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ABSTRACT

Under Contracts NAS3-4214 and NAS3-6217, angular neutron spec-
tra were measured from 15 MeV to 0. 0005 eV at various angles for liquid
hydrogen thicknesses of 2.5, 4.5, 7.0, 10,5, and 13. 0-in. Since con-
siderable time had elapsed between the two contracts, it was felt desirable
tuv reevaluate and update all the spectral data in a consistent manner using
the latest available techniques,

This rzport lescribes those methods and techniques used to re-
evaluate and update all the spectral data generated under the abovemen-
tioned contracts. Calculations were performed using the O5R Monte Carlo
and 1DF discrete ordinates codes for comparison with selected spectral
measurements,

The reevaluated and updated spectral data and calculations are

tabulated in the report,

ix



i. INTRODUCTION

This final report describes the work performed on a research pro -
gram under Contract NAS3-14228 with the Nuclear Systems Division,
NASA -Lewis Research Center.

The purpose of this program was to reevaluate and update all
spectral data gencrated under Contracts NAS3-4214 and NAS3-6217 using
the latest available techniques. The methods and techniques whereby the
neutron spectral measurements were made, under the above mentioned
contracts, have been described in detail in References 1 and 2, and a
detailed listing of these measurements is given in Table 1. The data taken
were reduced using the best efficiency and background subtraction tech-
niques available at the time. However, since there had been over a four-
year lapse since the data were taken on the first contract and a two-ycar
lapse since the second contract to the initiation of the present program, it
was felt desirable to reevaluate and update all the spectral data in a consis.
tcnt manner using the latest available techniques.

The spectral data were taken in three separate energy regions:
fast, intermediate, and thermal. The reason for this separation is that
cach energy region required a different neutron detector.

This final report has been separated into these same groupings.
Section II, describes the calculations, Section III discusses the reevaluation
of the {ast neutron spectral data, Section IV gives the reevaluation of the
intermediate neutron spectral data, Section V discusses the rcevaluation
of the ther mal neutron spectrai data, and Section VI compares calculations
and experiments for all the data generated undcr Contracts NAS3.4214

and NAS3-6217. Appendix A contains the geometry input to O5R,
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i. INTRODUCTION

This final report describes the work performed on a research pro
gram under Contract NAS3-11228 with the Nuclear Systems Division,
NASA -Lewis Research Center.

The purpose of this program was to reevaluate and update all
spectral data generated under Contracts NAS3-4214 and NAS3-6217 using
the latest available techniques. The methods and techniques whereby the
neutron spectral measurements were made, under the above mentioned
contracts, have been described in detail in References 1 and 2, and a
detailed listing of these measurements is given in Table 1. The data taken
werc reduced using the best efficiency and background subtraction tech-
niques available at the time. However, since there had been over a four-
yvear lapse since the data were taken on the first contract and a two -year
lapse since the second contract to the initiation of the present program, it
was felt desirable to reevaluate and update all the spectral data in & consis
tent manner using the latest available techniques.

The spectral data were taken in three separate energy regions.
fast, intermediate, and thermal. The reason for this separation is that
cach energy region required a different neutron detector.

This final report has been separated into these same groupings.
Section II, describes the calculations, Section III discusses the reevaluation

of the fast neutron spectral data, Section IV gives the reevaluation of the
intermediate neutron spectral data, Section V discusses the reevaluation
of the ther mal neutron spectral data, and Section VI compares caiculations
and experiments for all the data generated undc= Contracts NAS3.421+

and NAS3-6217. Appendix 7/ contains the geometry input to O5R,

T

=




Appendix B lists the KINNY program and input instructions, Appendix C
gives the subroutine SOURCE listing, Appendix D provides the ACTIFK
user subroutines, and Appendix E is a detailed listing ofall spectral data
generated under both Contracts NAS3-4244 and NAS3-.6217, and the O5R
and IDF calculations made under the present contract, NAS3-14228.
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Table 1

SUMMARY OF DATA TAKEN UNDER
CONTRACTS NAS3-4214 AND NAS3-6217

Contract NAS3-4214

A, Fast Neutron Spectrum Measurements

Angular neutron flux from 15 to 0.5 MeV for angles of
0°, 15°, 37°, 53°, and 78° and liquid hydrogen thick-
nesses of 2.5, 4.5, 7.0, 10.5, and 13.0 in. and with

the liquid hydrogen dewar empty.

Contract NAS3-6217

A, Fast Neutron Spectrum Measurements

Angular neutron flux from 15 to 0.5 MeV at 0° for
liquid hydrogen thicknesses of 2.5, 7.0, and 13. 0 in.
and for the empty dewar; and at 37° for liquid hydro-
gen thicknesses of 2.5, 4.5, 10.5 and for the empty
dewar.

B. Intermediate Neutron Spectrum Measurements

Angular neutron flux from 1.5 MeV to 500 eV for
angles of 5%, 15°, 37°, 53° and 78° and liquid hydro-
gen thicknesses of 2.5, 4.5, and 7.0 in. Empty dewar
measurements were made at 5°, 15°, 37°, and 78°.

C. Thermal Neutron Spectrim Measurements

Angular neutron flux from 10 eV to 0. 0005 eV for
angles of 37° and 78° and liquid hydrogen thicknesses
of 2,5, 4.5, 7.0, 10.5 and 13. 0 in,



2. THEORETICAL ANALYSIS OF THE FAST AND
INTERMEDIATE FLUXES

2,1 INTRODUCTION

The Monte Carlo method exemplified by the code OSR(3) was
selected for the analysis of the liquid hydrogen experiment because of its
flexibility in describing the source and material geometry and because of
its ability to consider separately the direct and scattered components.

This allows the formulation of estimators which approximate the collimated
detector.

The experiment was performed for thicknesses of 2.5, 4.5, 7.0,

10. 5, and 13 inches of liquid hydrogen between the source and precollimator.
For the analysis reported here representative thicknesses of 2.5, 4.5, and
13 inches were selected by mutual agreement with the contracting agency.

Described in Section 2.1 below are the procedures used in the
implementation of the O5R Program in calculating collision histories in the
fast and intermediate energy region. Analysis of these histories is dis-

cussed in Section 2.3 and the results are presented in Section 2. 4.

2.2 DESCRIPTION OF THE O5R PROBLEM

2.2.1 GEOMETRY OF MATERIALS

Figure 1 shows the sector boundaries used in the mathematical
description of the dewar and the materials assigned to each of these
sectors. This is a plan view of the cylindrically symmetric arrangement.
Not all space within the enclosing parallelopiped is accounted for in this
projection. Between the outer cylinder, which forms the central part of
the dewar, and the corners of the parallelopiped there are four segments
of space ussigned as external void. The OS5SR listing of this description of

the geometry is given in Appendix A for the 13-inch configuration.
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The material compositions are presented in Table 2 in terms of
atomic density.

Hydrogen vapor is assumed to fill all of the internal compartments
of the dewar not filled with liquid hydrogen. The LHZ vapor at atmospheric
pressure and at the boiling point temperature has a density which is 1.57%
of the liquid density. A summary of the materials encountered along the
dewar centerlineia Table 3 shows that the vapor adds an equivalent of
.736 cm of LH2 to the 2.5-inch LI*-I2 configuration and an equivalent 3.28 cm
to the 13-inch LH2 configuration.

2. 2.2 CROSS SECTIONS

Since in the dewar geometry there is a total thickness of 1.4341 cm
of stainless steel between the source and the precollimator it was decided
tnat inelastic events should be treated exactly by the code. This decision
greatly complicated the cross section preparation (roughly doubled the
amount‘of cross section input) and the coding required to track particles
and anaiyze collisions. The approach was deemed necessary, however,
because the probability of successive collisions was very sensitive to the
energy lost in the first collision. The inelastic events are a significant
fraction of the total cross section in all of the primary constituents of
stainless steel at energies above 3 MeV.

All of the more important cross sections were taken from the
ENDF/B files. These include hydrogen, iron, nickel, and chromium.
Cross sections for silicon, aluminum, and boron (constituents of the
insulation material) were either not available or had insufficient detail
in ENDF. Consequently, these were taken from the Gulf General Atomic
standard cross section library. In the case of silicon, these cross sec-

(4)

tions were evaluated at Gulf General Atomic for submission to ENDF.
The ENDF cross sections and Legendre coefficients were input to
the O5R cross section handling programs to generate the PHI tape used

directly in the calculations. Some difficulties were encountered, however,




Table 2
DEWAR MATERIAL COMPOSITIONS

Atom Density

3 3 -
Material plg/em™) (atoms/cm™ x 10 24)
1 Liquid Hydrogen .071 H .042425
2 Stainless Steel 7.9 Fe .05901
Ni .008529
Cr .01851
3 Insulation plus .7063 B 2.78x 10
Stamless.Steel Al 5.65 x 10-4
Homogenized 4
Si 3.26x 10
-3
Fe 4.845 x 10
Cr1.51x 107>
-4
Ni 6.955 x 10
-4
4 Hydrogen Vapor . 0011147 H 6.6607 x 10

Note on Material 3: 90 layers of borosilicate glass, each
1.71 x 10-3 g/o::m2

90 layers of Al foil, each 2.144 x ‘10-3 g/c:m2

2
2 layers of Stainless Steel, each 2.55 g/cm
homogenized over a depth of 7.62 cm

in the case of the inelastic cross sections. The lowest energy point used
in reporting some of the cross sections was at some point above the in-
elastic threshold scattering rather than being at the threshold. This,
coupled with the method of interpolation in O5R occasionally resulted in
finite cross sections for an event at energies below the threshold. To
overcome this difficulty an auxiliary program was written to redefine the
ENDF data at points near the threshold.

An additional complication in the cross section preparation arose

ecause of deficiencies in the ENDF/B data for Ni. There was no scattering

it i A
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Table 3

DEWAR CENTERLINE MATERIALS
(Between the Source and Precollirnator)

Dewar “"2 | Vapor Equiv. LH, Total Dewa:gl/\iii r)ials
Configuration | Depth | Depth 2 2

Name (cm) | (ecm) In, cm | g/cm |Steel |Insulation

2.5 in. 6.19 [46.99 | 2.72 | 6.926 | 0.491 |11.52 0. 35

4.5 11.41 |42.07 | 4.63 }41.77 ] 0.834

10.5 26.03 {27.15 [10.42 [26.456 | 1.88

13.0 32.22|20.96 {412.8 |32.548 | 2.314

energy law given for the (n,2n) reaction and the law given for inelastic
scattering was found to be in error. The assistance of Dr. Marvin Drake
was obtained to formulate nuclear temperature models for these two re-

(5)

actions. The formulation is the standard ENDF /B scattering eaergy law

(LF = 7) with a nuclear temperature given by 8 = 422 Eo' 5 for inelastic

scattering and by 8 = 302 g5 for the (n, 2n)reaction.
The order of anisotropy included in the neutron scattering angular

distributions was P9 exf;ept for B (P6), Al (P8), and Si (P8).
2, 2.3 SOURCE

The mathematical description of the neutron source was modeled
after the 7. 62-cm water-cooled depleted uranium target used in the second

(2)

series of liquid hydrogen experiments. The hemisphere-integrated

spectrum given off by this target is shown in Fig. 2. (6) The spectrum and
intensity of the source were assumed invariant with angle within the approxi-
mately 65-degree half-angle conical intercept of the dewar.

To reduce the computer running time required to obtain good
averages of the scattered flux, the source was biased both in angle and in

energy. The energy biasing for the 2.5- and 4.5-inch slabs was obtained

by generating neutrons with equal probability in each of the source cnergy
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Figure 2. Hemisphere-integrated flux spectrum.



groups. This should provide approximately equal convergence of each of
the groups for a thin shield. The cumulative distribution for neutrons
above 4 x 103 eV is shown in Fig. 3 for both the unbiased and biased sourccs.
These plots refer only to the relative number of source particles generated.
The weights are adjusted so that the weight generated in any group is the
same in either the biased or unbiased condition.

In the 13-inch LHZ configuration an adjoint calculation was per-

(7

formed using the 1DF transport code ' as a means of estimating the
optimum source biasing. The solution of the 1DF zdjoint problem gives
only the approximate importance because of the inadequacies of a one-
dimensional representation of the experimental geometry. The calculation
is nevertheless worthwhile since it can add considerably to the efficiency

of the Monte Carlo runs. The hydrogen slabs were represented in 4DF as
being infinite and a neutron source was input with an energy distribution
which is the inverse of the distribution used in the experiment. The energy
distribution of the penetrating radiation is then an indication of the optimum
input source for the Monte Carlo calculations. Slight adjustments were
made in the O5R energy groups to conform to the 1DF fine group structure
boundaries. The result of this calculation indicated use of the cumulative
probability and weighting factors given in Table 4.

Source particles below 0.2 MeV were ignored in the O5R calcula-
tions of the thick slab because their impact on leakage through the slab
would not be significant. Angular biasing was used to force more of the
neutrons into the important central portions of the dewar. The extent
of the distortion from an isotropic distribution and the associated weighting

are summarized below:

Polar Unbiased Biased Weight

Angle P(5) P(8) Adjustment
10° 0.02634 0.4 0.2631
20° 0.104454 0.3 0.3907
65° 1.0 1.0 1.278

10
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Table 4
ENERGY BIASING FOR 13 INCH LH, ANALYSIS

2

Group
E Upper s Weight Adjustment

(eV) P(E) Factor
2.0E5 0.02494 7.34
4,0 E5 0.04427 10. 14
6.0 ES 0.06411 5.55
8.0 E5 0.08605 4.44
1.0 E6 0.10797 3.476
1.5E6 0.15185 2. 656
2.0Eé 0.49573 1.255
3.0 E6 0.258412 1.048
4.0E6 0.32214 5.0704 x 10"
6.0 Eb 0.42274 3.159 x 10°1
8.0 E6 0.52337 9.678 x 107°
1.0 E7 0. 624 3.285 x 1072
1.2 E7 0.842 5.185 x 10™>
1.4 E7 1.0 2.93x 107>

%
P(E) is the cumulative probability of neutrons being
generated with energy less than, or equal to, the energy
of the group upper bound.

The probability allotment for each increment is interpolated
linearly with the cosine of the angle within the bounding values. Although
neutrons are not generated outside the 65° cone the answers are all
normalized to one 4w isotropic neutron at the source. To prevent round-
off problems at the boundary paasing through the source, the initial posi-

tion of the particles was set on the surface of a 1-cm sphere.
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2.2.4 IMPLEMENTATION OF O5R

There are a variety of routines which the O5R user must provide
to match his specific problem requirements. Only two of these special
routines, KINNY and SOURCE, were required in this calculation although
a variety of other minor modifications were made to increase operating
cfficiency on the GGA Univac 1108 computer.

KINNY is the subroutine which treats nonelastic events. The ver-
sion used in this analysis treats discrete-level inelastic scattering, un-
resolved level scattering using an evaporation model, and (n, 2n)and (n, 3n)
proczsses. The program listing and input specifications are given in
Appendix B. The KINNY subroutine receives information on the pre-
collision neutron parameters, the species collided with, and the point of
collision. It then calculates postcollision parameters based on the collision
energetics for the specific collision type. Scattered angular distributions
may be either isotropic or anisotropic in the center of mass system in
accordance with options selected in the O5R input. Use is made of standard
random number routines in selecting the polar and azimuthal scattering
angle. When the incident energy exceeds the threshold, a given level may
be excited. For this option postcollision parameaters are calculated by
subroutine LEVEL. Un ‘esolved level scattering is handled in subroutine
EVAPMD.

Suhroutine SOURCE was written to generate source neutrons at a
point from input cumulative distributions in energy and angle. Weighting
factors are input corresponding to each bin so that energy and angle biasing
may be employed. This listing is given in Appendix C. Input quantities
are: Card A (6E10.2) x, r,z, NMEM, NMED, NREG

1-3 x,y, and z coordinates of the source point.
4 The number of neutron histories to be generated.
5 The number of the medium corresponding to the location

of the source point.
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6 The number of the region corresponding to the location
of the source point.

Card B (2110) MTHET, MEGR
i The maximum number of boundaries of the angle bins used

in the problem < 21.

2 The maximum number of energy bin boundaries < 41.

Card C (7E10.2) THET(I)
The angle bounds beginning with the bound on or nearest
the x axis in the negative x direction. Units are in radians.
Card D (7E10.2) PTHET(I)

The cumulairive probability of generating a neutron at angles
between the x axis (or the bound nearest the x axis) and the
bound THET(I). These probability values should be adjusted
to reflect the biased condition if angular biasing is used.

Card E (7TE10.2) WTHET(I)
The (MTHET-1) weight constants which apply to the polar
angle bins. All WTHET(I) = 1 if biasing is not used.

Card F (7E10.2) EBNDS(J)
The (MEGR) bounding values of the energy groups beginning

with the lowest energy. Units are eV.

Card G (7TE10.2) POFE(J)
The cumulative probability of neutrons being generated with
an energy less than EBNDS(J). There are MEGR of these
values which always begin with 0 and end with 1.

Card H (7E10.2) EWT(J)
The (MEGR-1) weights associated with the energy bins

listed with the lowest energy bin first.

The implementation of this subroutine to obtain particular source

biasing conditions is discussed in the preceding section.

In assembling and checking out the O5R program for these calcula-

tions it became apparent that reductions in run time would be required if

all of the calculations were to be performed within the budgeted computer
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time. One of the basic constraints was the small amount of core space
for storing the parameters of neutrons currently being tracked. The pro-
gram flow is set up so that neutrons are generated in batches and each
batch is traced successively through the energy supergroups until all ncu-
trons are degraded below the minimum energy of interest in the problem.
Thus cross section data for only one supergroup has to be in the core.
Collision parameters can be stored on tape as generated but the post-
collision particle parameters must be maintained in the core for every
particle in the batch.

After some mapping of the program it was possible to store the
parameters for 1000 particles. Calculations could then be performed in
1000 particles batches if no splitting was allowed but this number would
have to be reduced considerably if the splitting option was used because
each split resulted in two or more neﬁtrons which must be tracked. The
liquid hydrogen calculation was first modeled with the intent of using the
splitting and russian roulette options in O5R but it was found that the
batch size had to remain so small that no real computing economy could be
realized. On a larger computer the variance of the calculated values could
have been reduced by judicious use of weight limiting regions.

The program was found to be inefficient on the GGA Univac 1108
machine since a significant fraction of the program run time is taken up
w.th input/output (I/0) functions. Most of these were handled by FORTRAN
reading to and from tape using a 256-word buffer size. Some of the options
that were tried which netted small, but not really significant gains, were:
(1) transferring from tape to drum using FORTRAN and a 256-word buffer;
and (2) using NTRAN with a 256-word buffer on drum storage. A third
option which did result in significant run time savings was changing the
buffer size from 256 to 10,000. The O5R PHI and cross section tapes
were rewritten (by program modification) to conform with this buffer size
and were then transferred to drum. This operation allowed much quicker

transfer rate between the tape and drum and between the drum and core.
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The result was about a factor of two reduction in run time per history.
This allowed about two times as many histories to be run per unit time,
or a factor of 1/¥2 reduction in the uncertainty of the answer.

In larger machines where I/0 functions are billed at a much lower
rate, and central processor time is billed separately, the savings described
above would not be realized. In the Gulf General Atomic UNIVAC machine
however, the central processor is tied up during I/0 operations and any
improvement in these is reflected directly in the run time and computing
costs.

NTRAN is a special feature of UNIVAC systems that allows for
variable buffer lengths and parallel I/0 and computing operations. The
variable buffer size is used in the input and the parallel feature is advan-
tageous in writing collision history information while calculations continue.

Checkout of the program consisted of small batch runs where colli-
sion parameters and intermediate quantities are printed out to determine

that:
1. Source particles are being properly selected and weighted
2. Cross section values are being correctly determined
3. Path length is selected properly.

In addition the PICTURE routine was run to check that the geometry was
being interpreted by GEOM as was intended. This proved to be a useful
operation in that small regions between the outer cylinder of the dewar

and the enclesing paralellopiped which had not been described were later

included in the model.

2.3 ANALYSIS OF THE O5R COLLISION HISTORIES

2,3.1 THE ACTIFK PROGRAM

Analysis of the O5R collision tapes was performed using the
ACTIFK(B) code. ACTIFK, as distributed by the radiation shielding

information center, will only calculate neutron dose at a point, but by
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suitable modification, it can be made to perform a wide variety of analysis

tasks. The code package includes the same geometry routine as in the

O5R code and is similar to O5R in the provisions for cross section handling.

Existing routines perform many of the coding details connected with tape
reading, computation of storage requirements for input data, transmission
of data to the appropriate subroutines at the proper time, and other tasks.

Modifications cf the code were of two basic types: scme of the
routines were modified to {it the different format for data storage in our
modified version of O5R; and subroutines connected with analysis of the
histories were removed and replaced in their entirety. Included in the
latter category were:

STBATCH - A routine which is called at the beginning of each batch
of neutron histories to initialize quantities being calculated. In addition,
it reads input associated with the user routines on the first call.

SDATA - A routine which calculates any quantity desired from the
source particle parameters. In the LH2 analysis, SDATA was used to
calculate the uncollided flux.

RELCOL - A routine which calculates any desired quantity from
real collision parameters. This is the heart of the ACTIFK program as
used in this project. All last flight estimators were calculated here as
well as the calculation of an input source for the thermal calculations.

ENDBATCH - At the end of each batch of neutrons this routine is
called to do any desired calculations such as averaging or normalizations
which are more economical to do here rather than including them in the
calculation of the contribution from each collision.

ENDRUN - A routine which is called after all collisions have been
processed. Final answers and statistical quantities are calculated here
and printed out.

Each of these routines may call upon a variety of built-in routines
such as the geometry package, routines for calculating attenuation along
the flight path and for calculations of total or differential scattering cross

sections. The listing of these routines is given in Appendix D.
17
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2.3,2 FLUX ESTIMATORS

The mathematical formulations of the various estimators used in

the collision tape analysis are described below.

2.3.2.1 Energy-Angle Flux

In estimating the energy-angle flux, a unit detector was assumed to
be positioned at the center of the entrance to the precollimator and an
estimate was made of the contribution to the flux at this point resulting
from each collision point of interest. It will be recalled from the geometry
description that the precollimator begins at the x = 0 plane and extends in
the negative x direction. Thus only collisions whose x coordinate was posi-
tive were sampled.

The first steps in determining the energy-angle flux estimate are
to calculate the distance, R, from the collision point to the detector and
the angle of scatter, 6, between the precollision particle direction and the
collision point-detector axis. The next parameters determined are the
energy after scatter for the particular scatter angle and scattering species,
the differential angle scattering cross section per steradian about the
6 direction, and the attenuation, e- 1, of the neutron after it scatters.
The postcollision attenuation coefficient, bi’ is simply the integral of

the total cross section times the path length along R. The contribution to

the flux is then given by

WT, /[d
1 [ -by
Fs = =2 \@ €
® R E,®
where WTi is the weight of the incident particle reduced by cs(E)/oT(E)
at the energy of the incident neutron. The contributions to flux at the
detector are thcn sorted into an input energy and angle bin structure.
Contributions accumuiate in each bin and are averaged and normalized at
the end of the batch. Normalizations of the flux in a given bin includes

dividing by the number of neutrons processed and multiplying by a source
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solid angle normalization factor which accounts for the fact that source
particles are generated only over a portion of space but normalization is
per source particle in any direction. Other normalizations account for
the desired units on the calculated quantities. These involved multiplying
by E/AE where E is the bin average energy and AE is the bin width, and
dividing by the solid angle increment of the angle bins. Thus,units of the

flux were E - §(E) (eV * neutrons * cm“2 * ster-i % eV'i).

2.3.2.2 Normally Exiting Collided Flux

Special problems are encountered in attempting to analyze time -of-
flight experiments because of the narrow collimation of the detector. The
behavior of the scattered flux with angles greater than a few degrees is
generally a smoothly varying function which can be approximated by a
reasonable number of angular bins. The scattering flux exiting per unit
solid angle near the slab normal, however, is generally a more rapidly
varying function. Thus to be sure of analytically duplicating the drift tube
angular resolution one would need an angular bin only a few minutes wide.
To obtain a sufficiecnt number of collisions inside the material within a cone
this narrow would require prohibitive run times. To increase the efficiency
for estimating the near normal flux a new type of estimator was formulated
and incorporated into the analysis routine.

The geometry of the slab and flight path involved in this estimator

is given below.

b~ COLLISION POINT

NORMALLY
""" EXITING
COLLIOED FLUX
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The assumption is made that the distribution of scattered radiation exiting
the slab does not vary significantly for any location on the surface within

a radius of 5 cm from the geometry centerline. Each collision lying inside
the cylinder formed by the 5-cm radius is then sampled to determine its con-
tribution per unit solid angle to the flux exiting normally through the circle
on the surface formed by the 5-cm radius. This exiting flux is then
normalized by dividing by the area of the circle. It should be noted that the
estimate is not made to a point detector on the surface but rather on a per
unit solid angle basis. The assumption made here is that the depth of the
shield is negligible with respect to the distance to the detector. Thus the

estimator for the normal scattered flux would be

- _ WT:l (dos) e-bi
ns 25T dag 8,E

where 6 is the angle between the incident direction and the slab normal, Ab1,
is summed along a normally exiting ray, and the other terms are as defined
above. If desired, a weighting factor may be used to account for the dif-

ference in solid angle intercept of the drift tube detector due to depth with-~

in the slab. If the drift tube is 50 meters long and the collision occurs at
50

50+x

For a slab depth of 30 cm this factor deviates from 1 by about 1% at most.

a depth x from the exit face then the weighting factor would be

2.3. 2.3 Special Angle Flux Estimator

The technique described above for determining the normally exiting
collided flux also proved useful in estimating the flux at exact angles. Better
statistics were obtained using the estimator than using the angular incre-
ment approach (2.3.2.1 above) in some cases. In this case collisions were
sampled if they occurred inside a region within a 5 cm radius (measured
in the x plane) from a line inclined at the angle of interest and passing
through the center of the exit face. The collision is sampled only if its x

coordinate is positive, as in the previously discussed estimator.
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A modified version of ACTIFK was written which incorporated or'~
a 37° and 78° angular estimator of this type. Scattered fluxes calculated
with this program were found to be in agreement with the point detector
values at the same angle for high energies and were found to be converged
at lower energies than for the alternate estimator. Some insight as to
why this trend exists may be obtained from considering the problem of cal-
culating the flux within a given angle increment at the two points A and B

as shown below.

SR

A 8

SHIELD vOoID

For the same angular increment a larger portion of the shield is viewed
from point B and therefore more collisions will contribute to the angular
flux. This becomes increasingly important at lower energies where colli-
sions lying very near the surface are of importance. A higher collision
density would be required to get adequate data at point A because, as one
approaches the surface inside the angle increment, the available collision
volume disappears rapidly. This is similar to the problem of attempting
to estimate the flux at very small exit angles and the solution worked out

is similar to the normally exiting estimator.

2.3.2.4 Source for Thermal Calculations

In the O5R program neutron histories were terminated when the
energy fell below .075 eV. An analysis program was written to obtain an
input source for the Sn calculation of thermal flux based on the Monte

Carlo collision histories. Each collision was tested to determine whether
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the energy before collision is greater than 41 eV and whether the energy
after collision is below 1 eV. If either of these tests fail the collision is
rejected. If both conditions are met the position of the collision and the
neutron energy after collision are rtored. By summing the postcollision
weights of such particles over appropriate increments of space and energy,
a source term was formulated for input to the 1DF Sn transport code. Al-
though this source is distributed in energies below 1 eV the total is equal
to the spatial density of particles falling through 1 eV and this is the only

source of neutrons at lower energies.

2.3.2.5 Uncollided Flux

For each source particle noted on the O5R collision tape the ACTIFK
routine calls SDATA and calculates the uncollided contribution to the flux
at the detector centered on the exit face of the LHz slabs.

In normalizing the uncollided and the normally exiting collided flux
it became apparent that the detector at the end of the drift tube views the
exiting flux in a different manner than a unit detector positioned at the
entrance to the precollimator (as approximated by the last flight estimator).
There are two important factors in the normalization. The first one is that
the collimator allows the detector to view only a portion of the source so
only that fraction should be considered as the source for the uncollided
flux. The second factor is that the scattered flux is calculated on a per
unit solid angle basis so that the direct radiation must be in these same
units before the two components can be added to get the total normally
exiting flux.

In the first case an adjustment factor of 0.0841 was included to
account for the portion of the source viewed directly. The sccond adjust-
ment (due to angularity) may be made by multiplying the normal uncollided

estimator by the ratio

2

Rs g R p?
3
Rs.p
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where the values of R are separation distances from source to exit face,
exit face to detector, and source to detector, respectively.

Thus the uncollided flux estimator

is changed to
by 3 Py

.3 ;Me = w- 6.55+ 10 . e

nu 47
The normalized uncollided flux as calculated with this estimator
may be added numerically to the normally exiting collided flux tn get the
total normally exiting flux as seen by a detector at the end of the fligﬁf‘
path.
It is important that these normalization be noted by anyone desiring

to compare other calculations with these on an absolute basis.
2.3.3 STATISTICS

There is provision in the ACTIFK program for printing onto a
"statistical tape'' the contribution to each quantity being calculated due to
each source neutron. This tape can then be utilized to calculate the
standard distribution or variance of the data. This provision was deleted
in our analysis because of the added requirements for core storage and run
time which it imposes. Instead a variance of individual batch averages
about the entire run average was calculated. While this quantity is not a
true variance of the data it does serve to indicate the degree of convergence
of the batch averages.

2.4 RESULTS OF THE FAST AND INTERMEDIATE ENERGY NEUTRON
CALCULATION

Fast and intermediate energy calculations were performed for the

empty dewar and for LHZ thicknesses of 2.5, 4.5 and 13 inches preceding
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the precollimator. Ten thousand historics were run for the empty dewar
calculation; twenty thousand histories were run for the 2.5- and 4. 5-inch
configurations; and thirty thousand histories were run for the 13-inch
case. First flights were stretched in the 13.inch case and contracted in
the empty dewar case - both with appropriate adjustments in particle
weight.

Results for these four configurations are shown in Figs. 4

through 7.

2.5 DESCRIPTION OF THE THERMAL NEUTRON CALCULATIONS

It is possible in the O5R calculations to continue tracing the neutrons
until they reach thermal energy. One could then allow for upscattering
and diffusion at thermal energy or switch to a single velocity model upon
reaching the thermal region. This fir st and more exact treatment was
ruled out because of the excessively long computing times it requires.

The second approach was ruled out because the results would be in terms
of an integral over the thermal group which is not useful for the intended
purpcse of comparison with the experimental spectra.

It was decided instead to trace the neutrons down to ¢.75 eV and
use the spectrum of neutrons degraded through 1 eV as the source term
for a one-dimensional Sn treatment. This approach proved to be success-
ful in that the source obtained from the O5R calculations did provide
thermal spectra which are essentially in agreement with the experiment.

In the implementation of the 1DF programW) for calculating the
angular thermal flux along the dewar centerline use was rade of the cross

(9)

sections resulting from the theoretical work of Koppel and Young.

(10)

Scattering kernels calculated by Naliboff for liquid para-hydrogen and

liquid ortho-hydrogen were prepared as a cross section library tape by the
wrrgs't
(12)

GGC-3 cross section averaging program. GGC-3 wae then used

code to make tham compatible with the format used by the

to prepare the group-averaged cross-section data employed in 1DF. This

24




102

/NN L A 5 R D B N G R B SR AR B I N RS
- -
lo.s — ~
L —l,_ 3
10 -
C .
s [ |
i f ° e
[ 3 |°..5 - UNCOU.I&D
g - B
Por -
.
3 L -
? 10 —_
- = -
€ -
£ —
~
- - ——
s s
£ 10 —~ —
3 m
[ ol -
2 [ AT
- COLLIDED
B — ‘ —
9 0 — =
(Y] - —
IO-' — —
: 7
- 37° -
1070 .
8 ..
1o TR W N N WO N O N AN WK S U ¥ NN S N O ¥ NN NN A N Y
10® w0* 10° w0t e’ 10*

NEUTRON ENERGY(eV)
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(2)

approach is similar to that used in a previous analysis' ' of the hydrogen
data for obtaining group-averaged data for the Sn transport code
GAPLSN. (13) GAPLSN, which was in use at GGA at the time of the other
study, uses a cross section input format which differs from that in 1DF;
consequently, group averaged data generated in the prior study could not
be used directly.

In the input to the 1DF culculations the angular distribution of the
source term below 1 eV was considered to be isotropic. Spectral inten-
sities corresponding to the plots in Fig. 8 were input at closely spaced
mesh intervals. An infinite slab approximation was used. A radial
buckling of . 0019 cm-2 was used in all three cases. The calculations
used a P1 expansion of cross sections with 46 energy groups and an 88

quadrature. The results of these calculations are tabulated in Appendix E

and shown in Figs. 42, 43, 46, 52, 53 and 56.
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Figure 3. Density of neutrons degraded through 1 eV as a function of
position along the dewar centerline. The abscissa show the distance
from the probe tube base. Curves for different thicknesses of liquid
hydrogen in front of the probe base are shovn,
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3. REEVALUATION OF THE FAST NEUTRON SPECTRAL DATA

3.1 REASONS FOR REEVALUATION OF FAST NEUTRON SPECTRAL
DATA

As may be seen in Table 1, some measurements made during the
first contract period were repeated during the second one. There were
inconsistencies in these data since some were measured with different
detectors, reduced with different efficiencies from different references
and utilized different neutron sources. Therefore, it was felt worthwhile
to reexamine details of the data reduction process, use the latest efficiencies,
and reduce all the fast neutron spectral data in a consistent manner.

3.2 FACTORS WHICH INFLUENCE REDUCTION OF THE FAST NEUTRON
SFECTRAL DATA

3.2.14 INTRODUCTION

The spectral measurements are made by the time-of-flight tech-
nique. In this technique a pulse of neutrons are injected into the liquid
hydrogen dewar. A probe tube samples the neutron spectrum at the chosen
position by allowing those neutrons with the proper angle to escape down
the probe tube. The neutrons are timed over a flight path of fixed length
and are detected at the end of their flight by various neutron detectors
selected for each energy range of interest. The fiducial point or refer-
ence time for the flight time is the gamma-flash or bremsstrahlung burst
produced when the electron beam strikes the high-Z metal target producing

a burst of photoneutrons or photofission neutrons.
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3.2.2 DETECTOR EFFICIENCIES FOR FAST NEUTRON DETECTORS

3.2.2.1 Description of Detector and Method of Operation

Three different fast neutron detectors were used on the two pro-
grams. They are primarily characterized by the volume of the scintillator
liquid and the surface upon which the neutron beam impinges. These de-
tectors are listed below:

1. Fast Neutron Detector - (2.0-in. diameter by 2.5-in. high)

NE -211 liquid scintillator mounted with the axis perpendi-
cular to the neutron beam.

2. Fast Neutron Detector - 5.0-in. diameter by 5.0-in. high)
NE-211 liquid scintillator mounted with the axis perpendi-
cular to the neutron beam.

3. Fast Neutron Detector - (5.0-in. diameter by 5.0-in. long)
NE-211 liquid scintillator mounted with the axis parallel to
the neutron beam.

Fast detectors (1) and (2) were used on the first program and detectors
(1) and (3) on the second program.

The fast neutron detector is composed of a liquid scintillator
viewed by a 14-stage photomultiplier tube. The scintillator, (NE-211%),
consists of xylene, activators, and POPOP as a wave shifter and is con-
tained in a right cylindrical glass container. The composition of the
NE-211 is stated by the manufacturer to be CHi. 21"

The neutrons interact with the hydrogen nuclei in the xylene pro-
ducing recoil protons in the scintillator. Recoil carbon nuclei, and alpha
particles from (n,a) reactions in carbon also occur. The energy spectrum
of the recoil protons extends from zero to a maximum energy equal to that
of the incident neutrons. The theoretical shape of the proton recoil spec-

trum is shown in Fig. 9; the experimentally obtained pulse height dis-

tribution is shown on a linear proton energy scale. The energy from the

"Manufactured by Nuclear Enterprises, Ltd., Winnipeg, Canada
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Figure 9, Typical proton recoil spectrum (NE-211).
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recoil protons is transferred to the electronic states of the molecules in
the scintillator. De-excitation of the molecule takes place by the emission
of ultraviolet light. The POPOP wave shifter absorbs the ultraviolet

light and re-emits it in the frequency range appropriate for detection by

a photomultiplier tube. The recoil carbon nuclei and alpha particles from
reactions in carbon can also cause scintillations, although the light output

per unit energy deposited is less than for protons.

3.2.2.2 Fast Neutron Detector Efficiency

3.2.2.2.1 Batchelor's Efficiency

The efficiency of any neutron detector is the number of counts per
neutron incident on the detector, — front surfacg in our case. The relative
efficiency of the scintillation detector versus neutron energy must be
known to convert the counting rate to neutron flux.

For the first program, a 2-in. by 2-1/2 in. detector was chosen
originally, because a detector of the same size and composition had been
calibrated by Batchelor, et al, (14) and was the best available efficiency at
the time. The efficiency was both calculated by Monte Carlo methods and
measured on a Van de Graaf accelerator. Once the efficiency of the
2-in. by 2-1/2 in. detector was known, the efficiency of the 5 in. x 5 in.
vertically mounted detector was obtained by direct comparison.

The minimum pulse height accepted by the electroric circuitry is
determined by the discriminator bias. At neutron energies near the bias
energy, the detector efficiency is changing rapidly and is quite sensitive
to the bias (it would be desirable to set the bias as low as possible and use
the detector only for energies well above it). In order to use the Batchelor's
efficiency the bias has to be the same as was used in his efficiency measure-
ments. Originally, we attempted to adjust the bias so that the efficiency
went to zero at the same energy as a linear extrapolation of Batchelor's
curve would give, about 220 neutron keV. According to Batchelor's equa-

tions this was equivalent to 48.7 electron keV.
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To determine the bias setting at 48.7 electron keV, reference was
made to the Compton edge of the pulse height distribution taken with a
137Cs sonrce. A typical pulse height distribution for a Compton spectrum
is shown in Fig. 10. In terms of the gamma-ray energy Ey, the energy of

the maximum Compton electron energy Ec is determined as follows:

m 2}
E - E |14+
Y 2E
Y
where moc2 = 0.541 MeV. The electron energy Ec ( was chosen) for

these early measurements, &3 the pulse height at which the intensity of
the pulses had fallen tc-approximately two-thirds of its value at the
"Compton peak!''.

(14)

The efficiency given by Batchelor, et al., had a number of def-
iciencies, however. Pulse height resolution was not taken into account
and the measured and calculated efficiencies deviated drastically below 1
or 2 MeV. The method of setting the bias was never explained satis-
factorily even after private communications with one of the authors. The
Van de Graaf calibrations were suspect because of sizeable collimator

(14)

scattering corrections.
3.2.2.2.2 Efficiency due to Verbinski, et al.

In 1964, shortly after the final report for the first program was
published, Verbinski, et al. ,(15) published efficiency calculations for a
2 x 2 in. and 5 x 5 in. NE..2413 liquid scintillator detector. These scintilla-
tors were adopted as standards since the calculations had been checked
against measurements on a Van de Graaf accelerator.“é) In addition, a
reproducible bias was defined for these calculations.

Verbinski's calibration combined the best features of a series of
measurements and of Monte Carlo calculations of pulse-height spectra

for monoenergetic neutrons incident on an organic liquid scintillator.
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In his calculations the half-height of the abrupt edge near the maximum
pulse height (labeled H in Fig. 10) was assumed to correspond to the
maximum hydrogen recoil energy and a trial function of proton light L.
versus neutron energy was constructed. This relationship was then used
in a Monte Carlo calculation and the calculated pulse-height distributions
were convoluted with a Gaussian smearing function until they matched the
measured pulse-height distributions. The Monte Carlo calculations were
then repeated with the correct LP(E) function especially for the low-energy
neutrons where the assumption that the half-height corresponds to the
maximum recoil energy is not accurate. Values for similar functions for
alpha particles and carbon-recoil ions La(E) and LC(E) were also calculated
but with less accuracy than Lp(E). The final Monte Carlo calculations
utilized the corrected Lp(E), La(E) and LC(E) and the experimental pulse-
height spectra were normalized to the calculated curves in the proton-
recoil plateau, the experimental data thereby being converted to absolute
differential efficiency. Integration of the absolute differential efficiency
above the bias level represents the counting efficiency at the given bias
setting, Details of the efficiency calculations and efficiency tables have
been published in Refs. 15 and 17,

To use these tables, it is essential that the bias be defined in terms
of a reproducible, standard pulse height or 'light unit' chosen as the
extrapolated end point of the Compton edge from the 1.417 MeV and 1. 33
MeV gammas of Co-60 shown as "E' in Fig. 10. This unit is approxi-
mately equal to the light produced by 1.25-MeV electrons according to the
18)

prescription of Flynn, et al. ,( or 13 percent above the 1.28-MeV
Compton edge half-height for Verbinski's system. The latter relationship,
which uses the 22Na\ gamma.-ray pulse height spectrum, was chosen to
allow reproduction of the experimental measurements and communication
in the calibration procedures to other laboratories. (17)
The bias in terms of a fraction of the standard light unit is depend-

ent upon the resolution of the detector. The pulse height resolution of two
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scintillation detectors is almost never the same. The resolution being a
function of the photoelectron statistics, which are dependent on the light
output of the scintillator, light collection efficiency, and quantum efticiency
of the photocathode. The use of the 1.28-MeV Compton edge half-height
removes somewhat the sensitivity of the bias upon the resolution of the

detector as opposed to the extrapolated end point (labeled E in Fig., 10).
3.2.2.2.3 Detector Bias

The standard light unit has fluctuated somewhat, and during the
second contract was defined as the half-height of the Compton edge from

the 1.17 MeV and 1. 33 MeV gammas of Co-60. (2)

The efficiency of the
detector is a sensitive function of the bias especially near the bias energy.
Therefore, it was necessary to reevaluate the data from the second program
as well as the first based upon the present definition of the standard light
unit. To implement this it was necessary to obtain the relationship between
the actual bias based upon the Compton edge from Cs-4137 and the standard
light unit related to the Compton edge from Cs-137 and the standard light
unit related to the Compton edge from Na-22 as mentioned above.

No measurcments were taken and therefore none are available for
the experimental relationship between the Compton edges from Cs-137
and Na-22. However, tne relationship between pulse height and energy has

18
been measured for a liquid scintillator by Flynn, et al. ,( ) and extended

by Horrocks.“g) The half-height of the upper edge of the pulse height dis-
tribution was identified with the Compton energy (actually the half-height is
some 4 + 1% higher than Ec). For energies below ~100 keV photopeaks are
observed, but at a few hundred keV and above, gamma-ray sources give

essentially a Compton distribution. For gamma-ray energies above about

800 ke'V", Flynn and Horrocks were able to fit their data by a linear

expression
EC{'-cV)-i8
L = -—T3-4——— (E = 80 kGV)

38



where L is the relative light output and Ec is the maximum Compton clec -

tron cnergy. If we substitute E = 1064 keV for 22Na, then L22 = 3068

and if we substitute Ec = 478 keV for 13705 we get L137 = 4353.9. The

ratio of the relative light output for the two gamma rays is

Lo 3067.6

L137 1353.9

2.266

The bias level based on 137(:8 would then be

C
B Cyy
where C_ is the bias channel and C is the channel uumber for the half-

137
height of the Compton energy for the Cs-4137 gamma ray. The light output

definitivons are shown schematically in Fig. 141 as would be measured by a

pulse heignt analyzer. The channel for the standard light unit, CSLU'

would be

C. = (C

SLU ) (2.266) (1.13) = 2.870C

137 137

and the bias level based on the standard light unit would be

C C
B B
L = o7 = 0.3484 ——— .
B 2.870 C.137 C137

Although the relative light output is undoubtedly a sensitive func-
tion of the resolution of the detector, the ratio of the relative light output
for the two gamma rays 1s not nearly as sensitive and any error resulting
in this ratio is certain to be a second order effect.

In the same manner, if we substitute Ec = 41038 keV for 60Co. then
L, = 3000 and LB based on the standard light unit instead of the half-

00
height of the Compton edge would be

L2z 3068 022
_— - T = e U
Ly, 3000
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Figure 11. Light output versus energy.
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and

LSLU = (Céo) (1.022) (1.13)
so that
L = CB = CB
B (C60) (1.022) (1.13) C60 1.455
C
L, = 0.8658 E—B
60

3.2.2.2.4 Efficiencies for the Three Fast Neutron Detectors

In summary, the efficiencies for the three detectors noted in Sec-
tion 3.1 were obtained as follows. The efficiency for the fast neutron
Detector 1 was taken from the tabulated values by Verbinski, et al. ,(15)
after determining the bias level in terms of the standard light unit. The
detector is 2-1/2 in. high whereas Verbinski's standard detector was
2 in. This, however, changes the amplitude of the efficiency and not the
shape, 1.e., the relative efficiency remains the same, and since experi-
ment and calculation are normalized to each other only the relative efficiency
is necessary. The efficiency for Detector 3 was taken from tabulated

(15

values published earlier by Verbinski, et al., ) calculated for a similar
detector after determining the bias in terms of the standard light unit. A
small correction was necessary to correct for the difference in the light
curves which had been changed since the earlier tabulations were pub-
lished. (20) The efficieancy of Detector 2 was determined by two separate
methods: The first method was by comparison with Detector 1 usingdata
taken during the first contract. The second method used the fact that
Detectors  and 3 were similar in that the liquid scintillator was the same
but they differed insomuch as the neutron beam impinges perpendicular to

the scintillator axis in one case and parallel to the scintillator axis in

the other. Nevertheless, recent experiments conducted at Gulf General
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(21)

Atomic indicated that this detector was isotropic when biased at 0, 25-
light units which corresponds toabout 1. 3 MeV neutron energy, and therefore
the efficiency is independent of the direction the neutron impinges upon

the scintillator. Therefore, the efficiency can be obtained as for Detec-
tor 3 from the tabulated values published by Verbinski, et al. (17)

The efficiency for Detector 4, which is tabulated in Table 5 and

shown in Fig. 42, was 0.02746 standard light units and was used to reduce
the data taken on 7-31-64. Figure 13 compares the two detector efficiencies
used to reduce the zero-degree spectral data of 7-31-64. The data, due to
(14)

Batchelor, et al., were used during the first contract period. The

(17)

data, due to Verbinski, et al., corresponding to a bias value of 0.02746
standard light units, were used under the present program. The two
curves have been amplitude normalized at 1 MeV. The efficiencies agree
in shape from 0.7 to 2.5 MeV and differ by only 418 percent at 15 MeV.

The efficiency for Detector 2, which is tabulated in Table 6 and shown in
Fig. 14, was 0.032 standard light units and was used to reduce data taken
on 8-41-64, 8.3-64, 8-5-64, and 8-7-64. The detector was maintained at
the same bias on all four days and therefore the same efficiency could be
used. A comparison of the efficiencies for this detector by the two dif-
ferent methods described above is shown in Fig. 15, The first methodis based
on the efficiency of the 2 x 2.5 in. detector biased at 0.02746 standard light
units and multiplied by the efficiency ratio of the 5x 5 in. to the 2 x 2.5 in.
detectors. The second method is based on a bias of 0.032 standard light
units and taken from Verbinski's tabulations corrected for the change in
light tables. The agreemer.: is very good down to about 1 MeV verifying

the isotropy of the detector down to this energy. Even at 0.8 MeV the
disagreement is only about 30 percent. The efficiency labeled 0.032
standard light units was used since the uncertainty in the ratio of the

two detectors increases at the lower energies and the uncertainty in the
efficiency becomes so large at energies below 0.8 MeV that it is not very

useful. Detector 3 which was used for measuring the data on 2-24-66 was
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Taple 5

TABULATED EFFICIENC Y FOR THE 2 x 2.5 IN. NE.-211
LIQUID SCINTILLATOR BIASED AT 0.02746
STANDARD LIGHT UNITS

Absolute Absolute Absolute
Detector Detector Detector
E.’?E’.'ﬂ Efficiency Energy Efficiency Energy Efficiency
. 2417 .01 . 62 .470 3.75 .35
.260 . 0155 .64 .475 4.0 . 34
.270 . 022 .66 .48 4.25 .33
.280 .03 .68 .485 4.5 .323
.290 .04 .70 .49 4.75 . 315
. 300 . 054 .74 .495 5.0 . 308
. 310 .072 .78 .498 5.25 . 300
.320 . 105 .82 .50 5.5 .293
. 340 . 140 .86 .50 5.75 .285
.36 . 190 .90 .50 6.0 .28
.37 .210 .95 .50 6.4 .27
.38 .230 1.0 .50 6.8 .259
.39 . 250 1.1 495 7.2 . 248
.40 .270 1.2 .495 7.4 . 245
.41 .285 1.4 .477 7.6 .242
.43 .32 1.6 .462 7.8 .239
.45 .35 1.8 .450 8.0 .235
.47 .375 2.0 437 8.4 .230
.50 .405 2.25 424 8.8 .225
.52 .423 2.5 405 9.2 .22
.54 .44 2.75 392 9.6 <247
.56 .45 3.0 38 10.0 .214
.58 .458 3.25 .371 16 5 .212
. 60 .465 3.5 . 359 14.0 .21
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Table 5

TABULATED EFFICIENCY FOR THE 2 x 2.5 IN, NE-211
LIQUID SCINTILLATOR BIASED AT 0.02746
STANDARD LIGHT UNITS (cont)

Absolute Absolute Absolute
Detector Detector Detector
Energy  Efficiency | Energy  Efficiency Energy  Efficiency
14.5 . 206 13.5 .194 15.5 . 188
12.0 .205 14.0 .192 16.0 . 190
12.5 . 200 14.5 .190 16.5 -190
13.0 . 197 15.0 .189 17.0 .192
]
i
) |
3
E



Table 6

TABULATED EFFICIENCY FOR THE 5 x 5 IN. VERTICAL NE-2414
LIQUID SCINTILLATOR BIASED AT 0.032 STANDARD
LIGHT UNITS

Absolute Absolute Absolute
Energy Detector Energy Detector Energy Deiector
(MeV) Efficiency (MeV) Efficiency (MeV) Efficiency
.13 .0103 .55 .573 . . 88 - .720
.44 . 0144 .56 . 587 .90 . 725
.16 . 0206 .57 . 600 .92 .73
.18 . 0288 .58 . 640 .94 .733
.20 . 0386 .59 . 620 .98 .738
.22 . 0505 . 60 . 628 1.00 . 745
.24 . 065 .64 .635 1.1 . 750
.26 . 081 .62 . 640 1.2 .753
.28 .101 .63 . 645 1.4 . 757
.30 .123 . 64 . 65 1.6 .750
J32 . 147 . 65 . 655 1.8 v.’740
.34 . 174 .66 .66 2.0 732
.36 .205 . 67 . 663 2.2 ' <725
.38 238 .68 . 666 2.4 .72
.40 .275 .69 .67 2.6 . 705
.42 . 318 .70 . 675 2.8 .700
.44 . 362 .72 . 68 3.0 . 689
.46 . 407 .74 .69 3.2 .68
.48 .448 .76 . 695 3.4 . 665
.50 . 488 .78 .700 3.6 .65
.54 . 504 .80 .702 - 3.8 . 645
.52 .525 . .82 707 4.0 '- . 632
.53 . 540 .84 - .715 ' 4.2 . 625
.54 .558 .86 . 718 4.4 . 617
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Table 6

TABULATED EFFICIENCY FOR THE 5 x 5 IN. VERTICAL NE-211
LIQUID SCINTILLATOR BIASED AT 0.032 STANDARD
LIGHT UNITS (cont)

Absolute Absolute Absolute

Energy Detector Energy Detector Energy Detector

(MeV) Efficiency (MeV) Efficiency (MeV) Efficiency
4.6 . 605 7.4 .510 10.5 .445
4.8 . 60 7.6 . 502 11.0 .438
5.0 .592 7.8 .498 11.5 .436
5.2 .583 8.0 .493 12.0 .432
5.4 . 577 8.2 .488 12.5 .430
5.6 .569 8.4 .482 13.0 .430
5.8 .560 8.6 478 13.5. .430
6.0 .553 8.8 .472 14.0 .430
6.2 . 548 9.0 .468 14.5 .430
6.4 . 540 9.2 .463 15.0 .430
6.6 .533 9.4 .460 15.5 .430
6.8 .528 9.6 .458 16.0 .430°
7.0 . 522 9.8 .453 16.5 .430
7.2 . 545 10.0 - .451
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0. 040 ''cobalt units", and this was accomplished by splitting the 60
keV gamma-ray from 241 Am, Shortly thereafter a similar detector
was calibrated using a Van de Graaf accelerator, and the best fit to
the data points was for an efficiency whose bias was 0. 040 '"cobalt

(16)

units'', This efficiency is given in Table 7 and shown in Fig. 16,

The efficiency for Detector 1 was based on a bias of 0.04233 !
standard light units and was used to reduce the data on 2-26-66. This
efficiency is given in Table 8 and shown in Fig, 17.

3.3 OTHER FACTORS WHICH INFLUENCE REDUCTION OF FAST
NEUTRON DATA

After the data were reduced with the correct efficiency, there still
remained an inconsistency in the data taken during the first and second
contracts. As a first step in determining the reasons for this inconsistency,
two fast neutron spectra for the wafer-cooled source were compared.

