble I. Experimental Data From Reference 2 Transformed to BEquivalent Fast-Neutron Dose
Due to Neuvtrons Leaving the LiH znd Colilar Shield Surfaces

Angle Befween Dose Due to Neutrors Dose Due to Neutrons
Beam and LiH Horizonteal Leaving LiE Shield Leeving Collar Shield

Shield Centeriines Distance* Surface Surface

Coliar Description (Gegrees ) {inches ) (ergs-gm‘i'hr“l-w_l) (ergs gt hr-L-w-1)
A1l 011 0 0 7.08(-8)%* 1.84(-8)
5 9.00{-8) 3.51(-8)
12 1.33(-7) 1.27(-7)
18 2.34(-7) 3.73(-7)
Alternating 1-in. 0 0 7.03(-8) 1.32(-8)
Lzyer of Iron and 6 8.45(-8) 2.87(-8)
0il 12 1.06(-7) 1.70(-8)
18 3.02(-8) 5.70(-8)
o5 0 2.99(-8) 1.43(-8)
6 3.82(-8) L.78{-8)
12 3.39(-8) 6.:4(-8)
18 1.30(-8} 3.76{-8}
oin. 7e, 1-in. Qi 0 0 7.13(-8) 1.45(-8)
3-1in. Fe, 2-in. 0il 6 8.10(-8) 2.56(-8)
2-in. Fe, 3-in. 0il 12 1.11(-7) L.57(-8)
1-in. Fe, 4-in. 0ii 18 2.90(-8) 5.65(-8)
25 0 2.94(-8) 1.22{-8)
& 3.66{-8} 4.36(-8}
2 2.90(-8) 5.60(-8)
18 9.40(-9) 3.05(-8)



Table I (cont.)

Angle Between Dose Due to Neutrons Dose Due to Neutrons
Beam and LiH Horizontal Leaving LiH Shield Leaving Collar Shieid
Shield Centerlines Distance* Surface _ Surface _

Coilar Description (degrees) (inches) (ergs-gn™+-hr v L) (ergs-gm~+-hr~+.w-1)
10-in. Fe 0 0 7.20(-8) 1.45(-8)
10-in. Qil 6 9.39(-8) 2.57(-8)
12 9.19(-8) L.51(-8)
18 . 2.89(-8) 5.40(-8)
25 0 2.81(-8) 1.55(-8)
6 3.34(-8) 4.56(-8)
12 2.85(-8) 5.81(-8)
18 7.80(-9) 3.26(-8)
HES 0 1.06(-8) 1.28(-8)
6 1.18(-8) 2.37(-8)
) 7.00(-9) 2.75(-8)
18 3.20(-9) 1.54(-8)

*Jorizontal distance between the axis of the neutron beam and the axis of the LiH shield.

W A=0
*kRead 7.08 x 10 7, etc.
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The measurements slong the centerline were used to locate the point from
which the dose varied as 1/r3. Traverses across bhe beam were then used
to determine an angular distribution for the point source (Table 8, ref. 2).
The distribution which was used, in terms of the cumulative distribution
function, is shown in Table II.

The muclear reactions which were allowed in the LiH were H, ®Li, and
714 elastic scattering, and ®Li(n,n'), "Li{n,n'), ®Li(n,dn), and "Li(n,tn)
inelastic scattering. The reactions accounted for in the ceollar shields
were H, *2C, and %Fe elastic scattering, and *2C(n,n') and ®®Fe(n,n')
inelastic scattering. The atomic densities of the above nuclides are

given in Table IIT.

IIT. BIASING

In order to reduce the sample variance in the calculatlons, several
types of biasing were used. The simplest of these was blasing of the
source energy. The biasing parameters used, which were determined through
trial and error,* are given in Table IV. 1In each of the energy rarges
shown, the density was obtained from prior measurements of the neutron
spectrum in the beam.5

In addition, track length selection was biased by use of an exponen-

7

tial transform” of the form

£, -(2,/Bh
E()\) = B e »

where

*Subsequent work has shown that much better values for these parameters
can be obtained from approximate calculstions of the value function.
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Table 1II. Angular Distribution Used in
the Source Description For All Cases

Cosine Angle From the Cumulative
Beam Centerline Distribution Function

.9h53729 0.0
.9503089 .00528007
.95506k41 01085991
.9596285 L01674334
9639925 02292451
.9681469 . 02944893
.O720821 .0363870k
9757895 - 0l3758Mh
9792603 .05153559
.9824865 05980282
.985L601. . 06901063
.9881738 08050952
.9906212 .10023518
.9927955 L14k127605
. 99LO9LT 22555770
.9963047 36177644
9976303 .53696L70
.9986649 L71968062
.9994.063 Briokrol
.999851k 96719557

1.0 1.0




Table TIT. Atomic Densities of the Nuclides
Used in LiH and Collar Shields

Media Nuclides Atomic Densities
6 )
LiH Li 00458 x 107
)
Toa 05416 x 10°°
H L0587 % 1024
12
CH C L0h08 x 102h
)
H L0816 x 107"
Fe 56Fe L0813 x 102h

Table IV. Biasing Used With the
Tower Beam Energy Spectrum

Energy Range

Percentage of Neutrons

MeV Selected in Energy Range
2 - 3.0 30%

3.0 - 6.0 35%

6.0 = 9.0 30%

9.0 - 5%




1h

Y. = total macroscoplc cross section,

)} = path length,

1
1 -~ vy

v = biasing parameter, 0 = v < 1,
w = direction cosine of the necutron velocity, relative to a
specified preferred direcction.

