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ORNL-LMFBR SHIELDING PROGRAM (1970/1971)

Schedule for FY-1971

Task

Evaluate 26-keV "window" in iron (SNAP geometry)

Experiments

LJUL JAUG {SEP

ocT

NOV

DEC

JAN

FEB

IMAR

JAPR

EMAY

Iron benchmark program

a.

Measure <1l-keV neutrons from TSR-II source:
energy, angle, and spatial distributions

"

b.

Measure neutron spectra transmitted through 0-,
l%—, 12-, 24-, and 36-in. thicknesses of iron at
angular traverse from 0-45° made with 3 Bonner
balls with 3-, 6-, and 10-in. thicknesses of ]
polyethylene. Bare beam case at 0° measured with
all Bonner balls.

o

C.

Measure neutron spectra transmitted through 12-in.
thick stainless steel at angular traverse 0-45°

Slit-in~-iron benchmark program

a.

Modify and measure TSR-II source (see note)

b.

Measure transmission through solid iron
40-in. maximum thickness

Measure transmission through flat plane
slits - Bonner balls

Measure transmission through annular slits,
no step, three widths

Measure transmission through stepped annular
slits - 9 configurations, 3 widths, single step,
variable offset

4.

Prototype bottom shield

5.

Sodium benchmark program

=

Design and fabrication

6.

SNAP program

NOTE: Sodium slabs from AI are ten each, 5 x 5 ft, 12-in. thick, and one each,
5 x 5 ft, 6-in. thick. Walls are 1/4-in. 6061T6 aluminum.
Spectral measurements made with: (1) Source - TSR-II, 15-in. diam. beam hole,
(2) NE-213 scintillator for 0°, 6-in. and 12-in. thicknesses, (3) Blosser
spectrometer for 1/2- and 1-1/2-in. thicknesses, (4) Bonner balls for 1-1/2,
12, 24, and 36 in., (5) Hydrogen counter for bare beam measurements (0 thickness)
14 ft from end of collimator at 0°, and 12-in. iron and 12-in. stainless steel,

12 in. off centerline with detector at slab surface.
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ORNL-LMFBR SHIELDING PROGRAM (1970/1971)
Analytical Calculations Effort

Task

JUL|AUG} SEP

OCT|

NOV

' DEC } JAN

FEB

MAR |APR [MAY | JUN

JUL

AUG

SEP

OCT

NOV

DEC

Grid plate shield
a. Absolute fluence to grid
plate (homogenized model)

-

—)

b. Design and analysis of
experiment

——

c. Analysis of grid-plate
shield design

e

Design and analysis of iron-
steel benchmark

Fluence above head and
entering pipe chase
a. Upper and lower limits

——

b. Including annular ring
for fission gas plenum

c. Effect of borated steel
in head

d. Including streaming in
pool steel

e. Revised vessel and cavity

f. Effects of complex source
on streaming for rotating

plug

g. Advanced design calcula-
tion for rotating plugs
& vessel support system

Slit streaming experiment
a. Design and preanalysis
of experiment

b. Analysis of experiment

Bulk sodium experiment
a. Design and preanalysis

b. Comparison of 0O5R and
ANISN results

NOTE:

Duct Streaming Analysis to be rescheduled.
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A. Transport Method Development For All Metal Shields

1. TSF Annular Slit Experiment - Discrete Ordinates Analysis

A summary of the annular slit calculations performed to date is given
in Table 1. Pertinent information concerning the calculations and compari-
sons of measured/calculated ratios for the integrals of the 3- and 6-in.
Bonner ball traverses is also presented. The calculated results were
obtained as a spatial distribution for a point detector at the center of
each ball having a response of the finite Bonner ball. The recalculated
100~-group response functions (see May 1971 Monthly Progress Report) were
used, together with the experimentally determined efficiencies of the 3-
and 6-in. Bonner ball detectors - 0.457 and 0.418, respectively. It must
be noted that the integrals of the calculated results used in the measured/
calculated ratios shown for each of the configurations in Table 1 are cor-
rected values in that the calculated results in previously reported measured/
calculated ratios were obtained with integration over a slightly larger area
of the annular assembly than the integrals for the measured results. The
integrals of the measured count rate have also been corrected for background.
For the ratios shown in Table 1, a background of 120 cpm/100 kW was assumed
for the 3-in. Bonner ball traverse and 200 cpm/100 kW for the 6-in. Bonner
ball measurements. These background levels were obtained as the minima of
the measured 3- and 6-in. Bonner ball traverses for the solid annular assem-
bly with collimators of various annular slit thicknesses (Tables 16 and 17,
January 1971 Monthly Progress Report).