Thesz spectra were from the same neutron source but were taken by two
different detectors on successive days. The data labeled 1-29-66, T4, and
tabulated in Appendix A were taken with the same detector used to make
spectral measurements on both the first and second programs. The data

(6)

and were taken

5
with an early 2-in. x 2-in. detector, modeled after Verbinski, et al. (15)

labeled 1-30-66, T2, werereported by Profio, et al.,

The spectra shown in Fig. 18 are the same down to about 1.5 MeV, below
which the difference is related to bias uncertainties. The data labeled
1-29-66, T4 were reduced with an efficiency corrected for the new standard
light unit definition whereas the other data were not corrected. Both sets
of data are hemisphere integrated spectra, i.e., the collimation was large
enough to view the entire surface of the spherical source. The spectra in
Fig. 19, which are tabulated in Appendix E, are a comparison of the fast
neutron spectra for the air-cooled and water-cooled sources. Here the

collimator was only 0.87 in, in diam and the source was viewed through the
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NEUTRON FLUX X ENERGY (relative units)
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Figure 18, Comparison of the fast neutron spectra measured using
two different detectors for the water-~cooled source,
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NEUTRON FLUX X ENERGY (relative units)
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Figure 19, Comparison of neutron spectra from the air-cooled and
water-cooled fast neutron source for the first and second programs.
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Table 7

TABULATED EFFICIENCY FOR THE 5 x 5 IN.
HORIZONTAL NE-211 LIQUID SCINTILLATOR
BIASED AT 0,04 "COBALT UNITS"

Absolute Absolute
Energy Detector Energy Detector
(MeV) Efficiency (MeV) Efficiency
21.0 410 1.25 747
20.0 .412 1.0 . 690
19.0 414 0.8 . 600
18.0 .416 0.6 . 410
17.0 .418 0.5 .230
16.0 420 0.4 . 100
15.0 <422 0.35 . 060
14.4 422 0.30 . 034
11.0 427 0.25 .048
9.0 464 0.20 . 0077
7.0 .545 0.48 .0051
5.0 .583 0.47 . 0041
4.0 . 618 0.16 . 0032
3.0 . 665 0.45 . 0026
2.0 .709 0.40 . 0011
1.5 LTA7
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Table 8

TABULATED EFFICIENCY FOR THE 2 x 2.5 IN, NE-211
LIQUID SCINTILLATOR BIASED AT 0.04233
STANDARD LIGHT UNITS

Absolute Absolute Absolute

Euergy Detector Energy Detector Energy Detector

(MeV) Efficiency (MeV) Efficiency (MeV) Efficiency
.37 . 0116 .61 270 1.1 1410
.38 .015 . 62 .278 1.2 411
.39 . 0195 63 .285 1.4 407
.40 L0253 .64 .290 1.6 597
44 .0315 . 65 .297 1.8 . 388
.42 . 0400 . 66 .303 2.0 .379
.43 .05 . 67 . 307 2.2 .369
.44 063 .68 344 2.4 . 360
.45 .079 . 69 . 318 2.6 .352
.46 . 096 .70 . 324 2.8 . 344
47 c114 .72 . 342 3.0 . 337
.48 429 76 . 350 3.2 . 329
.49 . 144 .78 .359 3.4 . 322
.50 . 158 . 80 . 364 3.6 . 315
.51 473 . 82 . 370 3.8 .308
.52 . 185 . 84 . 377 4.0 . 302
.53 .198 . 86 . 384 4.2 . 296
, 54 . 209 .88 . 385 4.4 290
.55 .218 .90 . 390 4.6 .284
.56 228 .92 . 394 4.8 L 279
.57 .238 .94 398 5.0 274
.58 . 247 .96 .400 5.2 . 268
.59 .254 .98 . 402 5.4 274
. 60 .263 1.00 .404 5.6 . 258
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Table 8

TABULATED EFFICIENCY FOR THE 2 x 2.5 IN. NE-2114

LIQUID SCINTILLATOR BIASED AT 0.04233

STANDARD LIGHT UNITS (cont)

Absolute Absolute Absolute

Energy Detector Energy Detector Energy Detector

(MeV) Efficiency (MeV) Efficiency (MeV) Efficiency
5.8 +254 8.4 .205 12.5 181
6.0 . 250 8.6 202 13.0 478
6.2 . 245 8.8 .201 13.5 175
6.4 . 240 9.0 199 14.0 . A73
6.6 ,235 9.2 197 14.5 472
6.8 + 230 9.4 .196 15.0 471
7.0 227 9.6 . 194 15.5 471
7.2 .223 9.8 +193 16.0 472
7.4 .249 40.0 192 16.5 473
7.6 216 10.5 . 190 17.0 .A176
7.8 213 41.0 .188 17.5 178
8.0 . 240 14.5 . 187 18.0 AT7
8.2 .208 12.0 . 485 18.5 . A76
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empty liquid hydrogen dewar. The data have been corrected for the
transmission of the dewar. The main difference between these spectra

and those in Fig. 18 is that the hemisphere integrated spectrum is softer

in the lower energy region due to the inclusion oflarge angle scatterings
from the spherical surface. Figure 19 shows a reasonable agreement be-
tween the source spectra measured during the first and second programs.
The data were taken one and a half years apart, as noted by the dates on
the figure. For the 2-26-66, T4 data, there was a 3.144-cm thick gamma-
ray filter of uranium which was not present for the 7-31-64, T6 data.

As shown later, the uranium filter does not alter the spectral shape. The
fast neutron sources were different on the two program periods. The
physical difference in the sources for the two programs was the use of

air cooling for the first and water-cooling for the second. The data shown
in Fig. 20 provide a comparison of the hemisphere integrated fast neutron
spectra for the air-cooled and water-cooled sources. The data for the
air-cooled source, 5-23-64, T4, which are tabulated in Appendix E, are
some of the first taken at this facility for the 3.0-in. diam uranium source.
Though the statistics are not good, it can still be seen that the agreement
in spectral shape between the air- and water-cooled sources is reasonable.
Therefore, it can be safely concluded that the sources for the two contracts
were identical in the fast neutron region, the same conclusion stated in the
final report of the second contract.(z)

Since it was now obvious that source differences could not cause
the observed spectral disagreements in the two data sets, other factors
in the data reduction were closely examined.

The fast neutron flight path was approximately fifty meters long
and although evacuated contained various materials such as mylar and
aluminum windows, air, stainless steel from the walls of the dewar, and
helium contained in the probe tube. These materials caused at the most
a 20 percent correction due to their transmission and therefore even if

the cross sections had been in error by 10 percent this would have accounted
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for at most a 2-percent transmission error. The thicknesses of the flight
path materials were also examined to determine if the proper thickness
had been used to reduce the data.

One of the major differences between the first and second programs
was the insertion of 3.144-cm of uranium into the flight path, The pur-
pose of the uranium was to act as a filter since the urénium suppresses
the bremsstrahlung flash with only about a 40 percent correction for
neutron transmission. To determine if the uranium filter influenced the
data reduction techniques, the same source spectrum v;ras measured with
and without the uranium filter. As can be seen in Fig. 21, the filter didf;,
not influence the spectral shape for this test case. |

The bremsstrahlung burst produced when the pulsed electron beam
strikes the target is quite intense and if nothing were done to prevent its
influence a loss of important data would result at early times and high
neutron energies. Hdwevér, since the photomultiplier is offgated during
this period of time and the gain reduced by about a factor of a hundred,
the effect is considerably reduced. Even so, some of this burst is
detected since the detector is garhma sensitive, and appears as gamma
rays decaying in an exponential manner. The technique for removal of
these gamma rays is to fit the decay to an exponential and subtract it as a
time -dependent background. The extent of this effect is.determined by the
electron beam current and pulse width. However, in this case the effect
was small and influenced the speétra, if any, above about 10 MeV neutron
energy. Only the data from the first contract had to be corrected'since
the uranium filter eliminated this problem in the second program.

‘The efficiency of the fast neutron detector decreases to zero around
0.2 MeV (see Figs. 12 to '15). The multiéhannei ahélyzér, however, con-
tinues to collect data after the neutron detector efficiency of the detector
has stopped. The dafa obtained in the channels after this point, conté,in

the ambient background of the detector as well as any time -de_pehdent and
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time ~independent gamma rays. This background is removed from the
signal prior to analysis by the data reduction code.

The uncertainty in thé bias affects the spectral data below about
0.8 MeV and the uncertainty in removing the short lived gamma rays
influences the spectral data above 10 MeV. Another effect, referred to as
the fiducial point (zero time) can affect the spectral data above about
6 MeV. The fiducial point is determined by allowing the detector to see
the bremsstrahlung flash and subtracting the flight time of the gémma rays.
"~ This requires that the offgate on the detector be removed during the burst

(16)

since the purpose of the gate is to help suppress this flash. This pro-
cedure is straightforward as long as the uranium filter is not present in |
the flight path as was the case for the first program. It becomes somewhat
more complicated when uranium is in the flight path since the uranium also
suppresses the bremsstrahlung flash making the exact channel number of’
thé"flash more difficult to determine. We had previously shown that the
‘spectra were the same for the air- and water-cooled sources and therefore

the source spectra through the LH, dewar for the two programs should be

the same. Examination of the earzly-time behavior of these two source

spectra indicated that the fiducial channel had been measured incorrectly.
The difference amounted to a shift in the fiduéial ‘point of four chan-

nels or 125 nsec. This shift has been incorporated into the zero-degree

data of 2-26-66 and for the 37-degree data of 2-24-66. The resulting data

for the 37-degree data are compared in Figs. 22 to 24. The two sets

have been shape normalized. This correction brings the second set of |

data into agreement with the first and therefore makes both sets of data

consistent.
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4.0 REEVALUATION OF THE INTERMEDIATE NEUTRON
SPECTRAL DATA

4.1 INTRODUCTION

(22)

The intermediate neutron energy detector consisted of a NE-226

liquid scintillator counting capture gamma rays from a disk of boron carbide

loaded with paraffin wax. The bias was determined as a fraction of the

6 3
Compton energy for 0Co and 1 7Cs; it was 450 keV. The biasing proce-

dure was similar to that for the fast neutron detector.

4.2 INTERMEDIATE NEUTRON ENERGY DETECTOR EFFICIENCY

The detector and its efficiency calibration are discussed in Ref. 22

and the efficiency used in the LH_ data reduction is tabulated in Table 9

and shown in Fig. 25. Because :f the response to transmitted high-energy
neutrons via inelastic scattering in fluorine, and uncertainties in the boron
cross section and branching ratio at high energies, the efficiency of the
detector is not expected to be very accurate above 2 MeV.

4.3 OTHER FACTORS WHICH INFLUENCE REDUCTION OF INTER -
MEDIATE NEUTRON ENERGY DATA

The intermediate neutron flight path was approximately sixteen
meters long and evacuated, The intermediate neutron detector was sensi-
tive to thermal neutron captures consequently, a 0. 175-in-thick boron
filter was used to prevent pulsing overlap. The flight-path windows
were mylar and a one-inch thickness of lead was placed into the flight
path to minimize the effect of capture gammas, Both mylar and lead
were chosen for use in the flight path since they contain a minimum of
resonances in the intermediate neutron region. The fiducial point (zero

time) was determined in a manner similar to that for the fast neutron
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Table @
ABSOLUTE DETECTOR EFFICIENCY FOR THE INTERMEDIATE

NEUTRON ENERGY DETECTOR

Absolute Detector

Energy Efficiency
1x 10° . 00636
2 x 10° .00638
5 x 407 . 00640
1x10° . 00643
3% 10° . 00645
5% 10° . 00647
1x 10° . 00649
3% 10° . 00652
4 x 10 . 006525
5 x 10 . 006538
5x5 x 107 . 00654
6.0 x 10* . 00655
6.5x 10* . 00656
7.0 x 10% .00658
8.0 x 10* . 00663
9.0 x 10 00669
1.0 x 10° 00675
1.4 % 10° . 00681
1.4 % 10° . 00702
1.1 x 10° . 00722
1.9 x 10° .00730
2.0 x 40° . 00735
2.3 x 10° . 00743
2.5 % 10° 00747
2.7 % 10° . 00750
2.9x% 105 .00752

Energy
3.0 x 105
3.3x 105
3.50 x 10°
3.60 x 10
3.70 x 10
3.75 x 10
3.80 x 10
3.85 x 10
3.90 x 10
4.0 % 10
4.1 x 105

4.15 x 105

4.2 x 10°
4.25 x 105
4.3 x 105
4.35 % 10°

4.4 x '105
4.6 x 10
4.8 % 10
5.0 x 10
5.2 x 10
5.3 x 10
5.4 x 10
5.5 x 10
5.6 x 40
5.7 x 10

(52

"
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Absolute Detector
Efficiency

[S TN G ) SRS DS L ¢ I )

5

g 01 1 O 1 ;v O Ot

. 00753
. 00754
.00755
00754
00753
.007525
. 00752
00745
.00738
. 00727
. 00705
.00698
. 00691
. 00690
. 00692
.G0696
. 00702
.00728
.00750
00780
. 00798
, 00801
.00803
00805
00804
008035

-

-
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Energy

5.8 x 10
6.0 x 10
6.2 x 10
6.6 x 10
7.0x 10
7.4 x 10
7.8x 10
8.2 x 10

5
5
5
5
5
5
5
5
8.6x 105

Absolute Detector

Efficiency

7 Table 9
ABSOLUTE DETECTOR EFFICIENCY FOR THE INTERMEDIATE

. 008025
. 008000
. 00797
. 00789

. 0078

. 00772
. 00765
. 00756
. 00749

70

Energy

9.0 x 105

9.4 x 105
9.8 x 1M05
1.20 x 10
1.4 x 106
1.6 x 106
1.8 x 106
2.0 x 10
6

2.4 %10

o~

6

NEUTRON ENERGY DETECTOR (cont)

Absolute Detector
Efficiency

. 00742
. 00737
.00729
. 00694
. 00659
00621
.00588
00558
. 0055




detectors. In this case, however, the one-inch of leau did not suppress
the bremsstrahlung flash as much as did the 1.238-in. of uranium nor was
there any real need since data above 2 MeV were not very accurate as
explained earlier. ‘

The background removal was broken down into two parts. The first
part was background composed of ambient, time independent gamma-rays
or long lived gamma-rays and both were referred to as ambient. The
second part was a time-dependent gamma-ray backgi‘ound produced by
the capture of thermal neutrons in the ‘LHZV. The energy of the capture
gamma ray was 2.1 MeV and decayed exponentially with the thermal nen-
tron dieaway of the LH, in the dewar. Both backgrounds were removed -

2 _
from the signal during the analysis by the data reduction code.

3
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5. REEVALUATION OF THE THERMAL NEUTRON
SPECTRAL DATA |

5.1 INTRODUCTION

The thermal neutron energy detector consisted of a bank of 32

BF3 counter s mounted with their axis perpendicular to the beam..

5.2 THERMAL NEUTRON ENERGY DETECTOR EFFICIENCY

Details of the detector and its efficiency are discussed in Ref. 23.

The detector efficiency used in the LH2 data reduction is tabulated in

Table 10-and shown in Fig. 26.

5.3 OTHER FACTORS THAT INFLUENCE REDUCTION OF THERMAL
NEUTRON DAT.A

The mean einission tirhe of the rnean_'time for a neutron of a par-
ticular energy to be emitted plays an important part in the data reduction.
The mean emission time is the amount of time a neutron spends in the LH2
assembly before it is emitted. Since the fiducial point for the flight time

is the bremsstrahlung burst the flight tii'n'_e appears longer than it actually

is and must be corrected for the mean emission time. The current data
reduction code simply subtracts the mean emission tin.: from the flight

(24)

time. This is only an approximation » however, an impfoved method
could not be calculated due to the two-dimensional geomgtry Ofv‘the LHZ'
The mean emission times used to reduce the thermal LH’2 _data'are shown
in Fig. 27. The value of the asymptotic mean emission time or dieaway
was obtained from the time -dependent capture g'a_‘rhma;s ‘since their decay

time is equal to the dieaway.
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Table 10
TABULATED EFFICIENCY OF THE THERMAL NEUTRON

75

1.5 %

DETECTOR
Energy v Energy
(eV) Efficﬁency (eV)
1x 10-4 . 6255 3.0 x '10“2
1.5 % 10 . 6682 3.5 x 1072
2.0x 107 L6944 4.0x 107
3.0x 107 L7247 4.5x% 10"
4.0x 1074 L7423 5.0 x 1072
6.0 xio'4 L7647 5.5x 1077
8.0x107% L7724 6.0 x 1072
1.0 x 107> 7784 7.0 x 1072
1.5x 107> .7864 8.0 x 102
2.0% 107 - 7897 9.0 x 107
3.0x 107 7909 1.0x 107"
4.0x 107 . 7885 1.5x 10°°
4.5% 107> . 7865 2.0x 10
5.0 x '10-3 .1736 3.0 x 10“1
5.5 x 107> L1771 4.0 x 10
6.0 x 107> .T736 6.0% 107"
6.5 % 107> . 7624 8;0>c10'1
7.0 x 107> . 7660 1.0 x 10°
8,0;;10'3 7629 1.5 x 10°
9.0 x 107> .7579 2.0 % 10°
1.0x 10" L7519 3.0x 10°
1.3 % 1072 . 7284 4.0x 10°
1.6% 1072 .7078 6.0x 10°
1.9x 107> .6884 8.0 x 10°
2.2;:10’2 L6777 1.0x 104
2.5% 1072 .6673 101

Efficiency

. 6510
6323
. 6150
.5995
.5862.
£5728
. 5600
5393
.5213
5048
.4897
.4327
.3935
.3414
.3064
L2616
.2329
.2423
4787
. 1576
1316
1156
.09594
. 08388
.d7554
. 06235




Table 10

TABULATED EFFICIENCY OF THE THERMAL NEUTRON
DETECTOR (cont)

Energy
(eV)
2.0x 10
3.0x 10
4.0x 10
6.0 x 10

. 05435
. 04472
. 03894
.03195
. 02776
. 02489
.02039
. 04770

Efficiency

01449

01257

.01028

. 008914
. 607976
.006520
. 005650
. 004617
.004001
.003268
.002821
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200 %

- 1.0x
4,6 x

Energy
V)
1.0 x 10
1.5 x 10
2.0x 10‘
3.0x 19
4.0x
6.0 x

Lo

O N T S
o O o o

1.0 x
1.5 x

-
o

-
=)
- - - NI~ N N Bt ST UG, St BC St A N N N S

3.0x
4.0x
6'.0\x
8.0 x

— S T T
S O O O O O

2.0 x
3.0x
4,0x

I t
o O O

Efficiency

. 002533
. 002069
. 004792
. 004464
001268
. 001035

.0008967

.0008024
. 0006550
.0005673
0004632
.0004042
. 000327598
. 000283710
. 000207497
.000479459
. 000146509
.000426880

. .000103617




The background was measured by placing a B-10 filter over the
entrance of the collimator and this was subtracted from the signal during
data reduction.

The flight path materials were one wall of the stainless steel dewar
at liquid hydrogen temperature of 20.4°K (.0726 in. thick) one wall of the
stainless steel dewar at room temperature (. 0789 in. thick) heliuni in the
probe tube at 20.4°K, mylar flight path windows, and air. The thermal’
neutrons were timed over an evacuated 16-meter flight path. These cross
sections are fairly well known except for the stainless steel where the
cross section is not known below 0.041 ¢V and very certainly not for tem-
peratures of 20.4°K. It was clear from the experimental data that there
was significant Bragg scattering by the stainless steel walls. Equally
clear, however, was the fact that such Braff scattefing would not be well
~ described by the sum of the Bragg scattering of the stainless steel consti-
| tuents, -;’-irbn, chromium, and nickel. The procedure used was therefore
as follows:

1. The stainless steel was initially assumed to consist of the

-sum of its constituents which were described as 1/v absorbers
with free atom scattering.

2. Several test cases of LH, data were reduced using the crogs
sections of Item 4. Where peaks occurred due to Bragg
scattering, the flux above the peak was extended to justbelow
it and the difference related to a constant change in cross
section. These differences were obtained for each Bragg
peak and averaged over the several test cases.

3. The cross sections for stainless steel, Item 1, were modified
by the subtraction of their respective energies and below of the
cross section differences from Item 2. All the LHy data were
then reduced with this same cross section set,
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6. DISCUSSION OF COMPARISON OF CALCULATIONS AND
EXPERIMENT

6.4 MONITORS AND NORMALIZATION OF EXPERIMENTS AN
CALCULATIONS ’

Each set of data, e.g., fast, intermediate, and thermal, was
normalized to the neutron source intensity as measured by adjacent
aluminum foil monitors. However, since each neutron energy region
used a different detector system, the fast neutron data does not directly
normalize to the intermediate energy region nor the intermediate to the
. thermal neutron energy region. Also, the sclid angle to the front surface
of the LH2 varied as the thickness of LI—I2 was varied due to the way in which
the thickness changes were made. In view of these changes in geometry,
it would be more appropriate to renormalize for each thickness over the
entire energy range since the aluminum foil monitors do not track for dif-
ferent thicknesses. This method was 'attempted and discarded after some
inconsistencies arose.

Another method of normalization which is perhaps not as good, is
to normalize the fast and intermediate neutron energy range in the energy
region where there is generally an adequate overlap. There is a gap be-
tween the intermediate and thermal energy regions, and the normalization

in these energy regions was through their connection by a 1/E flux which

4
appears to be established from 41 eV to 10" eV.
It is also necessary to normalize the calculations with the experiment
and since fast and intermediate energy regions were calculated as one,

these were normalized to the experiment by shape normalization., In the

thermal region, the calculations and experiment were normalized in the

1/E region. In summary, the fast and intermediate experimental data
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were normalized in their overlap region and the calculation shape normalized
to the experiment. The thermal experimental neutron data were normalized
to their calculations in the 1/E energy région. The thermél experimental data
and calculations were normalized to the fast and intermediate experimental
data and calculations in the 1/E energy region, All of the experimental data
taken under both contracts and the calculations made under the second con-
tract are given in Appendix E. In all cases, the fast neutron experimental
data were the invariant and all other data normalized to them, The norma-
lization factors are given for the experiments and calculations in Tables 11
and 12, respectively. To use these two tables, multiply the data listed under
the column labeled ''description' and tabulated in Appendix E by the norma-

lization factor to match the corresponding fast neutron energy region.

6.2 DISCUSSION OF REEVALUATED DATA AND CALCULATIONS

All of the reevaluated data have been tabulated in Appendix E. They
are also displayed graphically in Figs. 28 through 56. For the O? angle,
 measurements were made for only the fast neutron energy region, and at
. 5° for the intermediate neutron energy region., For 15, 37, 53, and 78°,
measurements were made for both the fast and intermediate regions. For
37 and 78o angles, measurements were made from 10 MeV to . 0005 eV,

A gap in the data for these angles usually extends from 10 eV to 103 or 104'
eV. This gap exists because no neutrons could be observed statistically
above the time-dependent capture gammas. The 0° data for the 7.0, 10.5,
and 13,0 in, thicknesses for the first program (7-31-64) are unsatisfac-
tory: all of them give the same result, These were the first three mea-
surements made and could have been caused by inexperience in transferring
the LH2 from compartment to compartment,

In a discussion of the experimental data, it is important to note
some of the details surrounding the measurements; The fast neutron
source intensity was limited since it could only accept 250 watts of elec-
tron beam power dictated by the air-cooling of the uranium target. In many

cases, especially at large angle and thickness the signal-to-background

9
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Table 11
NORMALIZATION FACTORS FOR THE EXPERIMENTAL DATA

A. Intermediate Neutron Energy Region

Normalization Factor Normalization Factor
Description First Program i Second Program
2.5-in. 15° 9.34 x 1o'i )
37° 6.06x 107 8.4 x 10"
530 No Data 4
78 3.96 x 10
4.5-in. 152 8.84 x 10:2 s
37, 5.95 x 10_, 7.2 x 10
53 8.0 x 107,
78 3.57 x 10
7.0-in. 152 6.45 x 10:2
37 5.00 x 10_,
53 5.78 x 10_,
78 5.56 x 10
10. 5-in. 152 7.4 x 10'i L 5
37, 4.76 x 10:4 7.57 % 10~
53 5.26 x 10",
78 4.76 x 10
13.0-in. 45° 9.7 x 10'2
37° 6.37 x 10°,
53° 417 %10,
76 3.85 x 40

B. Thermal Neutron Energy Region

Normalization Factor Normalization Faétor
Description First Program Second Program
- -1
2.5-in. 37‘; 3.8 x 10 g 5.5 x 10
78 3.8 x 10
4.5-in. 373 4.9 x 10'2’ 6.0x 107+
‘ 78 4.9x 10
7.0-in. 372 2.5 % 10‘3
78 2.5x 10" :
0 - . =4
10. 5-in. 372 2.4 x 10 g o 4.0x 10
78 2.5% 10"
13.0-in. 372 3.0 x 10"2
78 . 3.0x 10"
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Table 12

NORMA LIZATION FACTORS FOR THE CALCULATIONS

A. Intermediate Neutron Energy Region

Description

2.5-in. 0°

37°

4.5.in. O

13.0-in. O

Normalization Factor
First Program

Normalization Factor
Second Program

1.00 x 104

.53 x 10

.03 x 10

.76 x 10

.3x'105

.08 x '105

.56 x '106

B. Thermal Neutron Energy Region

Description
2.5-in. 37°
78°
4.5-in. 37°
78°
13.0-i1. 37°
78°

Normalization Factor

6.54

8.85

10.4

29.0
40.0
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9.26 % 10°

3.82x 106

3.80 x 10

7.87 x 105




ratio was low and in general the better data are therefore at small

angles and thicknesses. During the second program, a water-cooled uranium
target was developed and the fast intensity increased by a factor of six

since the source could accept 41500 watts of electron bean: power. This
increase in neutron intensity is reflected in the comparison of the fast
neutron data for the two contracts.

The measurements were made on a one-shot basis due to the
tremendous detail and preparations required to handle the 150 gallons
of liquid hydrogen within the LINAC facility under limited funding. It was
not possible to review the data until after the experiment was completely
finished. It would certainly have been desirable to have reviewed pre-
liminary measurements before taking the complete data set. Only a few
measurements were remeasured and these were all in the fast neutron
energy region.

In considering the massive afnount of experimental data and com-
parison of some of the data with‘ calculations, a few general observations
can be made. Firsf, the Monte Carlo calculations suffer from poor statis-
tics in precisely the same way as do the measurements. Since in the fast
neutron energy region the flux is in the forward direction, few neutrons are
scattered at large angles and the source intensity becomes quite degraded

by the thickness of LH,, resulting in even less neutrons at large thicknesses

2
and also larger angles. The agreement between calculation and experiment,
in shape at 37° is good for all the thicknesses compared, even out to the
43.0-in. thickness. The agreement is not nearly as favorable at 78° at
these same thicknesses. The data taken at 13.0-in. and 78 degrees are

so unsatisfactory that they have not been presented. In at least one situa-
tion, there is a:,;very good comparison between calculation and experiment;
in the fast-intermediate neutron energy region this is 10} the 2.5-in. 37°
data. Here the agreement is good between '106 to 103 eV. This is also

a situation where the statistics are the best for both experiment and

calculation. The agreement between the thermal neutron calculations and
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experiment are favorable in half of the cases compared but vary considerably
in the remainder. These disagreements occur at an energy where the
transport cross section changes drastically from about 20 to 1 barn in the
energy region from .04 to .01. This also leaves open the question of the
applicability of a one-dimensional calculation below 0.04 eV since the
transverse'leakage becomes large. The buckling or source distribution

for LH2 was not measured and is therefore not well known. Due to the

small transport cross section below 0.04 eV the calculations are quite
sensitive to the buckling and therefore small changes in the buckling result
in large changes in the flux.

We have recommended that the 2.5- and 4. 5-in. thicknesres of LI—I2
for the 37° angle be submitted as a benchmark problem to the ANS-6
Standards Comimittee, American Nuclear Society. The reason for this
selection was that the statistics for the Monte Carlo calculations were
best for the 37° and 78° angles, and calculations were performed for only

2.5, 4.5, and 43.0-in. data. Of these, the calculaticnal and experimental

statistics were best for the 2.5- and 4.5-in. thicknesses at the 37° angle.
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APPENDIX A

GEOMETRY INPUT TO O5R (13 INCHES OF LHjy
BETWEEN THE SOURCE AND COLLIMATOR)




« 7048040

'] MALE
ZONE X BNDS  =460960402, « 70480402
20nE Y BNOS *460960402, + 60960402
20NE 2 BNDS 609604024 «60250+02
201E i 1 b
BLUCKX bNOUS -y 609604020 «00000 ' 33020402,
BLUCKY BNDS * «,60960402 «60960+402
BLUCKZ BNDS »o60960402+ +60960402
BLUCK i 1 1
MEUIA I 3 0
SUKFACES 1, 2
SELTOR =4 O
SECTOR 1 =1
SELTOR © 1
BLUCK 2 . i 1
MEUIA 1, 2 | ) 2¢ 1 20 1
3 1]
SURFACES 3 (') S Y) T A 9
13
SECTOR =1 0«1 o 0 0 0 Q0 0 =G =n
SECTOR =1 0 1 =y 0 0 0 0 0 «0 =p
SECTOR =1 0 0 1 =i 0 0 0 0 =0 =0
SECTOR =4 0 0 0 1«1 0 0 0 =0 =0
SECTOR =1 0 0 0 0 i =1 0 0 =0 =0
SECTOR =4 0 a0 0 0 0 1 =1 0 =0 =0
SELTOK =«1 0 6 0 0 0 0 1 =1 =0 =¢
SELTOR «1 0 0 0 0 0 0 0 1 =1 =0
SELTOR =1 0 o0 0o O 0 0 0 0 1 ~-%
SELTOR 1 0 0 o 0 0 0 0O 0 0 1
SECTOR 1«1 o 0 0 6 0 0 0O 0 0
SECTOR 0 3 o o 0 0 0 0O 0 0 o
BLUCK 3 1 b
MEULIA 4, 3 3 1000s 1000s 1000
SURFACES 3, 4 14, 15 16 -
SECTOR =1 0 =y 0 O
SECTOR =4 0 1 =t O
SECTOR 1 =1 0 0 =~}
SECTOR = 0 o0 t O
SECTOR 1«1 0 0 1
SECTOR 0 & n o O
16 TATAL SURFACES
«100600+01X5Q +10000+01YS 10000401250
+10000401X80 «10000401Y506 +1000040125Q
«10000401YS0Q «10000401250 = 2R452404 s
+«10000401Y50 «20060+012S0 =,37161404 $
+10000+01X »,61900+01 s
«10000404X -,63500401 $
«10U00+0LX ", 11270402 $
+10000+01X -.11430402 %
«10000+01X =, 17620402 3
«10000401X = 17780402 |
+10000401X -, 26510402 S
«10000405X ", 26676+02 $
+10000+01X -, 32960402 S .
+10000+01 %8G »16000+01YS@a +1000040125Q
=, 56T24404 s
«10000+401XS80 +10000401YS0 «1000040125Q
=, 10366405 s ’
+10000404X -, 46280402 [ 3

100

1
11,

2

12

=,28452404
=e3T161404

+1066A4:03)
«1066H N3




APPENDIX B

KINNY PROGRAM LISTING




le SUHBROUTINE EVAP(EQ,EP,THETALELO)

Ze C ELO EQUALS LUKEST FlERCGY
X5 C PICK FRO! X*tXP(=x) pY KAHNS METHOD, ExAMPLE 15
“, C 1:STEAD UF PICKING FROr EXR(=X)» X INFIHUITEs» PICK
C C FROM LXP TRUNWCATEL AT xMAX, REJECT VALLE X IF THE sum OF
0, C OF THc TwO VALUES IS GREATER THAN XMAX,
7 X AX=(EO=ELO) /THETA
*DIAGNOSTIC* ThE TeST FOR EQUALITY HETWEEN NON=INTEGERS MAY NOT BE MEANINGFUL.
O, IF (XMAX,LE,0.0) CALL ERRUR
9. 2 R1=AMUD(EXPRIF (R) » XMAX)
1lu, R2=AMOD (EXPRIWF (R) s XMAX)
14, X=R1+R2
12, IF(X=XMAK) 10102
15, 1 EP=X*THETA
1y, RETURIY
13. E'.JD
;4o FUNCTION CHOS(R!PyQeNPR)
e DINENSION P(1)s O(1)
3. C INTERPQLATES FROY HIGit TO LOW RANGES ONLY
“ DC 10 I=2.nNPu
#DIAGNOSTIC* THE DU=INUEXsI,IS DEFINEy wITHIN THE LOOP.
S I1=1
*DIAGNOSTIC* THE Tc<ST FOR EQUALITY pETWEEN NON=INTEGERS MAY NOT BE MEANINGFUL.
O, IF(P(1).LE.R) GO TO 20
Te 10 CGNTXNUE
Oe CALL LRRU‘(
Y9 20 CHOSzW(I)+(R=P (1)) & (G(I)=Q(I=1))/(P(I)=P(I=1))
1u, IF (CHOS,LT,0.,0) CALL ERROR
“de RETURN
iy EiiD
' SUEROUTINE EKROR
< CoMMON ZINELC/ SPyuPsVP e aPoEsSyNINLS, INY
3, A HR(LIU) v (89e5) oNE(ReS) yEL(12508¢5) »SIGL(1250895)
(" B WU(LU) bELAW(2010) ,NLAL (2010) 9NENG(1) ,eNG(101)
e C JETAul(1,1)+ETABL(1,1,1)PTABL1(1¢1s1),
L. D HETAS2(1) ,ETAR2(1,1),rTAB2(1s1)»
le E FM(2+10),EA(2,10),E5(10) e TA(L10)TB(10)»TC(10)
Oe F 1APP(10) ,1JMcDE(2010) yrELE(2+10)
Y, wRITE (608000)
lu, 8000 FGRMAT (22H1AN ERRQOR HAS OCCURRED)
11, ALITE(60301) SPeUP, VPV PyE,S»IN
1c, RETURIN
13, 301 FORMAT(1P6ELlc,.50110)
14, END



Le
e
Je
4.
D
Le
/e
O«
Je
IU.
)
12,
140

DI AGNOSTICS

l'.'

*DIAGNOUSTIC*

1,
10-
17,
1o,
1y,
2V,
21,

éce

105

2u0

11

*DIAUNOSTIC*

2.
*UIAGNOLTIC*

2%,
2.).
20.
2l
cd.
€9,
3u.
31,
32,
39,
34,
3%,
3u.
317,

10

30

[

e

33

44

*DIALNOSTIC*

3d.
39,
Yu,
41,
4e,
4y,
by,

1un
300

SUBIOUTINE ELANS(SPISGwnTE)

CompiQid Zhtir LG/ SPa P o VE 0 aP2EeSyNINLS» 110

ARCLU) e D) o NE G ) , L (12508950 9 SIGLIL250895)
0 (Lu) s LAN(2010) ,1ILA (2010) o NENG (1) ptNGL1s1) e
C ILTAGL(1,1)ETARL(1,1,1)PTABL(12101),
o ETAS2(L) WLTA201,1),PTAB2(101)

FY(2010) ,FA(2010) ,Es(10) o TACLD) »TB(10)01C (1Y)
LAPE(L0) y JALDE(Z2010) ot ELE(2010)

IL=1

IF(hig(I ,1Q,1) Gu Ty »hy
Szl (I
LD 109 IL=1e0S

ToE pu=ThpEXeILe IS UeFINED WITHIN THE LOUP,

IL=IL

THF TeST FOR EQUALITY rFIWEEN HOMN=INTEGEKS MAY NOT vk *FANINGFiL.
IF(ELaw (IL, 1) JLE,E) GO 10 200
CunTInuL
CaLL LRIOK
HLstLaw (1L, Liy)
G0 TO (11,22933044) NL

TAGULATED VALULS

HEL=NenIG eI
U9 10 IE=1,Nel

THE DU=ILUEX,IEsIS DEFINED WITHIN THE LOUP,

[L=1E

THE TeST FOR EQUALTTY NETWEEN NON=INTEGEKS MAY NOT HE MFANINGFUL.
IF(ENG(IE,IN) LEsF) GO TO 30

CONTINUE

CALI. ERKRUK

PzFLTRN (1)

EF=CHUS(P yPTABL (10 IE, It) yETABL (10 JE2IN) o NETABL(IE, IN))
GO TO 100

PZFLTKN(K)

EP=CHUS (P, PTAB2 (10 I1) oF TAB2 (Lo IN) yNETAL2 (IN) ) *E
w0 TO 10v

EVAPOMATIUN

THETASTACLID) +TH(IN) *#5QPT(E)+TC(IN) %E

CALL wVAP(EsEPyTHETAJELAL(ILPIN))

GO TO 100

NNNES|

THE TEST FOR EQUALITY PETWEEN NON=INTEGEKS MAY NOT ub nFANINGFUL,
IFCFLIRN (M) ,GE WU 5) UJJ=2

EPZLA(JJJy IN)

SP=SGRT(EP+1,9132201k+12)

[F(s5P,6GT,S) CALL ERROR

wATESWATExFM(IL e IN)

RI_TURN

B

nr o



1, SUBROUTINE LLVELS(SPUSGe3ETA)

2. C
3 ComMon ZINELCZ SPyUPyVPewPsErSyNINLS, IN
' A LR(10) vG(392) sNE(geS) yEL(12508¢5) 9SIGL(125¢805)
D B NUCLU) sELAW(2010) ,NLAW(29010) o NENG(1) yENG(101)
0, C NETAul(1,1),ETABL1(191,1)PTABL(101,1),
7 O NETAs2(1),ETAB2(1,1),PTAB2(1+1)»
Oy E FM(2+10),EA(2+10),Ep(10) v TA(L10)»TR(10)»TC(10)»
Y F NAPP(10),MEDE(2910) yNELE(2010)
10, DIMENSION PTAB(10)
11, IL=1
1le, IF(NR(IN) ,EQ,1) GO TO g0
15, SPT=0.
14, NS=NR ( IN)
15, c ForkM CpPpF TABLE
lo, DO 50 I=1,nS
17, NEM=Nc (19 IN)
10. PTAB(1)=U.0
19, IF(EeoTeEL (10 IoIN) ,ORE4LT,EL(NEM/I+IN)) GO TO S0
2V, PTAG(I)=CHOS(EsEL(1oIoIN)»SIGL(1o1sIN),NE(IsIN))
21, SPT=SPT+FTAB(I)
2¢c. 50 CONTINUE
*DIAGNOSTIC* THE TEST FOR EQUALITY BETWEEN NON=INTEGERS MAY NOT BE MEANINGFUL.
23, IF(SPT«E%,040) GO TO 80
244 DO 60 I=1,NS
25, PTAB(1)=PTAB(I)/SFT
20, 60 CONTINUE
27, DO 65 I=2,nS
204 PTAB(L)=PTAB(I)+PTAB(I=1)
29, 65 CONTINWUE
3u, C CHUOSE LEVEL
31, 100 R=FLTRNI(R)
3¢ DO 70 IL=1,NS
*DIAGNOSTIC*® THE pu=INDEX,IL»IS DEFINED WITHIN THE LOOP,
35. I‘-zll.
*DIAGNOSTIC* THE TeST FOR EQUALITY RETWEEN NON=INTEGERS MAY NOT BE MEANINGFUL.
34, IF(R.LE.FTAB(IL)) GO TO &0
39, 70 CONTINUE
3o, CALL cRROKR
37 C CHECK FOR INSUFFICIENT CMS ENERGY
3o 80 IF(SPUSQ,LTe.a(IL»IN)/BETA) GO TO 90
39, SP=UETA*SGRT (SPDSG=Q (1L IN)/BETA)
40, RETURN
41, 90 CALL ERROR
bz, Gy TO 10u
by, El.D



10

SUBROUTINE DCS(UrV,W)
COMPUTES NEW DIRECTIONS COSINES

COMMOIN ZINELC/ SPaUPsVPIWPyErSeNINLS) INy

NR(10) oG (R15) yNE(R?5) )EL(1250805) ¢SIGL(12508¢5)
MUCLU) vELAW(2010) yNLAW(2010) oNENG(1) yENG(102 "
METALL1(1,1)ETABL(1,1,1)PTABL1(10101),

NETAw2(1) yETAB2(1,1) yPTAB2(1¢1)

FM(2¢10) ,EA(2+10) ,E5(10)»TA(10),TB(10)¢TC(10)»
WAPP(10) yMMEDE(2010) yNELE(2010)
COMMON/SNGLES /BLZON,EROT»ECUT1EGROUP »EINC,EMONO,ESOUR,
LETAPEIETA,ETATHIETAUSD,ETOP+FONE'FTOTLFWATE,,ITERS,ITSTR,
2LELEp o LF y MARK ¢+ MAXGPy MEC IAYMGPREG/MFISTP ¢ MXREGeN¢NCOLPR,
3NEPCOL e NCONTL 9yNCONT2 yNCONTP e NEWNM o NFISHe NFONE ¢ NFPT ,NGEQOM,
YNGROUP »NGW T o NHISMX , NHISTReNINC o NFINCyNPINC,NITS/NKILL
SNLAST »NGLAST)NSIGL ,NPLAST o NLEFT yNMEM,NNMOST ,NOEL »NPCOF »
6NPTAPE ¢ NGUIT»NROO , NSOUR ¢y NSPLT ¢ NSTAPE yNSTRT e NTHERM,NTHRML »
INTYPE »OLOW T FSIE»SPOLD, THETM» TNUC»UINPUOLD e VINP,VOLD,
BWATEF yWINP » NOLD*WTAVR e THIRe WTLORYWTRED»WTSTRT ¢ XOLy XSTRT
9YOLD,)YSTRT,20LD»2STRT)UNUSED(10)

CALL GETMU FOR SCATTERING ANGLE
CalL GETMU(COSPOL)
GETMU RETURNS LF (SCATTERING DISTRIBUTION)
IF(LF.NE,0) 60 TO 10
ISOTROPIC SCATTERING
CALL GTISQ(UP»VPerwp)
RtTURN
ANLSOTROPIC SCATTFRING

SINPOL=SQRT(1.=COSPOL*%2)

CTHETA=U/S

STHETA=SGRT(1,=~CTHETA*x%2)

IF (S5THETA,GT.0,0) GO TO 1

CoSPHI=1,

SINPHI=O,

GO TO 2

ST=S*xSTHETA

COSPHI=V/ST

SINPHI=W/ST

CALL AZIRN(SINAZI,COSA21)

C1=COSAZI*SINPOL

C2=SINAZI*SINPOL

C3=STHETA*COSPOL

DIRECTION COSINES

UP=CTHETA%*COSPOL=C1*STHETA
VP=C3*COSPHI+CTHETA*COSPHI%C1=SINPHI%*C
WP=C3*SINPHI+CTHETA*SINPHIxC1+COSPHI%*C2

RETURN ‘

END

MmMMOooc >



54, READ(201U3) (ETABL(L,K,I)PTABL(LeKyI) L=1,NTABL)

59, WITE(6+309) ENG(K,I) s (ETABL(LoKo 1) 9yPTABL(LIKsI) ) =1,NTABY)
So, 17 CONTIWUE

576 GO TO 20

5o, 22 READ(S0102) FM(Je 1) oNETAB2(I)

59, WRITE(60308) FM(JyI)

60, NTAp2=NETAB2(1) »

6l, READ(20103) (ETAB2(L,T:9PTAB2(L,1)sL=1,NTAB2)

62, WRITE(69310) (ETAB2(Ls1})PTAB2(Le1)L=1/NTAB2)

63, GO TO 20

644 33 READ(50104) FM(JeI)

65, WRITE(60308) FM(JoI)

6o, READ(50104) TA(D)oTB(I)H»TC(I)

67, WRITE(6¢311) TA(I),TB(I),TC(I)

65, GO TO 20

69, 44 READ(50104) FM(JeI)

70, WRITE(6/9308) FM(J,I)

71, READ(S9104) EA(JrI)vEB(I)

724 WRITE(60312) EA(JyI)EB(1)

T3 20 CONTIWUE

T4, 100 CONTINUE

750 RETURN

7o, 10 FORMAT(5h6,415)

77, 90 FORMAT(615)

To. 102 FORMAT(ELCU,.40110)

79, 103 FORMAT(6E1245)

8U, 104 FORMAT(3L10+4)

81, 301 FORMAT(///12X¢18H*xSCATTERER NUMBER »I3¢» 2Hr 5A6, 2H*x

82, 3011 FORMAT( 7HOMEDIUM ,Iz, 9Hs ELEMENT 12

83, 303 FORMAT(//12X,18HDISCRETE LEVEL(S) /

84, 304 FORMAT(3HOGQ( »I2» 1H. .1PF12,5, 3H EV

85, 305 FORMAT(50HOE (EV)s» SIGMAS (BARNS) IN PAIRS, E (HIGH TO LOW) /
8o, A(3(1P2E12,502X))

87, 306 FORMAT(//12X922HNON=UISCRETE LEVEL(S) /

88, 307 FORMAT(20H0 ELAW LOWER LIMIT ,1PE12,5¢ 3H EV +6X, 4H LAW ,I2,
89, A 1H» SA6

90, 308 FORIAT (14+HQWEIGHT FACTOR » 1PE12.5 )

91, 309 FORMAT(SHOELOW ¢ 1PE12,59 3H EV » 6Xy 22HP(E+) CONSTANT OVER E /
92, A 45HOEY (Ev)y P(E") IN PAIRS) E' (HIGH TO LOW) /

95, B(3(1P2E12,502X))

94, 310 FORMAT(45HO(E'/E) s P(Ev/E) IN PAIRS, (E'/E) (HIGH 71O LOW) /
95, A(3(1P2E12,5012X))

9. 311 FORMAT(2HOA r1PE12,5, 3H Ev ¢ 3Xo1HB ,t12+5¢ 10H (EV)*x1/2
97, A 3X,1HC 4 El2.5

94, 312 FORMAT(3HOAL +1PE12.5» 3H EV » 3Xe2HB1 1E1245

99, END

-~



le SUBRQUTLE INELIN

25 C READS IHPUT FROuM TAPE S5 (STANDAKRD)
3 COMMON ZIIELC/Z SPyUPyVPewPsErSyNINLS» IN»
4, A NR(L0) v (o) oNE(R5) yEL(12508015)9S1IGL(125¢8¢5)
De B NU(10) sELAW(2+10) ,NLAW(2¢10) ¢NENG(1) yENG(101)
0. C NETAL1(1,1),ETABL(1,1,1)PTABL(171¢1),
To D NETAB2(1),ETAB2(1,1)PTAB2(1s1)
Be E FM(2+10),EA(2+10),E5(10)»TAC10),TB(10)»TC(10)»
9, F NAPP(10) ynMEDE(2010) yMELE(2010)
10, DIMENSION COMM(12), NALAw(Se4)y LABEL(S)
1, DATA (NALAwW(I,1)»1=1,5)/ 30H TABULATED Ev yS P(Ev)
12, DATA (NALAw(1,2)e1=1,5)/ 30H TABULATED Ev/E yS P(E,/E)
13, DATA (NALAw(I1,3),1=1,5)/ 30H EVAPORATION MODEL
14, DATA (NALA(1e4)91=195)/ 30H Ev=AL+BL*E
15, READ (S5s101) COMMyNINLS
lo, WRITE (60201) COMM,NINLS
iy O 101 FORMAT(11A6rA4,110)
15, 201 FORMAT(1H1,36X,11A60A4 //
19, A 36X, 30HNUMBER OF INELASTIC SCATTERERS 13
20, PO 100 I:l.NINLS
21, READ(9010) LABELeNR(I),NU(I))NAPP(I)
22, NAP=NAPP (1)
23, READ(5990) (NMEDE(JUrI),NELE(JoI)9J=1,NAP)
24 WRITE(60301) I,LABEL
29, DO 23 J=1,NAP
26, WRITE(6+3011) NMEDE(Je1),NELE(J,I)
27s 23 CONTINUE
28, IF(NR(I),EGeU) GO TO 15
29, WRITE(60303)
30 JRENR(I)
3l DO 5 J=1,JR
3c . READ(50102) w(JrI),NE(JNI)
34, Q(JrI)=0(J,1)*1,9132201E+12
3o, IF(NE(Jr1) ,Eue0) GO TO S
36, KE=NE(Je 1)
37, READ(9¢103) (EL(KeJrI)»SIGL(KeJyI)K=1,KE)
35, WRITE(60305) (EL(K,JyI)ySIGL(KeJrI)eK=19KE)
3y, 5 CONTIWUE
40, GO TO 100
41, 15 Ju=Nu(l)
42, WRITE(602306)
43, DO 20 J=1,JU
by, READ(50102) tLAW(J,I)oNLAW(JPI)
45, NL=NLAW(J, 1)
4o, WRITE(E+307) ELAW(Jr1) yNiL» (NALAW(LWNL) L=1,5)
47, GO TO (11,22,33044)» NL
4o, 11 READ(90102) FM(JeI)y» NENG(I)
49, WRITE(60308) FM(J)I)
SU, NEL=NcNG (1)
51, 16 DO 17 K=1,NEL
5¢, READ(90102) ENG(KeI) NFTABL(KeI)
53¢ NTABL1=NETABL1(K,I)



1l SUBROUTINE KINNY(SPDSQyUsV ) WeWATE'NMED ) LELEM)
2 CorMON ZINELC/ SPyUP VP owPyErSyNINLS) INY

3, A NR(1029G(&rS))NE(R15) EL(12508+5)»SIGL(125+8+5),
4 B NUCLU) vELAW(2010) yNLAK(2010) ¢'NENG(1) ,ENG(101)
Se C NETAUS1(1,1)+ETABI(1,1,1)PTABL1(101s1),

0, D NETAB2(1),ETAB2(1,1),PTAB2(1¢1)

7e E FM(2+10) ,EA(2+10),E5(10) v TA(L10) v TB(10)»TC(10)
8e F NAPP(10) yyMEDE(2+10) yNELE(2010)

9, C ALPHA, RETA

v, 20 CALL AB(ALPHA/BETA,LELEM,NMED)

11, c CHUOSE SCATTERER INCEX

12, DO 30 INz=1,NINLS

*DIAGNOSTIC* THE DU=INCEX,INeI1S DEFINED WITHIN THE LOOP,

13, Li=IN

1y, NAP=NAPP (IN)

15, DO 25 J=1,NAP

1o, IF (NMEDE (Jy IN) EQeNMEDAND NELE (Jy IN) ,EQ.LELEM) GO TO 40
17, 25 CONTINUE

1y, 30 CONTINUE

19, CALL ERROR
20, 40 E=SPDSQ/1,9132201E+12
2l, S=SQRT (SPLSQ)
22, C HEw DIRECTION COSINES
23, CalL DCS(UNVew)
24, IF(NR(IN) ,EQ.0) GO TO 150
25, c RESOLVED LEVELS
260, CullL LEVELS(SPDSQ,HETA)
27, UzALPriA*xU+P*SP
28, V=ALPHA*\ + PSP
29, W=ALPHAXy 4+ (PSP
3U, G0 TO 300
31, c UNRKESOLVEL LEVELS

3, 150 CALL cLALS(SFDSQrwATE)

33, UzUPxSP

34, VzVP#SP

35, W=wWPxSP

3o, 300 SPUSQG=U*%2+Va%2+W*x2

*DIAGNOSTIC* THE TEST FOR EQUALITY RETWEEN NON=INTEGERS MAY NOT BE MEANINGFUL.

37, IF (SPUSULEQeU.0) CALL ERROR

35. RETURN

39. EHC

1% SUBROUTINE Au(AeBiLeN)

2 ComMON/MDELEM/ ALPHA(30s8) 4BETA(30,8),LF1(30,8)
S AzALPRA(L,N)

' B=AuUS(BETA(LIN))

Se RETURN

O EHD



Input to the inelastic routine is given in the following table:

Card
1 15

Format Symbol

NINLS

Repeat Cards 2-6 for {=1, NINLS

2 615 I
NID(I, 1)

NID(I, 2)

NID(IL, 3)

NID(I, 4)

NR(I)
NU(I)
NE(I)

3 7E10. 4 (EVAP(L, J)),

TA(IL J), (cm/sec)2

TB(I,J), (cm/sec)d/eV

TC(L,J), (cm/sec)?/eV
FM(I, J)

Descrigtion

Number of inelastic scatterer:
(separate nuclides - each nuclide
can have severalinelastic processes).

Scatterer number

Nuclide number (LELM) in which
Ith scatterer is found.

Medium number in which (th
scatterer is found.

Nuclide number in which I
scatterer is found.

Medium number in which I
scatterer is found.

(Two pairs of nuclide and medium
numbers are read in case the same
nuclide is found in several places.)

Number of resolved levels
Number of unresolved processes

Number of energies in level cross
section tables (same energy mesh
for all processes of same nuclide)
NE(I) = 0 for 1 level

Energy for switching from one evap-
oration-like process to another,
both represented by the same level
cross section table.

Coefficients for expressing the
energy dependence of the nuclear
temperature, T=TA+/E- TB+E-TC.

Factor multiplying weight of neutron
produced in Jth process.



Card Format Symbol
EA(IL J),
EB(I, J),
(J=1, NU(I)+NR(I))
4 7E10.4  (Q(L, J), J=1, NR(I)
+NU(I))
5 7E10.4 (EL(K,I), K=l
NE(I))
6 7E10.4  (SIGL(K, J, I),

K=1, NE(I))
(J=1, NR(I)+NU(I))

Descrigtion

Coefficients for expressing the final
energy in terms of the initial encrgy
for process J when initial energy is
less than EVAP(I, J),

E =EA+ E

final ED

initial
Q values for level J. Q is read for
both resolved and unresolved prc-
cesses, with Q = 0 to signal an
unresolved process.

Energy table for cross section
tables for scatterer I. (omit if
NE(I) = 0).

Level cross section tables
(omit if NE(I) = 0)



APPENDIX C

SUBROUTINE SOURCE LISTING




0U1ul 1 SULIROUTL#  SUURCE (SPOSGIUsVemeXs Yo ZowATE oo NMEM, Ny E 19 yREG)

00103 an CINENSION  THET(Z1)PTHLT(21) o WTHET (201 +EANDS(41) ,POFE (U])
Vo1, 3 1L T(a0) s COSTHI21), JELMUP (200, DELLTH(60)
ullu4 4, 0AaTA IT/17

volco 2 IFUIT.EG.0) o0 TO 14

Lol U, 11=¢

uo111l 4 RCAU L85 » X1eY1e 21

00116 b RI_AY 150 ~THET» UK

001 N HEGHP = ~EoR=1

00123 iU, ATHLPSMTHE T=y

00124 11, RLAD 145 (THET(I), 4=1onTHET)

uols2 1c. READ 405, (PIMET(L) s I=1.MTHET)

00140 15, RLUAD 145, (WiHETU(I) 1=1,MTHEP)

00146 14, READ 145 (EnNNS(U) e J=i¢MEGR)

00154 1o, READ 145, (PUFE(J), u=1.mEGR)

V0lep2 lo, RehD 145 (EsT (J), J=1,MEGRP)

wol7u 17, 1 00 10 1=1,THET

00175 lo, CHSTH(I) = CuSITHET(L))

00174 19, 10 COUNTIWUE

00170 FATI JO 11 I=2,MIMET

vo2ul 24 UELAUP (I = (CUSTHII)=COSTHITI=1)) /(PTHET (1) =PTHET(1I=1))
uogye 2l 11 CONTINUE

002u% 23, D315 J=g, ELR

0ozu7 249, UELLpP () s ( EANDS(J)= EuNDS(J=1)) /7 (POFE(J)=POFE(JU=1))
0010 25, 15 ConuTIwvE

60210 20, € SLLECT THFT, Fro@ Cu- THETA

00212 g1, LA R=FLTHNF (Lo Y)

00233 20 Ou 20 I=ge 'ThET

EOSXE  OOXSBDOEN X0WK 76X BOHDC K006 X X KSK X KEKDIX ¥ XDV N KK TNE XOCRK.
[ 0519 1 AKX X

00217 3u. IF (PTHET(1)=R) 20+30,4y

00gc2 e 20 CunTINUFE

vozcy A<, 30 ToT=TET(])

0025 33, WA TE=aTHLET (D)

00c26 A, COSTHI = COSIHLI?

voegz7 35, G2 TO an

0027 v, C  IHTERPULATE pETWEEN THETA nOUNDS

00250 7. 43 COSTHT = (R=PTHET(I=1))*UELMUP(I) +COSTH(I-1)
00231 o, SINTHIS SURT(1=COSTHI®=2)

V0252 39, AATES #THeT(l=1)

0023¢ 4. C SELECT PHI

V023 41, 80 Cull AZIkn(SINPHINCOSPHI)

0033 Lo, C UIRECTION COSINES

00cs4 us, u=CoSIHT

ubzz5 by, V=CUSPHI#SINTHT

[ PR 45, w=SINPHI#SINTHT

uo24s7 Yo, X=X1+y

0040 4, Y=Y14v

002l Goe L=Z1+%a

U0enl by, C CLASSIFY 1Ev  FOR '.e6 HEMISPHERE

vogu2 SU. IF (u+,98481) B1+A1,8¢2

00245 Sie bl NHEG=1.0

ulzub Sce vu TO 85

00247 53, 82 IF(J%.93%9) 83+83,Ey

V0ese Se. b3 NihEG=¢2

uo2s3 S50, GY TO a5

00254 Su, bl NREGZS

00244 57, C SHLECT E FrOn CUM F

002s5 Su. 05 R=FLTRNF (D1UMeY)

vi2yo Sy, QUlu0 J=2y 'EuR

J0RXX  MDDLEMOSTEAX XX BUAHDXH KKK KX KEXPXE XpDIN DX X HE XX B,
0DEXX ¥XX HXX

U0egn2 Gi, IF(POFE(u)=R) 100,120,130

00265 b, 100 COuTIWUE

V027 6ue 120 cl.ER= EBNGS (V)

(PR by, WaTE=wATE® EaT(J=1)

ule71 b, GU TO 140

uoe71 bu, C INTERPOLATE BETWEe™N EMEnGY BOUNLS

woz7e Y 130 Edkn = (R=POFF (y=1) ) #DELLUP (V) +EBNDS(JU=1)
voe7s Lo, ¥ATEZ wATE e LaT(J=))

0274 69, 146 SPUSG= EnER » 1.913220092E12

v0e75 Tue 145 FORMAT (Te10.2)

ulz70 Tae 150 FoRmMAL (71100

00277 Tes RETURN

ue3u0 73, EnG



APPENDIX D

ACTIFK USER ROUTINES




00101
00103
00106
0010%
vo1l0e
00106
00104
00105
00106
00107
00107
00107
00110
00110
00110
00110
00110
00111
00112
00114
00117
00120
00121
00132
00133
00134
00142
00143
0015)
00157
00165
00173
0017w
00202
00203
00211
00217
00225
0023m
00236
00237
00242
00244
vu2us
V0250
00253
00256
00261
00266
00267
00273
0027s
00277
00301
00302

33.