This form of the exponential transform assumes that the importance function
varies exponentially along the preferred direction. From this it can be
shown that the proper value of the biasing parameter v is given by the
ratio of the slope of the importance function to the macroscopic cross
section. The bilasing parameters were given as a function of spatial
regions, shown in Fig. 4, and of broad energy groups. The preferred
direction was toward +z for regions 1, 2, and 6 through 9 and was normal
to the spherical boundaries of regions 3, 4, and 5. The values which
were used are given in Table V. They were obtained by adjoint Sn calcu-~
lations8 performed with the ANISN code.9
The track length selection was also biased to not allow leakage from

. o . . . L
the system for flights with a positive z-direction cosine.

Iv. RESULTS

Twelve of the configurations measured experimentally were used in
the calculations. The gource descriptions and results for thesc twelve
cases ave given in Table VI. The first two data columns give the uncol-
lided and unshielded (the answer that would be obtained without the shield

o)
P . .
present) flux (n/cm”) and dose (ergs/gm). The next column gives results

for a vacuum replacing the collar. The next column gives results for the
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Table V. Energy and Region Dependent Preferred
Track Direction Bilasing Factors

Region
No.

Energy

(Speed-

Squared ‘\\

Units) . 1 2 3 b 5 6
6.41 x 107 . 82 1482 482 481 179 465
2.87 x 1ol§ .590 .591 .593 .599 621 .G85
2.12 x 101 .828 .808 .827 .82k 812 647
7.8 x 10% 983 972 L951 .919 .872 .557
1.16 x 1018 .955 .9h1 .911 .867 802 b9
1.74 x 1018 .965 Lol .903 .8u46 767 .337
2.12 x 1018 .951 .927 .880 817 .732 .281
2.58 x 1018 .936 .909 .848 .790 .700 231
3.16 x 1018 .919 .889 .834 .763 .669 .188
3.86 x 1018 .002 870 812 .38 640 .148
L.l x 1018 _ .889 .855 79U 716 61k .105
5.76 x 1018 .873 .837 TTh .69k .589 .068
7.0k x 1018 .862 .825 .759 675 .566 .023
8.61 x 1018 .855 .815 .Th6 656 .539 0.0
1.05 x 1018 846 .805 .731 .63k .509 0.0
1.28 x 1018 .836 792 Srie .608 A7l 0.0
1.56 x 1018 .819 772 L6685 5TL A2 0.0
1.91 x 1018 .790 .738 Nonn .519 .355 0.0
2.33 x 1007 ST A .688 .584 ey .266 0.0