39.
“0-

“3.
44,
45,
46,
47.
46,
“9.
50.
S51.
52.
53,
Sk.
55.

100

10

20

3n

101

19
2

200

210

220

SUBROUTINE ST3TCH

COMMON/NEW/MAXE s MAXX ¢ MCSLBoNE (1B ..o NDXX »ELB s SANOR» XLO# X1)

COMMON/NEW/CSLA(10) +DELEI30) sELA(25) +ENOR(25) +EUB(30),
1FL2X1(1910030) ,FL2X2(1edNe30)oF  UX(1010030) o FLUX2(151003A,10)»
2SIGMAP(30) »SIGMAU(R0) +SIAMAS(15.25)+»SIGMA2(1010030)»SRS(15+125),
3SRS2(15025) »STER(1N) » TCSLB(10) s UNFLUX(30) s UNLFL(30010) suUn2FL(30),
GXPFLUX(30) o XPLIFL(3Ns10) o XP2FL(34) #XX(15) ySRS1(15,25,10)

COMMON/UNCOL /UNDOSE (10! .

COMMON/DET/NODETXn(10) »¥YD(10) +>n(10)

COMMON/CPLIST/NCOLLC1) s NAME(1) oS12(1) o UC1)oV(1)owWil) e
A X(1)oY(1)02(1)swATE(1)»SPOLD(1y,U0LD(1),VOLD(1),WOLD(1),

8 OLDWT (1) +NGRP(1)+LELEM(1) oNMED(1)+DUM(1R)

COMMON/ASINGL /NSTRToNITSoNBIN.NETAPE,ETOP+EBOTECUTINXTAPE,NYTAP
LE+NFTAPL1y NFTAP2, NFTAP oMEDIA.NHISTRsNHISMX»NWPCOL+NSGP)NCOLPR,N
2ANISO s NOSGPeNLASTeKTHeNGRUUP + LRATCHs NVARNF o NL 9 IBsNCPSR2 ¢ NCPNGP»
3NCPELM o#NCPMED,NTYPE,DOSE»NRSIIM,NZRO)NBSUMsNYTABL +NGEOM,NMsMGZ,NO
WNEUToNYSUMINZR, IVAR

COMMON STORAG(7000)

NATA IFIRST/0/

IF(IFIRST) 1,1,2

IFIRST=1

CALL OSRSET(NHISTR.NHISMYsNWPCO, ¢+ NCOLPR)

READ(5+100) NODET» (XD(I).YD(I)s20(X)sI=1,NODET)

NDXX=NODET

FORMAT(I5/(6E10.5))

READ(5»10) NEUBMsMCSLB+EI BeSANOD

FORMAT(21602E12.R)

READ(5+20) (EUR(MDE) MDE=1,NEUBG)

READ(5+20) (DELE(MNE) »MDF=1yNEUBM)

READ(5+20) (TCSLR(NEWMU) « NEWMi)=1,MCSLB)

READ(5020) (CSLA(NEWVU) ¢+NEWMU=1,MCSLB)

FORMAT (6E12.R)

READ(5+s30) MAXE,VWAXX,XLO,XU

FORMAT (2I0¢2Eb.4)

READ(5+20) (ELO(J) su=19MAXE)

READ(5020) (XX(I)oI=1sMAXX)

READ(5+20) (ENOR(J)»J=1+wAXE)

WRITE (6,101) NODET» (XD(T)oYD(I142D(1)sI=1»NODET)

FORMAT(24HOTHE NO OF DETFCTORS IS »IS/37HOTHE XeYsZ COORNINATES AR
1E AS FOLLOWS/1H /(1H »3(F11.5,3X)))

NO 19 I=1.NODET

UN DOSE(I)=0,

LCONTINUE

DO 200 J=1e+MAXE

DO 200 I=1sMAXX

SRS(I.,J)=0

N0 210 I=1sNODET

N0 210 NEwMU=1,vCSL3

NO 210 MDE=1,NEURM

FLUX(I+NEWMUMDE) =N

N0 220 MDE=1+NEURM

XPFLUX(MDE)=0.0

UNFLUX (MDE)=nen

RETURN

END



Identification of Input Read by STBTCH for use ir nCTIFK uses routines.
This input follows the normal ACTIFK input.
Card 1 I6 NEUBM Max number of energy upper bounds

16 MCSLB Max number of lower bounds of cos 6
(polar angle at exit face)

El12.8 ELB Lower bound of energy group structure

El2.8 SANOR Solid angle normalization factor to
account for source generating angles

Card 2 6E12.8 EUB Upper energy bounds

Card 3 6E12.8 DELE Energy group normalization constants.
In this calculation DELE = AE/E for
each group

Card 4 6E12.8 TCSLB Average angle for polar angle increments

Card 5 6E12.8 CSLB Cosine of upper angle increment bound
(Lower value of cos 6 for the increment)

Cards 6 through 9 pertain only to the 1 ev source calculation.

Card 6 16 MAXE Number of energy groups
16 MAXX Number of thickness increments
E6. 4 XLO Lowest value of x increment bound
E6. 4 XU Highest value of x increment bound
Card 7 6E12.8 ELO Lower bounds of energy groups in ev
high to low
Card 8 6E12.8 XX Values of upper bounding x planes low

to high in cm

Card 9 6E12.8 ENOR Normalization factors to be applied to
energy groups.



00101
volo3
V0l0e
0010w
V0l0w
0010«
V0l0e
0010%
vol05
0010s
0010A
00107
001LLn
Volluy
0olln
0011u
V0lln
volly
00112
col1s
uolle
00117
001206
uvolzl
Vol2e
00127
0013
00132
00133
00134
uo13s
00136
Vo137
volko
u0lel
uolk2
0ole3
Volke

35,

36.

SUBROUTINE SDATA
COMMON/NEW/MAXE , wAXX s MCSI ByNE 13, NDXX +ELB 2 SANOR ) XLOW X1
COVMMON/NEW/CSLI(10) ¢ DELE(30) +ELO(25) +ENOR(25),EUB(30),

1FL2X1(1010030) 4FL2x2(1010030) 4 FLUX(1010030) #FLUX2(1010+30,10),
251GMAP(30) »SIGVALI(N0) »SIAMAS(15,25)»S13MA2(1+10030)sSRS(15125)
$SRS2(15+25) sSTER(1N)» TCSLB(10) s UNFLUX(30) +UNLIFL(30010) yUN2FL(30),

WXPFLUX(3G) o XPLFL(3Ns10) 9 XP2FL(3n) o XX(15)ySRS1(15,25,10)
COMMON/ZCPLIST/NCOLL(L) oNAME(L)oS12(1)0U(1)aVIL)PW (1)

A X(1)eY(1)02(1)owATE(L) »SPOLY(211,U0OLD(1),VOLD(L) ) WOLD(1),

3 OLDAT(1)sNGRP(1)+LELEM(1) /NMIDI1)sDUM(LA)
COMMON/UNCOL/UNJOSE(10)
COMMON/DET/NODETXNET(10) » YDET(10)»2DET(10)

COMMON/ZASINGL /NSTRToNITSINBI'I, NETAPE,ETOPIEIOTIECUTINXTAPESNYTEP
LE'NFTAPL, NFTAP2, NFTA® MEDIA,NHISTRoNHISMX)NAPCOLINSGPNCOLPR,N
24NISD  yNOSGPeNLASY 1 <THaNGROUP ¢ BATCHINVARINF Nk IBINCPSA2/ NCPNGR
INCPELM #NCPMEDWNTYPE,DISF o NRSUM,NZROYNASUM NYTABL +NGEOMINMI¥GZ4NO

WNEUTINYSUMINZR IVAR
SPD2=S12(KTH)

IF(SPD2=ECUT) 2,141

XASX(KTH)

YAZY (KTH)

7AZ2(KTH)

£uCz SPD2/1.91322n092E12

D0 3 MDE=1/NEJAM
IF(EUB(MIE)=EUC) 3surb
CONTINJUE

X0= XDET(1)

YO0= YDET(1)

70= 20ET(1)

AZXD=XA

ASYD=YA

C=20-2A

SD2zAsA+3%3+¢Csl

SD=SQRT(502) .
CALL EUCLID (61.niNet0erNeeD,e0 +SDeSPH2,ARG,0)
UNFLUX(MDE) =UNFLUX(MDE) + WwATE(KTH)#(6.55E=3)«EXP(ARG)
RETURN

END

D-3



001063
v0103
v0l03
vo103
V010w
00105
ull0s
00106
u0loe
0010m
v010m
00107
uolly
00lln
00110
uollo
Volln
00111
0oile
00113
0011e
001lls
00l1m
00121
00l
uoia?
00132
uo13s
00136
0014y
0014
0014s
vo147
Jo1s52
00155
0u157
00160
00163
00164
uoles
uilés

1.
"
3
“.
S,
b,
7.
8,

lu.
11.
12,
13,
14,
15.
16,
17.
18.
19,
20.
2l.
22,

24,
25,
26,
27,
zb.
29,
30.
31.
32.
33.
34,
35,
36,
37.
sa.
39,
40,
1.

o FERv -

~o

10
11

SUBROUTINE RELCOL

COMMON/CPLIST/NCOLL (1) o NAME(1)0=12(1)0U(1)aVIL)oW(l)s
A X(1)eY(1)eZ(1)saATE(L)SPOLN(1)4UOLD(1),VOLO(L1) #WOLD(1),

d OLOAT(L) e NGRP(1)sLELEM(1)INMEN/1),DUM(1R)

COMMON/DET/NOJETXNET(10) 2 YDET(1n) 4y 2DET(10)

COMMON/AMEDEL /ALFA(32+a) BETA/32,8))ALPBET (32/8)
1LF1(32+8),AS5ES5(32,8)

COMMON/ASINGL /NSTRToNITS/NRIN,NETAPE,ETOP)EBOTIECUT ) NXTYAPE,NYT2P
LE/NFTAPLs NFTAP2, NFTAP #MEDIA,NHISTR)NHISMX»NWPCOLINSGP,NCOLE *,*
2ANISO  +NOSGPINLAST K THINGROUP I LAATCHI NVARINFINL IB/NCPSAR24NCPNSD,
ANLPELM o NCPMED W NTYPEJDISE#NRS M, NZROINISMINYTABL +NGEOM,NMIMG2,'I0

COMMON/NEA/MAXE s MAXX s MCSI BaNE )RV NDXX +EL3+SANORYXLO W XU

COMMON/NEW/CSLA(1IN) »DELEI30) »ELAL25) +ENOR(25)1EUBI(30)
LFL2X1(1010030),FL2x2(1¢1Ne30) 4F) UX(1010¢30) sFLUX2(1+10030,10)»
2SIGMAP (30) »SIGVALI(30) »SIAMAS(15,.25)+»SIGMA2(1910930)sSRS(15025)
3SRS2(15+25) o STER(10)»TCSLB(10) +UNFLUX(30) +UNLIFL(30010) yuN2FL(30),
WXPFLUX(30) o XPLFL(3n010) s XP2FL(3A) XX (15),SRS1(15/+25,10)

NNSNAME (K TH)

XAZX(KTH)

YASY(KTH)

7AZZ(KTH)

WTL1=WATE(KTH)

IF( S12(KTH}=1,91322E12) 1¢1nsen

IF(SPOLO(KTH)=1,91322E12) 10s2+2

IF(XA=XLO) 10¢3,3

IF(XA=XU) 4olr10

RAZYA®YA+2ZA%ZA

IF(RA=100.) 5¢5,10

N0 6 I=1.MAXX

IF(XX(I)=xXA) 647:7

CONTINUE

EVAS S12(KTH)/1.913220092E12

N0 8 J=1sMAXE

IF(ELO(J)=EVA) 9,9,8

CONTINUE

SRS(I+J)=SRS(I,J)+wTl

IF(XA) 400+400s11

SB=SQRT(SPOLD(KTH))

JELEMZLELEM(KTH)

VEDSNMED(KTH)

aT1ZwATE(KTH)



00167
00170
00173
0017«
00178
0017s
00177
0veoun
00201
00202
00205
00206
00207
00210
00211
voe212
00215
00216
voe2l
00222
00223
00225
0023}
00233
00236
00241
00243
0024m
00247
00250
00252
00255
[ PLTY
00257
00260
00261
v0262
00265
00266
uoee7
00270
00273
00276
I PAA
00300
00303
00306
00310
00311
v0312

42.
43,

45,
46.
47.
48.
49,
50.

52.
53,
S4.
55,
56.
57.
58.
59,
6u.
61,
62.
63,
64,
65.
66.
67,
68.
69.
70,
71.
72,
73,
Th,
75,
76,
77.
76,
79,
80,
81.

83,
B84,
85,
86.
87.
88,
89,
90.
91,

1A
3n
35
4n
45

50

60
65

70

73
75
180

200

210

220
2640
245
250

270
275
400

RELCOL/ S

XMASS=ASSES(JELEM,MED)

NO 1K0 I=1+NOVET

XD=XDET(I)

YOSYDET(I)

70=ZDET(I)

ASXD=XA

R=YD=YA

C=2D=2ZA

SD2=A*A+R3sB+C*C

SO=SQRT(SD2)

COSLB=(A%UOLD(KTH) +B&VOLN(KTH) +~awOLN(KTH)) 7 (50*SB)
IF(XVWASS) 35,35,30

CALL ELAS(COSLRsVA2FMU)

GO TO 40

CALL NONLAS(COSLRsVvA2¢FMI)

IF(Fwu) 180,180,45

EVA=VA2/1.913220092E12

IF(EVA=ELB) 180+50.50

CALL EUCLID(XAsYAs7AsXDsYDeZNsSnsVA2+ARG,0)
COSE=A/SD

NO 60 NEWMU=1,vCSLR

IF(CSLB(NEWMU)=COS E) 65,65,60

CONTINUE

NU 70 MOE=1.NEUBM

IF(EUB(MDE)=EVA) 7ne 75,78

CONTINUE

IF(1.=502) 75:175,73

SD2=0.4
FLUX(TsNEWMUsMDE) =FLUX(I+NEWMIIs «NE) +WT1*EXP (ARG) = (FMU/SD2)
CONTINUE

IF((YA**2+ZAx*2)=25,) 20n¢200,4an
CUSLBR==UOLD(KTH) /SR

XD=0.

YDSY (KTH)

70SZ(KTH)

SD=X(KTH)

IF(XVASS) 220,220,210

CALL ELAS(COSLB)VA2,FMY)

GO TO 240,

CALL NONLAS(COSLRsVA2¢FMI)

IF(FVMU) 4u0ru0N,245

IF(VA2=ECUT) 400,250,250

CALL EUCLID (XAsYAsZArXDsYDeZNeeNs L A20ARG0O)
EVAzVA2/1.913220n92E12

nO 270 MDES1,NEURM

IF(EUB(MDE) =EVA) 270+275.275

CONTINUE
XPFLUX(MNE)SXPFLIX(MNE) +wT1%EXP ,ARG) *FMU/TR.53975
RETURN

END



U
10102
k0
010
A0) 0
n0)0a
o) ow
Mn1ok
(L5 §+ 18
apxorn
103006
0010t
00A0e
o0luy
uoltii
01l
10)in
nuLl 7
N012u
1012s
20126
1013)
10131
u013a
RPN
0137
(VVFY
uoles
a0l
JOLbu
IR X
00154
J015/
u0leez
noLGe
u0l6e
udlbhe
0ole3
u01bu
U016H
noL7s
0017¢
410206
noeos
T3 Nt
udele
u2l3
[T11 23 IS
0021
nogle
1022)
nggau
HNEae

Ve
n
b
B
7.
e
'E

Vo
e
12
3.
Ik,
15
1b.
L1
16,
19,
20U
21,
2¢.
29
2h,
25,
26,
7.
2B
Z’F
3u.
3’-.
Ao
3o,
4,
L
0.
Ale
e
39(
Qo
41,
2.
LR
e .
5.
e
LY
B8
L1
‘r‘bl.
Sle
52¢
"3,

8

i

2111
“n

“a
a0

100

105
12n

Ll
v 30

200

SUSROUTINE ENJBATY z

COVMON/ASINGL /NSTRTINITSINATN NETAPE,ETOPsEBOTIECUTINXTAPEINYTAP
JEWNFTAPL: NFTARP2, NFTAP »MENIA,NHISTRoNHISMXNWPCOL#NSG2,NCOLOR,N
2ANISO  +NDSGPINLAST+KTHoNGROIIPsLAATCHINVARINF 1 NL+ IBINCPSR2NCPAGP,
ANCPELM ¢ NCPMED o NTYPEDOSE+NRSIIM,NZROsNISIMeNYTABL +NGEOMW, NM»MG2Z, 10
UNEUT NYSUMINZR, IVAR

LOMMON STORAG(1)
COMMON/NEW/MAXE » vAXX o MCSI BoNE(IBuw s NODET+EL 8y SANOR» XLO# XU
LOMMON/NEW/CSLA(10) ynELE(30) sELN(258) yENOR(25),EUB(30),
IFL2X1(1010030) oFL2X2(103M030) sFLUX(1010030) oFLUX2(1010+3A,10)
2G1SMAP(30) +SIGVWAUIND) +SIAMAS(15,55)»SIGVA2(1010930)ySRS(15025)
35KS2(15025) 1 STER(10) # TCSLB(10) s UNFLUX(30) sUNLFL(30010) suN2FL(30),
UxPFLUX(30) 1 XPLFL(3Ne10) o XP2FL (34) 9 XX(15),SRS1(15,25,10)
TF(LBATCH.6T.1) GO TO 25

10 10 NEWMUS2,vCSLB

SIER(NEWWU) = (CSLB(NEWYU=1)=CqLa(NENMU) ) s2e 3,14159

CONTINUE

STER(1)= <CSLB(1)e2s 3,14159

0 50 I=)eNODET

N0 B0 NENMUS19MCSLA

10 30 MDE=1s NEUBM

FLuX2 (IeNEwwUsMNE.LARATCH)Z FLUV(1/NEWNVU,MDE)® (SANOR/NSGTRT)/
1(SYER(NE4MU) 2UELE (MDE))

CONTINUE

CONVINUE

N0 55 MDE=1+NEUBM

YPIFL(MDE..BATCH)= XPFLUX(MNE) « SANOR/Z(NSTRY «DELE(MDE))
ANIFLIMDELBATCH)I=  UNFLOX(MDE) 7 (DELE(VWDF)eNSTRT)

20 R0 I=1,MAXX

N0 60 Js1ls.VMAXE

SRS1(ToJeLBATCH)Z SRS(IsJ)® SALOR 7/ (NSTRT & ENOR(J))

CONTINUE

wRITE(6+100) LBATCH

FORMAT (145+50X, 7THLRATCHZ 14/50X,
AXSANEJTRON SOURCE FALLING THROUGH i EV
1/50X+ 31HNE UTRONS/CM3 =S01iRCE NEUTRON
2/71H009%X ¢ ) 2HLOWER ENERSY»20Xe L 7HAEL X UPPER LIWIT)

1o=1

IESMINO! aaXXs7)

«RITE(0110) (XX(1)01218,1E)

N0L20 Js1sMAXE =

wRITE(60130) ELO(J) o (SRSY(IoJsLoATCH) ¢ I=1B41E)
FORMAT(1H0920Xs1PT7ELS.5)

FORMAT(140+5X+1PRE15,5)

lF(*“l‘cE@llF) 50 Y0 140

18=8

TESMAXX

G0 TO 104

CONTINJE

N0 240 Iz1sNODEY

wRITE(6,200) I

FORMAT (1H1s40Xs 1 7THENERGY ANGLE eLUX
n720%: 52A(NEUTS /Cu2=STERADIAN=WEV=SOURCE NEUTRON) X EAve

D-6



00224
0022«
O0z2w
00225
vo22e
uoee?
00235
IR TY
00241
V0251
00252
00254
00258
00256
00257
00261
00262
00264
00264
uoesu
00264
00265
00270
00275
u027e
00300
00300
00300
00301
00310
00311
00312

Sk,
55,
Sb.
57.
58.
59,
bu.
6l.
62.
63,
bk,
65,
bb.
67,
68,
69.
70,
71.
72.
73,
7“.
75.
76.
77,
76,
79.
80,
81,
82,
83,
84,
85.

ENDBAT/ S

3/720X+»34H(AS VIEWED BY COLLIMATE~ DETECTOR)
2/40X+s11HDETECTOR NO# 13
3/71H0+5%X ¢ 12HUPPER ENERGY+»15X115H ANGLE(AVERAGE))
JBs1
JESMINO (MCSLB: 7)
205 wRITE(6+210) (TCSLA(J) #J=JBIJE)
210 FORMAT(1HO¢13X,1P7ELU.S)
NO 220 MNE=1,NEUAM
220 WRITE(6+230) EUB(MNE) » (FLUX2(Ts oMDE,LBATCH) »J=JB)JE)
23n FORMAT(1Xs1PRE14.5)
IF(JE.EQ.MCSLB) GO To 25n
JBz8
JE=MCSLB
60 TO 205
240 CONTINUE
250 CONTINUE
~RITE(64300)
3U0 FORMAT(1H1930Xs32HNORMALLY EXITeNG UNCOLLIDED FLUX
2/20X952H(NEUTS /Cm2=STERADIAN=uEV=SOURCE NEUTRON) X EAVF
3/20Xs34H(AS VIEWED BY COLLIMATED DETECTOR)
2/71H0+5X» 12HUPPER ENERGYe SX»u4HF; UX)
DO 310 MDE=1,NEURM
310 «RITE(6+320)EUR(MDE) +UNLFL(MDE, RATCH)
320 FORMAT(1Xs1P2E15,5)
WRITE(6,400)
40N FORMAT(1M1¢30X,3nHNORMALLY EXITeNG COLLINED FLUX
1/20X+52H(NEUTS /Cu2=STERADIAN=MEV=SOURCE NEUTROW ¥ Taus
2/1H0+5X s 12HUPPER ENERGYs SXoe4nFi 1X)
WRITE(6+s410) (EUB(K) +XPLIFL(KsLBATCH) 1K=1,NEUSM)
win FORMAT(1Xs1P2E15.5)
11 RETURN
END



vol01
00103
0010
ull10s
00105
vull0e
00100
0010a
0010w
U01l0n
0107
vollp
vollu
Jolly
uollo
volly
Julll
volle
uolls
volanu
uolald
0012e
uoize
yoi3da
U013¢
Vo135
yulde
v0137
u0lby
voley
Jolss
YUlsh
00151
uo152
00153
V0154
0015n
00161
00164
00167
udle?
yol17u
uol7o
vol7l
uolL7L

1.

2.

3.

LD

S,

b

7.

b

Y
lu.
11,
12.
13,
14,
15,
16,
i7.
lb,.
19.
2u.
2l.
22,
23,
24,
20,
26,
27.
2°l
29,
U
3.
J"l
35,
4.
35,
b,
37,
35-
39.
Gu,
¢l,
e,
“5‘
44,
45,

C ass

10
20
3n

40

50

1]

n

SUBROUTINE ENURUN

NIMENSION NSTOR(1)

COMMON STORAGI(1)

EGUIVALENCE(NSTOR(1),STORAG(1))
*3EWARE = THIS ASINGL IS5 NOT THE_SAML AS OTHERS

COMMON/ASINGL /NSTRT/NITS/NBIN NETAPE,ETOP)EBOTIECUTINXTAPE, NYTLP
LENFTAPL, NFTAP2, NFTAP »MEDIA,NHISTR,NHISUX,NWPCOLINSG2,NCOLAR,N
24ANISO  oNOSGPINLAST K THINGROIS | AATCH NVARI NFINL I8/NCPSA2/NCPNG2y
INCPELM oNCPMEDSNTYPE«DOSFINRS M, NZRO#NASIMsNYTABL +NGEOW.NMIYG2-¥0
WeEUTINYSUMINZR, TVAR
COMMON/NEW/MAXE s MAX A s MCS| BoNE 1BusNODET,ELB SANOR 1 XLO W XU
COMMON/NE#/ZCSLAI10) +DELE(30) sELA(25) +ENOR(25)1EUS(30)
1FL2X1(1910030) oFL2X2(101ne30) sFLIX(L010030) e FLUX2(1910030410)
251GMAP(30) +SI3vAL(N0) »SIAMAS(15,25) ¢SIGMA2(1+10030)+SRS(15025)
3SRS2(15025) »STER(1N) + TCSLBILN) o INFLUX(30) sUNLFL(30010) yun2FL(30),
WXPFLUX(30) o XPLEL(3N010) s ¥P2FL(3n) o XX(15),SRS1(15+25,10)
COMMON/NEW2/XP2FLS(3n) +UNRFLS(3n) 9 FL2X25(1010+30)+SRS25(15+25)

0 30 MDES1NEUAW

M 20 NEUMJS1,vESLA

30 10 I=1sNODET

FL2Xl (JoNEwvuswng)an

FL2x2 (1.NEwMJewNE) =D

CONTINUE

CONTINUE

10 50 MDE=1sNEusw

XP2FL(MDE)=0

AP2FLS(MIEI=NN

UN2FLS(MIE) =040

JUNRFL(MDE) =0

CONTINJE

N0 100 AUES1NEUAM

nY 60 L3IATCH =1.,NITS

XP2FL(VMIE)SXPRFL(MNE) + XP1FL(wDe,LBATCH) /NITS

XP2FLS(MIE) SXP2FLS(MDE) #¥PLIFL(MAE,LBATCH) #XP1FL (MDE,LBATCH)
UN2FLS(MIE) S UN2FLS(MNE) #1INLFL (MDEsLBATCH) sUNLFL (MDE,LBATCH)

JN2FL (MDE) SUN2FL(MDE) ¢ UNLIFL(VWDE.LBATCH) /NITS

70 90 I=1eNOJET

70 B0 NEAMJU=S1+MCSLR

N0 70 L3ATCH=1,.NITS

FL2X2( 1o NEWM)IMIE) SFL2X2(ToNEN.UIMIE) ¢ FLUX2(T/NEWMU»MDE,LBATCH) /
18178

FL2X2S( T NEWNMUIMNE) SFL2X2S (14 NE.MUs MDE) +FLUX2( T o NEWMU» MDE» L3ATCH)
lee2

FL2X1 (1o NEWMJoMDE) SFL2XT (T oNEW-i19MDE) ¢ FLUX2(I+NEWMU+MDE)LBATCH) *
ASTER(NEaWJ) $DELE(MNE) /NITS



00173
0017%
uoL??
0ol
V020e
voau?
vbele
uoele
viels
voz21s
uualv
voeau
uoe21
ovue2s
00z22n
voe3l1
U0el2
Uuedd
0023n
voasn
uo2u)
uleu3s
ul2us
u0es3
00256
00261
00261
00261
V0261
00262
00<63
00204
00272
00273
0027n
0030%
00313
0031
00323
voa2e
00320
ouvsa7
00330
0033
00333
00336
ul3u)
00391
U034
[THELSY
ulb3u?2
LETR)
vl
u0as52

Yo,
47,
“s.
by,
Su.

S¢.
53.
5“.
55,
56,
57.
Sb.
S9.
60.
61,
6e.
63,
64,
65,
66,
67,
6b.
6Y.
70.
T1.
’2.
73.
Tee
75.
7b.
77.
78.
79.
80.
81.
82.
83,
4.
.:.
8b.
a7.
88.
89,
90.
9.
92.
93.
4.
95,
96.
97.
9b.
99.

ENDRUNY/

AN CONTIVUE

#0 CUNTINUE

100 CUNTIWE
90 130 AJESV1INE.Hw
70 120 NEWMSL.vCS
0 110 I= Le NONDET

5

3

SIGUA2 (1 HE&WJy IE)SSARTL(FLI X2 (1o NEWWU,MDE) /NITS) =
1 (FL2X2 (1 sNEaV. 1o MDE) 0e2))

110 CONTIWE
120 CONTINUJE
SIGMAP(MIE)= SaAT((
SIGVAUIVMIE) = 523aT((
13n CONTINUE
10160 I=1.MAXX
N0150  JzleMAKE
SkS2S(1+J4)20,0
SHS2 (1.J)30
20140 LIATCH=L.NITS

AP2FLS (WDE
J42FLS (MDE)

/NITS) =(XP2FL(WIE)ee2;)
/NITS) =(UN2FL(vDE)=e2))

160 SRS2(Isd)= SRS2(14U)+5”S1(1eJ,Le? TCH)/NITS
SIGMAS (L1 su)=SART((SRS2(1,J)/NITe)=(SRS2(1+J)ee2))

150 CUNTINUE

160 CONTINUE
SRITE(10) NEUSM.vuCSL
nU 240 Is1eNOUETY
ARITE(S,201) I

201 FORMAT (1M1+4nX, 1 7THFNERGY ANGLE el UX

ArVMAYX s MAXE

2/20X+52H(NEUTS  /Cu2=STERADIAN=.FV=SOURCE NEUTRON) X EAvF

1/45%4134DETECTOR NO»

12+

2/2HM0 +124UPPER ENERGY+50%s 13HAVERAGE ANGLE)

Jozl
JESMINO (ACSLA7)
205 A#rITC(6+21L) (TCSLA(
210 FORMAT(15Xe1P7ELU.S)
N0 225 MIESL1.NEUAM

J)eJd=dBeJE?

aRITE(6+220) EUs(MNE) ¢ (F1 2X2( 14 +4MDE) v JzuB s JE)

SRITE(10) (FL2X2(1,JsMIE) s J3URWJE)

220 FORMAT(1X:!1PRE14.5)

225 WRITE(6+230) (SIGMA2(LsJeMOE) sJ=dAsJE)

231 FURMAT(15Xe1PTE14.8)
IF(JE.EQ.MCSLE) 60 T
Jossa
Je=mCsL3
60 TO 205

24n CONTINUE
N0 &40 I=1.NODET
«RITE(6:601)

601 FORMAT(L1H1+40X, 1 THFNERGY ANGLE =1 UX

0 24n

2/20%+ 3TAIEUTRONS /Cw2=S0UACE NEUYRON=INCREMENT

375X, 11ADETECTOR wO

o143

4/71H00 1 24UPPER ENERGY 50X, 13HAVERAGE ANGLF)

Juz1l
JESMINO (ACSLK 7)

A0S SRITE(H+210) (TOSLAL
92 625 MIESL W NEJAM

J) e J=2JdBe JE)



0035%
00365
00367
v0370
00371
00372
0037w
0037e
00387m
0037n
00377
voso7
uoeln
onel2
00%12
00412
00413
o023
00431
00%32
UOoh3e
00434
U0u3u
00435
006436
00437
V0e4s
U0kl4p
00us1
Uoub(
00466
00467
uou7e
0os77
00501
uob02
00503
0050e
y0505
LTI

100,
101,
102,
103,
104,
105,
106,
107.
108,
109,
110,
111,
1llz.
113,
1le.
115,
llb.
117,
1ls,.
119,
121,
121.
122.
125,
124,
125,
126,
127,
128,
129,
130.
131.
13¢.
133,
136,
135,
136,
137,
138,
139,

ENDRUNY/ S

625 JRITE(6+220) EUBIMNE) e (FLL2X1(Ts o MDE) 0 J=JUB W JE)
IF(JE.EQ.MCSLB) 60 TO 6Un
JBz=8
JE=MCSLB
50 70 605
Ae0 CONTINUE
wRITE(6+300)
30N FORMAT(1H1 50X, 32HNORMALLY EXITeNG UNCOLLIDED FLUX
1/720X+52H(NEUTS /Cw2=STERADIAN=UFV=SOURCE NEJUTRON) X EAvre
271400 12MHPPER ENERGY 110X 4HFLUX. 10X s SHSIGMA)
«RITE(6+310) (EUBIMAE) v UNSFLIMIEY s SIGMAI(WMDE) » MDE=1 ) NEUBY)
310 FORMAT(1Xs1P3E14.5)
wRITE(6+400)
4Ui FORMAT(1H1040X, 3AHNORMALLY EXITeNG COLLIDED FLUX»
2/20X052H(NEUTS /Cw2<STERADIAN=uFV=SOURCE NEUTRON) X EAvr
2/71H0012HUPPER ENERAY 10X 4HFLIX, 10XeSHSIGHA)
ARITE(61410) (EUA(MOE) + XP2FL (MOF) »SIGVAP (MDE) »MDES1/NEUB ¢)
«RITE(10) (XP2FL(MNE)» MNES1,NEiaM )
41n FORMAT(1X.,1P3E15.5)
«RITE(8+500)
500 FORMAT(1A41+30X, 35HNE.JTRON SOURCe FALLING THROUGH 1 SV
1750Xs 31HNEUTRONS/CMm3 =SO01IRCE NE. TRON
2/71A0+i2HLOWER ENERGAY 40X,184 DE1 X UPPER LIVIT)
Jos1
JESMINO (MAXX 4 7)
505 #RITE(6:510) (XX(J) e I5JBsJE)
510 FORMAT(1SX»iP7E14.5)
00 525 Jz1/MAXE
wRITE(6+520) ELO(J) v (SRS2(IsJ)ev=JBeJE)
wRITE(10) (SRS2(1.J)slzdasyE)
520 FORMAT(1XsBE14.5)
525 #RITE(6+530) (SIGUAS(IeJ)I2J8,Jde)
530 FORMAT(1SX»1P7E14.5)
IF(JE.EQ.MAXX) GO TO 540
Jo=8
JESMAXX
60 TO 505
540 CONTINUE
200 RETURN
END

D-10



APPENDIX E

TABULATED DATA OF THE SPECTRAL MEASUREMENT




N - TASLE EI CO"'PUTED J3=25=.9

P o=k

Mok INTZORATZ) FAST (IEUTROW SQURAE SPECTRUM FOR A 3 INCH AIR
COVLED wEP EToy URAITIM SPHERE 3IAS = ,0189 STANDARD LIGHT U ITS

bkl o Ul Ion FUR GROUPING = (0D LARGEST FRACTIONAL EPROK = .20
wed T Qi iietoY 2UT 0N FLUK FL X*ENERGY RELATTVE
(.} (n.=ATIVE UHNITS) (RELATIVE UNITS) UNCERTAINTY
1e5%70¢07 3.,5121=10 5,4353=03 1.4979=01
letulatu? 5,3253=10 7.4725=03 1,7607=01
ledl wtu? n,29%7=10 B.43735=-03 1.,7087=01
Lol 4407 9, 3325=10 1,1585=02 1,4111=01
Lel7 jt+u? 1,1353=09 1,3292-02 1,2782=U1
lelusd+u? 1,0900=09 1,2062=02 1,3337-01
1. Gepo+u? 1,749u=09 1,8303=02 1,0898=01
YeIL94U0 2. IT72=09 2,8730=02 R,7644=02
9,17 ni1uUo 4,.,591=09 3,9070=02 5.30658=02
SedJiItud 7.;‘335-09 6.3311-02 “.3181-02
Te23.b+U0 1,.013=U8 9,4551=02 3.A778=02
BeliY 1+Uo 1,7231=08 1,1921=-01 3.3859=02
Ded2514ub 2.7541=08 1,7292=01 2.3615=02
deBe, [Tun J.cc23=-U8 1,8756=01 2,8157=02
Y3/ u4UD 4,1299=-08 2.2195=01 2.6207=02
e T Itub §,~<83=un 2,4032=01 2,6926=02
HbeL 3t UD 6,u213=08 2.7835-01 2.5740=02
4e00L9+UGL 7.020=08 3.0405=01 2,5116=02
heUl. 4US 6,0392=08 3,2300=01 2,4572=02
370 Utlo Ba.7102=08 3,2750=01 2,4366=02
Je22n0+un 1,u400=07 3,6694=01 2.,2958=02
Jo-'ltt YtUL 1..'\‘)00-07 3.‘013(@01 2.309'3-02
dell u+ud 1,:299=07 3.,2112-01 2.3336=02
ZeYsiic+Uu 1,1519=07 3.3866=01 2.2552=02
e 1172406 lei7843=07 3.,2613=01 2,1353=02
2ol %4 UbD 1, 35029=07 3,5021=01 2.0566=02
ety 4Un 1.,50L43=07 3,894¢=01 2.N536=02
200, U+vo 1,4561=07 3.4346=01 1.9845=02
RPS SRR VI 1,7843=07 3,9545=01 1,5894=02
2eU7 D4UL 2ei'415=u7 4,6141-01 1,5058=02
leYirtttdun 2.423b=07 4,6456=01 1,4611=02
le73% +un 3,4344=07 6,1443=01 1.3466=02
letu/ 406 2,9652=067 4,9637=01 1.4485=02
Lebut'Ltuu 3,7457=07 5.878%=01 1,.3496=02
lLe4 /40400 L, i61=07 6.,5555=01 1,7944<02
Leob 79400 4 ,,315=07 6.3725=01 1,35006=02
LedU.74un 5.1326=07 6,7170=01 1,3171=02
IOLJ( l+uo bolgcc-l‘)? 7.6522‘0] 1.29‘33-02
Lelotip+ Ut 6,5014=07 7.6027=01 1.3296=02
lelu7?94un b, +0B5=07 7.1000=01 1.3387=02
| VS BEE VI 7.161C=07 7.5276=01 1,2983=02
DeYid,utuh 545959 =07 8.4773=-01 1,1617=02
e l10+05H G, L0 7=07 8,3997=01 1,1689=02



TABLE E1 CorPUTFL 5=25=69

Jiv & bl o8 ol S |
(VIR DRNIPrY

‘L'*lb"'ig'\l_ ‘A:It-\li(u rLH Ff{‘"i'f “LUTI\‘O“ SOURCE S"ECTPUM rOR A 3 IMCH [llp
wUibbu wEPETLD UnANLOM SPHERL BIAS = ,0189 STANDARD LIGHT 10 ITS
abEnGY kSCLUTIVH Fuih 6OUP LG = 405 LARGEST FRACTIONAL ERROK = 4a0

el Tl EHkRGY WEUTROMN FLUX FLOX*ENERGY RELATIVE

) (RELATIVE UNITS) (RELATIVE UNITS) UNMCERTAINTY
a7 4US 1,0059=06 9,4443=01 1.,1161=02
el utUb 1,1404=06 9,.3223=01 1,2721=02
7o, d4US 1.0085=06 8,1481=01 1,3600=02
Tect: o4l 1,1235«y6 9,6091-01 1,2615=02
beltLjotus 1,)62L=06 7.4280=01 1,3765=02
I IR VAR 1.426¢=06 9,2607=01 1,3187=02
ttalo,14US 1,1083=06 7.1694=01 1,4629=02
:).L\“if"ﬁub 1 ..’)315-06 7.7760-01 1.“683-02
Hele 7405 1,2911=06 7.1226=01 1,8037=02
Deldr+U l.4lt9=Ub6 7.3385=01 1,64931=02



W Th 1=29=06k TABLE E2 COMPUTEL 3=25=69
pebioPHLKRE 1nicukATEY FAST IKEUTRONN SOURCE SFECTRUM FOR & 3 IMCH .ATER
LwlOLt U wbPLLTLD URAKIUM SPHERE BIAS = ,n335 STANDARD LIGHT unlITS

1e2380 InCrl URANLUM FILTER AT 16 METER PnSITION OF 50 METER FLIGHT PATH

HLUTHRON LNEROY ALUTKOM FLUX FLUX*ENERGY RELATIVE
(tyv) (RCLATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
1,55c0407 3,7043=09 5,7906=02 1,9457=01
1.4429+07 6,0731=09 8,.7629=02 1,5736=01
1.5961407 8,3848=09 1,1371=-01 1,3689=01
12769407 1.0626=08 1,3566=01 1,2370=01
1.2065407 1,5431-08 1,8587=01 1,0521=-01
1.13::9+07 1,7761=08 2.0212=01 1.0188=01
Lo 0769407 3,2358=08 3,4840=-01 7.8248=02
1,0200+uU7 3.4376=08 3,5084=01 7.8976=02
9. 4453+06 5.9629=08 5.6324=01 4,5055=02
Be.50104UG 9,7046=08 8,2990=-01 3.,7998=02
77720406 1,6666=07 1,2964+00 3.1150=-02
T7e1U5Y9406 2.2804=07 1,6204+00 2,8414=02
6.91i69+U0 3.,0551=07 1,9910+00 2.,6166=02
59952400 3,9620=07 2.3765+00 2,4350=02
945090400 4,5490=07 2.,5197+00 2.3969=02
e 15LU+UU 5.7“16-07 2.9“58+00 2.2504-02
4,70584+U6 6.3444=07 3.,2619+400 2.1670=02
4o IRH4+0U0 7.8044=07 3,4640400 2.1346=02
bel1439+00 9,0116=07 3,7343+400 2,0617=02
3.87704ub 1.0492=06 4,0684+00 1,9946=02
3e03624U6 1,1893=06 4,3245+00 1,9479=02
Je41i67+UD 1,.5026=06 4,4506+00 1,9236=02
Je21A44U6 1.,5307=06 4,9233+00 1,8259=02
600550*\)0 1.70q8-06 5. 1712"'00 1.7827"02
280544006 1,3428=06 5.2804+00 1,7665=02
2eTllu+Ub 2.1019=06 5.6983+00 1.7011=02
ceDO-d+uUb 2.,2193=06 5.,7009+00 1,7071=02
2etOTH+UD 2.3U23=06 6,0994+00 1,6521=02
2e287H%U0 2.7192=06 6.,2202+00 1,3410=02
2el2G0L+UD 3,0115=06 6.,3982+00 1,3302=02
1.97.5+06 3,4047=06 6,7362+00 1,3004=02
1 84%69+uUb 3,8125=06 7.0413400 1.,2847=02
1.7201+Ub 4,2670=U6 7.3738+400 1,2620=02
1.6204+uUb 4,7873=06 7.7573+00 1,2441=02
15224406 5.1970=06 7.9119+400 1,2356=02
1.4331+u0 5.,5368=06 7.9348+400 1,2428=02
1.,3014+u0 6,1577=06 8,3215+00 1,2293=02
1l.27554U6 6,6327=06 8,4666+00 1,2202=02
l.2U070+0uUb 7.4355=06 8,9791+400 1,2027=02
lel9ics+uon 7.9780=06 9,1293+400 1,2158=02
1000:}7"’00 80““77-06 9.1717*00 102“62"02
1.,0229+ud 9,13876=06 9,3989+00 1,0992=02
Ye5760+ud 1,1499=05 1.,0054+01 1,0805=02



WN Ty { =R I=u¢ TAULE E2 COMPUTED 3.25=49

atd b dodb i

dgartdhitiane LlconaTey FAST ndUTRON SOURCE SPECTRUM FOR A 3 INCH - ATER
VL s TR URANLUM SPHRRL BIAS = ,033%5 STANDARD LIGHT utilTS
Le2oti LU uralluM FlTed AT Lle HETER PASITION OF 50 METFR FLIGHT PAyH

nJ T gk Y AEUTRON FLUX FLJX*E! L RGY RELATIVE
(=, (RELATIVE URITS) (RELATIVE UNITS) UNCERTAINTY
deYoletuh 1.1794=05 1,0595+01 1,0779=02
Jedit w4UD 1,303u=05 1,1003+01 1,0913=02
74592, ctub 1,1021=05 1.1150+01 1,1220=02
leDUn+ub 1,5090=05 1,1320+401 1.153R=02
Tebd .6+UD 1,0026=05 1,1360+01 1,1951-02
Deld 1+uH 1,7120=05 1,14R89+401 1,2354=02
VeV DHUD 1,3137=05% 1,1532+01 1,2825=02
[CPRVISTENT R 0 12 1,49085=05 1,1515401 1.3374=02
SelUic+iH 2.1034=05 1.199u+01 1.2592=02
De VYUY 2e2491=05 1.2054401 1,3702=02
YeUd J4+ub 2eu479=05 1.2355+01 1,4838=02



KUN TO i=gd=0b TABLE E3

COvPUTED nae2U=g9

HeMLSPHCE IRTEGRATLD FasT KREUTKROII S50URCE SPECTRUM FOR A 3 14CH ATER
CUOLLy wti’LeTel, URALTIUM SPHERE BIAS = 0235 STANDARD LIGHT . ITS
PN Ui LUM FlaToe AT 16 ( ETER POSITION nF 50 METER FLIGHT PATH

HEUTON FLUX FLUX#ELERGY
(RELATIVE lITS) (RELATIVE UNITS)

RELATIVE
UHCERTAINTY

NELTHUN BhaRuY
(o)

LeDu o407 1,0951=49 2.6136~-02 1,5481-01
13155407 e 161=09 4,2340-02 1.1924=01
le2uanty? Ha0432=09 7.7605=02 1,1455=01
lelo utu? 7.3310=09 8.5703=02 1,0859=01
LeG/n9407 9,2234=09 9,9327=02 1.0068=01
lebaio+u? 1.5080=08 1,6003=01 7.8833=02
G hihHy+uo 1,9.42=08 1.,8270=01 5.2392=02
HeONhlo+ub 3.,750=08 2.6296-01 4,3637=02
777 ,0+ud 5.06817=0U8 3,9529=01 3.5600=02
Teluzy+uysd 6.7200=08 4,7752=01 3.2133=02
VaDionU+tyn 9,2072=08 6,0002=01 2.1517=02
He9902400 1.1906=07 T.1427=01 2.6022=02
Hehotiy+ub 1.3879=07 7.6876=01 «5U09=02
VeloLoutlUo 1,6534=07 8.4827%=01 2.3865=02
be7oRB+0U0 1.%9062=-07 9,513%5=01 2.,2641=-02
Gelho-H4Us 243134=47 1.0268+400 2.,7023=-02
Yol 434US 26:0997=07 1.1022400 2.1258=02
:lod‘/?t)fub 3.«}967"07 1.200'__'+0’0 2.0555-02
Setaung tuts 3,5471=47 1.289£2400 1.9973=02
el f+uo Y 208H=07 1.4379+400 1.,4973=02
N PP F RN I ) 4, 59R4=y7 1.4147+400 1,9139=02
dedolotin 4,9827=-97 1.4996400 1,7654=02
ScelutH+u0 He1d61=07 1,5729400 1.6291=02
2elilutun 6, u98T=07 1,65344+00 1,7886=02
2eDU  H+UB 6,5903=07 1.6929400 1,7809=02
2elboTu4+ul 7.1307=07 1,7381+00 1,76R1=02
2eZRTH4UB 8,11U10=07 1.8302+400 1.,4122=02
2elclictud 9,1930=-07 1.,9310+00 1,399%4=02
1.97:.54+006 9, 7840=07 1.9353+00 1,4119%«02
15409406 1,1017=06 2.0347+00 1,u006=02
17201406 1,2ubb=06 2.0834400 1,4002=-02
1.02\"_ h"’Uf) 1.5’“9"06 20?270“00 ‘ .3777-02
1eDerd+ud 1,9251=06 2.3215+00 1,2607=02
1e43380+06 1.,606b=06 2.3887+00 1,3659=02
l.obin+un l1.0l61l=06 2.4543+00 1.,2768=02
l.87¢ 54upn 1.,9919=06 2.5427+00 1.3582=02
1.20704+ub 2.1245=06 2.5059+00 1.3720=02
lelieiieduo 20 30R3=yb 2,6984400 1.3590-02
lLeBun74u6 2.5251=06 2. 7415400 1.,3799=02
leUalutud 2,0019=06 2.7129+400 1,2339=02
Yeb/o+ud 3.165=96 2.88858+400 1,2091=02
3e90u2H4UD 3,4A32=06 3.0843+00 1.1899=02
ettt +US 3.7704=96 3.1839400 1,201u=02




o LT ravet £3 CO'WPUTFD i=pti=R9

Gl ] I"J—‘.