Table VI. Source Descriptions and Results of OS5R Calculations

Angle Flux (above) and Dose (below) for 10,000 Source Particles
Betweern Beam
Centerline Point Source Horizontal Due to Neutrons Due to Neutrons Due to Neutrons
and Shield Iocation Bistance Never Ieaving Leaving Lih Leaving Collar
Collar Description Centerline (x,y,2) cm (inches} Uncollided Unshielded LiH Shield Shield Surface Shield Surface
A1l 011 o® {-15.24,0.0,-147.32) 6 1.01 (-6} 7.50 é-l) 2.50 (-6} 2.87 (-6) 1.58 (-6)
1.75 {-11) 8.17 {-6) 3.2k (-11) 3.67 (-11)} 2.0k {-11)
(~30.48,0.0,-147.32) 12 2.k5 («6) 7.00 {-1}) 1.68 (-6) 2.90 (-6) 4.98 (-6)
4,18 (~11) 7.61 (-6) 2.36 {-11) k.12 {-11) 6.93 (-11)
Y-in. Fe, i-in. Oil o° (-15.24,0.0,-147.32) 6 3.75 (~7) 7.5% (-1) 1.96 (-8) 2.40 (-6) 579 (-7)
3-in. Fe, 2-in. 0il 1.68 (-11) 8.22 (-6) 2.70 {-1L1) 3.16 (-11) 6.84 (-12
2-in. Fe, 3-in. 0il (-30.48,0.0,-147.32) 12 2.54 (<€) 6.98 (-1) 1.k0 (-6) 2.20 (-6) 2.12 (-6)
l-in. Fe, k-in. Oil b.3k (-11) 7.60 (-6) 2.05 (-11) 3.21 (-11) 2.36 (-11)
10-in. Fe, i0-in. Oil o® (0.,0.0,-147.32) 0 9.43 (<=7)- 7.56 (-1) 1.83 (-6) 2.16 (-6) 1.97 (-T)
1.65 {-11) 8.25 (-6) 2.47 (-11) 2.94 (-11) 6.13 (-11)
{-15.24,0.0,-147.32) 6 1.06 {-6) 7.47 (-1} 2.57 (-6) 2.76 (-6) 1.39 (-€)
1.84% (-11) 8.17 (-6} 3.48 (-11) 3.71 (-11) 1.86 (-11)
(-38.48,0.0,-147.32) 12 2.50 {~6) 6.97 (-1} 1.25 (-6) 2.03 {-6) 6.73 (-6}
.26 (-11) 7.61 (-6) 1.72 (-11) 2.77 (-11) 6.81 (-11)
25° (-62.26,0.0,-133.518) 0 1.27 (-6) 1.39 (-6) 1.0h (-6)
1.65 {-11) 1.82 (-11) 1.34 (-11)
(-47.02,0.9,-133.518 6 7.88 (-7) 1.46 (-8) 1.0k (-8)
1.06 (-11) i.92 (-11 1.2 (-11)
(-31.78,0.0,-133.518) 12 3.97 (-7) 7.87 (~7) 1.80 (-6)
4.80 (-12) 1.0k (-11) z.ok {-11)
{-10k.171,0.0,-104.171) © o1k (=7) L .68 (-7) 5.63 (~T)
4,93 (-12) 5.63 {-12) €.80 (-12)
{-88.93,0.0,-104.171) é 2.21 (-7) 3.24 (-7 2.31 (-3)
3.08 {-12) 4.39 {-12} 2.7% {-11)

LT
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case of the collar present and assuming perfect detector collimation so
that only the particles leaving the IiH shield surface are detected. The
last column gives flux and dose due to the particles leaving the collar
shield surface.

Comparison of experimental and calculated results are given in
Table VII. All results are dose at the detector per unit dose incident
on the shield. The experimental results were taken from Table I and were

divided by the 168.6 erg-gm—l-hr_l-w"l

of Table I are erg-gm_l-hr-l-w—l).

.em® incident on the shield (units
The calculated results in Table VI
!
were divided by the lOF source neutrons and the dose per source neutron:
-5 -1 -1
1.039 x 10 erg-gm .source neutron
The cormparison of calculated and experimental resulis can be seen to

be quite good in most cases. For fifteen of the twenty-four cases, the
measurement can be seen to be within 1 standard deviation (statistical

deviation in the calculations) of the corresponding calculation.



Table VII.
feutrons Leaving the

Comparison of Experimental and Calculated Dose Rates Due to
LiH Shield Surface and the Ccllar Shield Surface

Angle Between

Dose Due to Neutrons

Dose Due to Neutrons

. Leaving LiH Leaving Collar
Beam and Horizontal A .
Lill Shield Distance Shield Surface Shield Surface
Collar Description Centerlines (inches) Calculated  Measured Calculated Measured
A1l Oil o° & 5.22 (-10)  5.34% (-10) 1.97 (-10) 2.08 (-10)
(.08) (.29)
12 8.0 (-10) 7.89 (-10) 6.67 (-10) 7.53 (-10)
(.08) (.12)
hoin. Fe, 1-in. 0il o” 6 L.66 (-10) 4.8 (-10) 6.58 (-11 1.52 (-10)
(.11) (.21)
3-in. Fe, 2-in. 0il
2-in. Fe, 3-in. 0il 12 7.27 {(-10) 6.58 {-10) 2.27 (-10) 2.71 (-10)
i-in. Fe, b-in. 0il (.11) (L41)
10-in. Fe o° 0 L.hp (-10) k.27 (-10) 5.9 (-11) 8.5k (-11)
(.11) ( (.13)
10-in. Oil 6 5.3% (-10)  5.57 (-10) 1.79 (-10) 1.52 (-10)
(.07) (.h6)
12 6.78 (-10) 5.45 (-10) 6.55 (-10) 2.67 (-10)
(.11) (.63)
25° 0 1.75 (-10)  1.67 (-10) 1.29 (-10) 9.13 (-11)
(.12) (.61)
6 1.85 (-10) 1.98 (-10) 1.19 (-10) 2.7 (-10)
(.13) (.16)
12 1.00 (-10) 1.71 {-10) 2.156 (-10) 3.4k (-10)
(.13) (.1k)
45° 0 5.42 (-11)  6.29 (-11)  6.54 (-11) 7.6 (-11)
(.1k) (.48)
6 L.23 (-11) 7.0 (-11) 2.64 (-10) 1.4 (-10)
(.19) {.59)

=
O
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