L SPHORS Lok ATE 5 FAST gUTKRON SOURCE SIFECTRUM FOR A 3 IHCH « ATER
CUOLEL kP LTeD Uriilur SPHERE BIAS = ,1u335% STANDARY LIGHT 1nITS
GV UalAUM R LLTER Al le kT PUSITION OF s METER FLIGHT PATH

HLUTIOW LrieiaY ALUTHON FRUX FLUX*FEERGY RELATTVE
=9 (RELATIVE UnNITS) (RLLATIVE UMITS) UNCERTAINTY

Te¥0, 24Uy 4,1057=06 3,3126400 1,2121=02
Teb0jo+ud b n367=u6 3.4032+00 1,2319=02
7TaU3 04UYH 4,7319=06 3.3964400 1,2718=02
De7u 1+UYH 5. 1075H=06 3. 46A7+00 1,3015=02
Dedd DHUY 5e280=06 3,5154+00 1.3367=02
BeUdb ) 4uy 5.¢2237=06 3,5730+400 1,3757=02
HYelJd . 2HuD Hehi)2=006 3.7052400 1,2919-02
HadO LY 7.124U=06 3.8180+00 1,3731=02
THel%,0tun 7. 7354=U6 3,9354400 1,4323=02



VIR B

Fasl el KO s00KCE SPECTRUM dEASURED THROUGH THE EMPTY L2 pDEWAr AT O

I=31l=0k

TAdLE E4

COMPUTFD 3=25=49

LLOReLS=== P o Ty 1A JCEN CORRECTED FOR TRANSMISSION oF DEwWAR
e TO 31hS5 =

WU b oY

(=)

leDuuntu?
1e3281+07
1.2'6;0#07
Lel70un4d?
leluuysu?
leODLA+UT
PYeYo,3%U0
"J.ZU atuld
Gewdyatih
753 Ut
NeYe 44+ J0O
Dedw Dtun
Do . utdo
5.5)NW+UU
Y4 SI Ltu)
40t LtUD
C N P AR VD)
QQUQwUfUA
3'77QH+JO
daDdictun
Yeddhetuo
DelOfistuo
éoHol,+Uﬁ
celu, L+UD
o037 7+uUty
-?.o“’)/."’Uf)
2ed31134un
4026.“..'\)*00
2eU0i 0+UNH
ledeun+dd
le794h0+u0
Led 0tuo
le70%u0
1.“6.D+UD
1e3955+40A
l.314u+un
lodull’fgﬂ)
lel/.1400
lelaowtun
leudnhntul
D999+
9ed0GO+UD
Yo7, 1405

6,43851=09
1,4335=08
2.5U01=08
3,2214=08
4,5853=08
5,4950=08
R,.839=-08
1,72139=07
1.‘:‘689-07
3,1702=07
u. ldnb-07
5,5320=07
6,.2265=07
7e-iTh1=07
9,-342=07
1, ,940-056
1,2510=06
lo'i ’7U-06
1.698b=06
1,0024=96
2.11Mh0=06
242997=U6
2.0473=06
2.")4—/0-06
3,3192=06
3,5045=06
3,3917=06
4,9311=06
5.3992=06
6,0323=06
6, 3445=00
7.1585=06
He858=06
BeHUSH=16
9, 3001=06
1,0081=05
1.0963=05
1,32N9=05
1, 3275=U5
1.4400=05
1,5330=05

270 STLNDARD LIGHT UNITS

ILUT O FLUX
(RELATIVE yUNITS)

FLUX*E|ERGY
(RELATIVE UNITS)

9,7568=02
2.4259=01
3.1141=01
3,7845=01
5.,2002=01
5,7709=01
8,2436=01
1,1175+400
1,6577+00
2,4030400
2.,7836+00
3.4235+400
3,8130+400
4,3015+400
4,6385+00
5,0765+00
S.,4058+400
5.9582+00
6.4105+400
6,6636+00
7.0315400
701983+00
7.5203+00
7.9377+400
8.7551+00
8.4086+00
9,1335+00
9,5799+00
1,0294+401
1,0390+401
1,0836+401
1,0663+01
1,1280+401
1,1971+401
1,1992+01
1,2286+01
1.,2512+401
1,2872+401
1,3321+01
1,3942+401
1,3202+401
1,3411+01
1,3567+01

0,87 INCH{ PRECOLLIMATOR

RFLATIVE

UNCERTAINTY

1,6045=01
1,1325=01
7.9731=02
6,5738=02
6,1939=02
5.1388=02
3,1305=02
2,5878=02
2.1699=02
2.0316=02
1.,8336=02
1,7500=02
1,6508=02
1,5996=02
1,5360=02
1,4983=02
1,4315=02
1,3847=02
1,3653=02
1,3271=02
1,3087=02
1,2753=02
1,2626=02
1,2457=02
1,2789=02
1,2174=02
9,7654=03
3,7418=03
9,6664=03
9,u4059=03
9,51806=03
9,6113=03
9,6502=03
9,5437=03
9,6913=03
9,2165=03
9,5537=03
9,6592=03
9,9096=03
8,5635=03
B,2774=03
8,7935=03



WN L TAGBLE E4 COMPYTFL 3=25=hK9

CUNT L wJie

7=31l=u4

FAST HEUT®. . S0URKCL SPECTRUM MEASURED THROUGH THE EMPTY LH2 DEWAR AT 0
CEOREES===Gri TruM 1135 wi kN CORRECTED FOR TRANSMISSION nF JEWAR
ALTECION Blab = JU275 STali)ARY LIGHT UNITS 0,87 INCH PRECOLLIMATOR

el A0 EiaeroY ACUTRON FLUKX FLUX*EERGY RELATIVE
(.) (KELAVIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
Jedl 14UH 1,0495=05 1,5181+401 9,0575=03
TeTe244U5 1.,7481=05 1.3512+401 1,0316=02
Tec L 4+uH l,/8l6=05 1,2990+401 9,9119=03
0« Y0405 2,0232=U5 1,3939+401 9,2634=03
Dot 14Uh 2..,792=05 1,3557+01 9,8141=03
Vel 79n+uY 2.2420=05 1,3659401 9,7495=03
5-&05?(} 0U'f) 2. 3507-05 1.660?’01 9-"103"03
HeHoUn+UD 2.4255=05 1.3436+401 9,9231=03
Hecd L1+ud 2,0044=05 1,356u4+U1 1,N486=02

E-8



AUl L =mlU=L TABLE ES Co'PYTFD walS=0
FAST WEulituis 5OuKCE SPECTRUIA AEASURED THROUGH THE EMPTY LH2 nEwaARr AT 0
LORKELS=== PECTRUM HaS HEEN CORRECTED FOR TRANSMISSION oF DEWAR

ATLCI0N BIAS = U433 STANDARD LIGHT UNITS 0,87 INCH PRECOLLIMATOR

HEUTRON BideROY WLUTHZON FLUX FLUX*ENERGY RELATIVE
(L) (WEILATIVE UNITS) (RELATIVE UNITS) ICERTAINTY
13907407 1,0052=06 1,3994401 1.,N344=01
le2320407 1,7934=06 2,1630+01 7.4800=02
1elune+u? (1335=U6 3,3375+01 5,87N4=02
YeslactlLo 5.33%0=06 5.,7661+01 4,5244=02
HeYlll+Uo 9,1743=06 8,1752+401 3,9143=02
Se U0/ 44U0O 1.,1,270=U5 1,3150+402 3.1889=02
Ted0h 1400 2.,5002=05 1,6939+02 2.,8971=02
Ge1375H40U0 3.1114=05 2.0963+02 2.,6865=02
elu7otun 3.2179=05 2.4242+402 2.,5681=02
HeTUZ2040UbB 4.0582=05 2.,6562+02 2.,5033=02
Ye2loU+uh S5.4737=05 2,8857+02 2,U306=02
e, 7T+UbL 6.5221=05 3.,2373+02 2.3357=02
44073406 7./953=05 3,5271+02 1,8563=02
4.0e79400 9,3502=U05% 3,7662+02 1,3100=02
Je6L 4400 1,1100=04 4,05411:02 1,7587=02
Je3223H+U6 1,2719=04 4,2272+02 1,7138=02
SeUJIT+ubh 1,2336=04 4,6602+02 1.60948=02
celo 9+un 1,7587=04 4,9048+02 1,5863=02
2eD0 '84+0u0 2.0970=04 5,3868+02 1,5577=02
2.3737406 2.3619=04 5.,6064+402 1,5094=02
2.2000U+U6 2.7515=04 6,0540+02 1.,4697-=02
2.02104Ub 3,2415=04 6.5511+402 1,2412=02
lets4% 1 3400 3,5734=04 6,763x+02 1,205851=02
LeDO 4 UL 4,14805=04 7.0425+02 1.176“'02
leD471+U0 4,0169=04 T.1428+402 1,2066=02
142506400 H,2055=04 7.5075+02 1,1979=02
131, 2+06 S5.7778=04 7.6163+02 1.2019=02
le22204uU0 b,2031=04 7.6554+402 1,2250=02
1e12574+00 7.4457=04 8.3891+02 1,0639=02
1eUo24+UB 8,0135=04 B,2763+02 1,1432=02
JeHV1l0+ud 8,N421=04 7.6413+02 1,1325=02
e 777405 9,u968=04 7.9785+02 1,1777=02
Bel21140LD 1,0524=03 8.5466+02 1.2580=02
74870405 1,0212=03 7.6462+402 1.3929=02
e/ 504U 1,1495=03 7.9064+02 1,2520=02
bedoT7utuUbd 1,2066=03 8,0277+02 1.,3366=02
H5e8230+UD 1,4797=03 8,6693+02 1.4185=02
54327405 1,3989=03 7.5996+02 1,7377=02
He02214u5 1,6156=03 8,1137+02 1.,8779=02



ALz 6 COPYTEL L=b=H1

RVTL B | AN

past o oanwlic g 5P CTRUY FOo LY DEWAR AT U [ LGRFES uSIHG 2=I4, =211

celLClun Lo = o204 HITANUARY LIGHT JUITS 0487 [HICH PRECOLLT ATOR
chetva oo LUl lur FUl GOJIPLG = N7 LARCEST FRACTIO AL ZRROI: = 420
TRV N RSV I IRRET B2 e8) | 1-UT 0N FRUK FLX*FIERGY RTLATIVE
(.2 (nm=AVTIJ/E NITS) (RELATIVE unNITS) 1 ICERTAIMIY
Leou 1 D+u7 §y3Dnec=09 6,5539=02 1,6045=01
Le23i4¢u7 l,4214=08 1,8256=01 7.1367=02
Lel%, _S5¢47 2,3219=08 2.,9803=01 5.,0799%9=y2
Leul 0407 +o.720=UR 4,3697=01 3,9583=02
FelU Zt L 7. 4405=0A83 6e7032=01 3,1305=02
Lteadotuy 1.1 7505=07 9,3001=01 2,5878=02
Tebou utuy 1. 55(1-07 1.391‘4*00 2.1699-0?
VeI yvrtun 2e 30=07 1,584G6+00 2.N316=02
Ced%. utun 3,11250=u7 1,3204+00 1,2336=02
Set b S+UL ety 32u=07 2.1223+400 1,7500=02
Yeddi4tud 4, 124=07 2.333%400 1,65nN8=02
Ge¥Y,l+un D.1211=07 2.9558:+00 1.,5996=42
Ledd 2tun He22du=u7 2.,3379+00 1.2494=02
4ol ,u4uD 7. 1961=U07 3,224%+400 1.1313=02
= /5"/"‘)\.) 9."-(‘)()9-\)7 3.‘361&‘00 1.13"0-0?
Yol iYtuo 1,1n70=05 343420400 1,0859=02
SetloiYbuo 1,0435=06 4.1455400 1.N650=02
Jeda Htud 1..J50=Un 4,5391:409 1,n291=02
Zetddetatud 1. .195=U0b 4,7354400 1.,N311=02
et Itun 2. :')")!)°U6 5.011"’00 1.'-‘051-02
2232 5FUH 2.'1.)3'4"06 5.'060(’4’00 9.765“-03
Zeus, $huD 24 290u=06h 5.7792+400 B, 4166=03
Lo s2isa4ub 3, 24bH=06 b.221%+09 R,2299=03
Lend m4yn 3. 7964=08 h,4527+00 R,24%30=03
lo:).) ,;U‘U"') “. )11 7-06 ﬁ.”)b'-}’rfUO R.HSQU-U3
Le4d 3+ul, 4,3J1ov=yo 7.1694+400 3,2893-03
Ledi70¢00 Jeut3d=00 7.4887+00 A,2822=-03
L2l g tun ne11202=06 7.4034400 3,5808=03
lelocntuo 7.5322=006 A.3059+00 7.4002=03
Leud?stun 7,332=068 8,2850+400 7.6213=03
FeM 54 IO 3e:.463=06h B8.4410+00 7.5459=03
lei'U.latub 9,44994=06 9,362:+400 7.7694=03
nelW/utuy 1.7074=yu5% R,2072+00 q,2329=03
leDU,0+UD Bea234=UbH heD245400 9,23521=U3
)09‘5 NED ) 1.] ,60--)5 8.).18‘3"00 7."18‘;3-03
Dat2 +UH 1..:730=0> B.:.90z+01 T7.7935=03
Yedt GHUD 1, +319=ub Q.21935+400 7.8029=03
DeHruitu 1,4779=(05 TeDB6.40U0 7,71750=03
DelJIr, LYY 1, +173=05% 7.207C+00 3,1845=03



i 5 T=31l=uy TABLE E7 COMPYTED 5=5=69
P AST EJTHLI aPeCTRUM FOrR 2,5 THCHES LH2 AT 0 DEGREES USING A NF=211
LETECTOX IAS = 02746 STANDARD LIGHT UNITS 0,87 INCH PRECOLLIMATOR

CERGT KeoorUuTIvr FUR GROUPING = 407 LARGEST FRACTIONAL ERRCR = 20

HeJ v piNelRuY WAEUTRON FLUX FLUX*ENERGY RELATIVE
() (KELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
195045407 4,5957=09 6,9142=02 1,4347-01
Le204L 4407 1,5898=08 2.,0419-01 5.,9501=02
lel4-04+07 2.-200=08 2.5366=01 4,8403=02
LeU2Z0+U7 3,7598=08 3,84u8=01 3,7121=02
9,20, 2+u0 6,2209=08 5,72R3=01 2,9914=02
Be33i34U6 1.0099=07 8.,4173=01 2,4502=02
7e000U+U0 1,5259=07 1,1566+00 2,0920=02
69224406 1,9471=07 1,3481+400 1,9350=02
D634, 5+U6 2,2895=07 1,4535+00 1,8562=02
SeB425406 2.,6972=07 1,5758+00 1,7887=02
5¢3944+4U0 3.16813=07 1,7161+400 1,7144=02
Ge99pLl+ub 3.6H047=07 1,8309+400 1,6679=02
b e5092+4Ub 4,3123=-07 1,9661+00 1,3257=02
4.lUyb+uo 5.2105=07 2.1386400 1,2813=02
307007400 6,0087=07 2.2543+400 1,2607=02
3.3779400 Te4310=07 2,5103+400 1,2046=02
JoUasiY+un 80.';057"07 2.5807"00 1-1965-02
2.82:4400 9,5401=07 2.,7266+00 1,1778=02
2e0J 0ty 1,7454=06 2.,7206+00 1.2078=02
24U 2Y+UH 1,2096=06 2.9070+400 1.1722=02
2¢2223+U0 1,.560=06 3,0188+00 1,1671=02
2.04244U6 1,4952=06 3.0538+400 1,0290=02
le59u14U0 1.0765=06 3,1168+00 1,0342=02
1en9,5+00 1,£345=06 3.1177+00 1,0553=02
1.50%0+00 1,9329=06 3.0146+00 1,1068=02
1.4305+v0 2.1821=06 3.1342+00 1,1139=02
1.3270+4U6 2,2804=06 3,0261+00 1,1564=02
le2c98400 2.2471-06 2.7635*00 1.2“".7-02
leldos+uo 2.5093=06 2,9105400 1,1058=02
123706406 2.6233=06 2.,7225+00 1,1726=02
JeS4Lutud 2.,3168=06 2.6877+00 1,1767=02
Be0VUs1+U5 2.,9505=06 2.5974+400 1,2229=02
Bel+70U4+0U5 2.9517=06 2.4047+400 1,3312=02
7.5016+Ub 2.3075=U06 1,7902+400 1.5552=02
0e90104+U5 3.2155=06 2.,2472+400 1,2692=02
Oe4238+u5 3.2994=06 2.,1228+00 1,3549=02
DeY4 . 0+ULYS 3.&525-06 2.2893*00 1.3“21-02
J.5U504+Ub 3,1062=06 1,7101+400 1,6432=02
D 0+US 3,1473=06 1,6004+400 1,6698-02
Geb3"L+UY 3,1925=00 1,4482+00 1.9347-~02
4ed271+uUb 3,1409=06 1,3617400 2,2755=02
4,01 24U 2.,500U=06 1,0266+400 2.,8972=02



Ut

a9

JLTECTO

“+

f’jl-b“

TASLE E8

CCYPUTEDL %-5=6Q

EuTR L, SPCCTRUT RO 4,9 TWCHES LH> AT j DEGREES USING A MNF.211

L_I\E”Q“ ko n...JTI\JI‘l F‘)'( GROUPI:JQ = .07

fildTiwune o ieroY

(o )

1eDU4n+u?
1026~9+J7
lals.o+07
IOUL(QfU7
9.cd h*Ué
3-3J10*U)
7.90 U+un
00'9.‘_,"*U1)
Vel 04UD
Jed%H. utUD
S Ihiutun
49Ul 4UD
+eDIic+UO
4.1u.0+4b
3571w l+ub
505’74+J0
3euUs,9+d0
2.5£;§+Uﬁ
e, LtUD
Ce4d, 9rud
Eell i o¥UdD
2elit 4 +u0
lens0il+ub
leoI intdn
leD0%0+uUb
Le4325+00
1.327u+ub
l.22 jctUb
lel3284ub
1.037a+un
YeO% 0+uUd
SebU2Zi+lbd
Sel470+U0
T+5010405
0.90‘u+05
D43 0tUD
DeIH 0+UD
D.sDdru+udS
S5s0atu+ud
Gbeboll+uo
4e3271i+0Dd
telULl e2+ud

(RELATIVE yllITs)

5.1 759=09
1.,270u=U3
2.1139=08
3,1273=08
5,0U98=08
7.2002=08
1,12%7=47
1,4002=07
1,7715=u7
1,799%06=07
2,3927=37
2.5)52=07
2..:039=07
3.5330=07
3.59310=07
4,7030=07
S,.10%5=07
Se 4307
D, 355=07
7.351=07
Do 1260=uT
B8, 410=07
9,.2055=07
1,02724=05h
1.33560-u5
1.031lo=U6
1.1136=0%
1,2899=d6
1.1473=06
1.1136=06

03536-06
1.6170-06
1,1002=06
Be2925=07
1. 0100=u6
Q,6015=07
1,0051=u6
8,5107=07
8,1d00=07
7.3u93=07
b, 7381=07
50'“60-U7

FLUX*ENERGY
(RELATIVH

7.6367=02
1,6312=-01
2,3005=01
3,2000=01
4,6131=-01
6,042%=01
8,5631=-U1
9,6941=01
1.1245+400
1,1659+400
1,2907+00
1,3016+00
1.3084400
1,4355+400
1.4602+00
1,6109+400
1,5917+00
1.6803+00
1,6645+400
1,7049400
1.7862+00
1,7445400
1,722i:400
1,7495%+400
1,6157+00
1.5535+00
1.47R0+00
1,3404+00
1.,2997+490
1'1557400
1.,0341+00
8,952¢ =01
8.9633-01
6.2705-01
7.1186=01
6,2095=01
6.335L4=01
4,7407=01
4,1090=01
3.7042=01
2.915C-01
2.3““7-01

UNITS)

RELATTVE

JNCERTAINTY

1.3828-01
7.4884=02
5.,7243=02
4,6296-02
3,7355=02
3,2869=-02
2,7575=02
2,5373=02
2,3901=-02
2,3552=02
2.2383=02
2.2395=02
1,8363=02
1,7675=02
1,7691=02
1,6961=02
1,7157=02
1,6871=02
1,7342=02
1,7i70=02
1,5995=02
1,5213=-02
1,55n7=02
1,5660-02
1,6775=02
1,7523=02
1,3279=02
1,9707=02
1,8208=02
1,9759=02
2.0768=02
2,2754=02
2,3719=02
2.8645=02
2,4513=02
2,7193=02
2.7657=02
3,3850=-02
3,5836=02
4,1801=02
5.,4570=02
6,3430=02

IAD = 2746 STANDARD LIGHT gNITS 0,87 INCH pRECOLLIMATAR
LARGEST FRACTIONAL ERFOR

20



SUN O ceml=n TAdLZ E9 COMPUTFD 5=13=-69
FaST WEuTKud SPLCTRUM For EMPTY DEWAR AT 15 DEGREES USING S5=IN, NE=211
SETECTO BIAS = ,032 STANDARD LIGHT UNITS 0,87 INCH PRECOLLIMATOR

tERGT  KESLLUTIul FUR GROUPING = .07 LARGEST FRACTIONAL ERROR = .20

LA TA0N cieruY NEUTRON FLUX FLUX*ENERGY RELATIVE
(=) (KE-ATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
1elle, 1407 1,2576=10 1,4026=03 1,9638=01
9,20 4c+lb 3,5202=10 3,2415=03 1,3140-01
e 348+V0 4,7760=10 3,9807=-03 1,1220-01
75300406 7.3135=10 5.9226=03 8.9178-02
0e925440b 1,0720=09 7.4219=03 7.3343=02
6e 3480406 1,4673=09 9,3152~03 7.0627=02
S.8423+0U6 1,7747=09 1,0368=02 6,7366=02
5.3944+U6 2.1839=09 1.1781=02 6,3272=02
he99c1l+vn 2.1665=09 1,0824=02 6.6805=02
445522+Ub 2.,3048=09 1,2788=02 5.0724=02
4e1l045+ub 3,0649=09 1,5043=02 4,7207=02
3.7147+00 4,7814=09 1.7761=-02 4,3992=02
3.3779+vo 5.6093=09 1,9150=02 4,2729=02
340049406 7.0295=09 2.1685=02 4,0334=02
2eb2E4+uD 8,7144=09 2.,4648=02 3,8301=02
2.6020+U6 1,0513=08 2.7361=02 3,7459=02
2.40.294Ub 1,2576=08 3,0219=02 3.5745=02
20253406 1,4179=08 3.1553=02 3.5745=02
2.U424406 1,7243=08 3.,5217=02 3,0150=02
15291406 1,9994=08 3,7171=02 2.9761=02
l.0995+vo 2.4895=08 4,2309=0N2 2.,8513=02
1.5230+uhH 2.7744=08 4,3270=02 2.9086=02
1436 3+U0 3,1453=08 4.5176-02 2,9297=02
1.3270+06 3,7409=08 4,9642=02 2.,8606=02
le223040U0 4,4743=-08 5,5025=02 2,R094=02
1.1325+ub 4,0780=08 5.2992=02 2.6186=02
1,0070400 5.4029=08 5.6071=02 2,.,5087=02
9,54154uU5 6.0087=08 5.733“-02 2.5886-02
HetiUs1405 7.2784=08 6.,4072=02 2.5195=02
Be14704ub 8,1355=08 6,6280=02 2.,6079=02
7eH0104U5 8.4191=08 6.,6687=02 2.5195=02
09850405 8,3637=08 6,1945=02 2.,5002=02
6e4I35+US £.,2177=08 5.,2071=02 2.8107=02
SeF4:0+U5H 6.i3334=-08 S.2493=02 2,9199=02
5.5Un0+Ub 8,7009=08 4,8234=02 3,2951=02
5.0450+405 8,3047=08 4,4772=02 3. u4G2=02



st 7 wl=6% TABLE E10 COMPUTFD Hal3=.9

P aST EUTi g oPLCIRUN FOIr 2.5 THCHES LHZ2 AT 15 DEGREFES USING A MNE=211

IO 3548 = 4U3e STADARD LIGHT UNITS N.,87 INCH PRECOLLIMAYOR
CbERLY KES LUl Iuiv FORR GROUPING = 407 LARGEST FRACTIONAL EPROP = 420

WEUT (Uil LKoY eUT ot FrUX FLX%*ENERGY RELATIVE

(e.) (neLATIVE UITS) (RELATIVE UNITS) UNCERTAINTY
loc470407 1,0012=10 1,2492-03 1,8314=01
1.00 'J+u? 2.2535=10 2.4336=03 1,1328=01
Y.09/7.4Ub 2.2761=10 2.,2072=03 1,1583=01
de70oLc+uUb 3.3187=10 2,9056-03 9,60688=02
7Y% ,0+Ub 4,5756=10 3,8733=03 B,2728=02
Tecis ;L+UD 6,0355=10 4,3701=-03 7.7732=02
BebzuLHUD 7.5302=10 4,9900=03 7.,2934=02
s Uo75+Ub 1,1350-09 6,9092=03 6,1904=02
S5eull?4ub 1,20274=09 6,887¢=03 6,2370=02
Se1390+v0 1,-129=09 8,3701=03 5.6890=02
besl2i+un 1,2470=09 9,564N=03 5.3383=02
443990+U0 2.5062=y2 1,1290=02 4,0653=02
3090 iU+U6 3. 1'30:)"09 1025“1-02 3.8933-02
3.5970+00 3.3855=U9 1,3970=02 3,7399=02
3e2157+U6 4,7172=09 1.5453=02 3.5694=02
2e935 040D 6,1754=09 1,8499=02 3,2830=02
2el2:10+ub 6,7054=1)9 1.8440=02 3,3430=02
2493 94+J0 3,0202=99 2.,0315=02 3,2655=02
2344400 9,.5J1b6=u9 2,1779=02 3,1642=02
2elliatub 1,0794=y3 2.3232=02 3,1595=02
109":1"‘\.’() 1.2(519-08 2.4366-02 207259-02
leol72+vo 1,4367=08 2,6108=02 2.,6776=02
1.60. 5+00 1.7064=08 2.8374=02 2.,6246=02
1.05275¢u0 1,4403=08 2.8107=02 2,7209=02
Le4U7/740b 2.1056‘08 2.9641-02 2.7219-02
1.3uin+00 2,3024=08 2.,9968=02 2,7866=02
10&)714’\;0 2.‘)035-08 3.142“-02 2.8019-02
ltll. 54UD 2.97UJ-OB 3.31“3-02 2.“870-02
lode ctun 3,200i=08 3,3260=02 2,5418=02
4337 5+UD 3,4075=03 3,2455=02 2,5779=02
Yeno_l+Us 3,9500-08 3.4230=02 2.95395=02
Lel24ntud 4,4962=03 3.6080=02 2,6585=02



N o n=1-6% TABLE E11 COMPUTED S5=13=69
\ST WEJTKO aPLCTRUA FOR 4,5 INCHES LH2 AT 15 DEGREES USING A hE=21g
TeCl0< 8lns = ,032 STANUARD LIGHT UNITS 0,87 INCH PRECOLLIMATOR

ERGY RESQLUTIUN FUR GROUPING = .07 LARGEST FRACTIONAL ERROR = .20

NEUTRON ENERGY NEUTRON FLUX FLUX*ENERGY RELATIVE
(e) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
lel4p23407 1,2048=10 1.3762=03 1,9678=01
1.02204 17 1,7264=10 1,7654=03 1,3976=01
9,2Un2+Ub 2.,4940=10 2.2965-03 1,0760=01
8e33484Ub 3,0375=10 3,0318=03 8,7870=02
753810406 5.6085=10 4,2512=03 7.2044=02
5e92344+U6 B,2538=10 S.7144=03 6,1325=02
HeI4354U6 1,00641=09 6.,7554=03 5.,6426=02
S.8425+U6 1,1184=09 6,5340=03 5,7899=02
503944406 1,3123=09 7.0791=03 5.5833=02
4,9901+V0 1,6643=09 8,3150=03 5.1783=02
4.5992+U6 2,1175=09 9,6541=03 3,9629=02
44104D4+Ub0 2.5302=09 1,0385=02 3.,8639=02
3,71u474+06 3,1210=09 1,1564=02 3,7043=02
3.3779+06 4,0295=09 1,3611=02 3,4388=02
3.UB4940b 4,5283=09 1,3969=02 3,4108=02
2.82%4+V0 5.5506=09 1.5982=02 3,2266=02
2.60.204+06 6,5482=09 1,7042=02 3,2149=02
2.4U29+0U0 7.7273=09 1.8569=02 3,0913=02
2.2253+U6 7.,9948-09 1,7791=02 3,2317=02
2.04.4+06 9,3821=09 2.,0183=02 2.6988-02
1.8991406 1,0988=08 2,0428=02 2.,7267=02
l.0955406 1,2368=08 2,1019=02 2.7441=02
1+5590+u6 1,3626=08 2.1251=02 2.8160=02
lel45A23+00 1,5680=08 2.2521=02 2.,8104=02
1.3270+06 1,5970=08 2.1192=02 2.,9772=02
1.2294+06 1,9280=08 2.,3711=02 2,9035=02
leld28+ub 1,9759=08 2.2383=02 2,7330=02
1.0373+4vo 2.1619=08 2.,2436=02 2,8007=02
9.54168+u5 2,2870=08 2,1822=02 2,8480=02
348031405 2.6363=08 2.3208=02 2.,8399=02
3el470+u5 2.8162=08 2.2944=02 3,0108=02



KUl b ho=1=5i} TABLE E12 COMPUTED S=13=49
FaSl WwEUTRQIw SPECTRUM FOR 7.0 INCHES LH2 AT 15 DEGREES USING A =211
UTLCIO UBIAS = ,u32 STANWARD LIGHT UNITS 0,87 INCH PRECOLLIMATOR

tHLRGY KESCLUTIVN FUR GROUPING = N7 LARGEST FRACTIONAL ERROR = +20

E-16

NEUTHON ENERoY NEUTRON FLUX FLUX*ENERGY RELATIVE
(v) (KELATLIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
12844407 9,5154=11 1,2222=03 1,5405=01
1e1425+07 1,.4858=10 1,6972=03 1,0145=01
1.0220+U7 1,9178=10 1,9611=03 8,5949=02
9,2082+0h 2.,2827=10 2,1020=03 8,1290=02
He34uytUb 2,6733=10 2.2281=-03 7.8287=02
7.5800+06 4,6162=10 3,4991=03 6,1069=02
0+9234+Ub 5.6931=10 3,9416=03 5.7558=02
b 348 5+00 7.3342=10 4,9735=03 5.,1120=02
5.8423+Ub 9,5675=10 5.5896=03 4.8530=02
5.3944+Ub 1,0654=09 5.7472=03 4,8079=02
499/ 1400 1,2752=09 6.3710-03 4,6006=02
I o55024ub 1,5582=09 7.1041-03 3.,5953=02
4.1045+uvo 1,R685=09 7,6693=03 3.,4890=02
371647406 2.1300=09 7.9123=03 3,4932=02
3.3779+4+06 2.7500=09 9,2892=03 3,2374=02
3.0849+06 3,1189=09 9,6215=03 3.1926=02
2.82:.44U6 3.5187=09 9,9523=03 3,1813=02
2.0020+Ub 3,8322=09 9,9737=03 3,2753=02
2.84U294U6 4,u740-09 1,0751=02 3,1622=02
2.2255+U0 4,9497=09 1,1015=02 3,1959=02
2el%4+Ub 5.09523=09 1,1544=02 2.7778=02
1.8591+0U6 6. 1191-09 1.1376-02 2.8“65-02
1.69()D+U6 6. 3470-09 1.0787-02 2.9915-02
1.5990L+06 6,8601-09 1,0699=02 3.1058=02
l.4oes+U6 7.6964=09 1,1054=02 3,1391=02
1.3270+U6 7 .5635=09 1.,0037=02 3,3876=02
1.22984+U6 8,7883=09 1,0808=02 3.3723=02
1.1920+06 8,8597=09 1.,003€=02 3.2107=02
1.,0378+06 9,5270=09 9,8871=03 3,3233=02
954156405 9,3000=09 9,3510=03 3.0323=02
BebUZL+UD 9,2556=09 8,2358=03 3.,8009=02
Bel470+U5 1.,n889=08 8,8713=03 3.8452=02



KUN 4 Hn=1=64 TABLE E13 COMPUTED H=13=69
FASY] WEUTRON SPLCTRUM Fuk 10,5 INCHES L2 AT 15 DEGREES USING A pE=211
PETLCIOR BIAS = U32 STANDARD LIGHT UNITS 0,87 INCi{ PRECOLL IMATOR

EHERGY RESQLUTIUN FOR GROUPING = .07 LARGEST FRACTIONAL ERROR = ,20

NMEUTRON ENcRGY NEUTRON FLUX FLUX*ENERGY RELATIVE
(EV) (RELATIVE UNITS) (RELATIVE UNMITS) UNCERTAINTY
1.3256+u7 5.1957=11 6.8874=04 1,7482=01
141423407 1,2067=10 1,3784=03 9,7811=02
1.0226+07 1,4920=10 1,.5257=03 8,5994=02
9.20324U6 2.1072=10 1,9404=03 7.2657=02
833 54+06 2.8718=10 2.3936-03 6,4003=02
7.5800+406 3,9380=10 2.,9850=03 5.7017=02
6.923440U6 “.8751"'10 3.3752-03 5.3522-02
64345406 6,0979=10 3,8713=03 5,0094=02
S5.8423+U6 8,0097=10 4,6795=03 4,5626=02
5:3944+4+06 9,2480~-10 4,9887=03 4,4352=02
4,9961+U6 1,1399=09 5.,6951=03 4,1806=02
4555240k 1,3307-09 6.0669=03 3.3375=02
4,1045+0b 1.5714=09 6,4498=03 3,2744=02
3.7147+V6 1,7391-09 6,4602=03 3,3282=02
3,3779+06 2.2656=09 7.6530=03 3,0681=02
3.0849+U6 2.,4734=09 7.6302=03 3,0900=02
2:82K4+U6 2.6981=09 7.6313=03 3,1351=02
2.6020+06 2.9323=09 7.6316=03 3,2315=02
2:4U29406 3,2871=09 7.8986=03 3,1870=02
2.2253406 3,6962=09 8.,2252=03 3,1935=02
2.04244+06 4,0343=09 8.,2397=03 2,8420=-02
1.6985+uU6 4,6349=-09 7.8770=03 3,0281=02
1.5596+U6 5.,3454=09 8.,3367=03 3,0308=02
1.4363+06 5.1975=09 7.4652=03 3,3123=02
1.3270+V0 5.0944=09 6,7603=03 3,5844=02
1.2296+06 5.6674=09 6.,9698=03 3,6550=02
1.1520+u06 5.5573=09 6,2953=03 3,5299=02
1,0376+06 6,0983~09 6,3288-03 3,6179=02
9.5418+U% 6,0845=09 5.8057=03 3,8073=02
8.8U31+U5 5,9347=09 5.2244=03 4,1574=02
8.14704U5 6.5247=09 5.3157=03 4,3701=02



kU 4 ) TABLE E14 COMPUTED 5-13=69
FAST ELTROM SPLCTRUMA For 15,0 INCHES Li2 AT 15 DEGREES USING A 1E=211
SETECTON BIAS = 4032 STANJARD LIGHT UNITS 0,87 INCH PRECOLLIMATOR

cnERGY KEapLulIvii FUR GROUPING = .07 LARGEST FRACTIOMAL ERROR = 420

E-18

WLJTRUN LilLROY NEUTRON FLUX FLUX*ENERGY RELATIVE
(o) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
9,20224U6 1,9585=10 1,8034=03 9,0085=02
de3348+UbL 2.,5027=10 2.0860=~03 8.2665=02
7.5800+406 4,3113=10 3,2680=03 6,4463=02
6e9234+0U6 4,6454=-10 3,2152=03 6,5477=02
‘.305485"'00 ‘)03650-10 “03586"03 5.5869-02
5.8423+U6 7.,6478=10 4,5849=03 5.4855=02
S5¢3944+00 9,9545=10 5.3699=03 5.0579=02
4,9961+uU6 1,1073=09 5.,5322=03 5.,0323=02
4.55G¢+ub 1,2414=09 5.6598=03 4,1135=02
4.1U45+uUb 1,5329=09 6.,2918=03 3,9416=02
37147406 1,7066=09 6,3395=03 3,9818=02
3.3779+V0 2.,2641=09 7,6479=03 3.6367=02
3.0849+0Ub6 2.,2212=09 6,8522=03 3,8792=02
2.8<494+00 2.,5765=09 7.2874=03 3,8003=02
2.60.6+U6 2,7939=09 7.2714=03 3.9355=02
2.4U29+U6 3,1938=09 7.6744=03 3.8307=02
2e250+U6 2.2779=09 6,6267-03 4,2553=02
2.0424406 3.4182=09 6,9813=-03 3,6781=02
1.8091+U6 3,7583=09 6.,9871=03 3,7388=02
1.,6995+u6 3,2759=09 6,7570~-03 3,8989=02
1.50%6+u6 4,0609=09 6.3334=03 4,1786=02
le843p34Ub 4,3318=09 6,2218=03 4,3550~02
1.3270+ub 4,5939=09 6.0961~03 4,5141=02
1.2298+u6 4,9417=-09 6,0773=03 4,6916=02
1.13234U6 4,5902-09 5.1998=03 4,7079=02
1.0378+ub 4,6897=09 4,8670=03 5.0153=02
9.5418+ub 4,7537=09 4,5359=03 5.2513=02
Be.bU31L+UD 4,7131-09 4,1490=03 5.,7191=02
8.1470+U5 4,5733=09 3,7259=03 6.,4941=02



RUMN &

FaSi

ENERGY ESQLUTIUN FOR GROUPLING = 407

MLUTMHOI EnNLROY

=)=64

TABLE E15

COMPUTFED 5=5=69

HEUTROI. SPLCTRUIG FOR EMPTY DEWAR AT 37 DEGREES USING S5=IN, iWE=211
VETLLTOR BIAS = JU3e STALDARD LLIGHT UNITS

(ey)

9,2Ur2+Ub
Be3345+06
T.580U+06
60923“*06
6.34754+U6
5.8425+0Ub
9¢3944+0U6
4,.,9961+U6
445092400
'-hlUl;b*Ub
3.7147+06
3.¢3779+06
300b‘9+db
2.8c:4+U6
2:.060;0+Ub6
2.4029+06
2-2255+U°
2.04249+06
1.69G1+ub
1.06995%+v0
1.55%0+U6
led4dcd+Ub
1.3270+U6
1l.2Z906+U6
1.1328+U6
1.0078+U6
9.5436+U5
8.80314U5
B8el470+U5

NEUTHRON FLUX
(RELATIVE UNITS)

6,7007=11
9,8832=-11
1,4484=10
2,7090-10
3.2546-10
3.,68307=10
4,6127=10
5,5588=i0
7.2791=10
9,5852=10
1,1331=-09
1,35035=09
1,7509=09
2.1957=09
2.,4269=09
2.9650=09
305“20-09
H-0077-09
4,5831=09
S, 7444=09
€.2679=09
7.0311=-09
8,2679=09
1,0066-U8
1,1099=08
1,2944=08

FLUX*ENERGY
(RELATIVE UNITS)

6.,1701=04
8.,2374=04
1,0979=03
1.,1480-03
1,2656=03
1.5827-03
1,8096=03
1,9139=03
2,1030=-03
2.,281/=03
2,7040~-03
302378-03
3,4955=03
3,6868=03
4,5569=03
5,2760=~03
5,4006=03
6,0557=03
6,2142-03
6,8111-03
7.6157=03
8.2507=03
8,3175=03
9,3847=03
9,3659=03
1.0““6-02
8.7708=03
9,7706=03
1,0545=02

E-19

RELATIVE

UNCERTAINTY

1,4411-01
1,2175=01
1,0465-01
1,0296=01
9,8412-02
8.8030=~02
802218-02
8,0870=02
6.,3418=02
6.1711-02
5.7313=02
5.,2466=02
5.,0752=02
4,9987=02
4,6171=02
4,2993=-02
4,3437=02
3,6528=02
3,6577=02
3,5682=02
3,4765=02
3,4332=02
3,5041=-02
3.4033=02
3,1177=02
3,0169=02
3,3061=02
3,2177=02
3,2654=02

0.87 INCH PRECOLLIMATOR
LARGEST FRACTIONAL ERROR

20



KUN 7 e Am=hl TABLE E1l6 COMPUTED ¢ =- 9
FrSt WEUTRON SPLCIRUA For 2,5 INCHES LH2 AT 37 DEGREES USING A nE=211
LETLCTON BIAS = ,032 STAMNDARL LIGHT UNITS 0.87 INCH PRECOLLIMATOR

ENERGY RESCLUTIUN FOR GROUPING = 407 LARGEST FRACTIONAL ERROR = .20

NEUTHON EnLERoY NEUTRON FLUX FLUX*ENERGY RELATIVE
(ey) (RELATIVE yUnNITS) (RELATIVE UNITS) UNCERTAINTY
7e56,U+Ub 6,2476=11 4,7357=04 1,4306=01
6.9234+406 7.5667=11 5.,2387=04 1.3284=01
6ed4iL+UB 1,0424=10 6,6177=04 1,1520-01
SeB425400 1,5410=-10 9,0030=-04 9,.6195=02
5394406 1,6866=10 1,0178=03 8,9728=02
409961"0& 2.1780-10 1.0882-03 8.7579-02
4,559,406 3.2167=10 1,4666=-03 6,1335=02
B.lUyd+Ub 4,2158=10 1,7304=03 5,6670=02
37047400 5.,3677=10 2,1797=03 5,0592=02
3:3779+06 7.,2905=10 2.4491=03 4,7979=02
3.0849+00 9.1976-10 2.8374=03 4,u543=02
2.8 14406 1,1089=09 3.1364=03 4,2881=02
2.0UZ0+U6 1,5008=09 3,9060=03 3,9301=02
2.40,9406 1,7048=09 4,0965=03 3.8509=02
22253406 2.1539=-09 4,7931-03 3,6295=02
2.0424+ub 2,5469=09 5.2018=03 3,0993=02
l.68941+06 2.,9200-09 5,428€6=03 3,0773=02
1.6995+4u6 3,4516=09 5.8663=-03 3,0221=02
1.5090+u6 4,2297-09 6,596€=03 2.9326=02
1.4300+U6 4,7312=-u9 6,7954=03 2.9711=02
1.3270+00 5.3350=U9 7.0795=03 2,9329=02
1.22G6,406 6.2325=09 7.6647=03 2,9632=02
le1028+0U0b 6,4923=09 7.3545=03 2,7652=02
1.06078+u0 7.5225=09 7.8069=03 2.7474=02
9,5416+U5 8,3293=09 7.9477=03 2.,7270=02
SeBUZL+US 9,5896=09 8,4416=03 2.7199=02
Bele7u+us 10')370-08 8,4484=03 2-8700-02

E-20



KU 6 -4 TABLE E17 COMPUTED 5«5=6n
FAST LUTKCN SPLCTRuUM FOUR 4,5 INCHES LH2 AT 37 DEGREES USING A Ne=211
PLTECTOIC BIAS = L,U32 STANUARD LIGHT UNITS 0,87 INCH PRECOLLIMATOR

EMERGY nhSoLy1IUN FUR GROUPING = 407 LARGEST FRACTIONAL ERROR = .20

NeuTiOin erickRaY HEUTRON FLUX FLUX*E!ERGY RELATIVE
(Ey) (KELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
1,08:25407 2.,2234=11 2,4068=04 1,9393=01
Qe202+Ub 3,~h321=11 3.3445=04 1.7303=01
Bed3406+U0 4,3785=11 3.,6494=04 1,5520=01
75800406 7.2088=11 S5.4643=-04 1.,1492=01
69234406 T.5349=11 S.4244=04 1,1433=-01
Bed45H+U0O 8,3160=11 5.2794=04 1,1697=01
Se8425+00 1,5433=10 9,0164=04 8,4420=02
5¢3944+06 1,8990=10 1.0244=03 7.8616=02
4.9961+U6 2,2092=10 1,1337=03 7.4946=02
445592400 2,7928=10 1,2733=03 S.R048=02
441045+06 3.,7499=10 1,5391=03 5,2918=02
3e7147406 5.5499=10 2,0616=03 4 ,5698=02
3.3779+4+ub 6.4336=10 2.1732=03 4,4822=02
3.0849+U6 8,3951=10 2.5898=03 4,0994=02
2e0:44+U6 9,7284=10 2.7516=03 4,0195=02
2.0Uzb+U6 1, 3089=-09 3.5627=03 3,6103=02
24029406 1,5219=09 3.6570=03 3.5733=02
2.2255+Ub 1,8495=09 4,1157=03 3,4382=02
2.04,44U6 2.1393-09 4,3693=03 2.,9681=02
1.8521+00 2.,5013=09 4,6502=03 2.9193=02
1.699%+Ub 2.6905=09 4,9124=-03 2.9001=02
1.50490+ud 3,5952=-09 5.,6071=03 2,7943=02
1l.4363+00 3.,3049=09 5.4650-03 2.9173=02
1.327u+ub 4,3613=-09 £.7874=03 2,9026=02
1.22%90+V0b 4,5597=09 5.,6075=03 3.0580=02
1.1328+06 5,1208=09 5.8008=03 2,7395=02
1.037s+ub 5.6862=09 5.9011=-03 2.,7825=02
905“16’.’05 6.1588-09 5.6766-03 207955-02
Jo&OJL"‘US 60‘3609"09 5.7932-03 2.8988-02
31470405 7.4036=09 6,0317=03 3,0023=02



KUN S

A=3=6+

TABLE E18

COMPYTED 5=5=69

FAST WEUTRON SPeCTRUM FORR 7.0 INCHES LH2 AT 37 DEGREES USING A (lE=21]
LeTeCirOon 131AS = 032 STaluvwAR) LIGHT UNITS
ENvERGY ESOLUT IUN FUR GROUPLING

WEUTHRON giitROY

(y)

9,2012406
Be3I48+0U6
745000400
0¢9234+U6
6.34115406
5064£3*U6
S5e3944+U0
4.9961+06
445592406
4elUlub+ub
JeTal; 7406
303779*U6
3,0649+06
2¢82:u4+06
2.60£b§06
2.4029+06
2+.22535+U6
200“£4+U6
1.8591+Ub
1.6995H+06
1+¢5590+u06
leHIbS+UO
10327U+U6
1.229u406
1.1328+06
1.0573+U6
eS4310+08
8.8071+05
841470405

3-3209-11
4,7705=-11
5.7683=11
6.1950-11
9.2215-11
8.,7227=11
1,2340=10
1,3819=10
2,7121-10
3,1496-10
4,0990=-10
4,8944=10
~,1314=10
7.79556=10
1,0978=09
1,45670=09
1|7055-09
1,9323=-09
2.1150‘09
2.,3886=09
2,7106=09
2,8723=09
3,1444=09
3,1771=09
3,1573=09
3,9269=09
4,1107=-09

NEUTRON FLUX
(RELATIVE UNITS)

007

FLUX*ENERGY
(RELATIVE UNITS)

E-22

3,5184=04
3.9761-0“
“.372“-04
4,2890=04
5.8543=04
5.0961=04
6.6567-0“
6,9041=04
9,1736=04
1.,2928=03
1,5227=03
1.6533-03
1,8915-03
2.1936=03
2,3751=-03
2,6379-03
2.,5493=03
2,9962-03
3.1707=-03
3,2839=03
3,2995=03
3.5970-03
3.,5324=03
3.,5620~03
3,2972-03
3,0126=03
3.4569=-03
3,3490=03

RELATIVE

UNCERTAINTY

1,5875=01
1,4157=C1
1.3205-01
1.3“15-01
1,1081=01
1,2226=01
1.0399-01
1,0289-01
7.2262=02
5.9936~02
5,5673=02
5,3585=02
4,9959=02
4,6721=02
“06077-02
4,3826=02
4,5694=02
3,7347=02
3.6840-02
3,6965=02
3,8148=02
3,8427=02
3,R484=02
4,0236-02
3,6630=02
3,9185=02
4,1307=02
3,9456=02
4,2580=-02

0,87 INCH PREFOLLIMATOR
LARGEST FRACTIONAL ERROR

020



nUN 4 i =3d=b4 TABLE E19 COMPUTFED 5-5=69
FAST (IEUTKRU 5PLCTRUM FOM 10,5 INCHES LH2 AT 37 DEGREES USING A NE=211
OETLCTOR Bins = 03¢ STANDAKD LIGHT UNITS 0.87 INCH PRECOLLIMAT(R

CNERGT RESLLUTIuN FOr GRUUPING = 407 LARGEST FRACTIO(AL ERROR = .20

NEUThUN B eRoY NEUTRON FLUX FLUX*E;IERGY RELATIVE
(e) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
TeDuu+lo 4,4233=11 3,3529=04 1,4820=01
69234+ Ut 4,5085=11 3.,1214=04 1,5722=01
0+ 34%,,5400 5.,3230=-11 3379304 1.5062=01
HeBH25+0LE b,4250=11 4,9225=04 1.1778=01
53944406 1.1542=10 6,2262=-04 1,0164=01
44,996,400 1,3237=10 6.,6133=-04 9,9277=02
45592+ ub 1,5369=10 7.0162=04 7.8870=02
belULb5+ub 2.0476=10 8,4044=04 7.2029=02
3eT710474uUh 2.,8049=10 1,0642=03 6.,3483=02
3¢3779406 3.5363=10 1.1945-03 5.9869=02
Je 004 Y+uLb 4,5220=10 1,2409=03 5.8856=02
2¢062; 4+ub 4,4997=10 1,2727=-03 5.8856=02
26U 0O+UE 6.,1706=10 1,6060=03 5.3306=02
celbu Y406 6,1643=10 1,4812-03 5.5923=02
2e25.940U0 7.1449<10 1,5900=03 5.5091=02
2.0424406 B.,4176=10 1,7193=03 4,6979=02
1.6051+Ub 9,3165«10 1,7320=03 4,7756=02
16955400 9,7697=10 1.6638=03 5.0086=02
1+50506+Ub 1,2105=09 1.8879=03 4,8186=02
1.84063406 1.2587=09 1,8079=03 5.0961=02
l.3270+06 1.5379=09 1,7754=03 5.3068=02
1.22%0+U6 105191-09 1.8682-03 5.3729-02
1.1328+J6 1.6184=09 1,8333=-03 4,9690=02
1.0378+V0 1,4611=09 1.5163-03 5.7343=02
9,541u8+uS 1,6917=09 1,6142<03 5.5318=02

E-23

il



ulN 3 A=3=Cy TABLE E20 COMPUTED s5=5=69
FnST WEUTROIE SPLCTRUM FOR 13,0 INCHES LiH2 AT 37 DEGREES USING A nE=211
ceTeClun B1aS = ,U3¢ STALWARD LIGHT UNITS 0,87 INCH PRECOLLIMATOR

EEr oy wbESoLUTIui FOR GROUPING = +07 LARGEST FRACTIONAL ERROR = ,20

ieUTrOM ENchRoY  NEUTRON FLUX FLUX*ENERGY RELATIVE
(Ev) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
7e9G4Uu+Ub 3.8649=11 3,0703=-04 1,5271=01
0.6260+U6 6.2461~-11 4,1390-04 1,2446=01
6.0875+U006 7.2629=11 4,4213=-04 1,2017=01
5.0117+06 1.0195=10 5,7211-04 1.0163=01
5.16095+06 1,1970=-10 6.2118=-04 9,7994=02
Le8135+00 1,5607=10 7.5121-04 8,7115=02
4.3996+06 1,7673=-10 7.7754=04 7.0943=02
3+900+U6 2.5048=10 9,9390-04 6.,1814=02
3.5970+06 2.7665-10 9,9511~-04 6.,2847=02
3.2757+06 3.9239=-10 1,2854=03 5.4137=-02
2+9950+U6 4,2924=10 1,4656=-03 5.0601-02
2+ 7900+U06 5.6695=10 1,6141=03 4,8755=02
2.5334+uUE 7.,1838=10 1,8199-03 4,6890=-02
2:3414+4006 6.,9761-10 1,6334=03 5.,0166=02
241734+U6 9,2801=-1i0 2,0142=-03 4,5867=02
1.9941+uUb 1,u635=09 2,0011-03 4,0896=02
1.617&‘.’UU 1.073“-09 1.9506-03 “.222“-02
l1.6626+06 1.2“7b-09 2.07“5-03 4, 1755-02
1.5273+06 1.2511=09 1,9108-03 4,5443=02
1.40/7+v0 1.,5382=09 2.1653=03 4,3566=02
l.3U 0+ub 1,5406=09 2.0052=03 4,7117=-02
1.2071+406 1,5906=09 2,0407-03 4,8265=02
1.11254v0 1,6687=09 1,8569-03 4,6782=02
1.0c0e+ub 1,9911-09 2,0313-03 4,5562=02
903500"‘05 1.936“-09 108177-03 "“09910-02
BebOET+US 1,9586=09 1.6974=03 5.3072=02
80 02‘$D+US 20‘7083"09 1.6597-03 5.735“-02




RUN 9

FARSI

L=5=04

TASLE E21

ENERGY RESQLUTIUM FOK GROUPING =

NWEUTHKON LNERGY

(cv)

B.4LU92+uUb
6.660+U6
600075+U6
5.0117+06
5¢1685+U0
beslids+ub
443990+U0
Je9LUtUb
3.5970+Ub
3.2757+06
2e¢Y9Y950+U0
2.75u0+06
25324406
2edb14+UB
2.1754406
1.,9951+U6
1.81724u6
1.6026+Ub
1-5275+06
1.4077+00
l.3V1u+ub
1.2U714u6
lellzo+ue
100&0&+U6
9.3868+U5
B3.0057+05
B8e.U240+U5

NEUTRON FLUX
(KELATIVE UNITS)

6.6336=11
1,5946=10
2,1950~-10
2,1082=10
2,8170=10
3.5508=10
QQ5°27-10
5.6459-10
6,8649-10
9,3969=10
1.1878=09
1,5238=-09
1,7144=09
2,0778=09
2.9753-09
2,2939=09
“.2687-09
n,.1302=-09
©6.3750=09
7.1811-09
1,0311-08
1,1379=08
1.,2146=08
1.,6073=-08

07

FLUX*ENERGY
(RELATIVE UNITS)

5.5785=04
1,1229=-03
1.3362-03
1,1831-03
1,4619-03
1,7091-03
2.,0074=03
2.,2403=-03
2,4693-03
3,0781=-03
3.5582=03
4,1904=03
4,3433-03
4,.8650=-03
6,4576=03
5.9701-03
6.7918=03
7.0980-03
9,3627-03
8,9749=03
9,3469-03
1.0563-02
1.1335-02
1,0519-02
1,0681=02
1.0527=02
1.2898=02

E-25

COMPUTFD 5=13=.9

RELATIVE

UNCERTAINTY

1,8414=01
1 .7759-01
1,5617=-01
1,6697=01
1,4704=01
1,3455=01
1,0156-01
9,6772-02
9,3170=02
8,2970=-02
7.7313=02
7.,2303-02
7.2868=02
6.8959=-02
6.1293=02
5,6473=02
5.,3955=02
5.3799=02
4,8036=02
5.0416=02
5,0936=02
4,9243=02
4,3210=02
4,6044=02
4,5707=02
4,7688=02
4,5330-02

WEUTROI SPeCTRUM FOI? EMPTY DEWAR AT 53 DEGREES USING 5-IN, nE=211
JETECTOK JIAS = ,032 STANDARD LIGHT UNITS 0.87 INCH PRECOLL [MATOR

LARGEST FRACTIONAL ERROK

20




PUN g Peh=6Hy TABLE E22 COMPUTED %=13=-69

FASIT NEUTRQN SPeCIRuM FOR 2,5 INCHES LH2 AT 53 DEGREES USING A tF=21)

weTLCTOR 81AS = ,U032 STANDARD LIGHT UNITS 0,87 INCH PRECOLLIMATAR
ENERGY KESOLUTIUN FUR GROUPING = ,07 LARGEST FRACTIONAL ERROR = .20

WEJTRKON LileReY NEUTRON FLUX FLUX*ENERGY RELATIVE

(Ev) (KeLATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
8.69494U6 3,2943=11 2.8644=04 1,7962=-01
6e34-5+U0 8,1840=11 5.1956=04 1,7353=01
5.84234U06 8.9490-11 5.2283=04 1,6906=01
23944406 1,2888=10 6,9523=04 1,3498=01
4.9961+U6 1.7230=10 8,6083=04 $,1710=01
445592406 2.4523=-10 1.1181=-03 8.132n=02
4.10u5+06 2.5978=10 1,0663=03 8,4599=02
3.7157+06 3,1869=10 1,1838=03 R, 0345=02
337794006 4,5276=10 1.5294=03 6,9528=02
3.0849+4ub 4,R255=10 1.4886=03 7.0930=02
2eB2.4+UD 6.8795=10 1,945£=03 6,1520=02
2.6U264+U6 9,1976=10 2.3938=03 5.6575=02
2.4029+U6 1,1955=09 2.8727=03 5.1200=02
2:2253+U06 1.,4440=09 3.,2133=03 4,9257=02
2.0424+00 1,7845=09 3,6447=03 4,1030=02
l1.8591+u0 2.0708=09 3,8498-03 4,0493=02
1.6995+U6 2.6262=09 4,4632=03 3,8175=02
1.5596+Ub 3,1397=09 4,9279=03 3.7476=02
1.4383+ub 3,5866=09 5.,1514=03 3,7687=02
le3270+u0 4,0887=09 5.,4257=03 3,7529=02
1.22368+U0 4,7585=09 5.8520=03 3.,7321=02
1¢1320+U6 5.,5270=09 6,2610=03 3,2907=02
1.0378+ub 6,6517=09 6.,9031=-03 3,2073=02
9,541 8+ub 6,7069=09 6.3996=03 3,3488=02
B.8031+U5 7.5580=09 6,6534=03 3.3791=02
BelU47U+ud 8,5353=09 6,9537=03 3,4790=02

E-26




RUN 7

He=b=0

TABLE E23

COMPUTED 5=-13=-69

FAST HEUTR2iv SPLCTRUM FOR 4,5 INCHES LH2 AT 53 DEGREES USING A nfF=211
pETeCTo B1AS = 032 STANUARD LIGHT UNITS
ENERGY (ESQLUTIVMN FOR GROUPING

HEUTKON LHEROY

(Ev)

9,7908+U06
7.5923+0U6
0.6260+UH
6.0873+0°
5.6117+06
5.1695+Ub
bedl3ld+ue
4.3996+00
609650*06
35970406
32727406
2.:9956+U6
279500406
2'553“*U6
2e3414+406
2.17C4+Ub6
1.99Q1+06
1.817:2+06
1.6628+U6
105275*06
1.4077+v6
1.3016+06
1.2071+v6
1.1128+vb
1.0202+U6
9,33684U5
8.6657+05
8.0246+05

= «07
ilEL | RON FLUX FLUX*ENERGY
(RELATIVE UNITS) (RELATIVE UNITS)
3.6479=11 3,5570=04
4,5425=11 3.4488=04
8,1369=11 5.3920=04
1,1830=10 7.2015=04
1,0800=10 6,0606=04
1.6224=10 8.4194=04
1,8434=10 8.,8728-04
1,7861=10 7.8581=04
2.7015=10 1,0720=03
3,3792=10 1,2155=03
4,1191=10 1,3493-03
4,3770-10 1,3112=-03
5.,6002=10 1,5401=-03
8,3386-10 2,1125=03
9,5562-10 2.2375=03
1,2245=09 2.6577=03
1,3591=09 2.7102=03
1,7541=09 3.1876=03
2.2099=09 3,6746=03
2.3993-09 3,6645=03
3.1500=-09 4,4343=-03
3.,4215=09 4.4534=03
3.,3837=09 4,6880=03
4,4787=09 4,9839=03
4,5446=09 4,6364=03
5,2428=09 4,9213=03
5.8875=09 5.,1019=03
6,3174=09 5.0695=03
E-27

RELATIVE

UNCERTAINTY

1,9428-01
1,8717=01
1.6967-01
1,3545-01
1,4984=01
1.,1980=-01
1,1654=01
1.0425=01
8.6605=02
8.1081=02
7.6549=02
7.8503=02
7.2697=02
6,2356=02
6,0649=02
5,6698=02
4,6349=02
4,3822=-02
4,5398=02
4,1990-02
4,3172=-02
4,3413=02
3.8293=02
4,0923=02
3,9635=02
4,0393=02
4,2760=02

0,87 INCH PRECOLLIMATOR
LARGEST FRACTIONAL ERROR

«20




fUN 5 TABLE E24 COMPUTED 5-13=69

'll-b-b’*
FASIT WEUTRyiv oP=CTRUM FOR 7,0 INCHES LH2 AT S3 DEGREES USING A NE=211

DETLCTOR BIAS = ,032 STANDARD LIGHT UNITS 0,87 INCH PRECOLLIMATOR
ENERGY KESOLUTIUN FOR GROUPING = .07 LARGEST FRACTIONAL ERROR = 420

NEUTKON ENERGY NEUTRUN FLUX FLUX*E!NERGY RELATIVE

(Ev) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
9,9935+U6 2.7746=11 2.7728=04 1.5654=01
8ed3404+U6 3,7028=11 3,0862=04 1,7688=01
7:58004U6 4,7476=11 3.5987=04 1,4478=01
6.9234+06 6,4846=11 4,4895=04 1,1556=01
6e3455+00 7.5421-11 4,8516=04 1,0584=01
5.8423+06 7.8505=11 4,5865=04 1,0894=01
5.3944+0U6 8.9330-11 4,8188=04 1,0446=01
4,99614U6 1,1466=10 5.7285=04 9,2653=02
445592406 1,0509=10 4,7913=04 8,7009=02
4.1U45+06 1,7343-=10 7.1184=04 6,6713=02
3.71474+0U6 1.8139=10 6,7381=04 7.,0535=02
3.3779+4+ub 2.4631=10 8.,3201=04 6,1918=02
3.0849+u6 3,0347=10 9,3617=04 5,7641=02
2.8244+U6 3.,9266=10 1,1106=03 5.2435=02
2.4029+06 5.0494=10 1,2133-03 5.,1703=02
2:2253+U6 5,7838=10 1,2871=03 5.1257=02
2.0424+U0 7.4339=10 1,5183=03 4,1349=02
1.8591+u6 9,0380=10 1,6803=-03 3,.9626=02
1.6995+U6 1,1116=09 1.8895=03 3.,7885=02
1.55%0+Ub 1,2022=09 1,8750-03 3,9508=02
1.4363+06 1.4269=09 2,0495=03 3,8658=02
1.3270+u6 1,5990=09 2.,1219=03 3,8908=02
1.2295+U6 1,6507=09 2.0300~-03 4,1685=02
1.1328+06 1,8363-09 2.0802-03 3,7683=02
1,0376+06 2.1031=09 2.1826=03 3,7683=02
9.54143+uU5 2.1066=09 2.,0673=03 3,9084=02
8.8031+05 2.1603=09 1,9017=03 4,2676=02
B8e1l4704+U5 2.5082=09 2,0434=03 4,3406=02

E-28



ARUN 4 S=3=6H4 TABLE E25 COMPUTED 5=13=49
FAST WEUTKRUN SPcCTRUM FOR 10,5 INCHES LH2 AT 53 DEGREES USING A »E=211
LeTeCloR BIAS = J03¢ STAVUAKD LIGHT UNITS 0.87 INCH PRECOLLIMATOR

eivERGY KESULUTIuN FUOR GROUPING = .07 LARGEST FRACTIONAL ERROR = .20

E-29

e THON ENLERGY NEUTRON FLUX FLUX*ENERGY RELATIVE
(Ev) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
4.599c+00 9,6552=11 4,2479=04 1,6514=01
3¢90, 0+u0 8,59%=11 3.4520=-04 1,9503=-01
3.9970+V0 1,4163=10 5.0944=04 1.5060=01
3.2757400 1,7854=10 5.8484=04 1,3711=01
2.9950+Ub 2,0107=10 6.0233=04 1,3602=01
2.7590+U6 2,6887=10 7.3939-04 1,1998=01
2¢5334+U6 2,9800=10 7.5495=04 1,2309-01
2¢34144+U6 3,1032=10 7.0317=04 1,3003=-01
2.17344+V00 4,0639=10 1,0123=03 1.,0549-01
1.9941+ub 6,2173=10 1,2597=03 8,1433=02
1.8174*U6 605073-10 1.1“62-03 8-8719-02
1.6026+06 6.6733=10 1,1096=03 9,2751=02
1.5275+u0 9,1070=10 1,3909=03 8,3493=02
1.4077+ub 1,0110=09 1.4240=-03 8,5138=02
1,30} I1+) 1,0341=09 1,4111=03 8,8718=02
1.2071+06 1.3472=09 1,6262-03 B,4032=02
l.1ll.0+0U6 1,3302=09 1,4802=03 8.1496=02
1,0252+06 1.5236=09 1.5544=03 8,1740=02
9.33606+U5 1,4581=09 1,3687=03 8,9205=02
B8.0057+U5 1,3927=09 1,2069=-03 1,0101=-01
ds020+U5 1,6564=09 1.3292-03 1,0189=01



KUl 3 L=d=Hy TABLE E26 COMPUTED 5-13=49
FAS] WEUTRC: aP=CTRUM FOR 13,0 INCHES LH2 AT 53 DEGREES USING A ME=-211
ueTLC o BIAS = ,032 STAJVARD LIGHT UNITS 0,87 INCH PRECOLLIMATOR

ENERGY RESCLUITIUN FUOR GROUPING = 407 LARGEST FRACTIONAL ERROR = ,20

E-30

NEUTRON EinerOY NEUTRON FLUX FLUX*ENERGY RELATIVE
(£y) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
6.21944+06 3,7430=-11 2,3279=04 1,6371=01
56117400 5.3525=11 3,0037=04 1,6674=01
5.1895+06 6,5930=-11 3. 4214=04 1.5360=01
4,8133+06 6,0746=11 2.9239=04 1.7307=01
443990+U6 6.,7976=11 2.9907=04 1,4174-01
3.964,0+00 8.,8119=11 3.4966=04 1.,2909-01
3.5970+06 1,0528=10 3,7869=04 1,2465=-01
3.2757406 1,2387=10 4,0576=04 1,1987=01
2.9950+U0 1.4095=10 4,2223=04 1,1766=01
2.750U+Ub 2.,0154=10 5.,5423=04 1,0047=01
2+5334+0U6 2.0093=10 5.0904=04 1,0987=01
2e34L44UD 2.9211-10 6,8395=04 9,0861=02
241704406 2.5463=10 6.,1776=04 1,0094=01
1.9941+06 3,6728=10 7.3239=04 8,.0398=02
1.81724ud 4,5711=10 8.3066=04 7.6173=02
1.602u+U6 4,5258=10 8.0243=04 7.9687=02
1.5275+uid 5.,4236=10 8.2838=04 8.,1374=02
1.4077+ud 6,8619=10 9,6595=-04 7.6173=02
1.3010+U0 7.3576=10 1.,0227=-03 7.5968=02
1.2071+U6 8.6888=10 1,0488=03 7.,7655=02
1.11z04U0 9,2656=10 1,0311-03 7.2025=02
1.0202+ub 9,6123=10 9.,8065=04 7.6528=02
9,38c6+u5 8,9663=10 B.4165=04 B,4761=02
B.66574+U5 9,1196=10 7.9028=04 9,2386=02
8.0240+U5 1.,0739=09 8.,6176=04 9,3432=02



KulN 8
FASI

UETECTCR 8IAS = 032 STANDARD LIGHT UNITS

H=T=04

TABLE E27

COMPUTED 5«7=69

NEUTROI SPECTRUM FOR EmMPTY DEWAR AT 78 DEGREES USING S=IN, NE=211

ENERGY RESQLUTION FOR GROUPING

INEUTHKON ENEROLY

(ev)

9.0d856+06
6.7766+06
6.0375+06
S5.6117+06
5,1895+u6
4.,8133+uU6
4.3990+06
39630406
3.5970+06
3.2757+0U6
209950+06
2.7500+06
2.53354+06
23414406
2.1704+0U6
1.9941+06
1.8172+06
1.6026+06
1.5273+06
1.4077+06
1,3010+06
1.,2071+05
l.1l28+06
1.0202+06
9,38p8+U5
8+.6657+05
8.0240+U5

5.2629=11
1,1804=-10
1,7609-10
2,2654=10
2.5589=10
3,2014=10
3,7026=10
“06669-10
5,7781-10
5,7754=10
7.6439=10
9,6135=10
1,2163=09
1,3653=09
1,8691-09
2.1711=09
2.3936=09
2.9001-09
3,0649=09
3.7828=09
4,7220=-09
5.85““-09
6,3693=09
6,3790=09
6.8627=09
7.6223=-09
9,8943=09

NEUTRON FLUX
(RELATIVE UNITS)

07

E-31

FLUX*ENERGY
(RELATIVE UNITS)

4,7832=-04
7.9991=04
1,0719-03
1,2713-03
1,3279-03
1,5409=03
1,6290~03
1,8518-03
2.078u-03
1,8918~03
2,2898~-03
2,6437=03
3,0814=03
3,1967=03
“00567-03
4,3294=-03
4,3496=03
4,8223-03
4,6810-03
5.3250-03
6.1“62-03
6,3426-03
7,0878=-03
6.5079=03
6,4607=03
6,6053-03
7.9398=03

RELATIVE

UNCERTAINTY

1.8953-01
1,5415=01
1,5081=-01
1,3092-01
1,2064=01
9,6601=-02
9,0837=-02
8.6807=02
9,1641=02
8,3307=02
7.8545=02
7.4520~02
7.3506=02
6,6816=02
5.,7083=02
5,8035=02
5.6088=02
5.,8729=02
5.,6624=02
5,4008=02
5,4895=02
4,7160-02
5,0654=02
5,0850=02
5,2074=02
4,9831-02

0,87 INCH PRECOLLIMATOR
LARGEST FRACTIONAL ERROR

«20



7 TABLE E28 COMPUTED 5=7=6n

=7=64
AST kUThi aPeCTRUY FOR 2,5 INCHES LH2 AT 78 DESREES USING A nE=211

eTECIUN LIRS = JU3e STalLAKL LIGHT UNITS 0,87 INCH PRECULLIMATOR
WERGY SES_LUTIul Fuit GROUPING = 407 LARGEST FRACTIONAL ERROR = ,20

nweEUT Wy enieRUY NLEU TSRO P uUX FLUX*EMERGY RELATIVE

(i 3 (KELATIVE UMITS) (RELATIVE UNITS) UNCERTAINTY
SedYiy+ub 1,1670=-10 6,2953=04 1,1777=01
L.9961+06 1,3523=10 6.7562=04 1,1297=01
40052406 1,5%716=10 7.1652=04 8,9952=02
“in‘lb"‘Ub :’;.19'40-10 9.0077‘0“ 7.9382-02
SeT107406 2.2950=-10 8,5252-04 8.3391=02
3¢3779406 2.9522=10 9,9722=-04 7.6618=02
3.00,540U6 3,3546=10 1,0349~03 7.5155=02
Zelc, ‘0*‘06 3-”816-10 1.0979-03 7.“160"‘02
260 LtLb 4,5071=10 1,1730=03 7.3391=02
2.40, 9+U6 $,7831=10 1,3896=03 6.,6656=02
22253400 5.3012=10 1,3043=-03 7.1047=02
2eUk, 4+UB 7.7965=10 1.,5924=03 5,6620=02
1.8D51+40U6 9,3371=10 1,7359=03 5.4699=02
lenYun+lb 1,0959=09 1,8625=03 5,3846=02
1.50¢%0+u6 1,1185=09 1.,7444<-03 5,7796=02
1.40°35+V0 1, 5066=09 1,9631=-03 5.5845=02
l.5€Tu+uo 1,4934=-09 1,9817-03 5,7154=02
leceiutuo 1,+549=09 2,2812-03 5.,4620=02
1.1578+vb 1,916€=09 2,1714=03 5.1612=02
1.0570+u6 2.,5482=09 2,4370=03 4,9490-02

E-32



.UN b =7=54 TABLE E23 COMPUTED 5-7=69
AST NEJTROw SPECTRUM FOH 4,5 INCHES LH2 AT 78 DEGREES USING A MNE=211
JETECTOR pins = (U3 STADAKD LIGHT UNITS 0,87 INCH PRECOLL IMATOR

vbERGY RESLLUTION FUR GRUUPLING = 07 LARGEST FRACTIONAL ERROR = .20

NEUTHON LHERGY NEUTF.ON FLUX FLUX*ENERGY RELATIVE
(c.) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
5.84254u6 9,0543=11 5.,6403=04 1,3199=01
5.39'}4+U6 1.2567-10 6.7791-0“ 1.1612-01
4.99014v0 1,2853-10 6.,4215=04 1.2064=01
44H592+06 1.5620=10 7.,1215=04 9,3240=02
B.1045+U6 1,4593=10 7.6315=04 9,0310=02
JeT7i4 7406 2,0130=-10 7.4777=04 9,3630=02
3.5779+ub 2,5749=10 8.6978=04 8,5630=02
3.08494U0 2,7035-10 8,9570=004 8,4728=02
2e02i34+ub I 1521-10 8.9154=04 8.6152‘02
2:.60.0+Ub 4,0540=10 1,0553=03 8,0747=02
2.4029406 5.15865=10 1,2396=03 7.3062=02
2.22°3400 4,9977=10 1,1121=03 8,0496=02
2.0424+U6 6,h290=10 1,3539=03 6,3729-02
1.8091+ub 7.2782=10 1,3531-03 65,4990=02
1.6995+u6 B8,4732=10 1,5080~03 6.2303=02
1.5550+uUb 9,3392-10 1,4643-03 6.,5917=02
1.4363406 1,1291=-09 1,6217=03 6.3975=02
13270406 1,2603=09 1,6724=03 6,4477=02
l.2230+400 1.5011=-09 1,8461=03 6,3484=02
1.1320+00 1.5391=09 1,7435=03 6,0129=02
1.0973+06 1.5421=09 1,9117-03 5.8649=02
9,5416+U5 1,5962=09 1,8093=03 6,0856=02
BebULL+UD 1,3100-09 1,6814=03 6,5950=02
Bel470+4uUS 2,3470=-09 1,9121-03 6,4659=02

E-33



VI =T=64% TASLE E3p COMPUTED 5«7=6q
FAST JEUTR D »>P<CTRUM FOR 7,0 INCHES LH2 AT 78 DEGREES USING A “iE=211
SeTECTON Ulns = JU32 STANDAKD LIGHT UNITS 0,87 INCH PRECOLLIMATHR
LnERGY REs. LUl IUN FUR GROUPING = .07 LARGEST FRACTIOMAL ERROR = .20

eUTON LileRoY NEUTRON FLUX FLUX*EMERGY RELATIVE
(cy) (KRELATIVE UnNITS) (RELATIVE UNITS) UNCERTAINTY
De344+Ub 1,2436=10 6,7085=04 9,3993=02
449961400 1,1995=10 5.9928=04 1,0218=01
445592406 1,6450=10 7,4999=04 7.3221=02
4,1U45+00 1,7913=10 7.3524=04 7.5096=02
S3.7147406 2.2769=10 8,4580~-04 7.,0222=02
33779406 2.,2688=10 7.6638=04 7.5168=02
3,068494+06 2.8507=10 8,7941=04 6.,9384=02
2.02. 14406 2,7903=10 7.8921=0% 7.5540=02
2.60.0+U06 3,9828-10 1,0366=03 6,6164=02
2.4029406 4,2075=10 1,0110-03 6,7570=02
2.2255+U6 It,37935=10 1,1030=03 6,5623=02
2.U244Ub 5.5216=10 1,1277=03 5,7980=02
1.8591+J6 5.6322=10 1,0471=03 6,1901=02
1,699,406 6,2935=10 1.06%96=03 6,2687=02
1.5090+U6H 7.9618=10 1.2417=03 5.9208=02
1.4363406 8,4141=10 1,2085=03 6.2573=02
l.3270+V6 1,00629=09 1,4105=03 5.8350=02
1.2296+06 1.1065=09 1,3608=03 €,2234=02
1eid20+ub 1,2989=(09 1,4714=03 5,4454=02
1.03784uUb 1.3414=09 1,3921=03 5.8171=02
9,541 4+U5 1.5781=y9 1,5058=03 5,5380=02




RVIE -7 TapBLE £31 CCHPUTFD H“=7=h9
FASl imulitoae SPeCTAUY FU 1u.H INCHES L2 AT 7R DESREES USINA A tE=211
SeTLC IO d1as = 4032 STA (JAKD LIGHT UNITS 0487 INCH PRECOLLIMATNR

CNERGY aed JJTIuls Ful GRUUPLNO = 07 LARGEST FRACTIONAL ERRN: = ,20

NeUT Uil eneraY WEUT I FUX FLUX*ENERGY RELATIVE
(e.) (KeLATTIVE unITS) (RELATIVE UNITS) UNCERTAINTY
LeY2 44U 6,825=11 +.,3343=04 1,4249=01
¢34 0+Jb 4,7279=11 5.,5409=04 1,2554=01
Del4 . 3+VD 9,%05u=11 S.4134=04 1,2632=C1
S5e39444un o« 2742=10 6,R735=04 1,0715=01
4499, i+ub 1,0912=10 6,4510=04 1,1208=01
BeHo24un 1.4234=10 6,6263=04 9,N617=02
4elU4S+un 1,~546=10 6,7913=04 9,n354=02
Se7Li74un 1,865=10 7.3793=04 8,7504=02
3¢37 79400 2.23195=10 7.4645=04 8,7385=02
Jelu4tun 2.2J56=10 6.,8047=04 9,3405=02
CeHE 4t in 2.')212“10 802623-0“ 3.3826-0?
2.LU LHUC 3,45892=10 9,0810=04 8,1959=02
o4V I+ 00 3,n317=10 9,2072=04 8,1698=02
20220400 3,7121=10 8,2005=04 9,0176=02
2e04,44Ub 4,7253=10 9,6510=04 7.3250=02
les2'3L+UD 447512=10 R.3330=04 7.3915=02
leod304un 6,H057=19 1,1322=03 6,.,9058=02
150404 u0 h,5373=10 1,0196=03 7.6962=02
led43n0+Ud A, 1482=10 1.,1560=03 7.3432=02
1.3270400 6,~212=10 1,1308=03 7.6546=02
le22%0u+00 1,.071-09 1,2385=03 7.5733=02
leloo+Un 1.1293=09 1.,1660-03 7.1897=02
1.037¢+uu 1,1754=09 1,2198=03 7.2237=02
FeLFi0+Ud 1,2389=09 1,1821-03 7.4010=-02
BelBU,L+UD l.3836=09 1.2180~03 7.5133=02
BelH70+UD 1,4774=49 1,2036=03 8,0841=02

E-35



N 3 -T=04 TABLE E32 COVPUTFD s£-7=69
FAST hEuT 0w LPLCrRuit Fud 13,0 INCHES L2 AT 78 DEGREES uSI'iG A 1jE=211
JLTLCT0i 31ns = U3¢ STaDARD LIGHT UNITS 0,87 INCH PRECOLLIVATAR

AEMGE qEs uTIon FO GRCUPING = .07 LARGEST FRACTIOMNAL ERROR = ,20

E-36

HEUTRON LHEROY ICUT20H FLUK FLUX*EMERGY RELATIVE
(ey) (RELATIVE yudITS) (RELATIVE UNITS) UNCERTAINTY
Se0L. $+Y0O 1.,1814=10 6.6376"0“ 1.9936-01
4e73294VU0 1.2535=10 5.9339=04 1.9545=01
3.97.5%00 1,7036-=10 6.7676=04 1.6161=01
J.3011+006 2.,1931=10 6.,9417=04 1.,3402-01
2.87,34ub 2,J500=10 5.8892=04 1.9022-01
2+50)0+ub 3,187u=10 7.9691=04 1.9928-01
2ecdeultuo 3.6265=10 8,0751-04 1.,8388-01
109”},5‘*05 J3,96058=10 7.6203-0“ 109636"01
1.73..0+V06 4,3304=10 8,3977=04 1,7640=01
1.52%0+U6 6,3207=10 1,0635=-03 1.9233=01
1.4U:.4+00 5,9466=10 8,3752=04 1,9019-01
l.10..5+Ub 4,n923=10 5.5759=04 1.9937=-01
9.8722+U5 7.5067=10 T.4115=04 1,9570=01
3.6U35+uUd 1,1227=-09 9,6589=-04 1.,3445=01



AUN T4 -20=0ub TABLE £33 COMPUTEL u4=3N=z"

b AST W UTiK -, 5P CTRU FO« EYPTY DEWAR AT 0 GEGREES USING 2«1, 1'F=211

ceTECTOR U, a8 = ,U4233 STANUARD LIGHT UNITS 0,87 INCH PRECOLLIMATOR
LHEROY deoJculluls Fusk GROUPLNG = 407 LARGEST FRACTIO!AL ERRNK = ,20

NEUTKON ohieROY NEUTREOH FLUX FLX*EINERGY RELATIVE

(L) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
1.39,7+07 6, 7078=07 9,3420400 1.0344=01
lecd o+u7 1.1407=06 1,4072+401 7.4800=02
lelU 2447 «2153=06 2.1072+01 5.8704=02
Q8742400 3.5870=-06 3.5412+401 4,5244=02
3,911+00 5,5044=06 4,9050+01 3.9143=02
BeU8. 4+Ub 9,.5435=06 7.713u401 3.1889=02
7Ted0, 1400 1,3242-05 9,7515+401 2.,2971=02
6eTI7,4U6 1.7024=05 1.1874+402 2.6865=02
vela7u+ub 2.,1912=u5 1,3555+02 2.5681=-02
Se7Jds0+0Un 2.2926=05 1.4785+02 2.5033=02
5:272+Ub 3.0309=05 1,5979+02 2,4306=02
4,80, 7/+Ub6 3.5035=05 1,7910+02 2.3357=02
4.4075+ub 4 ,3759=05 1.954¢£+02 1.8563=02
40279400 5..23053=05 2.0966+402 1,2100=02
Je00. u+ud 6,.260=05 2.2727+02 1.,7587=02
Je32354Ub 7ec175=05 2.39R7+02 1.7138=02
3.U3 7+ub He'3145=05 2.7088+02 1,6098=02
2:78 .9+ub 1. 1130=04 2.8268+02 1.5363=02
2eD0, 3tUD 1.1059=04 2,9950402 1,5577=02
2e3157+ub 1. 3474=04 3,1983+402 1.5094=02
2.2U0U+Ub 1,5617=-04 3.,4357+02 1,4697=02
2.0ciutud 1.3237=04% 3,6857+02 1,2412=02
1l.534)3+06 2.1056=04 3.9875402 1,2051=02
1.0846+ub 2,5255=04 4,2545402 1,1764=02
1.5471+v0b 2.7225=04 4,2120+02 1,2066=02
l.4256+ub 3.0687=04 4,3754402 1,1979=02
1.3122+400 3,4117=04 4,4973+02 1,2019=02
Le2e234v0 J.o841=-04 4,5031+402 1,2250=02
1012(1’*JD ‘&.‘3123-04 5. 08“'0"‘02 1.0639-02
leUd6+u0 4,.5736=ul4 4,8269+02 1,1432=02
9.50 0%ub 2763=04 5.0133+02 1.,1325=02
HBe 77 74U5 S5.6767=04 4,9789+402 1,1777=02
Belelit+ud 5.9509=04 4,8325+402 1.2580=02

E-37



FUN T c=2u=bb TABLE E34 COVPYTED 4=30=49

PAST wiulit 'y oPLCTRUA FOic 2,4 INCHES LH2 AT  DEGREES USING A NE=211

ETLCION UinS = LJU8225 STANUARD LIGHT ULITS 0,87 INCH PRECOLLIMATOR
CoERGY SES Lui LuN Furt GROUPLNG = o07 LARCEST FRACTIO(AL EPRON = .20

U T L EROY HEUTHON FLUX FL-}X‘E-JLRGY RELATIVE

() (RELATIVE UNITS) (RELATIVE JUNITS) U'ICERTAINTY
1,39, 2+u? 4,419 =y7 6,1527+00 6,4243=02
lecd 2407 7 e949¢=07 9,.3104+0U0 5.0765=02
Le0969+u7 1.4916=U6 1.6406+01 3,8693=02
el 3Y9+ub 2.7133=06 2.6783+0U1 3,1272=02
BeYU ,1+ub 4,»nU89=06 4,1057+01 2.6069=02
H.U07%0+40v0 6, 1692=056 5.5500+01 2.3122=02
Te3610+06 9,2457=06 6.8062+401 2.1428=02
6.73: 1400 1.2355=05 8,3212+401 1.9920=02
beloslb+uo 1,5409=05 9,5511+01 1.9051=02
5.70i4+ub 1,5,21U0=U5 1,0380+02 1,R636=02
e/ c4ub 1.2816=05 1.0443+402 1,68773=02
44687y+ub 2., 2057=u5 1.12665+402 1,°416=02
Le4oS /400 2.2839=05 1,1985+402 1.4878=02
4.02c5+ubd 7 .%5965=05 1.2065+02 1.,4996=02
Jebbs14+Ub 3.5536=05 1.2968+402 1,4676=02
3.3225+Jd0 4,1758=05 1.3873+02 1,4254=02
340370+un 4, ~384=U5 1.,4241402 1,u072=02
2eTu7Y+Uh 5.2767=05 1,4711+402 1.3977=02
ZeDDTHYUD 5.i:314=U5 1.4974+02 1,4029=02
2¢37, +uo 6.9628=05 1,5620+02 1,3803=02
2el )04 Ub 7 ..689=05 1.664r+02 1,3531=02
2eUl i UL #, 1 7124=05 1.6300402 1.1994=02
letld 7445 9,2049=05 1.,6943+402 1.1925=02
lLebortuo 1,01137=04 1.7071+02 1,2007=02
leH4u+uoD 1,0155=0a 1,5706402 1,2823=02
l.42 5+Uo 1,1295=04 1,6096+02 1.2846=02
13177400 1.1575=04 1.5252+02 1,3455=02
le22:9400 1,1920=04 1.4565+402 1,4076=02
1.1‘bg+06 1.’&229-04 106025"'02 1.2“01-02
1.03:4+u6 1,413u=-04 1,4588+402 1.3635=02
Gel4d, j+5 1.5046=04 1,4291+02 1.3936=02
Be707024UbH 1,5£308=04 1.,4298+402 1,4468=02
Be1l,.1+4u5 1,029 =04 1,3229+02 1,5857=02
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wuN To =lu=uh TABLE E35 Cn IPYUTFD w=3N=xY
RS GEUTIG e sPLCIRU FO o 7,0 THCHES LH2 AT 0 DEGREES UISING A M =211
LETELIOn LLAS = JU4c3S HTANDARD LLIGHT UIITS 0,87 INCH PRECOLL MATNR

COERGY KELLLUNIUN Fuill GRAUPING = L07 LARGEST FRACTIO AL EPROK = 420

RELATIVE
UNMCERTAINTY

ArUTRON FLUX
(RELATIVE udITS)

FLUX*ENERGY
(RELATIVE UNITS)

NEJUTHDiI oY
(kyv)

l.4oZp+0u7 1,05905=07 2.,3047+400 6,20633=02
leougi+u7 3,527H=07 5.1415+400 4,2367=02
l.lo274U7 7.1945=y7 8,3722+00 3,2481-02
1ol c+u7 1,2356=06 1,3386+401 2.6196-02
9, 3710406 2.1200=06 1,9872+01 2.2223=02
Sel 7T+UD 3.4302=06 2,9084+01 1.8960=02
7.7U_1+ub 5,.0944=06 3.,926++401 1.6804=02
7.0379+U6 he. D8Y=p6H 4,4050+01 1.6319=-02
DelD1D+UH 7 .9300=06 5.1164+01 1.5551=02
5.935554u0 9.,1368=06 5.4528+401 1.56372=02
Se&7 :y+Unb 9,2163=06 S.4331+01 1,5604=02
S.U722+Jo 1,.040=05 5.3994401 1.6047=y2
4.6 2+ud 1,1096=05 5.,4131+401 1.3313=02
4elosg+ud 1,%077=05 5.4 +71¢01 1.3496=02
de70: GtUd 1,43581=U5 5.4192401 1.3728=02
el ctutd 1,5052=05 5.1571+01 1,4174=02
Jele: 3+uo 1.,4509=U5 5.1645+01 1.,4173=02
2+82970+U0 1,7609=05 5.049€6+01 1.4426=02
203 2400 1,4038=u5 4,7585+01 1.5068=02
2e43,0+ud 1.9293=05 4,6984+401 1.525h=U2
2¢22LY4U0b 2.1042=05 4,7442+01 1.5263=02
2.00%2+uUn 2.1215=05 4,3895+01 1.,3938=02
le8322400 2.2561=05 4,.2487+01 1,4323=02
l.72. 2+Ub 2.2340=05 3,9312+401 1,5022=02
1.57504u0 2.2018=05 3.5721+401 1,6078=02
le4242+Ub 2,2855=05 3.3236401 1,5919=02
1. 3434+ 0U0 2.2777=05 3,0599+01 1,7848=02
le24%4LtU0 2,0349=U5 2.5330+01 2,0055=02
leld4tn+ub 2.-139=05 2.6130+01 1.3116=02
leUD. c+ub 2,1449=05 2.2526+401 2,0421=02
9.69514u5 1, 2964=05 1,9275+01 2,2360=02
8.90',7"\15 2.6405"05 1.8172"‘01 2.3695-02
Bel24 . U+ud 1,7:733=05 1,5440+01 2,7037=02
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tuM T . ~2u=Dbh TAULE E36 CoMPUTED 4<-3n=(92
FAST WEUTKR_ 0 SPLCTRUY Fure 15,0 INCHES LH2 AT 0 DEGREES USING A tir=211
JETECION BLIAS = U433 STANUARD LIGHT UnITS 0,87 INCH PRECOLLIMATOR

LaEGY Rbs LUTION FOR GRUUPING = 07 ILARGEST IRACTIOMAL ERKOR = .20

RELATIVE
UNCERTAINTY

NEUTHUN FLUN
(RELATIVE uillITs)

FLUX*ELERGY
(RELATIVE UNITS)

MEUTHRON (LilereY
(C2)

l.b630+07 1,4095=07 2.1802+400 4,R429=02
Lo3Uua+u’/ 2,7952=07 3,6592400 3,5237=02
1elo37+U7 4,5809=07 5.3304+00 2.,8780=02
LeUbic+u7 7.5169=07 7.826€+400 2,4369=02
Q.4710U4v0 1.2728=06 1,1927+01 2,0419=02
Bl /7. 7406 1,7895=06 1,5171+01 1,R656=02
7.7U y1+Ub 2.5701=06 1,9811+401 1,6309=02
7.0079400 3.1141=06 2.,1213+401 1,6683=02
LeLID+Ub 3.4777=06 2.2436+01 1,6638=02
S4790406 4,n114=06 2.197e+401 1,7330=02
2.073c40U6 4,1862=06 2.1237+01 1,8040=02
4402 2400 «2019=y6 2.,0185+01 1,5334=02
4,1054+u6 4,5627=06 1,900:+401 1,6034=02
J.705+U6 4, 4574=06 1.6799+401 1.7240=02
del4eoc+ub 4,523u=U6 1,5839+01 1,7838=02
3.12.:5+06 4,6073=06 1,4601+401 1.8542=02
aobO7U*UU “057“9"U6 1.3119+01 1'9628-02
2e03,,24U0 4 ,4990=U6 1,1869+01 2.N853=02
2.4353+0U6 4,50U45=06 1,0629+01 2.2131=02
2e22uY9+U0 4, 862=06h 9,2140+00 2.3845=02
2eU0UZ2H+UD 4,1350=-06 8.5561+00 2.1654=02
levdic+uo 4,0795=06 7.6825+00 2.3029=02
1.7 ctub 3,5025=06 6.,5445+4+00 2.,5090=02
1.57454+U6 3,3813=06 5,3401+00 2.8266=02
leldbye+un 3,:.226=06 4,3955+00 3.1582=02
led4%4+ub 2.2078=06 3.9062+0N 3.3833-02
le2%hb+uo 2.4590=06 3,0610+00 3.8966=02
lel4totuo 2.4238=06 2.,7791+00 3,7490=02
l.0o02+V0 2,2790=06 2.3934400 4,2164=02
9,69514+U5 1,7517=06 1,6720+00 5.,1130=02
5e9UHTHULS 1,5090=06 1,3440+00 5.8768=02
helH U+u5 1,4717=06 1,2130400 6,4880=02
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KUN T5 2=24=56 TABLE E37 COMPUTED 4=14=-69

FAST NEUTRON SPECTRUM FQR EMPTY DEWAR AT 37 DEGREES USING 5=IN. NE=211
VETECTOR BIAS = 0447 STANDARD LIGHT UNITS 0487 INCH PRECOLLIMATOR
ENERGY RESOLUTION FOR GROUPING = «07 LARGEST FRACTIONAL ERROR = .20

E-41

NEUTRON ENERGY NEUTRON FLUX FLUX*ENERGY RELATIVE
(eV) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
1.,0240+07 2,8976=09 2,9671=02 1.8187=01
8,9850+06 9.,0621=09 4.,5483=02 1.7756=01
8.1404+06 8.214/=09 6.6912=02 1.4683=01
7.4182+06 1,5971=-08 1,1848=01 1.1179=01
0, 7845406 1,916U=-08 1,2999=-01 1.0976=01
6,2282+06 3,04186=08 1.,8945=01 9.2909=-02
5.,7378+06 3,0808=08 1,7677=-01 9.9062=02
S.3U32+06 4,8925=08 245945=-01 8.2829-02
4.9161+006 5,5742=08 2,7403=01 8.1718=02
4,4909+06 6,9955=08 3.1416=01 6.3888-02
4.0477+06 7.,598/=08 3.0757=01 6.5791=02
3.0671+06 1,0989=07 4.,0298-01 S5.8132~02
3,3377+06 1,4669=07 4,8961-01 5.3086=-02
3,0508+06 1,6445=07 5.,0170-01 5.2498=02
2,7994+06 2,1378=07 5.9846=01 4.8405=02
2,5778+06 2.848/=07 Te3434=01 4.4206=02
2,3815+06 2,7034=07 6,4381-01 4.7523=02
2.,2068+06 3,2248=07 7.1165-01 4.5751=02
2,0268+06 3,9686=07 8.,0436=-01 3¢ 7746=02
1,8462+06 4,5655=07 8.4288=01 3¢7454=02
1,0888+06 5,5225=07 9.3261=01 3.6018=02
1,55%00%06 6.383U=07 9.8975=01 3.5856=02
1,4288+06 7.5938=07 1,0850+400 3.4798=02
1,3208+06 9.3333=07 1,2327+00 J¢3227=02
1.2245+06 9.,2272=07 1,1299+00 J.5426=02
1.1285+06 1,0442=06 1,1784+00 3.2110=02
1.0943+06 1.,243U=06 1,2856+00 3.2176=02
9,5145+405 1,2925=06 1,2296+00 3.3372=02
8,7815+05 1,463U=06 1,2847+00 3.4041=02
8.1300+05 1,8958=06 1,5413+00 3.2758=02



RUN T3 2=24=p6 TABLE E38 COMPUTED 4=14=69
FAST NEUTRON SPECTRUM FOR 245 INCHES LH2 AT 37 DEGREES USING A NE=211
VETECTOR BIAS = ,0447 STANDARD LIGHT UNITS 0.87 INCH PRECOLLIMATOR

eNERGY RESOLUTION FOR GROUPING = +07 LARGEST FRACTIONAL ERROR = ,20

NEUTRON ENERGY NEUTRON FLUX FLUX*ENERGY RELATIVE
(EV) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
9,0021+06 2,9506=09 2.6562=02 1.4588=C1
7.7691+06 6,7115=09 S5.2142=02 1.4220=01
7.0906+06 8.3162=09 5.8967=02 1.3690-01
0.,4973+06 1,5832-08 1,0287=01 1.,0383=01
9.9755+06 1,9308=08 1,1537=01 1.0065=01
9.5141+06 2,4171=08 1,3328-01 9.5514=02
D.1042+06 J,4423=08 1,7570=01 8.4089=02
4.6549+06 5.,076U=08 2¢3628=01 6.0162=02
4,1879+06 6,3792=08 2,6715=01 5:7714=02
3,7878+06 8,3251=-08 3152601 5.3907=02
J.4424+00 1,0977=07 3.,7787=01 4,9568=02
3.1422+06 1.,4528=07 4.5650=01 4.49%97=02
2.,8796+06 1,7942=07 5,1666=01 4.2530=02
2.6480+06 2.,3045=07 6,1U37=01 3+9659=02
2.4444+06 2,487V=07 6.,0792=01 4.0071=02
2.2629+06 2,9870=07 6,7993=01 3.8215=02
2,0761+406 3.3307=07 6.9149=01 3.3305=-02
1.8891+06 4,0920=07 7.7313=01 3.1920=02
1,7262+06 9.,2121=07 8.9971~-01 2+9902-02
1.,5835+06 S4134=07 8.5721=01 Se1443=02
1.4579+06 6,0765=07 8,8589=-01 3.1537=02
1,3460+06 7.4088=07 9.,9767=01 3.0132=02
1,2476+06 7,7210=07 9,6327=01 3.1366=02
1.1489+06 9,2570=07 1,0636+00 2.7482=02
1,0522+06 1,0053=06 1,0578+00 2.8938-02
9.6721+05 1,1094=06 1,0730+00 2+9146-02
8,9¢€11+U5 1,2719=06 1,1347+400 2.9384=02
8,2544+05 1,3387=06 1,1050+400 3.1431=02
7.6597+05 1,5982=06 1,2242+00 3¢1794=02
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RUN 1e -g=0f TABLE [£39 COMPUTFD u=ll=,9
FRST WEJTIU 1w oPeCIRU FUlr 4,5 TH,CHES LH2 AT 37 DEGREFES USING A =211

CETECTOR d3A5 = 0447 STANDARU LIGHT UNITS 0,87 INCH PRECOLLIMATOR
LHEHGY eSS it ITuN Ful GRIUPING = 07 LARGﬁST FRACTIONAL ERROF = +20

NEUTRON civcRuY HeUTHIN FLUX FLX*ENERGY RELATIVE
(=v) (RELATIVE UNITS) (RELATIVE UNITS) UNMCERTAINTY
LeUB"H+U7 8,5068=10 2,5519=03 1,9996=01
He98u+ub 2.,9685=09 2.6672=02 1,6618=01
Bel4H4+406 3,9092=09 3.1842=02 1.5448=01
Te4liz+ub 5.5735=09 4,1345=02 1,3681-01
6o 7350400 9,7v64=09 6.6258=02 1,0806-01
60225400 1.3132=08 8.2100=02 9,9310=02
5.7378+ub 1,797u=08 9,7944=02 9,3157=02
SV ctubd 2.5511=08 1,3529=01 7.9838=02
4e91c140b 3.3446=-08 1,6442-01 7.3182=02
4e4919+U5 4,5335-08 2,0359-01 5.4781=02
4477406 S.5094=u8 2.2543=01 $.2841=02
3.6071+ub 7.5853=08 2,7816=01 4,8171=02
34337 7+u6 1,0262=07 3.4251~01 4,3570=02
JQUDUQ*Ub 1.19““-07 306“39-01 a.2306-02
24794 +00 1,5141=07 4,2386=01 3,9478=02
2.9/175+06 1,7893=07 4,3547=-01 3,9509=02
243015+U6 2.1095=07 5.,0238=01 3,6897=02
2.20,8+400 2.4U26=07 5.3021-01 3,6357=02
2e0208+0UL 2.2776=07 5,8323~-01 3,0418=02
l.84524 00 3,1766=07 5,8650=01 3,0834=02
1466 s+06 3,5295=07 5.9606-01 3,0937=02
1.597¢+u0 4,1045=07 6,4575=01 3,.0446=02
Lol 0+J6 4,4757=07 6.3949=01 3,1162=02
led2i u+Ub 5.,2403=07 6.,9214=01 3,0503=02
le2cud+ub 5,0456=07 6,9130-01 3,1147=02
1.12: b+u6 6,2335=07 7.0345=01 2,2583=02
1.03.54u6 7.“066-07 7.2“69-01 2.9“87-02
9.Hi: ,+UD 7.6208=07 7.2508=01 2.,9839=02
Oe/01H+UD 8,5584=07 7.5156=01 3,0597=02
Beloiiutud 9,)541=~07 7.3610=01 3,2697=02



KUN T1 —-24=06 TABLE E40 COMPUTED u=14=g9
FAST HWEUTRO SPeCTRUR Fut 10,9 ANCHES LH2 AT 37 DEGREES USING A MNE=211
TLCION UIAS = U447 STANDARD LIGHT UNITS 0,87 INCH PRECOLLIMATOR

EERGY LS LUTICN FUR GRCUPING = .07 LARGEST FFRACTIONAL ERROR = .20

E-44

WEUTRON chthoY NEUTHON FLUX FLUX*ENERGY RELATIVE
(E.) (KELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
B477: 1400 1,5037=09 1,31848=02 1,8171=01
7e70:1400 3,2099=«09 2.4938=02 1.5201=01
7.090+uc 5,1451=09 3,6482=02 1,2434=01
64975406 7.5588=09 4,9112=02 1,0865=01
5.97=54u6 1,0215=08 6.,1028=02 9,8501=02
5051(.11‘06 1.5928-08 7.6800-02 8.8927'02
S¢lUuct+ub 1,7761=08 9,0656=02 8,2744=02
4,0549+ub6 2.,2142=08 1,0307=01 A, 44R2=02
“01079+\)6 !259"’-08 1.3650-01 5.6561-02
37870406 3,9004=08 1,4774=01 5.5014=02
J.4l4, 44Ub 5.,4055=08 1.,8608=01 4,9162=02
3.14,2.400 6,)734=08 1,9084=01 4,R525=02
2.87Y90+Ub 7.1260=U8 2,0520-01 4,7112=02
2.04f0+Ub 8,7349=08 2.3135=01 4,4798=02
2elbbiug+ub 1,0230=U7 2.5006=01 4,3390=02
2.20.9+U6 1,0521=07 2.3606=01 4,4883-02
2.070,14 U6 1,2497=07 2.5945=01 3,7799=02
l.8861+0L0 1,4174=07 2.6776=01 3,7719=02
le7202+ub 1,6961=07 2.927e=01 3.6402=02
1.56254u6 1,:613=07 2.9474=01 3.7247=02
10“979"‘b() 1.5“61-07 2.691‘4-01 3.9960-02
1.3%c0o+UD 1.9656=07 2.6469=01 “.0913'02
lect7o400 2.,2236=07 2.,7742=01 4,0845-02
Lell Y4+ub 2.,3801=07 2.7345=01 3,7921=02
9e0721+U5 2.6983=07 2.509g=01 4,1691=02



WUl Te S=lou=tf TALLE E41 COMPUTFD mneme3=c9
WNTERMEGIATEL WEUTKON SPECTRUM FOR 13,0=INCHtS LH2 AT 78 NPEGRFES (SING
i DETECIOR COmPUSED OF A b4C=PARAFFIN DISK AND A NE=22¢ SCINTILLATOR

LB CY RES_LUlIuN FUR GRUUPLIG = .20 LARGEST FRACTIOI AL ERKOir = .20

NEUTRUIe ENERGY NEUTHON FLUX FLUX*EMNERGY RELATIVE
(Ev) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTALNTY
2eclbutit 7.0376=07 1,.7394+400 5.9038=02
1.60154U6 1,1050=06 1,9356+400 5.5910=02
lecYr3+00 1,3750=06 1.,7742400 6.,0423=02
9.50 7()“)5 20"‘979-06 2.3390*00 3.7910-02
bel47794US 4,0026=06 2.5908+00 3.7377=02
4e739%4+U5 5.1:988=06 2.7960+00 4,0200=02
Jebe.iutud 7.2113=06 2.6109+400 4,7151=02
2eTipu+ub 9,5700=06 2.5959+400 4,1569=02
2.00°9+u5 1,3610=05 2.7259400 4,7853=02
1eH374+ubH 1.9808=05 3,0492+400 5.2948=02
1el7u4405 2,.2934=05 2.7048400 5.4265=02
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WUN T4 lT=lo=ub TABLE Eu42 COMPUTED (.=23=,9

INTLRHESGIATE HEUTIROI SPECTRUM FOR 10,5=INCHES LH2 AT 78 DEGREES 11SING

n DETECTOR (u4PQSED) OF 4 BUC=PARAFFIN DISK AND A NE=226 SCINTILLATOR
ENERGY ES LUTLUN FOR GKOUPING = 420 LARGFST FRACTIONAL ERROF = .50

HWEUTHUOI ENERGY AEUTRON FLUX FLUX*ENERGY RELATIVE

(£.) (RELATIVE UnNITS) (RELATIVE UNITS) UNCERTAINTY
2ellua+ul 9+.3969=07 2.0855+00 5,.,3202=02
lesbolb+ub 103&37"06 2. 1993+00 Se 1757-02
1.2Y ;3400 1,7317=06 2.2344400 5.3127=02
YedoTotub 2.,7989=06 26219400 3,5610=02
be47,.94ub 4,32555=06 2.8193+00 3.,5232=02
be73794U% 7.2567=06 3,4395+00 3,5930=02
Jebe jo+us B,4049=(06 3.064E+00 4,2930=02
2¢71 54UY 1,3116=05 3.5577+400 3,5313=02
2.00,94Ub 1,7120=05 3,4290+00 4,2111=02
1.5394+u5 1,3074=05 2.,9363+00 5,3082=02
lel794400 1,7564=05 2.,0715+400 5,9954=02
9,0125+04 1,05250=05 1.6449400 7.9255=02
6e9235+0k 1,2666=05 8.7783=01 9,R295=02
5¢3H20404 1,3868=05 7.4222=01 1,1215=01
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nWUN Tu L=l T=uE TABLZ E43 CH'PUTED ¢.=23=69

INTERMAESLATL WEJTROI. oPECTRUM FOR 7.0=INCHES LH2 AT 78 DEGREFS 1)SING

4 DETLCIOK CUMPuSED OF A UUC=PARAFFIMN DISK AND A NE=226 SCINTILLATOR
EWEKGY rnES.LUTIuH FOR GrOUPLING = .20 LARGEST FRACTIONAL EPROF = .20

HEUTHKON EHEROY NEUTKON FLUX FLi)X*ENERGY RELATIVF

() (KELATIVE UNITS) (RELATIVE UNITS) UNCERTAIMNTY
22123406 8.,69R2=07 1.9304+00 7.0817=02
l.00]l54+u6 1,0840=06 1,8011+00 7.3245=02
1.29 J406 2.1274=06 2.,7450+00 6,1383=02
Jsd070+0U5 3,5000=06 3,2787400 4,0629=02
Lel47,94ud 4,5208=06 3,1205+400 4,3282=02
4,7399+U05 7.2387=06 3,4311+400 4,6186=02
3.0 0+U5 1,0343=05 3,7448+400 4,9703=02
2.7L.:95+U5 1,2015=0%5 3,2591+400 4,7235=02
200,945 1,1169=05 2.2370+400 6,8168=02
1e5344+4u5 1,0439=05 2.,5306+400 7.,1211=02
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Ul 1d i=i17=vi TABLE E44 CAMPUTFD fH=22=¢9
LieTermEL LATE wEUTOn %pEL‘RUL FOR 4.5=IJCHES LH2 AT 78 DEGREFS USING
A DLTECINIC comPust) UF A o4C=PARAFFIN DISK AnD A NE=226 SCINTILLATOR

LERGY HEs .ol Iuh Fur GhudPltic = .20 LARGEST FRACTIONAL ERROI: = .20

RELATT'E
UMCERTAINTY

NEUT=ON FLUX
(KELATIVE willTs)

FL JX*El ERGY
(RELATIVE UNITS)

e UTUN cileruY
(L)

el 10%U0 1,9914=96 3.5316400 6,0802=02
l.00; 34+ub 2.0531=06 4,3722+00 5,.4595=02
1.2 0+4Ub 3.1735=06 4,0948+00 5.48371=02
A, 3070+uH 60{1092-06 5.6292+00 3.6037'02
647, 94UD B,5019=06 5.5550+00 3,7477=02
447309400 1.4930=05 6,6264+00 3.R125=02
Jeb2 0+ud 1.%080=05 7.1282+00 4,1812=02
271, H+U5 2.,5705=05 7.7862+00 3.5567=02
ZOUU;"’*UL). 3. ’501-05 7.9117+00 u. 1867-02
1e50044 25 5e1880=05 9,0640+400 4,4879=02
1.1744405 6,3380=05 8,1834+00 4,5175=02
9. 0Ll50+00 9,.5521=U5 8.6096+00 5.2058=02
6e92204 04 1,7851=04 7.5192+00 5.01998=02
535 U4Uh 1,4357=u4 7.6839+00 5.6033=02
.17, +Us 9, 44y=05 3,8573+400 7.5378=02
Jecl?o+u4 2.2923=04 7.513G+00 6,8843=02
2eOU G+ U 4.\1317"0“ 1.0536*01 6.3603—02
CeUD 44Ul 2.5258=04 5.1789+00 6,7574=02
Lebiotu 3.41l20=-04 5.5080+00 7.1338=02
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U TLO y=1T7=ch TAULE E45 COPUTED nhe=23=o9
INTERMEQIATL 1icuTkOid qPLLTRUM FOR 2+5=I4CHFS LH2 AT 78 DFGREES uUSING
A DLTECiOR COomPUSED OF A 34C=PARAFFIN DISK AND A NE=226 SCINTILLATOR

LIVEN\-Y l'sf_b._;_Uli'J“ FuR GKIUPING = .20 LARGEST FRACTIONAL ERROP = 020

E-49

NeUTHKON LHILROY NEUTRON FLUX FLUX*EI'ERGY RELATIVE
(£y) (RELATIVE yUNITS) (RELATIVE UNITS) UMCERTAINTY
2.21G54006 2.,01287=06 4,5023+00 5.2559=02
l.boib+06 2.,5927=06 4,3075+00 5.3683=02
1.29 .3+00 3,98610)=06 5.1431+400 5.0833=02
9.5076+U5 6,7189=06 6,2940+00 3,.3005=02
O 729405 1,0560=05 6.8393+00 3,3077=02
e 7399+4uU5 1.7953=05 8.5095+00 3.3260-02
3.6 0405 2,3844=05 8,.,6330+00 3,7113=02
2+71, 24ub5 3,4792=05 9,4372+00 3.1560=02
2.0U;9+ub 5.0284=05 1,0472401 3.5245=02
1.53344U5 6.5740=U5 1,0120+401 4,1451-02
1179440 d.2961=05 9,.,7844+00 3.9873=02
QeUl23+04 1,2451=04 1,1222+401 4,4281=-02
LG+l 1,1371=04 7.8795+00 4,8679=02
S5¢35.04+u4 1,5540=-04 8.855u4+00 4,9938=02
Bellootuy 1,9643=04 8,1965+00 4,9938-02
J.27795+404 2.03921=04 9,2822+00 5.6433=02
2.00_ 4404 4,5747=04 1.1896+01 6.1780=02



nulM T11

o=1l/=cu

TABLE E4o

COMPUTED

(=2h=69

INTERMEUIATE EUTRON SPECTRU4 FOR EMPTY LH2 DEWAR AT 78 NEGRFES 1)STMe
A DeijeCilurd uiPuSE) 0F A o4C=PARAFFIN DISK AND A NE=226 SCIMNTILLATOR
LARGEST FRACTIONAL ERROR = .20

i)

NeUTnUIv eNLROY

neo LUl ITuil Fur GrROUPING =

(e.)

2eel 13+U6
l.vOoib+uo
1.29 15+u0
9ed070+uH
b4 /29+ub
4.7599+u5
5'62g0+05
2.71:5+ud
2.0UY+ub
1.50Z4+U5
1.17644u5
hobllb*dq
4.0370+u4

HEUTWUN FLUX
(RELATIVE UdITS)

2.:.359=06
5.5645=06
7.,9834=06
1.3182=05
2.3U355=U5
4,1197=05
4,9007=05
6.,7753=05
7.2941=05
7.1045=05
1,2732=04
1.1037-04
1,6045=-04

20

E-50

FLUX*ENERGY
(RELATIVE UNITS)

6.4047+400
9,7439+00
1.0307+01
1.2348+401
1,4923+401
1.9527+01
1.7961+01
1.8372+01
1.4609+401
1.0937+01
1,5016+01
9,3941+400
7.7207+400

RELATIVE
NCERTAIM

1,5659-01
1.2157-01
1,2245-01
7.5104=02
7.2351=02
B.8214=02
7.8724=02
1.0901‘01
1,6253=01
1,2838-01
1,9376-01
1,9943=01

Ty



RUN T L4 =1 l=v6 TABLE .47 COMPUTFD ¢=23=A9

WTeRMEULATE HEUTKO2 SPECTRUM FOR 13,0=INCHES LH2 AT 53 NEGREES 1SING

i DETEClu COIPUSED UF A 34C=PARAFFIN DISK AND A NE=226 SCINTILLATOR
JHERGY REsSopUlTuN FUR GROUPING = 420 LARGEST FRACTIOMNAL ERROK = «90

NEUTHKON eNEROGY NEUTRIN FLUX FLUX*ETERGY RELATIVE

(') (RELATIVE ynITS) (RELATIVE UNITS) UNCERTAIMTY
2.21°)3+u6 5,0523=07 1,1213+00 9.0167=02
1l.6030+U6 1.5032=06 2,1652+00 6,4820=~02
1.29:3+00 1,5530=06 2.1329+00 6,7574=02
9,3070+U5S 2.1n546=06 2,4867+00 4,4901=-02
o-‘of,_‘9+05 5.56“0-06 2.3203"'00 u. 8737-02
4.73509405 5.3418=06 2.7690+00 5.,0315=02
3e02. 0+Ud 5,9623=06 2.1587+00 6,3372=02
2.7125+ub 8,2502=u6 2,2379+400 5.4965=02
2.0029+U5 1,2776=05 2,7592+00 5.8222=02
1.5394+u5 1,1457=05 1,7637+00 8.5436=02
Lel7%%405 1.385u=035 2,2232+00 7.1796=02

E-51



BN TLS sl =06 TABLE E4a CO'"PUTFD (=23=59
LaTekmEulA e Hed TR 3PLLTRUY FOR 10,5=INCHES LH2 AT 53 NDEGRFES 11ST!G
A DETLCIOR COnlPUSE) OF 4, s4C-PARAFFIN DISK AlD A NE=226 SCINTILLATOR

LHEiGY wES LUl Tul Fur GROJPLING = .20 LARGEST FRACTIONAL ERROK = 450

RELATIVE
UHCERTAINTY

NeUTON FLUX
(KReCATIVE ynITS)

FLUX*EHERGY
(RELATIVE UNITS)

nedTiuin erichivy
(e.)

2,2L:54u6 8,1945=07 1,7964+00 5,5806=02
1.6615+U6 1,3043=06 2.1671+400 5.0761=02
1.29:.3+906 2.,0066=06 2.6665+00 4,73u6=02
9.3070+ud 3,0128=06 2.8223+400 3.3201=02
Oe47 94USH 4,1904=06 2.7124400 3,5285=02
447399+U5 6,7843=-06 3.,2157+00 3,594U=02
.62 16405 9,2768=06 3.3660+00 3,9772=02
2¢7i:54U5 8.,9633=06 2.,4313400 4,1089=02
20029405 1.109u=u5 2.,2212+400 5.0233=02
1.00944U5 1,5236=05 2.3454+400 5.6769=02
1.1794+U5 9,1766=06 1,0705+00 8.,1541=02
Heblis+Uuy 1,7018=06 1.4996=01 1,£078=01

E-52



KUN Ti1in \=17=0b TABLE E49 COMWPLTFD f=22=4/9
INTERMEUIATL EJUTRIN SPECTRUM FOR 7.0=INCHES LH2 AT 53 DEGREES USING
A DLTECTUR CompPrusSED OF 4 J4Cc=PARAFFIN DISK AND A NE=225 SCINTILLATOR

LHERGY HKES,LUINION FUR GRUUPING = .20 LARGEST FRACTIONAL ERROF = 450

AZUTRON FLUXL
(RELATIVE ynITS)

FLUX*ENERGY
(RELATIVE UNITS)

RELATIVE
JMCERTAINTY

NLUTRO ENEROY
(L)

2:2130+4006 1,1152=06 2.4750+400 4,8570=02
lebCclbtuo 1,5868=06 2.8026+00 4,5601=02
1.2304U5 2,9732=06 3,8363+00 4,0327=02
9,3070+U5 4,5147=06 4,2292+00 2,7844=02
el 7,9405 7.7350=06 5.0068+00 2.,6530~02
Be73094U5 1,1319=05 543651400 2.,8550=02
Je0200+U5 1,4975=05 5.4218+400 3.2062=02
2:71.54U5 1,7753=05 4,8155+400 3,0073=02
2.00,9+405 2.2311=05 4,4687+00 3.6768=02
1e¢5594+U5 2.,9U50=05 4,4720+00 4,2808=-02
1e179440U5 3,7028=05 4,4376+00 4,1079=02
9,01l35+04 4,2764=05 3,.,8544+400 5.2016=02
009/.‘):)"‘04 Q.bUOd—OS 3. 1185‘."00 5.2668'02
5e35, Uu+UY 4,7°431=05 2.6455+00 6.5724=02
al7. 0bud 4,2422=05 1.7702+00 7.3841=02
3.2775+04 4,9112=05 1,6096+00 1,0758=01
2.0U004+u4 9,909=06 2.,5924=01 1.0827=01
2¢00u+uld 7.4293=05 1,5295+00 8.,2423=02

E-53



WU TL7 l=1/=v0 TABLE ES5) COMPUTFEU fa=25=¢9
LodTedE sl AT (IEUTRON '.BPL':C TRUL] FOR 4+5=I:CHES Hz AT 53 DEGREFS LSING
A OeTECIUK CumPusE) OF A u4C=PARAFFIN DISK anD A NE=226 SCINTILLATOR

piERGY ELSLUTIUN FOR GrROJPING = .20 LARGEST FRACTIONAL EPROR = 4,20

RELATIVE
UNCERTAILMNTY

HeUTRON FLUX
(KECATIVE UHITS)

FLUX*F!ERGY
(RELATIVE UNITS)

WEJT KON ciNeituY
(cy)

2.2l 50+U¢ 1,5728=06 3,4905+400 6.2932=02
1.6015+Uh 2.,4709=06 4,1054+400 5,7977=02
1.29;3+ub 4,n822=06 5.2673+400 5.2963=02
9.3070+ud 6,5812=06 6,4460+400 3,4690=02
4729405 1,1514=05 7.4529+400 3,3352=02
447599405 1,97368=05 9,4172+00 3.3150=02
Se02J0L+UD 2,6787=05 9,6985+00 3,6911=02
2.712540U5 3,3897=05 9,1546+400 3,.3567=02
2.0029+u5 3,0654=905 7.7420+400 4,3093=02
1¢53954+U5 5,2002=U5 8,0976+00 4,8832-02
1.1794+u5 6,3271=05 7.4622400 4,3912=02
9,0133+04 8,c425=05 7.7897+400 5.6705=02
6e9295+U4 8,753820=05 5.9469+400 5.9080=02
H5edo, Utul 9,27684=05 5.3404+00 7.,0273=02
4.17¢_u+U‘+ 100165-0“ 6.7“53"’00 5.8926"02
3.2775+04 1.,4016=04 5.9047+00 7,6923=02
2.0U04+04 2.5041=04 6,6677+00 7,3934=02
2.0004+04 20(")“‘90-0‘* 5.“315+0n b.ﬁ\,'JFJ?-UZ
leoitotuy 3,0067=04 4,8537+00 7.9682=02
1e2732404 3.9760=04 4,5530+400 7,7152=02
l.0U 5404 5.4921=04 5.5377+00 7.6584=02

E-54



KUN 10 <=lt=ob TABLE ES) COVPUTFD ¢=25=29

LNTERMEDINTL NEUTROIM SPECTRUM4 FOR 13,0=INCHFS LH2 AT 37 DEGRFES (JSThG

A DETECTOR LumPUSED OF A d4C=PARAFFIN DISK AHD A NE=226 SCINTILLATOR
CHERGY bS5 LUTIUN FORR GROUPLNG = .20 LARGEST FRACTIO*AL ERROR = .20

NEUTHUN ENERGY NEUTRON FLUX FLUX*EMNERGY RELATIVE

(Ev) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
2e21304U6 1,39R88=06 3.1044400 5.,R026=02
l.bw354U06 1,9028=06 3.,1615+00 5.7448=02
1,291 3+U0o 2.4501-06 3,1614+00 S.9444=02
9.3076+u5 34150&4=06 2+¢9512+00 4,4108=02
b7, 9405 3.,73%96=06 2.4206+00 5.0637=02
4e7399+405 4,6842=06 2.2203+400 5.9028=02
Je62(+uS 5.1.583=06 1,8676+400 7.2932=02
2071):)"’05 5,.,2125=06 1,4139+400 7.4744=02
20U, 94uU5 6,0379=06 1,2093+400 9,2450=02
1 obé'}“f‘bs 5.7620-06 8.9008-01 1 0280“-01
1. 17‘.‘0"'\;5 6.(:“35-06 708353'01 1,32“5-01
9.ul35+0L4 1,1554=05 1,0414400 1,3131=-01

E-55



KUN Tel u=1lb=06 TABLE ESg COVPUTEL 6H=25=¢9

INTERMEUIATL WEUTRON SPECTRUM FOR 10,5=INCHES LH2 AT 37 DEGREES uSING
A DLTECIOR cumbPuSED OF A BUC=PARAFFIN DISK AMD A NE=226 SCINTILLATOR
LuERGY RESOLUTIUN FUR GROUPLNG = .20 LARGEST FRACTIONAL ERROR = 420

whbuTrRON ENERVY NECUTRON FLUX FLUX*ENERGY RELATIVE
(ev) (KELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
2:2153+Ub 1,4952=06 3,3183400 5.,3683=02
1,605H4U6 2.1660=06 3.5988+00 5.1503=0:2
1,295 5406 2.8912=06 3.7305400 5.2342=02
9.3070+u5 4,223U=06 3,9559+00 3,6637=02
G T,9405 2 2629=06 3,4714400 4,0656=02
u.75c3+u5 6,9532=06 3,2957400 4,6274=02
J3.02L0+05 7.3386=06 2.6570+400 5,8722=02
2.712540U5 9,1592=06 2.4844+00 5.3916=02
2.0029+U5 1,2215=u5 2.,4465+400 6,4820-02
1.5594+u5 1,1179=05 1,7209+00 B8,5749=02
1.1794+u5 8.7410=06 1,0310+400 1,1111-01

E-56



RUN 122 d=l0=L6 TABLE ES53 COMPUTED (.=25=¢Y
INTERMEUTATE NEUTKOH %pLCTRUM FOR 7.0=INCHES LH2 AT 37 DEGREES USING
s DETLCIOR CurPUSED OF 4 B4C=PARAFFIN DISK AND A NE=226 SCINTILLATOR

enERGY AESTLUTIVI FOR GROUPING = .20 LARGEST FRACTIONAL ERROR = .20

NELUTROIN ENERGY NEUTRON FLUX FLUX*ENERGY RELATIVE
() (RELATIVE uUNITS) (RELATIVE UNITS) UNCERTAINTY
2¢2L33406 ?.6225=06 5.8201+00 4,0791=02
l.0015406 3,5953=06 6,1397+00 3,.96R4=02
1.29"34+06 5.0556=06 6,5232+00 3.9841=02
9.30704+u5 5.0513=06 7.5421400 2.6688=-02
b7 .94ub 1,1046=05 7.1500+400 2,8421=02
447999405 1,6097=05 7.6295+00 3,0817=02
3.6270+0U5 1.,9165=05 6,9389+00 3.6564=02
2¢7Lz5+405 2.0490-05 5.5579+400 3,6084=02
2.00z294ub 2.6767=05 5.3612+00 4,3193=02
1¢53944u5 3,3323=05 5.1297+00 S.1164=02
lel7%4+05 3.6010=05 4,3185+00 S.4074=02
79714404 4,0494=053 3.2279+400 7.2212=02
LezbTh+UY 2.5263=05 1.0781+00 1.,4942=01
2eUb  L+0Y 7.2430=05 1.5126+00 1,2632=01
l.18050+ub 1.,2576=04 1,4119+400 1,3079=01
beddHUTLD J,.284=04 2,0939400 1,2403=01
3e24:94U3 4,1225=04 1,3394+400 1,4592-01
14 8+03 1,0360=04 1.5424=01 1,0311=-01



RUN T23 3=18=06 TABLE ES4 COMPUTED 6=25-69
INTERMEDIATE NEUTRON SPECTRUM FOR 4.5=INCHES LH2 AT 37 DEGREES USING
A DETECTOR COMPQSEL OF A B4C=PARAFFIN DISK AND A NE=226 SCINTILLATCR

ENERGY RESOLUTION FOR GROUPING = «20 LARGEST FRACTIONAL ERROR = .20

E-58

NEUTRON ENERGY NMeUTRON FLUX FLUX*ENERGY RELATIVE
(EV) (RELATIVE UNITS!) (RELATIVE UNITS) UNCERTAINTY
2.,2193+06 343158=06 7.3588+00 J.4155=02
1,6615+06 4,8715=06 8,0940+00 Je2544=02
1.2903+06 7.7933=06 1,0056+01 3.0217=02
9,3676+05 1,2462=05 1,1674+01 2:0289-02
6.4729+05 1,9706=05 1,2755+01 2¢0111=02
4,7399+05 2.,9217=05 1,3849+01 2:159%=02
J3.,6200+05 J+6859=05 1,3345+01 2+4842=02
2.,7125+05 J3,9148=05 1,0619+01 2.4689-02
2.0029+05 4,776U=05 9.,5659+00 J3¢0350=02
1,5394+05 5.,3200=05 8.,1988+00 3¢8473=02
1,1794+405 9,6141=05 6,6213+4+00 4.0696=02
9.,0133+04 7.2778=05 6.5597+00 4.8633=02
6.9295+04 7,3637=05 5.1027+00 5.0125=02
5.,3520+04 7.,8903=05 4,2229+00 6+1898=02
4,1728+04 7.6689=05 3,2001+00 6:6637=02
3.2775+04 1,1953=04 J3¢9176+00 T7.3681=02
2.,6004+04 7.9942=05 2,0788+00 1.1918=-01
2,09504+04 1,164/=04 2.3881+00 8¢1759=02
1,3592+04 2.2542=05 3,0639+01 1.8634=01



RUN T24 J=19=66 TABLE ESS COMPUTED 6=25-69

INTERMEDIATE NEUTRON SPECTRUM FOR 2¢5~INCHES LH2 AT 37 DEGREES U3ING
A DETECTOR COMPOSEL OF A B4L=PARAFFIN DISK AND A NE=226 SCINTILLATOK
ENEKRGY RESOLUTION FOR GROUPING = 20 LARGEST FRACTIONAL ERROR = .20

5 AT INTERNAL SEQUENCE NUMBER 0103¢LOCATION 014000

NEUTRON ENERGY NEUTRON FLUX FLUX*ENERGY RELATIVE
(EV) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
2,2193+06 3.7510=06 8.3246+00 J300236=02
1.,6615+06 5,8636=06 9.7424+00 2¢7931=02
1,2903+06 8.6057=06 1,1104+401 2¢7079=02
9,3676+05 1,5113=05 1,4157+01 1.7351=02
6.4729+05 2,6725=05 1,7298+01 1.6294=02
4,7399+05 4,3041=05 2,0401+01 1.6804=02
3,6206+U5 5.,3735=05 1,9455+01 1.9424=02
2.7125+%05 6,3274=05 1,7163+01 1.8317=02
2.0029+05 7,5816=05 1,5185+401 2+2843=02
1.5994+05 9,2041=05 1.4169+01 2¢T437=02
1,1794+05 9,5349=05 1.1245+401 £¢9460=02
9.0133+04 1,1785=04 1.,0622+01 3.5847=02
6,9295+04 1,0842=-04 7.5130+00 3¢9193=02
5.3520+04 1,4971=04 8,0125+00 4.2524=02
4o,1728+04 1,3448=04 5,6116+00 4.7522=02
3.2775+04 2.,1091-04 6.8995+00 S5e¢3164=02
2.6004+04 2.3146=04 6.,0189+00 6+6285=-02
2.0004+04 2.7275=04 5.5921+00 4.9975=02
l.6145404 3.,2157/=04 5.1911+400 5.7620=02
1.,2752+u4 2,7559=04 3.5088+00 6.6082=02
1,0083+04 4.,1145=04 4,1484400 6.2403=02
8.0292+03 8.9448=04 7,1820+00 61476=02
6.3844+03 6.69/0U=04 4,2756+00 7.8039=02
9.,0443+03 9,2974=04 4,6899+00 6.4712=02
4,0034+03 6,5301=04 2,6143+00 8.7171=02
3,1979+403 6.,7609=04 2.,1621+00 8.9016-02
2.5453+03 1,2145=03 3.,0913+00 73403=02
2.,0248+03 1,5519=03 3.,1423+00 T.4702=02
1.6149+03 3.3079=03 S¢3419+400 S5¢7774=02
1,2884+03 3.,7758=03 4,8647+00 6¢3500=02
1.0274+403 5,0866=03 5.2260+400 6.1176=02



Ul 125 L=19=06 TASLE ES6 COMPUTFD f=2h=¢9
LHTEMMEUIATE HEUTRON SPeCTRUM FOR EMPTY LH2 DEWAR AT 37 DEGREES U(SING
n DETECTOR COMPUSED OF A B4C=PARAFFIN DISK AND A NE=226 SCINTILLATOR

LHERGY wEsLLUTIUN FOR GRUUPING = .20 LARGEST FRACTIONAL ERROR = .20

E-60

NeuTRUN EoeiRoY NEUTRON FLUX FLUX*EMNERGY RELATIVE
(E) (<FLATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
2¢21954UH 4,1021=06 9,.2369+00 4,8031-02
l.0b1H+ub 5.6333=06 9,3597+00 4,7652=02
1.2903+v0 9,8531=06 1,2713+01 4,1844=02
9.3070+05 1,69089=05 1,5915+01 2,6923=02
47399405 4,7619=05 2.,2571+01 2.6161=02
3.0200+U5 5.4320=05 1,9669+01 3.2146=02
2e71:0+U5 6,2574=05 1.6973+01 3.1217=02
2.UU0,94U5 7.6451=05 1.5312+01 3.,9984=02
145094405 9,2589=05 1.4253+401 5.N364=02
le17%44u5 9,ii770=U5 1,0705+01 6,0165=02
9.,0135+u4 9,2417=05 8,3298+00 8,9214=02
6.9295+04 8,8992=05 6.1667+00 1,0779=01
Se3D2U+ult 9,3007=05 5.,0098+00 1.,6213=01



KUN 127 =19=06 TABLE ES57 COMPUTED 6=25=(9
INTERKMEUIATL WEUTROI SPECTRUM FOR 13,0 INCHES LH2 AT 15 DEGREES USING
A DETECIGR COMPUSED OF A S4C=PARAFFIN DISK AND A NE=226 SCINTILLATOR

ENERGY RESOLUIIGN FOR GRCUPING = .20 LARGEST FRACTIONAL ERROR = 20

E-61

NEUTRON _NERGY NEUT<ON FLUX FLUX*ENERGY RELATIVE
(Ey) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
2:.21959+U6 3.,3517=06 7.4364+00 4,1024=02
1.6015+06 3,~272=06 6,0266+00 4,5539=02
1,2903+U6 4,0365=06 5.2083+00 5,0689=02
9.3676+405 4,9664=06 4,6523+00 3.,8738=02
64729405 4,9986=06 3,2355+00 4,7815=02
4e73994U5 5.3978=06 2.5585+00 5.,9613=02
3.6200+U5 6, 4074=06 2.3416+00 7.1175=02
207125*05 6.‘603"06 1.70354‘00 7.“003-02
2.0029+ub5 6,4152=06 1,2849+00 9,7312=02
1.5394+405 3,4941=06 5.3788=01 1,7514=01
1.1794+0U5 5.,1171=06 6,0351=01 1,6485=01
BeUOZT7+04 1,0975=05 8,84R88=01 1.3063=01
52539404 7.9295=06 4,1661=-01 1,9389-01



FUN 128 A=1Y=uLb TABLE ESa COMPUTED f=25=w9

INTERHEVEATE NWEUTRON %PEuTRUM FOR 10.5=INCHES LH2 AT 15 DEGRFES 1'SIlg
A DLTECIUR (QinPOSL) OF A HUC=PARAFFIN DISK AND A NE=226 SCINTILLATOR
LHERGY RESCLUYNIVN FOR GROUPING = .20 LARGEST FRACTIONMAL ERROR = 420

AEUTRUN LNERGY NEUTRON FLUX FLUX*ENERGY RELATIVE
(cy) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
2:2195+U06 5.2032=06 1.1681+01 3,1114=02
l,00,0+U0 6,0893=06 1,0217+401 3,.3408=02
1.2Yi10+4U6 7.6946=06 9,9283+00 3.,4900=02
9.3670+U5 9,2142=06 8.6315+00 2.6958=02
64729405 1,0079=05 6.5240400 3,2075=02
4,7999405 1.2944=05 6.1353400 3.7242=02
d.62{6+US 102655-05 “05819+00 '&.8622-02
2¢71:54uU5 1,2750=05 3.4584+00 4,9447=02
2.0U029+u5 1,:436=05 3.6925+00 5.5815=02
1.5594+u5 2.,1255=05 3,2720+400 6.,9505=02
1.1794+40% 1,3737=05 2.2098+00 8.N064=02
9,0L35+04 2,7645=05 2.,4917+00 9,2848=02
6+9295+ul 1,5795=05 1.0945400 1,2309-01
5.¢3520+04 2.5811=05 1,3814+00 1,2039-01

E-62



KUN 129 2=]19=0b TABLE ES9 COMPUTED 6=25=69
INTERMEULATL WEUTRON SPECTRUM FOR 7.0=INCHES LH2 AT 15 DEGREES USING
A DETLCIOR CuMPUSED OF A B4C=PARAFFIN DISK AND A NE=226 SCINTILLATOR

CSHERCY sESQOLUTICN FOR GROUPLING = 420 LARGEST FRACTIONAL ERROKR = +20

E-63

NEUTHON pieRuY NEUTRON FLUX FLUX*ENERGY RELATIVE
(c.) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
2.2195+U6 7.6968=06 1,7082+401 2.4508=02
1.6015+U6 9,5720=06 1,5905+01 2.5384=02
1.29)3+Vo 1,21299=05 1.,7160+01 2.5295=02
9,3070+U5% 1,7061=05 1.5982+01 1,.8869=02
6.4729+05 2.2325=05 1,4451+401 2.,0616=02
4.7399+U5 2.7470=05 1,3021+401 2.4163=02
3.60200+U5 2.79507=05 9,9592+00 3,1469=02
2.71254U5 3.0076=05 8,1581+400 3,0836=02
2.002940U5 3.4075=05 6,8249+00 3.9445=02
15394405 4,2837=05 6.5943+00 4,6845=02
1e1794405 5.2758=05 6,2223+C0 4,6245=02
Q.U120+404 5.5025=05 4,9596+00 6,0237=02
6¢9290+04 6.1275=05 4,2463+400 6,0467=02
5.3020+04 9,0832=05 4,.,8613+400 6.3823=02
bel7zo+U4 1.0734=04 4,4791400 6,1039=02
32775404 1,3298=04 4,3584+400 7.4247=02
.60 4+ 2.,7400=04 7.1251+400 7.2112=02
2.0904404 2.6008=04 4,1024+00 6,6785=02
l.olyo+04 2.9084=04 4,6950+00 6.9656=02
1le273c+U4 3.2258=04 4,1071+400 6,9505=02
1.0V003+04 4,5461=04 4,5838+00 7.,0552=02



UN TS0 L=19=0h TASLE Eé6p COMPUTED ¢.=25=49
INTEiHEULATE WEUTRON SPECTRUM FOR 4.5=I'CHES LH2 AT 15 DEGREES 15 ING
A DETECIUR COMPOUSED OF A d4C=-PARAFFIN DISK AND A NE=226 SCINTILLATOR

wERGY KESSLy FIuN FUR GROUPING = .20 LARGEST FRACTIOMNAL CRROR = 450

E-64

HeUTON LaeRoY HEUTRON FLUKX FLUX*ENERGY RELATIVE
(£.) (KELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
2.2195+0U6 1,0042=05 2,2286+01 2.0879=02
lebb{o+U0 1.3551=05 2.2681+01 2.,0690=02
1.2903+ub 1,3196=05 2.,3481+401 2.1054=02
9,3570+u5 2.6722=05 2.,5032+01 1,4728=02
4709405 3.9390=05 2.5497+401 1,5139-02
4,7399+uD 5.1753=05 2,4530+401 1,7231=02
Je62,0+05 5.4321=05 1,9667+01 2.1811=02
2.71254U5 5.3511=05 1,4515+401 2,2445=02
2,0U29+4U5 5.,9721=05 1,1962+401 2.9148=02
1.53944uH 6,6722=05 1,0271+401 3,6418=02
1.1794+J5 7.9209=05 9,3419+00 3,6418=02
9.0155+uy4 8.8981=05 7.9931400 4,6474=02
6.9200+U4 1,0078=04 6,9830+00 4,5980=02
S¢3020+U4 1.,1009=04 6,2131+400 5.,4074=02
Bel7,20+04 1.2484=04 5.2093+(00 5.5902=02
Jez770+Uk 2.,0420=04 6.6946+400 6,35628=02
2:.0004+04 4,2270=04 1,0992+01 6,0746=02
2eUJ04+UY 2.5787=04 5.2874+00 5,R222=02
l.01454U4 3,4230=04 5.5267+00 6.,2137=02
1.2732404 4,5040=04 5.5562+00 5.3621=02
1l.U0335+04 J.4l41=04 3. 4424400 7.6923=02
340292403 8,3904=-04 6,7368+00 7.1247=02



RUN 131 L=l =06k TABLE E6l COMPUTED f=25=44
INTERMEU L ATE WEUTROW %PECYRUM FOR 2+5=1CHES LH2 AT 15 DEGREFS L5ING
A DETECTOR COMPUSEN OF A B4C=-PARAFFIN DISK AND A NE=226¢ SCINTILLATOR

EHERGSY RESOLUTION FUR GiOUPING = .20 LARGEST FRACTIONAL ERROKK = 420

E-65

NEUTHON cHLROY NZUTRON FLUX FLUX*ENERGY RELATIVE
(c.) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
2:.21354+uH 1.1944=05 2,6507+01 1,9178=02
1l.60!5+U0 1,7263=05 2.8682+401 1,8437=02
le2905+00 2.4867=05 3,2086+01 1,8055=02
9.,307c+uU5 3.5231=05 3,6750401 1,2222=02
64729405 6,3233=05 4,0933401 1.,1997=02
4,7399+05 8.6830=05 4,1157+401 1,3413=-02
3.0200+u3 9,4568=05 3,4239+01 1.6642=02
2.7125+u5 9,9767=05 2.7062+401 1,6590=02
2.0U. 9405 1,1147=04 2.,2326401 2.1313=02
1.5394+u5 1,2374=04 1,9049+01 2.,7013=02
11794405 1,2040-04 1.,4908.. 01 2,9283=02
9,013v3+U4 1,5289=04 1.,3780+01 3.,5529=02
0+9295+04 1,4622=04 1,0132+4+01 3.8462=02
S35, 0+Uk4 2.2105=04 1,1831+401 3,9778=02
Bel7.20+04 2.1294=04 8,8856+00 4,3121=-02
32775404 3,4014=04 1.,1345+401 4,7576=02
2.0U 4404 3,29697=04 1,0323+01 5.3763=02
2.09554+04 4,3541=-04 8,9276+00 4,4614=02
levi43+ul4 5.7987=04 9,3608+00 4,8269=02
1.2722+04 6,5459=04 8.3342+400 4,8679=02
LeUUR3+00 8,1467=04 8.2143+00 5.,0912=02



HUN T32 A=1Y9=ce TABLE E62 COMPUTED ¢=26=49

LuTermbdlate NEUTRO SPECTRUM FOR EMPTY LH2 DEWAR AT 15 DEGRFES uSING
A DETECIUR COMPUSED OF A 3uC=PARAFFIN DISK Al A NE=226 SCINTILLATOR
LHERGY AES LUTION FOR GROUPING = ,20 LARGEST FRACTIOMAL ERROR = 450

HedTUn ENEROY HEUTRON FLUX FLX*ENERGY RELATIVE
(cv) {RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
2.2193+06 1,6361=05 3,6310+401 2.7542=02
1.6015+06 2.6492=05 4,4016+01 2,4903=02
1.2933406 4,1581=-05 5,3652+01 2.,3312=02
9,3070+U5 7.1919=05 6,7371+401 1,5079=02
6'“729'.'05 03516-0“ 8. 1015"'01 1.“2“5"02
447399405 1,8072=04 8.5659+401 1,5602=02
3.02006+05 2.,0780=04 7.5236+01 1,9035=02
2.71254U5 2,1973=04 5.9602+401 1,9248=02
2.0029+405 2.4182=04 4,8434+01 2,5823=02
1.5394+05 2.,6231=04 4,0380+01 3,4448-~02
141794405 2,5482=04 3,0053+01 4,0775=02
9,U133+uU4 2,2340=-04 2,0136+01 6.,8904=02
6.9295+04 1,7205=04 1.,1922401 9,9403=02
Se3H20+U4 1,7082=04 9,1423+00 1,5523=-01

E-66



RUN Tou tTmlY=0h TABLE E63 COMPUTED (=25=1"7
INTLRMEUL ATE EUTRON QPECTRUM FOR 13,0=INCHLS LH2 AT 5 nFGREFS USING
A DETECIUK COMPUSED OF A B4C=PARAFFIN DISK AND A NE=226 SCINTILLATOR

LENERGY Re5CLUTION FOR GHOUPING = 420 LARGEST FRAGCTIONAL ERROR = .20

E-67

WEUTRUN LMNERGCY HNEUTRON FLUX FLUX*EHERGY RELATIVE
(e\v) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
22193406 1,1224=05 2,4909+401 2.0562=02
1.6615406 9,0043=06 1.,4961+401 2.6525=02
l.2903+0U6 9,1241=06 1.1773+01 3,0945=02
9,30764+U5 8,0994=06 7.5872+400 2.7633=02
He47294uUH 7.5152=06 4,8645+00 3.,5861=02
4.73994U5 7.2788=06 3.7345+00 4,6048=02
Jeb210+05 8.,2334=06 3.1982+00 5,6024=02
2. 7125+uU5 9,6784=06 2.,6253+00 5.5140=02
2.00,29405 8.3118=06 1.6648400 8,0090=02



Ul TA7 A=]Y=06 TABLE E64 COMPUTFD h=23=r9
AINTLRMEUIATE HEUTROIN SPECTRUM FOR 10,5=INCHES LH2 AT 5 DEGREFS USING
A DLIECTUR CouPuseDd OF A 34C=PARAFFIN DISK AND A NE=226 SCINTILLATOR

LHERGY (ESLUTIUN FOR GROUPING = ,20 LARGEST FRACTIOnAL ERROR = 450

E-68

WEUTIHON ElicRoY NEUTRON FLUX FLUX*ENERGY RELATIVE
(cy) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
2+21935+u6 1,7968=05 3,9876+401 1,6054=02
1.6615406 1,5375=05 25546401 2.0064=02
1.2903+u0 1,5195=05 1,9606+01 2.3714=02
9.,3670+U5 1,4902~05 1,3960+401 2.0152=02
64729405 1,4496=05 9,3831+00 2.5554=02
4e7399405 1,5581=05% 7.3852+400 3,2168=02
Je.0200+US 1,5991=05 5.7897+400 4,1225=02
2:71254U5 1,4420-05 3.,£114+00 4,4473=02
2.0029+u5 1,6578=05 3.,3204+00 5.6469=02
105594*05 2'0715-05 3- 1889400 6.7“81-02
1.1794+405 1.4780=05 2.2149+400 7.7429=02
9,ul3s+ul 201195-05 1.9106*00 9.5001-02
669295404 3,3913=05 2.3500+00 8,1379=02
De23cY+UY 1.7742=05 9,2842=01 1,5394=01
3.9995+04 1.6186=05 6.,4741=01 1,7100=01
JelU2¢+U4 5.,1468=05 1.5966+00 1,4374=01
24332404 3.0573=05 7.4390=-01 1,7303=01



HUN

InTeMEDLTATL HEUTRUN DP~CTRUM FOR 7.0=INCHES LH2 AT S DFGREES USING

[

4=19=60

TAULE E6%

COMPUTFD +=25=x9

A DLreCior comPUSLED Or A B4C-PARAFFIN DISK AMND A NE=226 SCINTILLATOR
CHERGY RES5LUTIul FuR GROUPING = .20

NEUTHON CiveRuY

(=v)

242L93+40UA
1.60154+06
le29038+uUb
Ye3070+U5
bl 729405
4o 7399405
J.b&UO*US
2e71l,04U5
2.0029+05
LeDJ34+05
1el72440U%
9.0125+u4
heI2C0+UY
'.‘)-3:).'04-04
well7o54+uU4
30277310“
2e0U. 9+Ui
2.U2004+U4
lLiol 3404
1.2 ,3:"‘U'+
1.0U534u4

3,7381=05
3,5364=05
3.,6872=05
4,0105=05
4,1194=05
4,3075=05
“.0324-05
3,4931=U5
4,0178=05
I, 2063=05
5.3738-05
705J91-05
b.b*02-05
1,1d490=04
1,2337=04
1.U775-Uq
3.3027=04
2,3259=04
3.3438'0“
4,.080=04
6,7760=04

NZUTRON FLUX
(¢LATIVE uUnNITS)

E-69

LARGEST FRACTIONAL ERROR

FLUX®ENERGY
(RELATIVL UNITS)

8,40694+01
6,0751+401
4,7576+01
3,7569+01
2.6664+401
2,N1417+401
1.,4600+401
1,0452+401
8,0473+400
6.,4752+400
6.3372+400
6.8403400
4,6012+00
6,3635+00
5.1“80+00
5.4990+00
9,8885+00
4,7690+00
5.3979+400
6,1223+00
541270400

KELATIVE

UHCERTAINTY

1.15%6-02
1,3419=02
1.5721’02
1,2721=02
1,5715=02
1,9960=02
2,3061=02
3,7987=02
4,8679=02
4,7673=02
5,3452=02
6.,0302=02
5.7073=02
5,9976=02
7.0888=02
6,5233=02
6,3838=02
6.78R4=02
5,9976=02
6.5653=02

20



KUN {39 s=2U=un TABLE E66 COMPUTED 6H=25=49

anTembolnie WEUTKON %pECTRUM FOR 4.5=INCHES LH2 AT S DEGREES USING
W DETECIOR ComPuSED JF a4 S84C=PARAFFIN DISK AND A NE=226 SCINTILLATOR
CHERGY weorLUl IuN FOR 8rOJPING = .20 LARGEST FRACTIONAL ERROK = .20

NEUTHON clEROY NEUTRON FLUX FLUX*E{IERGY RELATIVE
{£) (KELATIVE yunITS) (RELATIVE UNITS) UNCERTAINTY

2«21533+00 6,3U007=y5 1,3983+02 1,0180=02
l.0015+V0 6,3979=05 1,0630+02 1.,1720=-02
1.29 3406 7.1352=05 9,2065+01 1,3077=02
9.3070+uS 8.2228=05 7.7028+401 1,0331=02
64729405 9,5217=05 6,2280+01 1,1951=02
447399405 1.0369=04 4,91456+01 1,5033=02
3.h2%L+UD 9,0210=05 3.,2661+401 2.1011=02
27125405 8,2735=05 2.2442401 2.2345=02
2.0029+405 8.~166=05 1,7258+01 3,0072=02
1.5394+40U5 8,1236=05 1,3583+01 3,9442=02
1.1754+uU5 9,3555=05 1,1624+401 4,0879=02
9,0433+04 1,2775=04 1,1514+401 4,8314=-02
649295+0% 1,2750=04 8,8351+400 5.1031=02
530, 0+U4 1,3208=u4 9,7449+400 5.4636=02
Y4el76+ub 2.1661=04 9,0387+00 5.2228=02
J3.277+0% 3,3261=04 1,1131+01 6,3423=02
2.0004+04 v 5,.,3201=04 1.,4094+01 6.,5067=02
2000 4+uli 4,5213=04 9,2705+00 5.4011=02
lelWo+Ub 7.7213=04 1,2464+01 5.2030=02
272, +ult 6,13% =04 7.8169+400 6.1663=02
l.Gur3+ub 9,3353=04 9,4128+00 5.9804=02
8.0292+403 1,7790=03 1.,4284+01 6,1757=02
63854403 2.2274=03 1,4859+01 5.7890=02
SelUtuotud 2,2053=03 1.1124+01 5.8461=02
GoUulu+ud 2.9155=03 1,1672+01 5.7054=02
341979403 3,0388=03 9,7178+00 6,0366=02
2eD453+403 4,0162=03 1,1750+01 5.,3513=02

E-70



Ul T40 L=2U=tL6 TAULLE E67 COMPUTFD (=25=¢9
sidThpeibws e EUTRON SPLCTRUM FOR 245=INCHES LH2 AT S5 DEGREES USING
i bLieC Ui LOmPUSED OF A u4C=PARAFFIN DISK AND A NE=226 SCINTILLATOR

CHERGY RES,LUTIUN FUR GRrOUPLNG = .20 LARGEST FRACTIOMAL ERROR = 20

NEUTRUN LNERGY NEUTRON FLUX FLUX*EIERGY RELATIVE
(cy) (KRELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
2.2193+0U6 6,6963=05 1,4861+402 1,3061=02
l.60i%+V0 8.1334=U5 1,3514+402 1.3707=02
1.2903+u6 1,0396=04 1,3417+02 1,4254=02
2,30706+05 1,3656=04 1.2980+02 1,0475=02
bo“!7¢9+05 l.(‘546-0‘+ 1.2005+02 1.1305-0?
4,7599+0L5 2.2414=04 1,0624+402 1.3389=02
Jeb2iu+ud 2.1746=04 70873“+01 1.7707-02
2.7125+U5 2.0269=04 5.5792+401 1.8544=02
2.0U29+uh 2.0227=04 4,0513+01 2.5598=02
1.5394+05 2.0782=04 3,1992+401 3.3518-02
1.1794405 2.0542=04 2.,4227+401 3,.6840=02
Q.ul3o+04 2.4770=04 2.2326+01 4,.5464=02
6.9295+Ult 2.1242=04 1.4720+01 5.1400=02
5,35 u+Uk 4,3307=04 2.1572+401 4,7864=02
G4e1720+404 J.8274=04 1.5971+01 5.2044=02
32775404 6. 0B674=04 1.9886+01 5.6870=02
2.60004404 1.,0092=03 2.6243+401 5.92u5=02
2.0504+04 7.5372=04 1.5454+01 5.3255=02
l.0l43+U4 9,9425=04 1.,6050+401 5.9623=02
le2722+04 1,2070=03 1,6131+401 5.6344=02
l.0U; 3404 1,3698=03 1.8853+401 5.4579=02
Bel292+uUd £.7694=03 2.,2236+01 6,3577=02
LedUKY+US 5.6300=03 2.3175+401 €,0623=02
SeU4i3+03 4,6895=03 2,3655+01 5.,2472=02
4.0U34+03 5.,1316=03 2.0545+01 5.6174=02



Ui Tel TALE E68 COMPUTFD ¢ =26=gY

=P Uu=Uf
INTERMEULATE NEGTKOI SPECTRU, FOR EMPTY LH2 LEWAR AT S NEGREES (i ING
A DLTECIOK CoiiPuse) oF 4 u4C=PARAFFIN DISK AND A NE=226 SCINTILLATOR
LHERGY b9 eIt Fur GRCUF LG = 20 LARGEST FRACTIO AL ERROM = 420

U T LHeiRGY HEUTRON FLUK FLUX*E*ERGY RELATIVE

(£.) (rELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
Cec i id+ud 1,3426=04 2.9801+402 1,4053=02
lLebb ' H+Ub 1,4080=04 3,0040+02 1.,4035=02
le2'd . 3400 24H5300=04 3.,2652+02 1,3979=02
9,30 70+UdH 3,20/41=u4 3,7228+402 9,5155=03
Ped /. 9+L5H e i1293=04 3,9027+02 9,6834=03
GeTI-Y+UD £,1769=04 3.,8758+02 1.0986=02
:).b(‘..‘t}‘.ljb 5?.._\1“9-0“ 3. 1915"02 1-3931-02
2e7i; HHUY S.H50RB=04 2.4582+02 1.4408=02
2eUU, Y4+UDH 9,4d354=04 1.,899a+02 1,9874=02
1936405 G,5949«04 1.538n+02 2,7165=02
le)75440b 9,5729=04 1,1290+02 3.3093=02
YeUL "3+ul 7e3590=04 6.6156+01 6., 4617=02
DeYelin+ius L ,4731=04 3,4461+401 1,2473=01

E-72



n HBalin Uk

KUND Rlre Z=cLl=bb

P U TiUn ENeROY

(ey)

249951+l
95.8099+00
2¢39p0+00
24U292+00
19537400
1e1931400
9.5213-U1
707759‘U1
Oelto72=U1
De “b”l-ul
406770-01
400*33-01
3eOd490=Ul
delei/=ul
2¢7131Y=ul
247, 4=01
2.1224=01
1.7015=01
1.8029=ul
1.201¢2=vul
1.0778=u1
9.302d-u2
Be24010=02
Te29533=02
0+5U3y=u2
HebB87Y=uUZ
4,8918=02
Be2o9=02
5.75J3‘02
degYun=U2
2493495=u2
205914-02
2¢20%7=02
1.99;4-U2
1e772y=02
LeDdpu=ue
lebl12-u2
10&“71’0&
1OIU;H-UE
9,927 ¢g=uS
BeBbl=035
7e8BO07=u3
TeOr4i=u3

4,7553=03
1,3709=02
3.1325=02
U4 ,9775=02
7.6603=02
7.3554=02
9.5398-02
1,1209=01
1,0464=01
loWQOb-Ol
2,2330=01
2.3114=01
200520'01
2.144u=01
3.2“24-01
4,2481=01
L gH»307=01
4,1989=01
“06165-01
Hu352=01
7.0U057=01
7.1742=01
7.0420=01
1,0528+00
1,2339+400
1,7586+00
2.2702+00
2.9358+400
3,7132+U00
4,3185+00
7.0048400
1,0913+01
1,76809+401
3,0062+401
7.,0934+01
1,1826402
1,9696+402
2.4878+02
2.7186+02
2.010+402
3,0850+02
3.1300+02

TABLE

THERMAL ML, Tu'l SPECTRU Y FOR 13,0=INCHES LHZ
22 VERTICAL BFas DETECTORS
enERGY batiul Tun FOR GROUPING = 10

MU TRON FLUX
(hELATIVE UNITS)

E-73

E69

AT 37 DEGREES USIHNC

I,=3=9

LARGEST FRACTIONMAL ERROE = 420

FLi ) X*Er.ERGY
(RELATIVFE UNITS)

1,4052=-01
8,0333=02
9,0736=02
1,0250=01
1,1787=01
8.7757=02
9,0831=02
8.,7138-02
6,7673=02
7.8699=02
1,0445-01
9,3596=02
9,3875=02
6.6908=02
809876-02
1.0528-01
9,6160=02
7.3544=02
7.0798=02
8.,0517-02
7.6377=02
6.5729=02
5.9120=02
5.7939=-02
6.8472~02
7.0183=02
8.6027=02
9.6527-02
9,4593=-02
1,2252-01
1,4163=-01
1,9707-01
2,4704=-01
3,5536=-01
6,7484=01
1,1256+00
1,6689+00
2.,4563+400
2.,7600+400
2,6990+00
2.,5306+00
2,4224+400
2.2305+00

RELATIVE

UNCERTAINTY

1,3600-01
1,7443-01
1,9061-01
1,5751-01
1,3001-01
1.6894=01
1,4894=01
1,5679-01
1.9323-01
1.5435-01
1,2014=01
1.,2219-01
1,1708=01
1,6028=01
1.1516=01
1.0243-01
7.6070=02
9.5818=02
1,0239=01
8,0728=02
8.1716=02
9.3002-02
1.0633=-01
1,0703=01
9,3503=02
7.““52-02
5.7204=02
5.,4755=02
5.6139=02
4,8426=02
4,6064=02
3,2659=02
3,0291=02
1.3502-02
1.4481=02
1,0849=02
9,.1535=03
A,RB61=03
9,2182-03
8.9723=03
9,5071-03
1.,n0202=02



RUNS K1rKe g=d0=6o0

CONT Lhew

THERMAL Neo Tkuld SPECTRUYM FOR 13,0=INCHES LH2 AT 37 DEGREFS USINMG

rABLE E69

A BALKW uF 32 VERTICAL BFX DETECTORS
LNERGY nboacLulION FOR GROUPIMNG

HEUTRON koY

(£.)

0e2010=0LJ
5.H9: 7T=uUS
4.97by-u3
bo4471=Ud
5097UO-03
5-5442-03
3.10g7-u3
e 30=Ul
dnble‘UJ
2e2205=03
2¢017c=03
1.8U73=03
1.02;1=03
l.40ony=U3
1. 50")1'!)5
1.1674=u3
1l. 0"”70-“;5
94Uy /=ult
Jebliio=UlL
TeH176=Uk
6079.0—b4
GelUlu=ul

3,2484+02
3.2.866402
3.,5084+02
3.3907+02
35.2801+02
4,0621+02
4,1571+02
4,2217+02
4,3102+02
4,4582+02
4,4935+402
4,5957+02
4,3624+402
I}, 7906+02
4,6071+402
3,3767+02
3,.0321402
3.3754+02
3.0924+02
2.“058+02
2.0011+02
2.2081+02

WNEUTKRON FLUX
(KRELATIVE UNITS)

«10

FLYX*ENERGY
(RELATIVE UNITS)

y= ‘-;‘g

LARGEST FRACTIOHAL ERROR = 420

2.7306+400
1,8269+00
1,7454+400
1.7302400
1,5407+400
1.,4468+400
1,3148+400
1.1920+00
1,086%+00
1,0051+400
9,0643=01
8.1251-01
7.,0719=01
6.2331-01
5,2297=01
4,5257=01
3.8014=01
3.1748=01
2.6114=01
2.1262=01
1.7004=01
1,3472=01

RELATIVE

UNCERTAINTY

9,6608=03
9,8819=03
1,0235=02
R.7702=03
9,2258=03
9,3653=03
1.0193=02
1.0575=02
1,1551=02
1.1949=02
1,3135=02
1,3859=02
1,5675=02
1,6750=02
1,8063=02
1,9316=02
2.1951=02
2,4192=02
2.6892=02
2.9996=02
3,3606=02
3,7429=02



KUNS 1i4 01O 2=c U=t

THEKR ‘AL i
AN BALWW uF se
Kb.oshul ot

Labdsun

b U T g

()

2e'dunitul
Ted472400
+e 3725400
cesY,0+U0
2.&39&*00
10J557+UJ
1.1921400
9odeJ-Ul
Tl759=01
LeHu7z=U1
5o40ol-ul
“0077U-Ul
Goutipo=ul
Jeboti=ul
5014'7-U1
2e7719=01
2el47 i4y=ul
2ellig=ul
le7515=ul
le40u9=ul
le2012=ul
laU723=ul
Q.98 c2=u2
Bel2% u=u2
Ted?d  3=u2
DeDUty=u2
Hebd79=yu2
et 3=ul
“-du!9-u2
e 7315=02
Je29)H=u2
2.9305—02
2eo¥14=u2
2-20:/-U2
1.9944=02
1e773y=u?2
1036:C‘UC
ledlice=ue
1.847;-J2
lelUdu=u2
QeI TH=~ul
BeO4%:1=U3
70&)2/‘U3

IHUtl SPAC Ny
vt TACAL BF Y DCTLCTORS
Fuil GROUJUPLING = o109

LILRoY

FOR

HEUTRON FLUX
(KRELATIVE UnNITS)

4.9Q91-03
1,7065=02
2.&577-U2
5.&471-02
6.493U“02
1,0471=01
1,4053=01
1.5099-01
2.0i020=ul
2.&63d-01
2.3190-01
2.5057-01
J.6339=01
3.1qu-01
4.1750=01
4.1037'01
h,:027=01
FeH919=01
7.5434-U1
8.&692-01
1.,1014+400
q,4685=01
1,7185+00
1.2405+400
1.U919+UO
1,2922+00
1,27135+400
2.,1207+400
2.7149400
3,.009+00
5,3803+00
6,7392+00
1,0321+01
1,6075+U1
2.7987+01
5.5590+01
1,0255+02
1.5950+02
2,7083+02
3.3374+(0.2
3.09583+02
3,13952+402
4,1020+02

TABLE E7)

E-75

10,5=INCHES LHz AT 37 DEGP{FS USINCG

y=3=a9

LARCEST FRACTINNAL ERROE = a0

FLUX*E {ERGY
(RELATIVE UNITS)

1.,4625=01
1,2979=01
1,1621-01
1,4619=-01
1,3370=01
1,6112-01
1,7482=01
1.5326=01
1,6030=01
1,4640-01
1,2675=-01
1.246%=01
1.4715=01
1,1007=-01
1.3030-01
1,1375=01
1,1903=-01
1,3991-01
1,3212-01
1,3037-01
1,3781-01
9.1273-02
9,555¢=02
1,0222=-01
7,9657=02
8,4042=02
1006““-01
9,R849=02
1,1543=-01
1.“178-01
1,7752=01
1,9957=01
2,6746=01
3,7747=01
5.5845=01
1,0033+00
1,6273+400
2.3364+00
3,3775+00
3,7C25+00
3,6319+00
3,4453+00
3.,2675400

PELATIVE

UHCERTAINTY

1.3992=01
1.,6337=01
1,7447=01
1.,3171=01
1,3701=01
100777-01
9,6726=02
1,0736=01
9,7757=02
1,0352=01
1.1341=01
1.13848=01
9,1560=02
1,1687=01
1,0364=01
1.0787-01
9,9124=02
6,4350=02
6.6741=02
6,7764=02
6,N815=02
R,N226=02
7.6555=02
7.4797=02
9,4511=02
9,1225-02
5.9024=02
6,5804=02
5.8603=02
5.,2277=02
4,6125=02
4,3349=02
3.2899=02
2.7805=02
2.3564=02
1,7710=02
1,4171=02
1.0820=02
9,2717=03
9.,0805-03
9,4246=03
9,1170=03
9,6378=03



RUNS

K4rX3 2=2U=ho

CUNT {NU=U

TABLE E£70

THERMAL WL TRON SPECTRUN FOR 10,5=INCHES LH2 AT 37 DEGREES USING

A BANK JVF

LNERGY sESQLUTION FUOR GROUPLNG

NeUTKON ENEROY

(Ev)

7.0141=03
502310‘“3
HeD07=UL3
“09750-U3
“04“71-03
3.97,,8=03
JeDHUc=0U3
301”27-03
248235=ud
2e5216=U3
2¢2545=u3
200172-U3
1.6075=-u3
1-Da]l-UJ
1.49i4=03
leduhl=Ud
lelo74=u3
leU4ro=U3
JebUhT7=ul
Edlbdgo=-ult
TebT70=14%
6o 795 b=k
o.lUlU=UH

NSUTRON FLUX
(RELATIVE UNITS)

4,1461+402
4,4575+02
4,5030+02
4,7394+02
5.3435+02
5.2237+02
5.5303402
5.6781+402
5.2156+4+02
6,0835+02
6,2379402
6,2507+02
6,2181+02
6.2595+02
H.23131+402
505895402
5.3922+02
5.0891+02
4,7584+02
4,3994+02
i e11051402
3.,6096+02
3,2025+02

22 VERTLICAL BF3 DETECTORS

= +10

2.9081+00
2.786u4+00
2,5031+00
2.3579+00
2.3763+00
2.,0861+00
1,9600+00
1,7956+00
1,6703+00
1.5341+400
1.4063+00
1.2609+00
1,1238400
1.0147+00
8.6118=01
7.2949=01
6,2946=01
5.3263=01
4,4756=01
3.7151=01
3,0350=01
2.,4541=01
1,9538=01

E-76

FLUX*ENERGY
(RELATIVE UNITS)

LARGEST FRACTIO!NAL ERROR

KELATIVE

4=3=69

UNCERTAINTY

1,0564=02
9,7751=03
9,9988=03
1,0426=-02
8.8599-03
9,4177=-03
9,5039-03
1.0336=02
1.0574=02
1.1489=02
1,1957=02
1,3170=02
1,3953=02
1.6749=02
1,8161=-02
1,9582=02
2,2227=02
2,4506=02
2,7253=02
3,0572=02
3,4460-02
3.8976=02

.20



KUND KSeRu g=2lU=bb TABLE E71 H=3=69Y
THER AL oo Iul SPECTRUY FOR 7,0=INCHES LHZz AT 37 NEGREES USIMNG
A BAWA UF 22 VEKRTLCAL ©F3 DeTECTORS

LINERGY KESALUTIUN FUR GRUJPLNG = 405 LARGEST FRACTIONAL ERROI = 420

E-77

HEUTRON EMLROY HEUTRUN FLUX FLiX*ENERGY RELATIVE
(=) (KRELATIVE ynNITS) (RELATIVE UNITS) UNCERTAINTY

Yot o+U1 5 e 329=03 2.4935=01 1.0590=01
let830401 1,1468=02 2.7399=01 1.0947=01
73472400 344393 7=02 2.,8314=01 1.0472=01
4,37.5+00 7e0919=02 3,4507=-01 8.,0759=02
2¢8960+00 1.1774=01 3.,4105=01 7.8016=02
2+0562+00 1,4215-01 2,9272=01 8.,A454=02
1eD357400 2,.,0884=01 3.2134=01 7.7697=02
1.1931+400 2.4751=01 3.4303=-01 7.0601=02
9.5215=u1l 3,2361=01 3,0812=01 7.4908=02
TeT139=01 5413815=01 3.0174=01 7.4797=02
6.4072=01 4,9433=01 3,196S=01 7.0158=02
S5.ho1=01 Hed0l2=01 3,1715=01 6.8216=C2
4,0770=01 6e5308=01 3,0548=01 6.7009=02
4.0495-u1 H.9703=01 2.4176=01 R,4235=02
Jcbd')d-ul h.‘_5457-01 2.“586—01 7.7856-02
3ellUT=ul Be1578=01 2.5458=01 7.2923=02
e 1T19=u1l 9,1263=01 2.5020-01 7.5615=02
el 4=ul 1,2098+00 2.9984=01 6,7418=02
2e2292=01 1,3479+00 3,0047=01 6,4343=02
2¢01,7=ul 1.5185+00 3.,0608=01 6.5500=02
led315=Ul 174842400 3,2678=01 6,0897=02
le6715=u1 1.2784+00 2.,8054=01 6,7976=02
1.5815=ul 1.6359+400 2.,5054=01 7.4694=02
1.40; 4=ul 1.,1952+400 1,6833=-01 9,7436=02
-cg'ﬁJ—dl 10&)'094’00 2.0“1“‘01 8.132‘*-02
1l.2028=ul 1,7935400 2.1572=-01 B,2960=02
lelirb=ul 1.6665+00 1,8606=01 8,7953=02
LellOc=ul 1,7729+30 1.8424=01 8,R129=02
9,69(,1=ud 1,4953+4+00 1.,8377=01 9,P243=02
9.005=U2 1,0328+00 1.,4807=01 1,0421=01
BeIys=u2 1,7960~00 1,6964=01 9,6224=02
Te9020=02 2.5892+00 2.0667=01 8,2751=02
TeSa2/=u2 2.1772+00 1,6352=01 1.0347=01
7.0850=u2 2.4871400 1.7607=01 9,353u=02
6085 i=u? 2.7103+00 1,8119=01 9,5225=02
6ed2u4=U2 2.3382+00 1.7944=01 9,2457=02
5.9003=02 J3,3934+00 2.0081=01 B8,5372=02
HeOB 1=u2 3,2853+00 1.8661=01 9,h415=02
D.2032=02 3.5996+00 1,8945=01 6.6815=02
4aTTou=02 4,0468+00 1,9311-01 6,4130=02
4e3460p=u2 5.3322+U0 2.3177=01 5.6968=02
3.9759=yp Hen373400 2.3407=01 5.7847=02
Je050 =0 8,0395+00 2.:9533=01 5.1259=02



RUNS 115rRu 2=¢0=6H
CUNT I NULD

TrbERMAL NE ' TRUN SPECTRUIL FOR

A BANK UF 32 VEKTICAL BF3 DETECTORS
ENERGY RESHLUTIUN FOR GROUPLING 3 405

NEUTRON BEERGY

(cy)

JedLig=02
5.11,&-U£
2e8041=U2
2.0820=u2
2¢5007=02
2.5375-02
2-190U-U2
2:094¢=02
1.9340=u2
1.5230-02
1.7223=02
1.6295=U2
loS“QX-UZ
l.4053=u2
1e37:2=02
1e27¢9=u2
1016HO-U2
lelUto=u2
100367-U2
9071]O-U5
9ollbb-U3
Be0730=03
840770=0L3
Te0250=U3
Te20i5=03
beb219=03
Heb70=03
DelLST=0]
5.06939~03
S5e3062=03
5,0110=u3
be7119=03
4,4445=u3
“.1963-U5
3.90' ,5=u3
3|7bh7-U3
3.5650=03
3300 7=U3
Jdeloliu=ud
2¢9171 2=y}
2.8Ui4=0d
2605 /=00
2e5URb=U3

9,4226+U0
1.3164+401
1,6759401
2.0170401
2.5287+01
302613+01
4,4103+01
5.2065401
7.0922+01
9,4324+401
1,3027402
1.2034402
2.1761*02
2.7541+402
3,2513+02
4,1816+02
u,3682+02
5.2885+02
5. “()18+U2
5.7201+02
6,0384+02
6,2934+402
603289+02
6,5446+02
6,6023+02
6,7335+02
6,6980+02
7.2519+02
6,3500+02
7.0533+02
7.4272+402
6,1170+402
8.,2771+02
7.986H+02
8.,2060+02
8.,4987+02
895690+02
8,:2069+02
8.7784+02
9,2402+02
9,3275+02
9,4033+02
9,5848+02

TABLE E71

HNEUTRON FLUX
(RELATIVE URITS)

E-78

LARGEST FRACTIONAL ERROK

FLUX*E!'ERGY
(RELATIVLC UNITS)

3.1700=01
4,0943=-01
4,8335=01
5.4096=01
6.3235=-01
7.6700=01
9,6586=01
1.7706+4G0
1,3721+00
1,7201+00
2.3470+400
2.9386+00
3,3601+00
4,035%€+400
4,4712+400
503395*00
5.7863+00
5.8639+00
5.,6622+00
5,5552+00
5.,5051+00
5.3955+00
5.,1122+400
4,9895+00
4,8011+00
“05935+00
4,3320+00
4,4155+400
3.9003+00
3.,7636+00
3,7218+00
3.,8271+400
3.6786+00
3.,3513400
3.2566+00
3,1944+00
3.0548+00
2.9633+400
2.7749+400
2,7492+400
2.,6167400
2.4916400
2.4024400

7.0=INCHES LH2 AT 37 DEGREES USIMNG

RELATIVE

UNCERTALINTY

5.0914=02
4,44264<02
“.09“8-02
3,9527=02
3,6338=02
3,3609=02
3,0053=02
2,9236=02
2,6067=02
2.3547=02
2.0377=02
1.8360-02
1,7321=-02
1,6013-02
1,2600-02
1,1750=02
1,1463-02
1,1595=02
101985-02
1.2330-02
1,2590=02
1,2933=02
1,3524=02
1,3908=02
1,4419-02
1,4856=-02
1,5150~02
1,2602-02
1,3031=02
1,3638=02
1,3845=02
1,2726=02
1,2546=02
1,2892-02
1,3240-02
1,3605-02
1,4185=02
1,3135=02
1.3855-02
1,4234=02
1,4896=02
1,5576=02

.'?l‘]



WUNDS Y lky c=clU=r

CONT LivUtls

THER«nL k. Thuld SPECTRUG FOK

n BEAIK ub o VERTICAL BFs DETECTORS

LivEREY

WEUTHRON EHeROY

TALLE E71

sbhotLUtIuNn Fult 6rOUPING = 05

(Ev)

aoblhI—UB
2e205U=uUd
2elcv=yd
2o UULWJ-U:’
1 .093.5-03
le76%0=03
le0I41=u3
l.0Ue1l=Uu3
1051.5‘U5
lolid u=u3
143, u=ud
127 9Y=ud

oh’llO"UJ
lol4uy=y3
LeUBi1=ud
10 0‘-1'(.)-03
QT2 43=0l
Fedil=uls
Hel4 2y=ui
GecBlu=ul
Tesd1U=LY
Tedlio=ul
TeUd 0=ult
LN L=l
DeOU L 4=ul4
5.90/9=Ul
De0L'U=UY

903968+UZ
9,.,9282+02
9,7750+02
1.0084403
9,71384+02
9, 30868+02
9,ul83+02
1.,712u+03
9,7182+02
9,7701+02
2,5059+02
9,3977+02
Dl 3+02
9, 3450+02
9,1v65+02
B.O472402
B, 7470+02
845129402
80363b+02
B.0225402
T,7429+02
7.42974+02
T.1997+02
6.0%304+02
©e5203402
1079402
53134402

NEUTRON FLUX
(KELATIVE UNITS)

E-79

LARGEST FRACTIONAL FRROW

FLUX*ENERGY
(RELATIVE UNITS)

2.2790400
2.2362+00
2.0819+00
2.0232+00
1,8400+00
1 06830*00
1,6254+00
1 .u75b#00
1'3987+00
1,3066+400
1,22764+00
1,1486+400
1.0741400
9.97“1"01
9,1959=01
8.505a=01
7.8439=01
7.2424=01
6,6438=01
6.,0635=01
5.,5101=-01
5. 0360-01
4,1080-=01
3,6809=-01
3,2938=01

7,0=INCHES LH2 AT 37 DEGREES USING

RELATIVE

y=3=R9

UNCERTAINTY

1,6962-02
1,7464=02
1,6892=02
1.7571=02
1,8775=02
1.,9628=02
2.0480=02
2.1275=02
2.1182=02
2.2288=02
2.3622=02
2.4675=02
2.,6078=02
2.7550=02
2.7341=02
2,9125=02
3,0980=02
3,3005=02
3,5113=02
3.5345=02
3.7862=02
4,0630=02
4,3439=02
4,4256=02
4,7624=02
5.1276=02
5.5062=02

P

0



PUtlo (7T c=20=h

TABLE E72

PHER 1L HELTRud SPECTRUM FOR 4,5=INCHES LH2 AT 37 DEGREES 1ISTIIG

[a)

Ay vk

kG Y LS Lyl ot FUR GROUPING

Wb UT 0 ENeEROY

(c,)

4e4ci0tul
leddSo+ul
703“7‘#0“
4,3725+00
2¢8Y 0+U0
2.092+00
1.5347+00
1.19214+00
9.bd13-ul

-7’39-Ul
bedo72=ul
Sed041=ul
4eb770=U1
4.0495=ul
Sebus=ul
301‘(/-U1
2¢7719=ul
20“7.“-01
202294‘U1
doUlh?'dl
le831b=ul
1.0715=01
1.,5518=01
1.“0-“-U1
1.2990=01
l.19/=ul
l.Udﬂg-ul
Yenr9nl=u2
YeUuc=ul
He495c=02
7e98,U0=02
7e51 /=02
700 U=U2
6.08:1=02
0¢3224=02
5.9°FJ-U2
S5.e0801=02
5.20322=uC
Gol720=u2
4.3%00u=u2
3.97H9=02
Je0218=02
5030h¢-u2

NEUTRON FLUX
(RELATIVE UnNITS)

701965'03
2.7567=02
5.6235=02
1,1704=01
1.7272-01
2.,5539=01
3,7201=01
401282-01
5.2Uh1=01
6.0780-01
6,9868=01
H.4913-01
9,1158=01
9,1746=01
1,1522+00
10&000*00
1,5333400
1,5177+400
2.3337*00
2.0730+400
2.3928+00
2.,5700+400
2, 4499400
2,5840+00
2.5034+400
2.7381+00
2.3637+00
3,0026+00
3,1900+00
3,1039+00
3.66854+00
3.2458+00
3,445E+400
3.6691+00
4,.5991+00
“00028*00
5.9379+00
5.61944+00
6,3460+00
8,4894+00
9,141922+400
1.,1777+01
1.%U79+01

te VERTICAL KF 3 DETECTORS

= .05

E-80

FLUX*EIIERGY
(RELATIVE UNITS)

3,1856=01
4,089 =01
4,1317=01
5.1176=-01
5.,0030=-01
5.2590=01
4,6470=-01
4,9254=01
“09569-01
4,7254~01
4,5185-01
4.6400-01
4,2640-01
3,7151=-01
“00786‘01
3,7467=-01
“02502-01
3.,7615=-01
4,5781-01
4,1785-01
4,3824-01
4,2958=-01
3,7520~01
3,6393-01
3,3831-01
3,1754-01
2,4564=01
20911“-01
2,8928-01
2,6381=-01
2,9417=01
2,4376=-01
2,4423=-01
2.4528-01
2.9077=01
2.7563~201
3,3728=-01
2,9576=01
3.3149-01
3,6900-01
3.7740=01
4,2995=01
“07365-01

LARGEST FRACTIOAL ERROI

RELATIVE

u"-hq

UNCERTAINTY

R.,8753=02
7.6827=02
7.5219=02
5.9180-02
5.8721=02
5.4019=02
6.0406=02
5,2289=02
5,3609=02
5.4765-02
5.3603=02
5.1980=02
5.,4700=02
6.1639=02
5.4128=02
5.9590-02
5.2391=02
5,8797=02
5.1128=02
5.,4305=-02
S.1466=02
5.,2229=02
5.,6925=02
5.8349=02
6,1013=02
6.8354=02
7.4100-02
6,7636=-02
6,9156=02
7.3171=02
6,9940=-02
7.4860=02
7.7521-02
7.7725=02
6,9086-02
7.0896=02
6,1115=-02
4,9236~02
4,6431-02
4,4095=02
4,4868=02
4,1766=02
4,n292-02

« 20



KUHS REWRT =20=bo TABLE £72 u=3=69

COUNTInUED

THERMAL NELTRUN SPECTRUM FOR 4,5=INCHES LH2 AT 37 DEGREES USING
A BANK UF 32z VERTICAL UBFJ3 DETECTORS

LNERGY RESCLUIIUN FOR GROUPING = .05 LARGEST FRACTIONAL ERROK = 450

HEUTRON ENEROY NEUTRON FLUX FL{)X*ENERGY RELAYIVE
(Ev) (RELATIVE UNITS) (RELATIVE UNITS) UNZERTAINTY
Jellig=u2 1,8840+401 5,.85956=01 3,6693-02
2.88Li=U2 2.7831+01 8.0267=01 3.1004=02
2.6820=02 3,0053+401 8,0602=01 3,1493-02
2.5007=02 3,8721+401 9,6830=01 2,9148=02
2¢3375=02 4,8204+401 1,1268+00 2.7242=02
24191 0=02 5.9630401 1,3059+00 2.5902-02
2+0562=U2 7.4349+401 1,5288+00 2.4215=02
149340=u2 9,4387+01 1,8260+00 2.2319=02
1.8230=U2 1,2767+02 2.3282+00 2.0087=02
1.7223=02 1,7369+402 2,9915+409 1.75859=02
1.6295=02 2.2' "TH02 3,6121+400 1,6444=02
1.5441=02 2.6L 9402 4,1133+00 1.5588=02
1.4053=02 3,02L5+02 4,4378+00 1.,5188=02
1:3752=02 3.4833+02 4,7902+00 1.2116=02
1e2769=02 4,5289+02 5.7830+00 1,1228-C2
1.1880=02 5.1540+02 6,1260400 1.1104=02
1.1088=u2 S.3714402 5.,9558+400 1,1450=02
1:0367=u2 5.7552+402 5.9664+00 1,1615-02
9.,7118=ud 6,0580+02 5.8834+400 1,1897=02
9.11p8=U3 6.1918+402 S5.6449400 1.2355=02
Be57335=03 6,4454402 5.5258+00 1.,2707=02
8.0/76=03 6.,8866+4+02 5.5627+00 1,2879=02
7.6238=03 6.,2035+02 5.2631+400 1,3461=02
7¢2003=03 7.3587+02 5.3029+00 1,3653=02
6eHc19Y=03 7.3283+02 4,9993+400 1.4174<02
6+s4670=03 7.2596+02 4,695:2+00 1.,4463=02
6.0807=0U3 7.6119402 4.6347+00 1.2232=02
5.6939-u3 7.4982+02 4,2694+00 1,2401=-02
5¢3362~uU3 7.6807+02 4,0986+00 1,2986=02
5:.0L10=u3 8.1618+02 4,0899+00 1,3132=02
4,7149=03 B8,7463+402 4,1238+00 1,2206=02
Ge5450=03 8.,7768+02 3.9007+00 1,2114=02
4elY9p0=ud 8.,4281+02 3,5367+00 1,2490«02
309be’U3 8.5086"‘02 3.3766*00 1:29“3-02
3.75017-03 8.78“1"’02 3.3017*00 1'3328-02
3495650=03 8,9143+02 3.,1779400 1,3816~02
3.30647=03 9,0911+02 3.,0589+400 1.2842=02
3.101u=03 9,2293+402 2.9174400 1,3450=02
2e9755=0U3 9,6485+02 2.,8707+400 1,3839=02
2.8054=03 1,0032+03 2,8144+400 1.4284=02
2.6497=y3 1,0349+4+03 2.7422+00 1.,4762=02
2e50ph=u3 1.,u256+03 2.5707+00 1.5568=02
2¢3747=03 1.0159+403 < 4125400 1.6404=02



RUNS RB8!R7 g=cO=60

CulT vy

TABLE

E72

THERMAL WEUTRON SPECTRUM FOR 4,5=INCHES LH2 AT 37 DEGREES USING
A BANKR UF 32 VERTICAL BF3 DETECTORS
ENERGY RESQOLUTIUN FUR GRUUPING = .05

NEUTRON ENERCGY

(Ev)

2¢253U=03
2.1295=03
2.0063=-u3
1.8933=-u3
1.7890=03
1.,6941-03
l.0061=-U3
1.5184=03
104310-03
103520-03
1.2759=u3
1.2116-U3
1.1494=03
1008“1-03
1.0278-03
9.7243=04
9021“1'0“
807430-Uq
8e2814=0k4
7.8310=04
70“165-U4
7.0338=-04
6.6615=04
643004=04
509079'0“
5.,6010=04

1,0359+03
1,0733+403
1,0488+03
1.0989+03
1,0888+03
1.0869+03
1.,0947+03
1,0825+03
1,0691+03
1,1013+03
1,0888+03
1.,0768+403
1,0633+03
1,0440+03
1.0220*03
9,9926+02
9,7540+402
9,5116+02
Q,2136+02
8.,9105+02
8.,6002+02
8,2858+02
7.9331+02
7.5577+02
7.1924+02
7671402

NEUTRON FLUX
(RELATIVE UNITS)

E-82

4=3-69

LARCEST FRACTIONAL ERROR = .20

FL1 1 X*ENERGY
(RELATIVE UNITS)

2.3339+00
2.2859+00
2.1042+00
2.0805+00
1,9485+00
1.,8413+00
1,7582+00
1,6437+00
1,5305+00
1,4890+400
1.3925+00
1,3047+00
1,2222+00
1.1360*00
1.0504+00
9,7171-01
8,9880=01
8.3160-01
7.6302=01
6.9778=01
6.3782=01
5.8281-01
5.2846=01
4,7617=01
4,2924-01
3.8309=01

RELATIVE

UNCERTAINTY

1.7039=02
1.6021=02
1,7152=02
1.7550=02
1.8519=02
1.9498=02
2,0380=-02
1,9968-02
2,1202=02
2.1991-02
2.306“-02
2.“362-02
2.5717=02
2.5513-02
2.7143=02
2.,8875=02
3,0722=02
3,2659=02
3,2880=-02
3.7682=02
4,0310-02
4,.1064=02
4,4223=-02
4,7528=02
5.1156=02



RUNS KI9'R1p 2=2U=55 TABLE E73 4=3=69

THERMAL ool KUN SPECTRUM FOR 2,5=INCHKES LH2 AT 37 DEGREES USING
n SANA UF 32 VERTICAL ©F3 DLTECTORS

EHERGT RESQLUTIUN FOR 6ROUPING = 405 LARGEST FRACTIONAL ERROK = 450

NEUTHON teReY ALUTRON FLUX FLUX*EMERGY RELATIVE

(Ev) (KELATIVE UNITS) (RELATIVE UNITS) UMCERTAINTY
4.4280+u1 1,1523=02 5.1008=-01 5.8015=02
l.48202U1 3,7294=02 5.5329=01 5,9157=02
7.3472+00 8,7031=u2 6,3943=-01 5.0552=02
43725400 «2469=01 5.R8893=01 5.4650-02
2+89406+00 2,.1591=01 6.2830=-01 4,9565=02
2.0592+00 2.9785=01 6.1333=01 4,7870=02
1.5357+00 3,4308=-01 5.9714=01 4,7515=02
141931400 4,9902=01 5.9538=01 4,6917=02
9.5213=u1 6.,2649=-01 5.9650=01 4,4865=-02
7.7739=01 T.4522-01 5.7933=01 4,5806=02
b.4e72=-Ul 9,3517=01 6.,0544=01 4,1845=02
Sed4o4i=ul 1,0047+00 5.4898=01 4,6850=02
4.07/70=Ul 1,0402+00 4,865H~=01 4,9028=02
4,0493=-U1 1,1733+08 4,7510=-01 4,9260=02
3.5390=ul 1.3284+400 4,7023=-01 4,9554=02
3e1207=0U1 1.,4146+u0 4,4145=-01 5.,0456=02
2.7719=u1 1.7502+400 4,8514=01 4,7658=02
2e47:4=01 2.,1201+00 5.2545=01 4,3496=02
2:2232=U1 2.5071+00 5.8117=01 4,1896=02
2.0157=u1 2.00h7+00 5.3753=01 4,4452=02
1l.83;5=u1 2.9116+00 5.3320=01 4,4858=02
1.0715=01 3.0531+00 5.1033=01 4,4198=02
l.5315=ul 3,2191+400 4,9301=-01 4,6295=02
le40a4=ul 3.3121+00 4,664p=01 4,7514=02
1.2995=U1 3,2699+00 4,2492=01 5.0168=02
1l.2025=01 3,5137+00 4,2263=01 5.0729=02
lellén=-ul 3,6912+400 4,1212-01 5.2385=02
1.0392=u1 3,3993+00 3,5326=01 5.7381=02
G.06961=02 3.6499+400 3.5390=01 5.5903=02
goJOr\d-UZ 30“773"‘00 3.1533-01 6.4638"02
Bel4I9p=U2 4.,3450+00 3,6929=01 5.5407=02
7.9620=02 4,3788+00 3.4952=-01 5.7854=02
Ted157=U2 4,0935+00 3,0745=01 6.4554=02
7.085u=u2 4,63855+4+00 3.,3173=-01 6.,1975=02
6.6351=02 4,6033+00 3,1175=01 6.,1306=02
60322“-02 5.0646"’()0 3.,2020=-01 6.“93q-02
5¢9858=02 6,0847+00 3,6437=-01 5.7847=02
5.6001=u2 6.3317400 3,6249=01 5.7802=02
Se2032~=u2 6.9156+00 3,6398=01 4.2634=02
4e7720=u2 8,02984+00 3,8646=01 4,1097=02
4434p0=u2 1.0336+01 4,5152=01 3, 7446=02
349759=u2 1.3058+01 5.1917=01 3,4909=02
3.0308=02 1,5464+01 5.6456=01 3.4282=02

E-83




RUNS R9/R1lp 2=20=uwb6 TABLE E73 4=3=69

CONTINUCD

THERMAL NEUTRON SPECTRUM FOR 2,5=INCHES LHZ AT 37 DEGREES USING
A BANK UF 32 VERTICAL BF3 DETECTCRS

ENERGY RESQLUTION FOR GROUPING = .05 LARGEST FRACTIONAL ERROR = .20

E-84

NEUTRON ENERGY NEUTRON FLUX FLUX*ENERGY RELATIVE
(Ev) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
3e.3042=02 1,7111+01 5.7565=01 3.4288=02
3.1102=02 2.,2749401 7.,0754=01 3.0892=02
2+.8841=02 2,9855+01 8.6105=01 2,R432=02
2.6820=02 3.5849+01 9,6147=01 2.7145=02
2¢5007=02 4,4842+01 1,1214+400 2.5451=02
2¢3375=02 5,2983+01 1,2385+00 2.,4569=02
2¢1900=02 6,4661+01 1,4161+00 2.3222=02
2.0562=02 7.9143+401 1,6273400 2.1914=02
1.9346=02 9,4333+01 1.8250+400 2.1062=02
1.8230=02 1,2411+02 2.2633+00 1.,9142=02
1.7223=02 1,7022+02 2,9317+00 1,6961=02
1.6295=02 2.,0040+02 3,2655+00 1.,6315=02
1.5441=02 2.3334+02 3,6030+400 1,5618=02
l.4653=02 2.6559+02 3,8917+00 1,5266=02
1.,3752=02 3,0236+02 4,1581+400 1,2219=02
1.2769=02 3.6185+02 4,6205+00 1,1804=02
1.1886=02 4,1196+402 4,8966+00 1,1657=02
1.,10p48=02 4,3289+02 4,7999+400 1,1966=02
1.0367=02 4,6537+02 4,8245+400 1,2133=02
9.7118=03 4,7781+402 4,6404+400 1,2591=02
9.1168=03 4.9685+02 4,5297+00 1.2975=02
8.5733=03 5.2755402 4,5228+00 1.3192=02
8.0776=03 5.5334+02 4,4697+400 1,3507=02
7.6228=03 5,7865+02 4,4115+400 1,3830=02
7.2063=03 5.,8732+02 4,2324+400 1,4372=02
5,40670=U3 6.1465+02 3.9753+00 1.,4776=02
5.0887=03 6,4064+02 3.,9007+400 1,2535=02
5.6939=03 5.9941+02 3.,4130+00 1,3025=02
5:3362=U3 6,5030+02 3.4701+400 1,3302=02
5:0110=-03 6.,7641+02 3,3895+400 1,3550=02
4,7149=03 7.0932+02 3.3“““*00 1.2737'02
Go4443=02 6.,9017+02 3.,0673400 1.,2838=02
441963=03 6.6419+02 2.7871+400 1,3208=02
3.96085=03 6,7090+02 2.6625+00 1,3689=02
3:.7587=03 T.1343+02 2.6816+400 1,3895=02
3¢5050=03 7.1823+402 2.5605+400 1.4474=02
3.3047=03 T7.1347+02 2.,4006+400 1,3642=02
3.1610=03 7.5503+02 2.3866+400 1,3972=02
2:97535-03 7.7847+02 23162400 1,4494=02
2.8054=-03 7.8959+02 2.2151+400 1,5125«02
2.6497=03 8.,1179+02 2.1510+400 1,5647=02
2.5065-03 8.3829+02 2.,1012+00 1,6201=-02



KUNS ROyRLL 2=20=nh TABLE E73 u=3=69

CONTLiiUD

THERMAL NEUTRON SPECTRUM FOR 2,5=INCHES LH2 AT 37 DEGREES USING
A BAMK UF a. VERTICAL BF3 DETECTORS

EnERGY HESQLUTIUN FOR GROUPING = 405 LARGEST FRACTIOMAL ERROR = +»0

NEJuThON ENERGY NEUTRON FLUX FLUX*EMNERGY RELATIVE
(Ey) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
2:3747=03 8.,5139+02 2.0218+00 1,6838=02
2.2520=03 B.8006+02 1,9828+00 1,7349=02
2:1298=03 8.7971+02 1,8736+00 1,6643-02
2,0063=03 8,8754+402 1,7807+400 1,7458=02
1.8933=03 8,5674+02 1,6221+00 1,8731=02
1.759@"\13 8.8606‘.’02 1.5857+00 1.93“1-02
1.6941=u3 8.9360+402 1.,5138+400 2.0256=02
1.6061=03 8,8600+402 1,4230+400 2.,1303=02
1.5164=03 8,9600+02 1.3605+00 2.,0618=02
1.4310-03 8.9296+02 1,2784+00 2.1909=-02
1.3520=03 8.9144402 1.2052+00 2,3018=02
1.27:9=03 9,0071+02 1,1519+400 2,3781=02
1.,2110=03 8,9468+02 1,0840+00 2.,5060=02
1.1494=03 8,5460+02 1.0168+00 2.6432=02
1.,08a1=03 8.,7367+02 9,.,5064=01 2.,6139=02
1.,0278=u3 8.5850+02 8,8237=01 2,7749=02
9.7243=04 8,4189+02 8.1868=01 2.,9465=02
9.,214i=04 8,2574+02 7.6085=01 3.1266=02
Be7420=0U4 8,0881+02 7.0714=01 3.3149=02
B8e2814=0U4 7.8078+02 6.5156=01 3.3288=02
7.8310=04 7.6503402 5.9909=01 3,5519=02
Tehip5=04 7.4089+02 5.4947=01 3,7935=02
7.0338=04 7.1489+402 5,0284=01 4,0517=02
6.6015=UL4 6.9009+02 4,5970=01 4,1069=02
6.3004=04 6.0l41402 4,1671=01 4,4051=02
5.9079=04 6,3157+02 3,7691=01 4,7199=02
5.60L10=04 5,9882+02 3.,3899=01 5.N1537=02




RKNS

THERMAL MEUTRON SPECTRUM FOR 13,0=INCHES LH2 AT 78 DEGREES USING

[19T2 z=c2=66

TABLE E74

A BANK UF 3. VERXTICAL BF3 DETECTORS
ENERGY KESQLUIION FOR GROUPING

WNEUTHRON eMEROY

(Ev)

3.00005+00
1.3923+00
Te73406=01
5.“761-01
“olB?“‘Ul
5039“5-01
2:.8074=01
20“08“-01
200160‘01
1.6757=01
1.4637=-01
1.2895=01
1.1447=01
1.0229=01
9.0&19-02
8.01lp1=02
7.1275=02
6.3785-02
5.6853=02
S.0489=02
4.5137=02
4.0258=02
3.5032=02
3.2101=02
208724-02
2.5678-02
2.2954=02
2.0519=-02
1.8357=02
1.6438=-02
10“737-U2
1.3219=02
101865—02
1.0611-02
9-5005-U3
805217-03
6.8439-03
6¢1534=03
5.5266=03
409607-03
4.4522=-03
30996“-U3

NEUTRON FLUX
(RELATIVE UNITS)

6,1019=02
9,3118=02
1,9215=01
20“7“8-01
3,0088=01
3.6137=01
3,8193=01
5.1873=01
4,6804=01
8,6111-01
7.4839=01
1,2585+00
1.0“00*00
1.1551+00
8,8620=01
1,1727+00
1,2852+00
1,6098+400
1,5937+00
1.,8915+00
2.,2016+00
2.8989+00
3.,2864+00
3.5805+00
5.2324+00
6,8742+00
8.,4571+400
1,1982+01
1,8422+01
3.0492+01
5.,0851+01
7.3081+01
1,0585+02
1,3268+02
1,4836+02
1,6651+02
1,8293+02
1,9004+02
1,9259+02
2.0307+02
2.,1441+402
2.2721+02
2.3556+02

= ,10

1,8308=01
1,2965=01
1,4862=-01
1,3552=01
1,2599=01
1,2267=01
100722-01
1,2493=01
9,4357=02
10“430-01
1,0954=01
1,3649=01
1,1905=-01
1,1816=01
8.0484=02
9,4005=02
9.,1603=02
1,0269=-01
9,0607=02
9,5500=02
9,9374=02
1.1670-01
1,1776=01
1,1494=01
1,5030=-01
1,7652=01
1.9“12-01
2.,4586=01
3.3817=01
5.0123=01
7.4939=01
9,6606=01
1.2559+400
1,4079+00
1.4095+00
1,4189+00
1,3956+00
1.3006+00
1,1851+00
1,1223+400
1.0636+00
1,0116+00
9,4139-01

E-86

FLUX*ENERGY
(RELATIVE UNITS)

RELATIVE

4=2=69

LARGEST FRACTIONAL ERROR = .20

UNCERTAINTY

1,9445=01
1,9650-01
1,7823-01
1,7184=01
1,8855=01
1,8298=01
1,9377=01
1,7293=01
1,6825-01
1,1383~-01
1.“9“6‘01
1,1275=01
1,3589-01
1,3331-01
1,6708=-01
1,3762-01
1.353“-01
1,2124=01
1,2418=01
1.15“2-01
1,0360=01
7.9742=02
7.8700-02
8.,6667=02
6,0286=-02
5,5489=02
5.,0181-02
4,7114=02
3.5973-02
2,8761=02
2.2572=02
2,0595=02
1075“6-02
1,6226=02
1,6546=02
1,6535=02
1,6527=02
1,7651=02
1,7205=02
1,7063=02
1,6958=02
1,5565=02
1.5474=02



KKNS T19:T2 2=22=66
CUNTIHUeD

NEUTRON cNERGY

(ev)

3+.5845=03
302&“Z-U3
2+8992~U3
2060“U-U3
203559-U3
2+1007=03
1.8840=03
1.6969=03
105255-03
1.3700=03
1.2685-03
1.1045=03
9,9159=-04
8.9057=04
8.0035=04
7419e5=04
6.4740=04
5.8174=04

NEUTRON FLUX
(RELATIVE UNITS)

2.5291+02
2.,5961+02
2,7707+02
208355+02
2,9435+02
3.,1286+02
3,0629+02
3,0946+02
2.,9706+02
2.,7690+02
2.,9573+02
2.,6750+02
2.,5307+02
2.,3808+02
2,0455+02
1.8082*02
1,5019+02
1.,1192+02

TABLE E74

E-87

LARGEST FRACTIONAL ERROR

FLIX*ENERGY
(RELATIVE UNITS)

9,0757=-01
8,3703=-01
8.0328=-01
7.3836-01
6.8787-01
6.,5722=01
5,7828=01
5,2512=01
4,5325=01
3,7952-01
3,6390=01
2095“5-01
2,5094=01
2,1203=01
1,6371=01
103016'01
9,7233=02
6.5108=02

THEKMAL NE(ITRUN SPECTRUM FOR 13,0=INCHES LH2 AT 78 DEGREES USING
A BANR JUF 3¢ VERTICAL BF3 DETECTORS
LWERGY RESOLUTION FOR GROUPING = .10

RELATIVE

4=3=69

UNCERTAINTY

1,5977=02
1,6839=02
1,7434=02
1.8615-02
1.9“57-02
2,0120=02
2.1798=-02
2.,3954=02
2,5613=02
3,0328=02
3,0282=02
3.,4781=02
4,1954=02
4,5196=02
5.6531=02
6.9326=02
9,0561=02
1,5564=01

20



RUNS T4r»T3 2=-22=66 TABLE E75 4=3=-69
THEKMAL NEUTRON SPECTRUM FOR 10,5=INCHES LH2 AT 78 DEGREES USING
A BANK UF 32 VERTICAL BF3 DETECTORS

ENERGY RESQLUTION FOR GROUPING = .10 LARGEST FRACTIONAL ERROR = .20

E-88

NEUTRON ENERGY NEUTRON FLUX FLUX*ENERGY RELATIVE
(EV) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
6.7179+00 4,1298=02 2.7744=01 1.7707=01
3.,0003+00 6,9553=02 w 2,0868=01 1.7535=-01
1.6674+400 1,2212-01 2.0362=01 1,7586=01
1.1173+400 1,7728=01 1.9807=01 1,5997=01
8.6186=U1 2,7293-01 2,3523=-01 1.,6985=01
7.3981=01 2,8596=01 2.,1156=01 1.8129-01
©6.4198=01 2,9432-01 1.8895=01 1,9911-01
S5.6234=01 3,5072=-01 1,9722=-01 1.7712-01
4.8257=u1 3,7427=01 1,8061=01 1,5314=01
3.9649=01 3,2328=01 1,2818-01 1,8451=01
3+30R0=-01 4,9296=-01 1,6307-01 1,5035-01
2.,8694=01 4,9833-01 1,4299-01 1,6980-01
2+5126=01 4,9987-01 1,2560~01 1,8003=-01
2.2134=01 6,2275=01 1,33815=-01 1,5652=-01
1.973u=01 7.9241-01 1,5634=01 1,3327=-01
1.7662=01 6.5330~-01 1,1539-01 1.,8622~01
1.5043=01 1,0776+00 1,6357=01 1,0752=01
1.3725=01 1,2095+00 1,6500-01 1,0315=-01
1.2139=y1 8,7348=-01 1,0603-01 1,6706=01
1.0812=-01 1,3843+00 1,4967=01 1,0449-01
9.6922=02 1,2520+00 1,2135=-01 1,2771=01
8.6315=02 1,4199+00 1,2256=01 1,1604=01
7.6417=02 1,7802+00 1,3604=01 9,8875=02
6.813u~02 1,7600+00 1,1991=-01 1,1146=01
6.0497=02 1,8941+400 1,1459=-01 9,5718=02
5.3530=u2 2.3505+00 1,2582=-01 9,2328=02
4.7701=02 2,6834+00 1,2800~01 8,7910-02
4.2770=02 3,0310+00 1,2965-01 8.4469=-02
3.8266=02 3,8406+00 1,4696-01 8,0291=02
J.4187=02 5,0543+00 1,7264=01 6,7754=02
3.0458=02 5.1541+00 1,5698=01 7.1666=02
2.7136=02 8,5725+00 2,3262~01 5,1295=-02
2.4336=02 1,0933+01 2,6607=01 5.,0479=02
2.182u=-02 1,4315+01 3.1235=01. 4,3216=-02
1.95¢2=u2 2,0691+01 4,0476=01 3.8093=02
1.7549=02 3,3098+01 5.,8084=01 3,0307=02
1.,5675=02 6,0420+401 9,4708=01 2,2939=-02
1.4017=02 9,5044+01 1,3322+00 1,9820-02
1.2545=02 1,3718+02 1,7209+400 1,6999=02
1.1237=02 1,8479+02 2,0765+00 1,5850=~02
1.0070=02 2,1491+02 2,1654+400 1,5357=02
9.0104=03 2,3365+02 2.,1053+00 1,5422=-02
8.0719-03 2.,4512+02 1,9786+00 1,6534=02



RUNS T4r TS 2=22=b0o
CONTINUED

HWEUTKON ENERGY

(Ev)

Te2469=U3
6.4903=0U3
Se8lB3=u3
5.2083=03
406622-03
B4e1747=u3
3.74y1=03
3.3531=03
3.0059=03
2.7031‘05
2¢4263=03
2e1768=03
1.956“-03
1e79R5=03
1.5781=-03
10“173-03
1e2741=03
1i1448=03
1,02860=U3
Ce2445=u4
8¢3121=U4
7.“7C4-U“
607126-0“
600532-04

TABLE E75

NEUTRON FLUX
(RELATIVE UNITS)

2.6441+02
2.7406+02
2.4162+02
3,0314+02
3,1.378+02
3.50““+02
3.6733*02
3.,6460+02
3.,9054+02
4,2066+02
402006¢02
4,2924+02
4,4139+402
4,5583+02
4,2251+02
4,3720+G2
3.9579+02
3,9192+02
3,8151+02
3,1668+02
2.9150+02
2,9314+02
2.4625+02
2.3351+402

FLUX*ENERGY
(RELATIVE UNITS)

E-89

LARGEST FRACTIONAL ERROP

1,9162+00
1,7804+00
1,6385+00
1,5788+00
1.4629+400
1,4630+00
1,3739+00
1,2225+00
1,1751+00
1,1371+00
1,0192+00
9,3437=01
8,6354=01
8,0149=01
6,6676~01
6,1964=01
500428-01
4,4867=-01
3.9242=01
2,9275=01
2,4230-01
2,1899=01
1.6530-01
1,4088=01

THERMAL NEU IRUN SPECTRUM FOR 10,5=INCHES LH2 AT 78 DEGREES USING
A BANK UF 3¢ VERTICAL BF3 DETECTORS
ENERGY KESQLUTION FOR GROUPING = +10

RELATIVE

4=3-69

UNCERTAINTY

1,6617=02
1,6710=02
1.,6126=02
1,5389=02
1,4320-02
1,4815=-02
1,5939-02
1,6567=02
1,7056=02
1,8049-02
1,9384=02
2,0575=02
2,1526=02
2.3947=-02
2.5844=02
2,9249=02
3,5105-02
4,9007=02
5,3082-02
6,6028=02
7.6139=02

090



HKUNS T5¢T6 2=22=606 TABLE E76 4=3=69

THERMAL NEUTRON SPECTRUM FOR 7.0=INCHES LH2 AT 78 DEGREES U$™'"
A BANK OF 32 VERTICAL BF3 DETECTORS
ENERGY RESQLUTIUN FOR GROUPING = .05 LARGEST FRACTIONAL ERROR = .20

NEUTRON ENERGY NEUTRON FLUX FLUX*ENERGY RELATIVE
(Ev) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
2.0529+401 1,9918=02 4,0890=01 1,9396=01
1.0615+01 3,7893=02 4,0223=01 1,7735=01
6.4805+400 6,0661=02 3,9311=-01 1,6620=01
4.3672+00 8,2041=02 3,5829=01 1.,7580=01
2:9361+00 1,0717=01 3.1466=01 1,5322-01
2+,0855400 1,6350=01 3,4098=01 1,5686=01
1.7428+00 2.1726=01 3,7864=01 1,8352=-01
1.5018+00 2,5820=01 4,0326=01 1,7403=01
1.3413+00 2.,0693=01 2.,7756=01 1,7658=01
1.1105+00 3,2208=01 3.,5767=01 1.,2654=01
9,738=U1 4,6998=01 4,5733=01 1,3962=01
8+.61ub=01 3,5187=-01 3,0326=01 1,4259=01
7.1452=01 3.,5435=01 2.,5319=01 1,3588=-01
6.0019=01 4,5992=01 2.7604=01 1,4189=01
Se4435=01 6,1194=01 3,3311=01 1,5819=01
5¢1160=U1 6.6575=01 3.,4060=01 1.5756-01
4.6806=ul 6.,2388=01 2.,9201-01 1,2399=01
4,2931=-01 9,1272=01 3.9184=01 1,3131=01
4,0626~ul 7.2343=01 2,9390=01 1,7211=01
3.7520=01 5.7292=01 2,1496=01 1,6261=01
3.38582=-01 6.9378=01 2.3507=01 1,4075=01
3,0749=01 8,6219=01 2.,6511=01 1,2769=01
2.8031=-01 8,9879=01 2.5194=01 1,2402=-01
2+5658=-U1 9,7585=01 2.5038=01 1,2354=01
2+¢3574=01 1,1351+00 2.,6759=01 1,2403-01
2.1734=01 1,1645+00 2,5309=01 1,1611-01
2¢0101=01 1,3458+00 2,7052=-01 1,0939=-01
1.8645=01 1,2331+00 2,2991-01 1,3363-01
1,7343=01 1,3391+00 2.,3224=01 1,2819=01
1.6172=u1 1,5096+00 2.,4413-C1 1.2361=01
1.5115=-01 1,5393+00 2,3267=-01 1.,3067=-01
1.,4159=01 1,9112+00 2.7061=-01 1,0771=01
1.3291=ul 2.1393400 2,8433~-01 1,0493-01
1.2500=u1 2.1547+400 2.6934=01 1,1110-01
1.1778=U1 1,8907+00 2.2269=-01 1,2705=01
1.1116=01 2.3090+00 2,5667=01 1,0664=01
9.9498=-02 2.2271+400 2.,2159=01 1,1269=01
9.4340-02 2.5194+00 2.3770=01 1.,1621=01
B8.84p7=02 1.9768+00 1.,7488=01 1,2173=01
8.20p8=v2 2.9810+400 2,4470=-01 8.,6930~02
7.6374=02 3,0798+400 2.2987=01 9,3653=02
7.1236=02 2.2917+00 1,6326=-01 1,1550-01

E-90



RUNS TS¢T6 2=22=66 TABLE E76

CONTINUED

4=3=69

THERMAL NELTRON SPECTRUM FOR 7,0=INCHES LH2 AT 78 DEGREES USING
A BANKR UF 32 VERTICAL BF3 DETECTORS

ENERGY RESCLUTION FOR GROUPING = .05 LARGEST FRACTIONAL ERROR = .20

E-91

NEUTRON ENERGY  NEUTRON FLUX FLUX*ENERGY RELATIVE
(Ev) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
6.0002=02 2.8548+00 1,9014=01 1,0355=01
6+.2404=02 3,3586+00 2.,0959=01 9,9696=02
5.8590=02 3,5986+4+00 2.1084=01 9,2356=02
5.5116=02 3.4583+00 1,9061=01 1,0059=01
5¢1943=02 4,1955+00 2.1793=01 9,3400=02
4.9030=02 4,8811+00 2.,3935=01 9,0651=02
4.6360=02 4,1593+00 1,9285=01 1,1171=-01
4.,3908=02 5.4013+00 2.3716=01 9,3544=02
4,1643=02 5,5655+00 2.3176=01 9,7585=02
3.9220=02 ©.,2175+400 2.,4385=01 7.8769=02
3.6697=-02 6.,8749+00 2.5229=-01 7.6987=02
3.4410=02 7.7738+400 2,6750=01 7.6543=02
3,2322=02 9,8208+00 3,1753=01 6,5241=02
3.0437=02 9,6644+00 2.9416=01 7.0903=02
2.8706=02 1,1531+01 3.3101=01 6,6287=02
2.7120=02 1,4924+01 4,0474=01 6.,1942=-02
2.5063=U2 1,7380+401 4,4602=01 5.8545=02
2.4323=02 1,6640+401 4,0473=01 6,2606=02
2.30R6=02 2.3813+401 5.4975=01 5.3581=02
2.1808-02 2,7054+01 5.8999=-01 4,5820=02
2.0509=-02 3,2212+401 6,6064=01 4,4011=-02
1.,9324=02 4,1017+01 7.9261=01 4,0786=02
1.8241=02 5.5054+01 1,0042+400 3,6317=02
1.7250=02 6.,3155+01 2.0894+00 3,5513=02
1.6341=02 9,0495+01 1,4788+400 3,0764=02
1.5505=02 1,2135+402 1,8813+00 2,7391=02
1.4654=02 1,4569+02 2.1349400 2,3806=02
1.3805=02 1,8502+02 2.5542+400 2.2070=02
1,3023=92 2.2341+402 2.9095+00 2,0879=02
1.2305=02 2,5879+402 3,1844+400 2.,0219=02
1.1644=02 3,1497+02 3,6675+00 1,9094=02
1.1032=02 3,2828+02 3,6216+00 1,9466=02
1.0467=02 3,4786+02 3.6411+400 1,9665=02
9,9013=03 3,7922+02 3,7548+00 1.8183=02
9.3407=U3 3,8487+02 3,5950+00 1,8881=02
8.8264=03 “006“3§02 3.5873*00 1.9176-02
8¢35185=03 4,1962+02 3,5046+00 1,9737=02
7.9160~03 4,4350+402 3,5107+00 2.0011~02
Te5127=03 4,4458+02 3.3400400 2.0889=02
7e1136=03 4,6138+02 3.,2821+00 2.0021=02
6.7215=03 4,7354+02 3.1829+00 2.0402=-02
6.3609=U3 4,4028+02 2,8006+00 2.1435=02
6.0286~03 4,6516+02 2.8043+400 2.073%9=02



RUNS T5¢1T6 2=c2=66

CONTINUED

THERMAL NE,TRON SPECTRUM FOR 7,0=INCHES LH2 AT 78 DEGREES USING

TABLE E76

A BANK OF 32 VERTICAL BF3 DETECTORS
ENERGY RESOLUTION FOR GROUPING = .05

NEUTRON ENERGY

(EV)

5,7214=03
5.4201=-03
5¢1260=03
4.85535=-03
4.,6056=03
4,3625=03
4,1267=03
3.9094=02
3:.708b=u3
3¢5144=U3
3.3265-03
341533=03
2:9932=03
2+8386=03
2.6897=U3
2¢5522=U3
2.4195=03
2.2928-03
2:1756=03
2.0631=-03
1.9553'U3
1.8558=03
1.7605=03
1.6695-03
105826-03
1.4998-03
1.4234=-03
1.3506=03
1.2812-03
1.2152=-03
1.1525=03
1.0930-03
1.0366=03
908310‘0“
9.32“1'0“
8.8444=04
8+3902-04
709607-0“
7+55u2=04
7.1701=04
6.7993=04
6.““95-0“
6.1195-04

NEUTRON FLUX
(RELATIVE UNITS)

4,7823+402
5.,0786+402
5.2287+402
“.9330*02
5.,0712+02
5.6245+02
5.6232+02
5.8869+02
5.7182+02
6,1463+02
6.1770+02
6,0801+02
6,3483+02
6.,5007+02
605272+02
6,5033+02
7.1238+02
6.,8998+02
6,8316+402
7.5102+02
6,7296+402
7.1614402
6.,8309+02
6,7177+02
6,9963+02
7.2371+02
6,7065+02
6.,9353+02
6.7351+402
6,8647+02
6,2732+02
6,0709+02
6,0633+02
5.8743+02
5.2997+02
5.,1128+02
4,9994+02
“03529¢02
4,5103+02
4,3717+02
3,8494402
3,7707+02
4,0857+02

E-92

4=3=-69

LARGEST FRACTIONAL ERROR = .20

FLUX*ENERGY
(RELATIVE UNITS)

2,7361+400
2,7527+00
2.6802+400
2,3951+00
2.3356+400
2.4537+00
243205400
2.3014+400
2,1208+400
2,1601+00
2.0548400
1,9172+00
1.,9002+00
1,8453+400
1,7556+00
1,6598+00
1,7239+00
1,5820+00
1,4863+00
1.5494+00
1,3158+00
1,3290+00
1,2026+00
1,1215+00
1.1072+00
1.0854+00
9,5460~01
9,3668-01
8.6290~-01
8.3“20'01
7.2299=01
6,6355=-01
6,2852-01
5,7750=-01
4,9415=-01
4,5220-01
4,1946=-01
3.4652=01
3,4072=-01
2.6173=-01
2.,4319=01
205002-01

RELATIVE

UNCERTAINTY

2,0508=02
1,9664=02
2,0355=02
2.0921-02
1,9734=02
1,8003=02
1,8305=02
1,8654=02
1,9822-02
1,9096=02
1,9909=02
2,0977=02
2,1466=02
2.,1303=02
2.,2251=02
2,3440-02
202329-02
2,3827=02
2.5151=02
2,4280=02
2.,6833=02
2,7248=02
2,8521=02
2,9866-02
3,0050~02
3,0744=02
3,3383=-02
3,3616=02
5,5804=02
3,6468=02
3,9867=02
4, 1444=02
4,3507-02
4,6417=-02
5,0986=02
5,3602~02
5.,7071=02
6,3655=02
6.6951-02
6,8884=02
7.7183=02
8.,4495=02
8,2127-02



KUNS [59T6 c=22=606 TABLE E76 4=3=69
CONTInUeD

THERMAL NE;TRON SPECTRUM FOR 7,0=INCHES LH2 AT 78 DEGREES USING
A BANK UF a¢ VERTICAL BF3 DETECTORS
ENERGY RESQLUTION FOR GROUPI!IG = .05 LARGEST FRACTIONAL ERROR = .20

NEUTRON ENERGY NEUTRON FLUX FLUX*ENERGY RELATIVE
(Ev) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY

5.8082=u4 3.8558+02 2,2395=01 9,0969=02

S«51lub=U4 2,9785+02 1,6425=01 1,0706=01

E-93



KUNS T81T7 2=22-66 TABLE E77 4=3=69
" THEKMAL NEUTRUN SPECTRUM FOR 4,5=INCHES LH2 AT 78 DEGREES USING
A BANK OF 32 VERTICAL BF3 DETECTORS

ENEKGY KRESOQLUTION FOR GROUPING = .05 LARGEST FRACTIONAL ERROR = .20

E-94

NEUTROH ENERGY NEUTRON FLUX FLUX*ENERGY RELATIVE
(Ev) (RELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
1.6646+u1 4.9230=-02 8.1948-01 1,7743=01
1.2074+0C1 7.1103=02 8.5850=~01 1,6009=01
8.1679+00 8.,2318-02 6.7237=01 1,4263=-01
5.26080+00 1,3204=01 6,9559-01 1,2561-01
3.6794+00 1,7064=01 6.,2785=01 1,3359=-01
2.7146+00 2,0722=01 5.6252=01 1.3626-01
2.08585+400 2,9458=-01 6.1435=01 1,2006=01
1.6523+00 2,6347=C1 4,.3533=01 1,5728=01
1.4075+00 3,9253=-01 5,5249-01 1,6933-01
1.2750+00 5.5359=01 7.0583=01 1,3752=01
1.1604+00 5.,4281=01 6.2988-01 1,4797=01
1.0605+00 5.2602-01 5.,5784=01 1,5935=-01
9.7308-01 7.5999=01 7.3953=01 1,2158=01
8.9592=-01 6.,8137=-01 6.1045=-01 1,4298-01
8.27a1-01 5.8140-01 4,3129=01 1,7097=01
7.6696=-01 7.4208=01 5.6915=01 1.,4562=-01
7.1267-01 8.2921=01 5,9095=01 1,3866-01
6.6393=-01 1.,0620+00 7.0509=01 1,2039=01
6.2003=-01 9,9271=-01 6.,1551-01 1,2879=01
5.8034=01 1,0374+00 6.0204=01 1,3541=-01
S.4435=-01 1,0282+00 5.5970=01 1,4051=01
S.1160=C1 1,1619+00 5.5443=-01 1,3255=-01
4.8172=U1 1,2509+00 6.0258-01 1,1834=01
4.5439=-01 1,4970+00 6.8022=-01 1.,1474=-01
4.2931-U1 1,3402+00 5.7566=01 1.,2932-01
4.0626-01 1,3231+00 5.3752=01 1,3141-01
3.8501-01 1,4506+00 5.5850~-01 1,3253-01
3+5632~01 1,4697+00 5.,2368=01 9,6078=02
3.2259=01 1,7857+00 5.7505=01 8,7691=-02
2.9343=01 1,5644+00 4,5904=-01 1,0214=01
2.6805-01 1.,9024+00 5.0994=01 9,2322-02
2+4583=01 1,9402+00 4,7696=01 1,0395=01
2.2626=01 2.,4277+00 5,4929=01 8.7614=02
2.0893-01 2.5890+00 5.,4092=-01 8,4904=02
1.,9353=-u1 2.5036+00 4,8452=01 9,2978=-02
1.7976=01 3,3087+00 5.9477=01 8,1152-02
1.6742=01 3,6670+00 6.1393=01 7.9505=02
1.5630-01 3,55%+00 5.5633-01 8,7095=-02
1.,4625=01 3.3740+400 4,9345-01 9,0712=02
1.5715=01 3,7033+00 5.0791~01 9,0414=02
l.2t86=-01 3,9345+00 5.0700-01 8.7546-02
1.2131-01 4,3965+00 5.3334=01 8,6485=02
1.1440=01 4,6026+00 5.,2654=01 8.7640-02




RUNS T18¢T7 2=22=60

CONTInNULD

TABLE E77

THERMAL NEUTRON SPECTRUM FOR &,5=INCHES LH2 AT 78 DEGREES USING
A BANK UF 32 VERTICAL BF3 DETECTORS

NEUTRON ENERGY

(EV)

1.0806=01
1.0223-01
9.,6871-02
9.1919-02
806261-02
8.0114=02
T.4602=02
6,964L1-02
6.5157=02
60109&‘02
5.7396=02
S.4027=02
5.0940=02
408121-02
40552“-02
4,3133-02
4.0926-02
3.83565=-02
3.6104=02
3.3872=02
3016“4‘02
2.9990~02
2.8297=02
2067““-02
2.5317=02
2.4005=u2
2.2649-02
201275-U2
200022‘02
1088“0-02
1.7834=02
1.6877=02
1.5998=-02
1.,5109=02
1.“220‘02
1.34p06=02
1.2657=u2
1.1968=02
1.1332=02
1.0744=02
1.0157=v2
9.5749=03
9,0418=u3

4,5269+00
4,2637+00
4,7562+00
5.,2695+00
4,8216+00
5.3996+00
4,8467+00
5.5432+00
5.8645+400
6,3045+00
7.0559+00
8.,1249+00
7.9657+00
8,.,5655+00
8.9266+400
1,0814+01
9,5118+00
1,2914+401
1,5433+01
1.6674+401
1,8520+01
2.1760+401
2.,9101+401
2.,9844+01
3,5459+01
“01282+01
5.4946+01
5.,7576+01
7.1121+01
9,0853+01
1,2123+02
1,5466+02
1,9732+02
2.6473+02
3,2438+02
3,6875+02
4,3964+02
5.3487+02
5.,9708+02
6,1821+02
6,5002+02
6.,8318+02
6,9368+02

ENEKGY RESQLUTION FOR GROUPING = .05

NEUTRON FLUX
(RELATIVE UNITS)

E-95

4=3-69

LARGEST FRACTIONAL ERROR = 20

FLUX*ENERGY
(RELATIVE UNITS)

4,89:18=-03
4,3585=01
4,6074~01
4,8u37=0i
4.1592=01
4,3258=01
3,6157=01
3,8603=-01
3.,8211-01
3.8515-01
“00“98’01
4,3896-01
4,0582-01
“01218-01
4,0637=-01
4,664u=01
3,8928-01
4,9803-01
5,5719-01
5.6478=01
5,8971=01
6.5258=-01
8.2347-01
7.9815=C1
8.9772=01
9,9097=01
1,2445+00
1.2248+00
1.4240+00
1,7153+00
2.1620+00
2.6102+00
3.1567+00
3.9998+00
4,6127+00
4,9435+00
5.5645+00
6.,4013+00
6,7661+00
6,6420+00
6.,6023+00
6.5414+00
6.,2721+400

RELATIVE

UNCERTAINTY

9,1354=02
9,5670=02
9,5246-02
9,.,1131=02
8,4443=02
7.9809=-02
8.9407=02
80300“‘02
8.6544=02
8.4357=02
7.8773=02
8.4%48=02
8.3450-02
8.8012=02
7.9114=02
9,0554=02
6,5036~02
6,2200=-02
6,3128-02
6.,3032=-02
5,9023=-02
5,3427=02
5.5317=02
5,1656=02
4.,9284=02
%,0048=02
3,.8246=02
3,5615=02
3,1938=02
2,9447-02
2.6915-02
2,.,2095=02
2,0901=02
2,0427=02
1,9501=02
1,8477=02
1,8193=02
1,8594=02
1,7497=02
1.78““-02
1,8510=02

— - —

g (. “———




KUNS T8¢T7 2=22=66

CUNTINUED

TABLE E77

THEKMAL NEUTRON SPECTRUM FOR 4,5=INCHES LH2 AT 78 DEGREES USING
A BANK OF 32 VERTICAL BF3 DETECTORS
LNERGY RESQOLUTION FOR GROUPING =

NWEUTRON ENERGY

(EV)

845502=u3
8+0965=03
706616-05
7.2695=03
6086“6-03
6:4927=03
6+1501=03
5.8338=03
5.5238=-03
5.2213=03
4.9431-03
“06566-03
4.4372=03
4.1954=03
3.9726=03
3.7673=03
3.5684=03
3.3762=03
341991=03
3.0356=03
2.8778=03
207258-03
205855‘03
2.4507-03
2¢3213=03
2-201&-03
2.0873=03
109777-03
1.8765=03
1.7796=03
106871'05
106016-03
1.5199=03
1.4420-03
1.3677=03
1.2970-03
1.2298=03
1.1660~03
1.1055=03
1,04/1=03
9.9373‘0“
9.4223-04
8.9351-04

NEUTRON FLUX
(RELATIVE ONITS)

7.1231+402
7.6678+402
7.7059+02
7.9571+402
8.2933+02
7.6848+02
8,1191+02
8,3204+02
8.,3075+02
8,4767+02
8,5248+02
8,3866+02
9,7549+402
9,.2355+02
9,4739+402
1,0022+03
9,8928+02
1,0197+03
1,0270403
1,0663+03
1,1159+03
1,0935+403
1.1128+03
1,1498+03
1,1313+403
1,1518+03
1,2049+403
1,1911+03
102008+03
1,2063+03
1,1763+403
1,1917+03
1,2218+03
1,2169+403
1,1938+03
1,1845403
1,0539+403
1.0971+03
1,0062+03
1,0616+03
9,5557+02
9,0651+02
8.7005+02

+05

E-96

4=3=§9

LARGEST FRACTIONAL ERROR = .20

FL{X*ENERGY
(RELATIVE UNITS)

6.0904+00
6,2098+00
5.9195+00
5.,7844+00
5.6930+00
4,9895+00
4,9933+00
4,8540+400
4,5889+00
4,4259+400
4,2139+400
3.9305+00
“0328“§00
3,8747+400
3.7638+00
3,.7756+400
3.,5301+00
3.4427400
3,2855+400
3.2369+00
3.,2113+400
2.9807+400
2.8771400
2.8178+400
2.6261+00
2.5360+400
2.5150+400
2.3556+400
2.2533400
2.1467+00
1,9845+400
1,9086+00
1.8570+00
1.7548+400
1,6328+00
1,5363+00
1,2961+00
1,2792+400
1.1124+400
1.,1127+400
9,4958=01
8.5414=01
7.7740=01

RELATIVE

UNCERTAINTY

1.9084=02
1.,9230-02
1,9262=-02
1,9555=02
2.0709=02
2,0201=02
1.986“-02
2.0284=02
2,0644=02
1.9886-02
1,7519=02
1.8159=02
1.,8675=02
1,8974=02
1,9065=02
1,9627=-02
2,0500=~02
2.1018-02
2.,0573=02
2.1787‘02
2.2571-02
2.2361=02
2,3679=02
2.,4554=02
2.4302=-02
2.5595=02
2.6692=-02
2,7044=02
2,8658=02
2.9818=02
2,9942=02
3,1602=02
3.,2332=02
3,4415=02
3,7049=02
3,7911=02
“01012-02
4,1645=-02
4,5240=-02
4,8931=02
5.0918=02



KUNS T82T7 c=d2=66

CONT (IWUED

TABLE E£77

THEKMAL NEUTRUN SPECTRUM FOR 4,5=INCHES LH2 AT 78 DEGREES USING
A BANK UF 3¢ VERTICAL BF3 DETECTORS

LNERGY RESQLUTION FOR GROUPING =

HEUTRON tJcROY
(Ev)

80“.’“0-0“
8.03a1=04
7.6258=04
7.2562'0“
6.808U=U4
6.5201=U4
6.18U6=U4
S.8656=04
S.57C4=04

NEUTRON FLUX
(RELATIVE UNITS)

8,0940+02
8.,8079+02
7.3799+02
7.6947+02
7.5125+02
6.,5281+02
7.0255+02
6,9913+02
5.7986+02

+05

E-97

“-1-69

LARGEST FRACTIOMAL ERROR = 420

FLUX*ENERGY
(RELATIVE UNITS)

6.,8589=~01
7.0799-01
5.6278-01
5.56R0~01
5.1596=01
“0256“-01
4,3451=01
4,1029=-01
3,2301-01

RELATIVE

UNCERTAINTY

5,6094=02
5,5973=02
6,3522-02
6,.,3525=02
6,8992=02
7.7682=02
7.8420=-02
8.1218=02
9,8534-02




RUNS 199 Tiu ¢=22-60 TABLE E78 4=3=69
THERMAL NEUTRON SPECTRUM FOK 2,5=INCHES LH2 AT 78 DEGREES USING
A BANK UF 32 VEKTICAL BF3 DETECTORS

ENERGY RESCLUTIUN FOR GROUPING = .05 LARGEST FRACTIONAL ERROK = .20

MEUTHKON ENERGY  NEUTRON FLUX FLX*ENERGY RELATIVE
(Ev) (KELATIVE UNITS) (RELATIVE UNITS) UNCERTAINTY
1.2710+02 8.,4956=03 1,0798+00 1,6050=-01
3.1811+01 3,2547=02 1,0354+400 1,3090~01
l.4360+uU1 5.,1421=02 7.3841=01 1,5132-01
9.1557+00 9,0583=02 8,2935=01 1,7632=-01
7.1800+00 1,1527=01 8.2764=01 1,6774=01
5.7810+00 1,7330=01 1,0018+400 1,3255~01
4,7550+00 1.,6147=01 7.6779=01 1.7368=01
3.9795400 1,9946=01 7.9375=01 1,6311=01
3.3792+00 1,9683=01 6.6513=01 1,9144=01
245241400 3.7090=01 9,3619=01 1,2361-01
2:.2137+00 6.2562=01 1,3849+00 6.,5803=02
1.9572+00 4,2528=01 8,3236=01 1,3577=01
1.7428+00 5.9887=01 1,0437+00 1,0573=01
1.5018+00 5.9958=01 9,3642=01 1,1519=01
1.27%0+00 5.6839=01 7.2470=01 1.4378=01
l.1604+00 1,1360+00 1,3182+00 7.0036=02
1.0605+00 9,0393=01 9,5862=01 1.,0472=01
9.7306=01 6,1080=01 5.9436=01 1,6134=01
849592=01 8,5065=01 7.6211=01 1,2410-01
8.2781=0U1 1,0238+00 8,4751=01 1,1421-01
7+60%90=U1 1.,1002+00 8,4381=-01 1,0920=01
Te1267=01 8.9519=01 6,3798=01 1.4497=01
6:6393=01 1,2796+00 8,4956=01 1,0946-01
6.2003=01 1,2856+00 7.9711=01 1,1208=-01
5.8034=01 1,2194+400 7.0767=01 1,2437=01
S5.4435=01 1,0170+00 5.,5360=01 1,5995«01
5.1160=01 1,56168+00 9,2947=01 7.9635=02
4.8172-01 1.,3407+00 6,4584=01 1,4294=01
4.5439=01 2.,1657+00 9,8407=01 8,0025=02
4,2931=01 1,7967+400 7.7134=01 1,1085=01
4,0620=01 1,2012+400 4,8800=-01 1,7151=-01
J3.8501=01 1,4518+400 5.5896=01 1,3803=01
J3.5032=01 2,1221+400 7.5615=01 7.1134=02
342259=01 1,9919+00 6.4257=-01 8,8014=02
2.9343=-01 1.8898+400 5,5452=01 9,9368=02
2.6805=01 3,0538+00 8,1857=01 6,1012-02
2.4513=01 2.6484+00 6.5106=01 7.2171=02
2.2026=U1 2.5726+400 5,8208=01 8,8572=02
2,0893=01 3,0128+00 6.,2946=01 8,5546=02
1.9353=01 3.,4816+00 6,7379=01 7.9449=02
1:7970=01 3.5538+00 6,3883=01 8.2381=-02
E-98



RUNS T9» Tiu 2=22=606

CONTINUED

TABLE E73

THEKMAL HEUTRUN SPECTRUM FOR 2,5=INCHES LH2 AT 78 DEGREES USING
A BANK OF 32 VERTICAL BF3 DETECTORS
ENERGY RESOCLUTIUN FOR GROUPING = 405

NEUTRON ENERGY

NEUTRON FLUX

(Ev) (RELATIVE UNITS)
1.6742=01 3.6003+00
1.503u=01 4,5589+00
l.4025=01 4,4246+00
1.3715=01 4,7003+00
l.2846=01 4,5031+00
1.2131-01 4,2687+00
1.1440=01 5.1342+400
l1.00p6=ul 5.7438+00
1.0223=01 4,3912+400
9.6871=02 6,0664+00
9.1919=02 5.,5607+00
Be6261=02 5.,2875+00
8.0114=02 5.0774+00
Tekon2=-02 6.4342+00
6.9641=02 5,9864+00
6:5157=02 6,5488+00
6+1U92=02 8.4631+00
5:7390=02 7.9763+400
5.4027=02 8,6943+00
5.0940=02 1,0435+401
4.8l21=u2 9,0746+00
4,5524=y2 1,1160+01
4,.3133=-02 1.4058+01
4.,0920=02 1,2969+01
3.8565=02 1,4380+401
3.6104=02 1,7105+01
3.3872=02 2.,0150+01
3.1842=02 2.0942+01
2¢9990=u2 2.,8026+01
2+8297=02 3,0051+01
2:.6744=02 3.4018+u1
2¢9317=02 3,5850+01
2.4005=02 4,5694+01
2.260649=02 5.3470+01
2¢1275=02 6,7321+01
1.8880-U2 1.0208+02
1.7634=02 1.1899+02
l.0877=u2 1,6907+02
1.5998=02 2.2795+02
1.5109=u2 2.,7176+02
1.4220=02 3,3873+02
1.3400-02 3.9520+02

E-99
—— e "SRR g

4=3=69

LARGEST FRACTIONAL ERROR = 50

FL{)X*ENERGY
(RELATIVE UNITS)

6,0276=01
7.1256=01
6.4710-01
6.,4465-01
5.8027-01
5.1784=01
5,8735=01
6.2068=01
5.0003=-01
5.,8766=01
5.1113-01
4,5611-01
4,0677=-01
4,8373-01
4,1690-01
4,2670~-01
5.1703=-01
“05781"01
4,6973=01
5.3162-01
“03668‘01
5.0805-01
6,0636=-01
5.,3077=-01
5.5456-01
6,1756=01
6,8252=-01
6.6684=01
8,4050-01
8.5035=-01
9,0978=01
9,0761-01
1,0969+00
1.2110+400
1,4321+400
1,6523+400
1.,9273+00

. 241221400

2.,8534+400
3,6467+00
4,1060+400
4,8167+00
5.2981+00

RELATIVE

UNCERTAINTY

8,3792=02
7.1466=02
8,3847=02
7,7101=02
8.,4281=02
9,4287=02
8.,2796=02
7.8546-02
9,9328=02
8,0928-02
8.7321=02
8,5649=02
9,1207=02
7.8080=02
8,8655=02
8,6842=02
7.4211=02
7.9282=02
7.6715=02
7.1643=02
B8.,7700=02
7.7872=02
7.2997=02
7.4949=02
6,0011=-02
5.,8830=02
6.1253=02
5.,2896=02
5,4916=02
5.3224=02
5,3988=02
"‘089“1"02
4,2378=02
3,9361=02
3,6769=02
3.4507=02
3.2873-02
2.R774=02
2.5677=02
2.,2271=02
2.1005=02
2,0176=02




RUNS T9»
CONTINUED

T10 2=22-66

TABLE

E78

THERMAL NEUTRON SPECTRUM FOR 2,5=INCHES LH2 AT 78 DEGREES USING
A BANK OF 32 VERTICAL BF3 DETECTORS
ENERGY RESOLUTIUN FOR GROUPING = .05

NEUTKON ENERGY

(Ev)

1.2657=02
1.1968=02
1.1332=02
1007““-02
1.0157=02
9.5749-03
9,0418-03
8¢5502=03
8.0985=03
7.6818=03
7.2695-03
6.8646=03
60“927-03
6.1501-03
5.8338-03
5.5238=03
5.2213-03
4.9431=03
4.6866-03
4.4372-03
4.1954=-03
3.,9728=03
307675-03
345684=03
303762'03
301991‘03
3.0356=03
2-8778-03
207256'03
205855-03
2.4507=03
2¢3213-03
2.2018=03
2.0873=-03
109777-03
1.8765=u3
1.7796=03
1,6871-03
1,6010=03
1.5199=03
10““20-03
103577-03
1.2970=03

4,5810+02
5.,5216+02
5,9359+02
6,3719+402
6.,3130+402
6.6179+02
6,9825+02
7.1986+02
7.1171+02
7.5384402
7.9095+02
8.1502+02
7.6547+02
8,1118+02
8.,1994+02
8,2892+02
8,6008+02
8.5706+02
8,3674+02
9,3670+02
8.9321+02
9,2160+02
9,4000+02
9,6036+02
9,8041+02
1,0282+03
1,0400+03
1,0707+03
100791*03
1,0914+03
1,1407+03
1,1597+03
1,1331+03
1,1052+403
1,2157+03
1,1601+03
1,1360+03
1,1654+03
1,2390+03
1,1953+03
1,1930+03
1,1209+403
1,1303+403

NEUTRON FLUX
(RELATIVE UNITS)

E-100

4=3-69

LARGEST FRACTIONAL ERROR = .20

FLUX*ENERGY
(RELATIVE UNITS)

5.7982+00
6,6083+00
6,7266+00
6,8460+00
6.,4121+400
6.3366+00
6,3134+400
6.1549+400
5.7638+00
5.,7908+00
5.,7498+00
5.5948+00
4,9700+00
4,9888+00
4,7834+400
405788+00
4.4907+00
4.,2365+00
3.9215+00
4,1563+00
3,7474+400
3,6613+00
3,5413+00
3,4269+00
3.,3101+00
3,2893+00
3.1570+0°
3,0813+00
2,9414+400
2.8218+00
2,7955+00
2.,6920+00
2.“9“9+00
2.3069+00
2.4043+400
2.,1769+400
2.,0216+400
1,9661+00
1,9844+400
1,8167+00
1,7203+00
1,5331+00
1,4660+00

RELATIVE

UNCERTAINTY

1,9576=02
1,8543=02
1,8655=02
1,8730=02
1,8142=02
1,8565=02
1,8907=02
1.,9453=02
2,0357=02
2,0606=02
1,9840=02
2,0210=-02
2.1255=02
2,0765=02
2,0483=02
1,9825=02
2,0642=02
2,1093=02
2,0426=02
108227-02
1,8904=02
1,9366=02
2,0086=02
1,9778=02
2.0534=02
2,0973=02
2,1793=02
2.1607=02
2.2537-02
2.3423=02
2,3112=02
2.,4147=02
2.5450-02
2.6021-02
2,5920=-02
2.8073=-02
2,8618-02
2,9620=-02
2,9800=02
3,1043=02
3,2358=02
3,4248=02
3,5708=02




RUNS 19,
CONT INUCD

f1U 2=22=b6

TABLE E78

THERMAL NEUTRON SPECTRUM FOR 2,5=INCHES LH2 AT 78 DEGREES USING
A BANK VF 32 VERTICAL BF3 DETECTORS
ENERGY KESQLUTION FOR GROUPING = .05

NEUTRON ENERGY

(EV)

1.2298-03
l1.1060=03
1.1055=03
1.0431-03
9.9573=04
90“225‘04
809351'0“
80“7“0‘0“
8¢0341=04
7.0258-04
7.2352-04
6.8680=04
6¢5201=0U4%
6.1848=04
S.8040=04
50570“-U“

1,0226+03
1.,0683+03
1,1456+03
1,0065+403
9,5686+02
8,6832+02
9,.1386+02
9.,1441+02
8,1298+02
7.6551+02
6,7362+402
7.7919+02
T.2431+402
6,786/+02
5.6748+02
6.,3997+02

NEUTRON FLUX
(RELATIVE UNITS)

E-101

4=3-69

LARGEST FRACTIONAL ERROR = 420

FLX*ENERGY
(RELATIVE UNITS)

1,2576+00
1.2456+00
1,26565+00
1,0549+00
9,5086=-01
8.1816=-01
8.1654=01
7.7“87-01
6,5348=01
5.8376=01
4,8744=-01
5.3515=-01
4,7226=01
“c197“-01
3.,3303=-01
3.5649=01

RELATIVE

UNCERTAINTY

3,8340-02
3,9339=02
3,9173=02
4,4263-02
4,5962=-02
5,1971=02
5.1233=02
5,3068=02
5.8197=02
6,4161-02
7.1764=02
6,8151=02
7.4809=02
8-0100-02
9,5678=02
9,4360=-02



TABLE E79

OSR MONTE CARLO RESULTS FOR A 2+5=INCH THICK JESS OF LIQUID HYDROGEN
NORMALIZED 10 ONE SOURCE NEUTRON FOR THE UNCOLLIDED FLUX AT 0 DEGREES

UPPER ENERGY NEUTRON FLUX FLUX*ENERGY
(EV) (RELATIVE UNITS) (RELATIVE UNITS)
1.40+07 1,06=12 1038'05
1.20407 1,68=12 1.85=05
1.00+407 5.,11=12 4.60=05
8+00+406 1,31-11 9.20=05
600406 3.80-11 1.90=-04
4.00+40F 6.,86=-11 2.40=04
3.00¢r, 1,36=10 3.40=04
200406 1,95=10 3.41=04
1.50+06 2,98=190 3.72=04
1.00+06 3,83=10 3.45=04
800405 3,71=10 2.60=04
600405 3.70=10 1.85=04
4.00+05 2,37=10 7.10=05
2¢00+05 7.87=11 1.18=05
1.00+05 2,70-11 1.97=p6
4.60+04 9,47=12 3.22=07
220404 2.,17=12 3.48=08
1.00+04 "4,66=-11 3.40=07

E-102



TABLE EB80

OSR MUNTE CARLO RESULTS FOR A 2¢5=INCH THICKNESS OF LIQUID HYDROGEN
WORMAL1ZED 10 ONE SOURCE NEUTRON FOR THE COLLIDED FLUX AT 0 DEGREES

UPPER cNERGY NEUTRON FLUX FLUX*ENERGY
(Ev) (RELATIVE UNITS) (RELATIVE UNITS)
1.40+407 8.,62=15 1.12=07
1.20+407 1,91-14 2.10=07
1.00+07 4,.50=14 4.05=07
800406 1,86-13 1.30=06
6+00+06 4,40-13 2.20=06
400406 5.77=13 2.02=06
3.00+406 9,60-13 2.40=06
2.00+06 1,09=-12 1.91=06
1.50+06 2.56-12 3.20=06
1.00+06 2,68=-12 2:.41=06
8+00+05 4.57=12 3.20=06
o+ 0u+05 3,60=12 1.80=06
4.0U+05 1,83=12 5.50=07
2+00U+05 2.40=-12 3.60=07
1.00+05 2.,81-12 2.05=07
4.60+04 3.,82=12 1.30=-07
220404 8,25=12 1.32=07
1.00+04 1,92-11 1.40=07
4eHU+03 3,A5=11 1.31=07
2420403 8.56=-11 1.37=07

E-103



TABLE

Esl

05R MUNTE CARLO RESULTS FOR A 2.5=INCH THICKNESS OF LIQUID HYDROGEN
NORMALIZED TO ONE SOURCE NEUTRON FOR AN ANGLE OF 37 DEGREES

UPPER ENERGY
(EV)

1.40+07
1.204+07
1.00407
800406
6.00+06
4.0U+06
3.00+06
200406
1.50+06
1.00406
8+00+05
600405
4.00+405
2.00+05
1.00405
4.60+04
220404
1.00+04
4e&5u+03
220403

NEUTRON FLUX
(RELATIVE UNITS) (RELATIVE UNITS)

1,38=17
1,27=16
“089-16
2,86=15
5.40=15
2. 1“-1“
5080-1“
9.71-1“
2.,20~-13
3.,78=13
5,71=13
1.14-12
1 .60-12
1 081-12
1,78=12
6,06=12
1.10-11
2.65-11
5094-11

E-104

FLUX*ENERGY

1.80-10
1.40=09
“0“0-09
2.00=-08
2.70=08
7050'08
1.“5'07
1.70=07
2.75=07
3.40=07
t,00=07
5.70=07
4.80=07
2:71=07
1.30=07
8.97=08
9.70=08
8.00=08
9.00-08
9.50=08



TABLE EB2

05R MUNTEL CARLO RESULTS FOR A 2.5=INCH THICKNESS OF LIQUID HYDROGEN
NORMALI<LD TO ONE NEUTRON FOR AN ANGLE OF 78 DEGREES

UPPER cNERGY NEUTRON FLUX FLUX*ENERGY
(EV) {(RELATIVE UNITS) (RELATIVE UNITS)
1.40+07 2,00~18 2.60-11
1.20407 1,09-17 1.20-10
1.00+07 7.““-17 6070-10
8.00+06 2.14=16 1.50-09
6+00+06 8,00-16 4.00=-09
4.00+06 2,03=15 7.10=09
3.00406 4,44=15 1.11=-08
200406 8,63=15 1.51-08
1.50+06 1,77=14 2.21-08
1.00+406 J.18=14 2.86=08
8.00405 7.8“-1“ 5049"05
600405 7.20-14 3.60=08
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TABLE EB83

O5R MONTE CARLO RESULTS FOR A 4.5=INCH THICKNESS OF LIQUID HYDROGEN
WORMALIZEL TO ONE NEUTROM FOR THE UNCOLLIDED FLUX AT 0 DEGREES

UPPER ENERGY NEUTRON FLUX FLUX*ENERGY
(Ev) (RELATIVE UNITS) (RELATIVE UNITS)
1.40407 8,08-13 1.05=-05
1.20+07 1.,45=-12 1.60=05
1.00+07 3.89=12 3050-05
8.00+06 1,00-11 7.00=05
6.00+05 2,58=11 1.29=-04
4.00+C 4.60-11 1.61-04
3.00+06 6.96-11 1.74=04
2+.00+06 8.69-11 1.52=04
1.50+06 1,24=10 1.55=-04
1.00+06 1,33-10 1.20=-04
8.00+05 1,01-10 7.10=05
6+0U+05 8.80=-11 4.40=05
4.00+05 3.67=11% 1.10-05
2+0U+05 5.,67=12 8+50=07
1.00+05 1,06=-12 7.75=08
G4.60+04 1,79-13 6.08=09
220404 7.56=14 1.21=-09
1.00+04 5.89-14 4.30-10
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TABLE E84

OSR MONTE CARLO RESULTS FOR A 4.5=INCH THICKNESS OF LIQUID HYDROGEN
NORMALIZED (0 ONE NEUTRON FOR THE COLLIDED FLUX AT 0 DEGREES

UPPER ENERGY NEUTRON FLUX FLUX*ENERGY
(Ev) (RELATIVE UNITS) (RELATIVE UNITS)
1.4u+07 6,08=15 7090-08
1.20+07 1,27=-14 1.40=-07
1.00+07 4,44=14 4.00=07
B.00+06 1,43-13 1.00=06
600406 2.82-13 1.41=06
4.00+06 4,51-13 1.58=06
3.00+06 6.,40-13 1.60=06
2.00+06 8,86=13 1.55=06
1.50+06 1,00-12 1.25=06
1.00+06 1,33-12 1.20=06
8.00+05 1.41-12 9.90=07
6.00+05 1,90-12 9.50=07
4.00+05 1,33=12 4.00=-07
2.00+05 2.,07=12 3.11=-07
1.00+05 3.15-12 2¢30=07
4.60+04 4,71-12 1.60=-07
220404 8,75=12 1.40=07
1.00404 1,52=-11 1.11=-07
4.6u+03 2.86-11 9.71-08
220+03 5.87=11 9.40-c8
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TABLE EB85

SR MONTE CARLO RESULTS FOR A 4+5=INCH THICKNESS OF LIQUID HYDROGEN
ORMALI<ED 10O ONE NEUTRON FOR AN ANGLE OF 37 DEGREES

UPPER ENERGY NEUTRON FLUX FLUX*ENERGY
(EV) (RELATIVE UNITS) (RELATIVE UNITS)
1.40+407 3.23-17 4.20=10
1.20407 7.27=17 8.00-10
1.00+07 3,00~16 2.70=09
8.00+06 1,11-15 7.80=09
600406 6.,40=15 3.20=08
4.00406 2.,03=-14 7.10=08
3.00+06 4,08-1y 1.02=07
200406 1,03=-13 1.81=07
1.50+06 1,78=-13 2.22=07
1.00+06 2,87=13 2.58=07
800405 4,21-13 2¢95=07
600405 4,56-13 2.28=07
4.00+05 6,37-13 1.91=07
2+00+05 1,07=-12 1.60=07
1.00+05 1,89-12 1.38=07
4e60+04 3.56=12 1.21=07
2.2U0+04 5,50=-12 8.80=08
1.00+04 1,12-11 8.20-08
4.60+03 2,35-11 8.00=08
2+2U+03 4.,69=-11 7.50=08
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TABLE EB6

OSR MONTE CARLO RESULTS FOR A 4.5=INCH THICKNESS OF LIQUID HYDROGEN
NORMALIZED 0O ONE NEUTRON FOR AN ANGLE OF 78 DEGREES

UPPER ENERGY NEUTRON FLUX FLUX*ENERGY
(Ev) (RELATIVE UNITS) (RELATIVE UNITS)
1.4y+07 6.90-19 8.97=12
1.20407 1,77=18 . 1,95-11
1.00+07 3,67=18 3.30-11
B+00+06 1,30~-17 9.12-11
6.00+06 2.18-16 1.09=09
4.00+06 3,49=16 1.22=09
3.00+06 1,04-15 2+60=09
2.00+06 2,23-15 3.90=-09
1.50+06 4,34=15 5.42=09
1.00+06 9,33=15 8.40-09
8+00+05 1,20~-14 8.40=09
600405 1,58=14 7.90=-09
4.00+05 4,73-14 1.42=08
200405 1,30-13 1.95=p8
1.00+05 5.,75=13 QOZO‘OU
4.60+04 9,56=-13 3.25=08
2020’04 “.19‘12 6.70-06
1.00404 6,15-12 5.95=08
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TABLE E87

USR MONTE CARLO RESULTS FOR A 13.0=INCH THICKNESS OF LIQUID HYDROGEN
NORMALIZED TO ONE NEUTRON FOR THE UNCOLLIDED FLUX AT 0 DEGREES

UPPER ENERGY NEUTRON FLUX FLUX*ENERGY
(EV) (RELATIVE UNITS) (RELATIVE UNITS)
1.40+407 4,32-13 5.62=06
1.20+07 6.,18=13 6.80=06
1.00+407 1,58-12 1.42=05
8.00+06 3,01-12 2.11=05
6.00+06 5.,60~12 2:80=05
4.00406 6,14=12 2.15=05
3.00+406 6,04=12 1.51=05
2.00+06 3.,95=12 6¢22=06
1.50+06 3.10=-12 3.88=06
1.00+06 1,66=12 1.49=06
8.00+05 6,57=13 4.60=07
600405 2,20-13 1.1C0=07
4.00+05 1,60-14 4.80=-09
2.00+05 1,73=16 2.60-11
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TABLE E88

OSR MONTE CARLO RESULTS FOR A 13.0=INCH THICKNESS OF LIQUID HYDROGEN
NORMALIZED TO ONE NEUTRON FOR THE COLLIDED FLUX AT 0 DEGREES

UPPER cNERGY NEUTRON FLUX FLUX*ENERGY
(EV) (RELATIVE UNITS) (RELATIVE UNITS)
1.40+07 4,93=15 6.41=-08
1.20+07 8,.64=15 9.50=08
1.00+07 2.33-14 2.10=07
3.00+06 5.86=14 4.,10=-07
600406 1,16-13 5.80=07
4.0u+06 1,43-13 5.00=07
3.00+06 1,48-13 3.70=07
2:00+06 1,43-13 2.50=07
1.50+06 1,66-13 2.10=07
1.00+06 2.,01-13 1.81=07
8.00+05 1.36-13 9.50=08
6.00+05 1,54=13 7.70=08
4.09+05 1,37=13 4.10=-08
2.0y+05 1,72=-13 2.58+08
1.00+05 1,78~13 1.30=-08
4.60+04 3,24-13 1.10=-08
2.20+04 4.,63~13 T.41=09
1.00+04 8,36=13 6010"09
Le6U+03 1,85-12 6.30-09
220403 3,62=12 5.80=09
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TABLE EB9

OSR MONTE CARLO RESULTS FOR A 13.0=INCH THICKNESS OF LIQUID HYDROGEN
NORMALIZED TO ONE NEUTRON FOR AN ANGLE OF 37 DEGREES

UPPER ENERGY NEUTRON FLUX FLUX*ENERGY
(Ev) (RELATIVE UNITS) (RELATIVE UNITS)
1.40+07 7.00=18 9.10-11
1.20407 1,84~-17 2.02-10
1.00407 1,00=1¢ 9.00=10
8.00+06 5.71=16 4.,00=-09
6+00+06 3,80~15 1.90-08
4.00+06 1,20-14 4.20=-08
3.00+06 1,96-14 4.90=-08
2.00+06 2,06=14y 3060"03
1.50+06 3.5“'1“ 4.42=08
1.00+06 4,22=14 3.80=08
8.00+05 5.86-14 4.10=-08
600405 7.20=1y 3.60=08
4.00+405 7.27=14 2.18=08
2:00+05 1,07-13 1.61-08
1.00+05 1.26-13 9.20~09
4.60+04 2,59-13 8.80-09
2.20+404 4,06-13 6:50=09
1.00+04 8,25-13 6.02=09
4.60403 1,70~-12 5.78=09
2020403 3,87-12 6+20=09
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TABLE E90

O5R MONTE CARLO RESULTS FOR A 13.0=INCH THICKNESS OF LIQUID HYDROGEN
NORMALI<ED TO ONE NEUTRON FOR AN ANGLE OF 78 DEGREES

UPPER ENERGY NEUTRON FLUX FLUX*ENERGY
(EV) (RELATIVE UNITS) (RELATIVE UNITS)
1.“U+07 1'12-18 1-“5-11
120407 2.55-18 2.80-11
1.00+07 1,20-17 1.08-10
800406 1.84=17 1.29-10
6.00+06 6,30=17 3.15=10
4.00+06 1,29=1¢ 4.50=10
3.00+06 5.20=16 1.30=09
2.00+06 1.,26=15 2.20=09
1.50+06 2,42=15 3.03=09
1.00+06 5.22=15 4.70=-09
800405 6.1“-15 “030-09
600405 1.,70-14 8.50=09
4.00+05 3.23~-1y4 9.70=09
2.00+05 2.,93=14 4.40-09
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TABLE E91

OSR MONTE CARLO RESULTS FOR A 2,5=INCH THICKNESS OF LIQUID HYDROGEN
NORMALIZED TO ONE NEUTRON FOR AN ANGLE OF 5 DEGREES

UPPER ENERGY NEUTRON FLUX FLUX*ENERGY
(Ev) (RELATIVE UNITS) (RELATIVE UNITS)
1.40+407 2.15=15 2.80=-08
1.20407 5.55=15% 6.10~08
1.00+07 1,33=14 1.20=07
8.00+06 B,43=14 4.50=07
600406 1,16=-13 5.60=07
4.00+06 2.,49-13 8.70=07
300406 4,04=13 1.01=06
200406 6.,29=13 1.10=06
1.50+06 1,60=12 2.00=06
1.00+06 1,03=12 9.30=07
8.00+405 2,29-13 1:60=-07
600405 1,70=-12 8+50-07

4.00+05 8.,33-13 2:50=07
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TABLE E92

OSR MONTE CARLO RESULTS FOR A 2.5=INCH THICKNESS OF LIQUID HYDROGEN
NORMALIZED TO ONE NEUTRON FOR AN ANGLE OF 15 DEGREZES

UPPER ENERGY NEUTRON FLUX FLUX*ENERGY
(EV) (RELATIVE UNITS) (RELATIVE UNITS)
1.40+07 7.50=17 9.75=10
1.20+07 6.33=16 6.96=09
1.00+07 7.36=16 6.62=09
8.00+06 8.63=16 600“-09
600406 1,58=14 7.92=08
4.00+06 2,61-1y 9.14=08
3.00+06 1,05-13 2:.63=07
2.00+06 1,27-13 2:.23=07
1.50+06 2,42-13 3.02=07
1.00+06 3,50=13 3.15=07
800405 2,14=12 1.50=06
6.00+05 9,18=-13 4.59=07
4.00+05 4,70-13 1.41=07
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TABLE E93

OSR MONTE CARLO RESULTS FOR A 2.5=INCH THICKNESS OF LIQUID HYDROGEN
NORMALIZED TO ONE NEUTRON FNOR AN ANGLE OF 53 DEGREES

UPPER ENERGY NEUTRON FLUX FLUX*ENERGY
(Ev) (RELATIVE UNITS) (RELATIVE UNITS)
1.40+407 8,08-18 1.,05-10
1.20+07 2,18=-17 2.40~-10
1.00+07 6,78=17 610=10
8.00+06 6,86=17 4.80-10
600406 - 5,20~16 2.60=09
400406 2.51'15 8080-09
3.00+06 9,60-1% 2.40=-08
2.00+06 7.43=15 1.30=-08
1.50+06 2.,16-14 2.70=08
1.00+06 6,44=1y 5.80=08
8.00+05 B8457=14 6.00~08
600405 1,80=13 9,00=08
4.00+05 4,33-13 1.30=07
2.00+05 1,07=12 1.60=07
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TABLE E94

UOR MONTEL C,RLO KESULTS FOR A 4.5=INCH THICKNESS OF LIQUID HYDKUGEN
MORMALLIZED 10 OnE NEUTROM FOR AN ANGLE OF 5 DEGREES

UPPER LNERGY NEUTRON FLUX FLUX*ENERGY
(EV) (RELATIVE UNITS) (RELATIVE UNITS)
140407 1,77=15 2¢30=08
1.20+407 3.45=15 3.80~08
1.00+07 1,07=14 9.60=08
B.00+06 3.14=1y4 2.20=07
!)000+06 8060-1“ “030-07
4.00+06 2,03-13 7.10=07
3.00¢406 3.00-13 7.50=07
2»0u+06 3.,60-13 6+30=07
1«5U0+06 4,64~=13 5.80=07
1.00+06 3,67=13 3.30=07
te0U+05 5,00-13 3.50=07
6e0U+0S 5,60~13 2.80=07
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TABLE E95

05K MUNIE CaRLO RESULTS FOR A 4.5=INCH THICKNESS OF LIQUID HYDROGEN
WORMALL<EU TO ONE NEUTRON FOR AN ANGLE OF 15 DEGREES

JPPER =NERGY NEUTRON FLUX FLUX*ENERGY
(EV) (RELATIVE UNITS) (RELATIVE UNITS)
140407 1,00~-16 1.30=09
1.20+07 2,64=16 2+90-09
1.0u+07 5.22=15 4.70=08
B.00+06 8,57=15 6. 70=08
0.00+06 2.,40-14y 1.20=07
4.00+06 7.14=1y 2.50=07
3.0y+06 1,04-13 2.60=07
2+.0u+06 1.83-13 3.20=07
1.50+06 2,72=13 3.40=07
1.00+06 4,67-13 4.20=07
G+0U+05 5.00=-13 3.50=07
6.00+05 7.60‘13 3080-07
4.00+05 1,50-12 4.50=07
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TABLE E96

UOR MUnlF CaRLO KESULTS FOR A 4.5=INCH THICKNESS OF LIQUID HYDROGEN
NORMAL4Lct L TO OnE HEUTRON FOR AN ANGLE OF 53 DEGREES

UPPEK _HERGY NEUTRON FLUX FLUX*ENERGY
(Ey) (RELLATIVE UNITS) (RELATIVE UNITS)
lelu+U? 1,85-18 2.40-11
le2u+07 6.82-18 7.50=11
1:00+07 5.56=17 5.00=10
&« 0U+UB 1,36~16 9.50~-10
e 0u+06 9,.,80-16 4.90=-09
4«0u+06 1,94=15 6.80=09
300+06 2.,60-15 6+50=09
2+ 0U+UB 2.17-15 3.80=09
1.50¢+06 2.64=15 3.30=09
1. 0U+00b 6.78=15 6+10-09
B 0J+US 7.14=15 5.00=09
6e00+05 9,20=15 4.60=09
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TABLE E97

USR MuNTE CaRLO IFESULTS FOR A 13.0=INCH THICKNESS OF LIGUID HYUROGEM
NORMALILZED 10 ONE NEUTRON FOR AN ANGLE OF S DEGRFFS

UPPEk NERGY NEUTRON FLUX FLUX*ENERGY
(EV) (RELATIVE UNITS) (RELATIVE UNITS)
1.40407 2,05-15 2.67=08
1.204+07 2.,80=15 3.08=08
1.0J"‘07 7.70-15 6.93-08
HBe0u+06 2,70=14 1.89=-07
be0U+U6 1,14=-13 5.70=07
4e.0u0td6 7.71-14 2.70=07
3.00+06 5.64=14 1.41=-07
2+00+U6 9,49=1y 1.66=07
1.50+06 9,84~1y 1.23=-07
1.0u+0b 7.00-14 6.30=08
8.00+405 7.91‘1“ 5.54=08
oe0u+05 7.00=14 3.50=-08
400405 9.,67-14 2.90=08

E-120



TABLE E98

OSR MgNTE CarLO RESULTS FOR A 135.0=INCH THICKNESS OF LIGUID HYDROGE
iORMALIccU 10 0,E NEUTRON FOR AN ANGLE OF 15 DEGRFES

E-12]

JPPER CNERGY NEUTRON FLUX FLUX*ENERGY
(£v) (RELATIVE UNITS) (RELATIVE UNITS)
1e404+907 2.52=16 3.27"09
1e2y+07 1,24=15 1.36=08
LeUU+07 4.,67=15 4.20=08
te0u+06 1,27=1y4 8+90=08
o«00+086 2,.,32=15 1.16=08
4.00+06 4,91=-14 1.72=07
3.00+06 3.92=14 9.,80=08
2+0U+006 6.86=14 1.20=07
1.50+06 1,39-13 1.74=07
1.0u+06 1,R8=1y 1.69=08
3«00+05 3.,10-14 2.17=0n8
HeUU+0S 5.66=14 2.83-08
4.0U+05 4,07-1y 1.22=08



TABLE E99

RESULTS OF [DF TRANSPORT CALCULATIONS OF THERMAL NFUTRON FLUX FOR A
2¢5=INCH THLCKNESS OF LIQUID HYJDROGEN AT AN ANGLE OF 38 DEGREES

UPPER LNERGY MEUTRON FLUX FLUX*ENERGY
(EV) (RELATIVE UNITS) (RELATIVE UNITS)
9.59=01 8.83=02 7.95=02
8+50=01 9,74=02 7.79=02
7+50=01 1,14-01 7+97=02
6e50=01 1,32-01 7.89=02
5:50=01 1.61-01 8003-02
4.50=01 2.09-01 8.38'02
J.5u=01 2,48-01 7.82=02
2.80=01 2,98-01 7.75=02
2:40=01 3.44=01 7e74=02
2:1u=01 3.94=01 7.68=n2
1.80=01 4,83-01 7.72=02
1e4u=01 5.82=01 7.42=02
1.15=01 6,14=01 6e75=02
1.05=01 6.45=01 6e24=02
Be82=02 7.18=-01 5.98=02
7.8uU=02 7.85=01 5¢75=02
6.80=02 9,00-01 5.62=02
5¢65=02 1,15+00 5.75=02
4e¢30=02 1,63+00 6.46=02
3.57=02 2.18+00 7.30=02
2¢13=02 2.,86+00 8e37=02
2¢73=02 4,01+00 1.00=0n1
2e2H=02 6.,63400 1.36=01
1.84=02 1,00+01 1.73=01
1.62-02 1,29+401 1.96=01
1.45=02 1,65+01 2+16=01
1.13=02 2.17+01 2¢32=01
9.6uU=03 2,63+01 2.38=01
Be45=03 2,98+01 2+:36=01
7e40=03 3,33+01 2.31=-01
6el4=03 3,72+01 2.25=01
5¢65=03 4,13+01 2.14=01
4e70=03 4,58+01 1.96-01
2+480=-03 4,79+401 1.74=01
3e40=U3 5.,07+01 1.59-01
2+80=03 5.16+01 1.74=01
2¢35=03 5.,06+01 1.08=p1
1.95-03 4,95+01 8+79=02
1¢60=03 4,53+01 6+79=02
l.40=03 4,61+01 5.88=02
1e15=02 4,30+01 4.40=02
9.00=04 3,81+01 3.05=02
7«00=04 3.42+01 2.05=02
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TABLE E99
CONT 1L ULL

KESULIS OF 1OF TRANSPORT CALCULATIONS OF THERMAL NEUTRON FLUX FOR A

ce5=1NCH THICKNESS OF LI1IQUID HYDROGEN AT AN ANGLE OF 38 DEGRFES

JPFPLR cNERGY NEUTRON FLUX FLUX*ENERGY
(Ev) (RELATIVE UNITS) (RELATIVE UNITS)
HeOu=04 2.94+01 117=02
S3¢0u=04 2.40401 4.80=03
1.0u=U4 1,17+401 S.84=04

E-123

nmmmmm.m:mm.u?.m. i



TABLE E100

KRESULTS oF LDF THANSPORT CALCULATIONS OF THERMAL NEUTRON FLUX FOR A
Qe5=INCH THLCKi LSS OF LIAUIN HYDROGEN AT AN ANGLE OF 77.4 DEGREES

UPFCR oNERGY NEUTRON FLUX FLUX*ENERGY
(Ev) (RELATIVE UNITS) (RELATIVE UNITS)
Ye50=01 8,89=02 8.00=02
Ledu=01 9,79=02 T.83=02
75u=01 1,14=01 8.01=02
bnSU'Ol 1.32-01 7.92-02
5050-01 1061-01 8007-02
4450=01 2,11=-01 8.43=02
2¢50=01 2,49=01 7.84=02
2.80U=01 2,99=-01 7+79=02
2e4)=01 3.“6'01 7.79-02
2e10=01 3,97=01 Te74=02
1.8U=u1 4,87=01 7.80=p2
le4u=ul 5.87-01 70“8-02
lel0=01 6,17=01 6¢79=02
1.05=01 6,47=-01 6+26=02
teBo=02 7.,20=01 5.99=02
7.8J0=02 7.87=-01 5.76=02
beBL=02 9,n2=01 S5.64=02
Heb5=02 1,16+00 5¢79=02
4e35=02 1,66+00 6¢56=02
S¢5/7=02 2,25+00 7.53=02
3el5=02 3,00+00 8.80=02
2eT3=U2 4,38+00 1.09=-01
2e2n=02 8,05+00 1.65=01
1e¢84=02 1,42+01 2.45=-01
le6¢=~02 2,02+01 3.08=01
lel45=02 2,H81+401 3.67=01
lely=02 3,93+01 4e21-01
Q.60=03 4.,88+01 4.40-01
Helh ,=U3 5,51+01 4.37=01
7+4u=03 6.,10+01 4.22=01
bel=03 6,72+01 4.07=01
5¢65=03 71.35401 3.80=p1
4e7u=03 7.96+01 3.40-01
3.80=03 8.,12+01 2:94=01
Se4u=03 8,46+01 2.64=01
2¢85=03 8,37+01 2016-01
2¢35=03 7.98+01 1.71=-01
1.95=03 7.59+01 1.35-01
1.6u=03 6.,73+01 1.01=-01
1.40=03 6,73+01 8.57-02
1¢1,-03 6,09+01 6e24=02
S.0u=04 5.21+01 4e17=02
7.0U=04 4,51+91 2.70=02
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. TABLE E100
CONTL, Ut

RESULTS OF LDF TRANSPORT CALCULATIONS OF THERMAL NEUTRON FLUX FOR A
2¢5=INCH THICRNESS OF LIQUID HYDROGEN AT AN ANGLE OF 77.4 DEGREES

UPPER cNERGY NEUTRON FLUX FLUX*ENERGY
(Ev) (RELATIVE UNITS) (RELATIVE UNITS)
5.00=04 3.70+401 1.48=p2
3.00=04 2.,85+01 5¢70=03
1.0U=04 1,33+401 6.64=04
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TABLE El101

KRESULTS OF [DF TRANSPORT CALCULATIONS OF THERMAL NEUTRON FLUX FOR A
4e5=INCH THICKNESS OF LIQUID HYQDROGEN AT AN ANGLE OF 38 DEGREES

UPFEK ENERGY NEUTRON FLUX FLUX*ENERGY
(EV) (RELATIVE UNITS) (RELATIVE UNITS)
9¢50=01 5.,93=02 Se34=02
8+50=01 6,60~02 5.28=02
7.50=01 7.81=02 5.46=02
0e50U=01 9,15=02 5."9'02
5.50=01 1,14=01 5.69=02
“150-01 1.52-01 6007-02
3+50=01 1,82-01 5.72=02
2+8uU=01 2.22-01 5076-02
2ely=01 2.59=01 S5e.84=02
2+10=-01 2.99-01 5.8"-02
1.80=01 3,71-01 5.93=02
l.4u=01 4,48=01 5¢72=02
1.15=01 4,70=01 5.17=02
1.05=01 4,92=-01 be76=02
8.85=02 5,45=01 “05“-02
7.80=02 5,95=01 4+36=02
6e¢80=02 6.,83-01 4.27=02
5¢65=02 8,79=01 4.39=02
4435=02 1,27+00 5.04=02
3.57=02 1,76+00 5.89=02
Jels=02 2.,40+00 7.03=02
273=02 3,60+00 8.95=02
2.20=02 6.87+00 1.40=-01
1.84=02 1,21+401 2.10-01
1.62=0z 1,70+01 2+60=01
lelb5=02 2.33+01 3.04=01
1.18=02 3,20+01 3.42=-01
9.6u=03 3,96+01 3.57-01
BelS5=03 4,49+401 3.56=01
Te40=03 4,99+01 3.45=-01
6e45=-03 5.53+01 3.35=-01
5e60=03 6,08+01 3.15=-01
4e7u=03 6,64+01 2.84=01
3.85=-03 6.,84+401 2.48=-01
3.,40=03 7.15+401 2.24=01
2+85=03 7.14+0%1 1.86=01
2+3,=03 6.86+01 1.47=-01
1.95=03 6.57+01 1.17=-01
1.6u=03 5,88+01 8.82=02
1.40-03 5,90+01 7.52=02
1.15=-03 5.38+401 5.51=p2
9.0u=04 4,63+01 3.71=02
7.00=04 4,03+01 2.42=02
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TABLE E101
CONTI (LD

RESULTS OF LDF TRANSPORT CALCULATIONS OF THERMAL NEUTRON FLUX FOR A
he5=14CH THICKNESS OF LIQUID HYDROGEN AT AN ANGLE OF 38 DEGREES

UPPER ENERGY NEUTRON FLUX FLUX*ENERGY
(EV) (RELATIVE UNITS) (RELATIVE UNITS)
5.00=04 3032"01 1033-02
J.00=04 2,56+01 Se11=03
1.00=04 1,18+01 5.92=04
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TABLE E102

KESULTS OF [DF TRANSPORT “ALCULATIONS OF THERMAL NEUTRON FLUX FOR A
4e5=INCH THLICKNESS OF LIQUID HYDROGEN AT AN ANGLE OF 77.4 DEGREES

UPPER LCNERGY NEUTRON FLUX FLUX*ENERGY
(EV) (RELATIVE UNITS) (RELATIVE UNITS)
905U-01 5.“2-02 4.88_02
8050‘01 6.U0‘02 “080-02
7+50=01 7.05=02 4.53=02
5e50=01 8,20=02 4.92=02
5¢50=Jl 1,01-01 5.05=02
4¢50-C1 1,33-01 Se34=02
3¢5u=01 1,59-01 5.02=02
2e8u=ul 1,93-01 5.03=p2
ceby=01 2.25"01 5.07-02
2+10=01 2.60=01 5.06=02
l1.80=01 3,21-01 Sel4=02
1.40=-01 3.89=-01 4.96=02
1e15=01 4,11-01 4.52=02
1.05-01 4,32=01 4.18=-p2
8e80=02 4.81-01 4.00=p02
7.80=02 5.27=01 3.86=02
6e80=02 6.,05=-01 3.78=02
5¢65=02 7.79=01 3.90=02
4.35=02 1.12+00 4., 45=02
3¢57=02 1.54+00 Se15=02
3e13=02 2.08+00 6409=02
2eT5=02 3,09+00 7.69=02
2e25=02 5.96+00 1.22=-01
leb4=02 1,13+401 1.96=-01
1.62=02 1,71+401 2.61-01
1.43=02 2.52+01 3.28-01
1.10"02 3.71*01 3097-01
G.60=03 4,72+01 4.27-01
Be405=03 5.38+01 4.26=01
7.40-03 5.,96+01 4+13=01
6e405=03 6.58+01 3.98=01
5¢65=03 7.18+401 3.72=01
4.70~-03 7.75+01 3.31=-01
3.85=03 7.87+01 2.85=01
Je40=03 8,17+01 2+55=01
Z2+85=03 8.,03+01 2:09=p1
2¢35=03 7.58+01 1.63-01
195=U3 7.16+01 1.27=-01
1060-03 6.30"‘01 9.""5"02
l.4yu=03 6.,26+01 7.98=02
1¢15=03 5.62+01 5.76=02
9.0U=0Y 4,76+01 3.81=02
7«00=04 4.07+401 2.44=02
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TABLE El02
CONTI Ucu

RESULTS OF ({DF TRANSPORT CALCULATIONS OF THERMAL NEUTRON FLUX FOR A
4eS5=INCH THICKNESS OF LIQUID HYDROGEN AT AN ANGLE OF 77.4 DEGREES

UPPER ENERGY NEUTRON FLUX FLUX*ENERGY
(EV) (RELATIVE UNITS) (RELATIVE UNITS)
5.00=04 3.,30+01 1.32=02
3¢0u=04 2,50+01 5.01-03
1.00=04 1,15+01 S«77=04
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TABLE E103

RESULTS OF LIDF TRANSPORT CALCULATIONS OF THERMAL NEUTRON FLUX FOR A
13,u=1INCH THICKNESS OF LIQUID HYDROGEN AT AN ANGLE OF 38 DEGREES

UPPER cNERGY NEUTRON FLUX FLUX*ENERGY
(Ev) (RELATIVE UNITS) (RELATIVE UNITS)
9.50=01 3.58=03 3.22=03
8¢50=01 4,02-03 3.22=03
7.50=01 4,.,80-03 3.36=03
6¢50=01 5.,70=-03 3.42=03
5¢5u=01 7.20‘03 3060-03
4+50=01 9,78-03 3.91-03
3.50=01 1,18-02 3.72=03
2.80-01 1.46=02 3.80=-03
2.4u=01 1,73-02 3.89-03
2+.10-01 2,01=02 3.92=03
1.80=01 2,51-02 4.,02=-03
1.40=01 3.,05=02 3.89=03
1.15=01 3.19=02 3.50-03
1.05=01 3.,31-02 3.21=03
B+85=02 3.66=02 3.,05-03
7.80=02 4,16=-02 3.05-03
6¢85=02 4,68-02 2+93-03
S«b0=02 5.,73=02 2.86=-03
4.35=-02 7.49'02 2¢97=03
3.57=02 1,04-01 3.47=03
3.15=02 1,42-01 4.19=03
2¢75=02 2,09-01 5.21=03
2¢20=02 3.,50-01 7.16=03
1.84=02 8,19-01 1.42=02
1.62=02 2.05+00 3.13-02
l1.45=02 3.,99+00 5.21=02
1.16=02 7.38+00 7.90~=02
9.60=03 1.25+01 1013-01
B'“D'OB 1,67+01 1-33-01
7+4u=03 1,96+401 1.36-01
6:45=03 2,21+01 1.33=01
5¢60=U3 2.,49+401 1029-01
4.70=03 2,80+01 1.20~-01
3¢85=03 2.90401 1.05=-01
3.40=-03 2,83+01 8.85=02
2.85=03 2.99+01 7.78-02
2¢35=03 2.86+01 6e16=02
1¢95=03 2,61+01 4.63=02
le6U=03 2,32+401 3.48=02
l1.40=03 1,95+01 2.48=02
1.15=03 1,99+01 2.04=02
9.0u=04 1,77+01 1.42=p2
7.0U=04 1,49+01 8+91=03
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TABLE E103
CONTI1 :UED

KESULTS OF 1OF TRANSPORT CALCULATIONS OF THERMAL NEUTRON FLUX FOR A
13.0=INCH THICKNESS OF LIQUID HYDROGEN AT AN ANGLE OF 38 DEGREES

UPPER CNERGY NEUTRON FLUX FLUX*ENERGY
(EV) (RELATIVE UNITS) (RELATIVE UNITS)
5.00=04 1,36+01 5.45=03
3.00=04 1.38“01 2.77-03
1.00=04 1,95+01 9.73=04
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TABLE E104

KESULTS OF [DF TRANSPORT CALCULATIONS OF THERMAL NEUTRON FLUX FOR A
13.0=INCH THICKNESS OF LIQUID HYDROGEN AT AN ANGLE OF 77.4 DEGREES

UPPER ENERGY NEUTRON FLUX FLUX*ENERGY
(Ev) (RELATIVE UNITS) (RELATIVE UNITS)
9.50=01 3,01-03 2.70=-03
650=01 3,34=03 2067'03
7+50=01 3,95=03 2:.76=03
6¢50=01 4.62=03 2:77=03
5¢5u0=01 5,73=03 2.87=03
4.50=01 7,64=03 3.06-03
3.50=01 9,20-03 2.90-03
2+8U=01 1.12-02 2-92-03
2:40=-01 1,32=-02 2¢97=03
2¢10-01 1,53=-02 2.98=03
1.80=01 1,90-02 3.03=-03
l.40=01 2.,32=02 2:.95=03
1.15=01 2,45=02 2:70=03
1.05=01 2.58=02 20“9-03
8+85=02 2.,87=02 2¢39=03
7.8u=02 3,15=02 2.31=03
6.85=02 3,62=02 2.26=03
S5¢60=02 4,68=02 2¢34=03
4¢35=02 6,79=02 2+.69=03
3.57=02 9,37=02 3.14=03
3¢13=02 1,28=-01 3.76=03
2.73=02 1,96=-01 4.,87=03
225=02 4,09=-01 8¢37-03
1.84=02 9,03-01 1.558=02
le62=02 1,57+00 2.40=02
lelb3=02 2070+00 3052-02
1.15=02 4,80+400 5.13=-02
9.6U0=03 6.94+00 6+26=02
8el45=03 8.,36+00 6+62=02
740=-03 9,67+00 6¢70=02
6eldb=03 1,10+01 6.65=02
5065'03 1.23*01 6034-02
4.70-03 1,35+01 5.76=02
3.85=03 1,38+01 5.00=02
3.490-03 1,43+01 4e47=-02
2.85=03 1,40+01 3.64=02
2¢35=03 1.31+401 2.82=02
1.95=03 1,23+01 2.18=02
1.60=03 1,07+01 1.60=02
1.40-03 1,05+01 1.34=02
1e15=03 9,31+00 9.54=03
9.,00=04 7;76+00 6.21'03
7.0u=04 6.,55+00 3.93-03
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TABLE E104
CONTI,,ULU

KESULTS OF [DF TRANSPORT CALCULATIONS OF THERMAL NEUTRON FLUX FOR A
13.0=INCH THICKNESS OF LIQUID HYDROGEN AT AN ANGLE OF 77.4 DEGREES

UPPER cNERGY NEUTRON FLUX FLUX*ENERGY
(EV) (RELATIVE UNITS) (RELATIVE UNITS)
5000-0“ 5.21+00 2009-03
3.0u=04 3.88+00 7.76=04
1.00=04 1,76+00 8.81=05
E-133
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