Several observations may be made from the results shown in Table 1.
Considering the calculated results for which the S298 quadrature set and

the Penny iron cross sections were used, the 3-in. Bonner ball integrals



Table 1. Summary of Measured/Calculated Ratios for Traverse Integral

of 3- and 6-in. Bonner Ball Detectors for Annular S1it Configurations

Cross Sections Number 3-in. Bonner 6-in. Bonner

Configurations (50 groups, Pl of Ball Integral Ball Integral
Expansion) Angles Ratio Ratio
3/b-in. straight slit la Irving 315 1.17 1.76
with no collimator 1b, Penny 315 1.0k 1.L45
lc Penny 298 0.95 1.36
3/k~in. straight slit 2a Irving 315 1.05 1.41
with collimator*¥ 2b Penny 298 0.9k 1.26
3/b-in. slit with 3/4<in. 3a Irving 315 1.4o 1.82
offset with collimator 3b* Penny 315 1.13 1.51
3¢ Penny 298 0.99 1.32
solid annular assembly La Irving 315 - 2.72
with no collimator Lb Penny 315 - 1.81

*

salid annular assembly 5 Penny 298 1.05 1.27

with collimator

*
These calculations performed in June 1971 with the DOT-II code.

* % . R
Collimator is L-in. lucite polyethylene with 9/8-in. wide annular slit.



agree very well with the measured values for all of the configurations.
The calculated 6-in. Bonner ball integrals are 26% to 36% lower than the
measured integrals for all of the configurations, except the solid annular
assembly with no collimator (configuration 4b in Table 1) for which the
calculated result is 80% lower than the measured result. Disregarding the
results for configuration 4b for the moment, it will be noted that this
discrepancy between the measured and calculated ratios for the 3- and 6-in.
Bonner balls is consistent with the Monte Carlo results for 36 in. of iron
previously reported for the iron benchmark experiment (May 1971 Monthly
Progress Report), Additionally, the increase in the calculated results

using the s 8 quadrature versus the S315 quadrature for configurations 1lc

29
and 3c agrees favorably with the results of the annular slit quadrature
study reported last month,

The 80% disagreement for the 6-in. Bonner ball integrals for the solid
annular assembly with no collimator is quite puzzling in view of the 6-in.
Bonner ball results for the same assembly but with the collimator. This
apparent anomaly may be due to the assumed background of 200 cpm/100 kW
for the 6-in. Bonner ball detector traverse. If, for instance, the back-
ground is assumed to be on the order of 150 cpm/100 kW, then the 27% error
in the 6-in. Bonner ball results for configuration no. 5 would become 75%,
since it appears that the background, whatever it may be, is approximately
half of the measured integral count rate for this configuration. If this
is so, then the 6-in. Bonner ball comparisons for the solid annular assem-
bly with and without the collimator become more reasonable. Continued inves-
tigation concerning the background will be made.

Annular slit analysis efforts next month will include investigation of

two other possible sources of error in the calculations performed to date.



These are (1) the neutron transport in the upper keV energy region (specif-
ically in the solid annular assembly with no collimator), and (2) a recalcu-
lation of the TSR-II beam modifier (consisting of 8 in. of iron followed by

5 ft of sodium in aluminum cans) using the Penny iron cross sections and

the preliminary version of the ENDF/B-III sodium cross sections. 1In addition,

a 3/4~in, slit with a 1 1/2-in. offset with the collimator will be calculated.

B. Current FFTF Studies

1. Vessel Support System Streaming

Two-dimensional calculations were completed for the problem of estimating
the effectiveness of a shield deck in the reactor cavity. Last month's
report included the results of a core-to-cover r-z calculation with a 12-in.-
thick B4C shield deck in the reactor cavity at the top of the guard vessel
and extending from the guard vessel to the concrete wall. The effect of the
shield deck on the vessel support}system streaming problem was determined by
coupling the core-to-cover r-z calculation to the head streaming calculation.
The model for the vessel support system streaming calculation was that described
in the letter dated 2-23-71, ref. FPS-940, from Fox to Mynatt, and the coupling

procedure was the same as that described in the 5-11-71 letter from Mynatt to

Fox.

The results of this calculation showed that the shield deck was very
effective in that the peak total neutron flux above the vessel support area

0 2 , . 2
was 5.08 x 10 neutrons/cm /sec compared with the previous results of 8.59 x 10
2 . . . . ,

neutrons/cm” /sec without the shield deck. This reduction by a factor of
169 is very large compared to the effects on total flux and spectra observed

in the cavity and the amplification must be due to the combined effect on



spectra and spacial and angular distribution of the cavity flux. As men-
tioned previously, the shield deck is too thick and a cheaper and/or thinner
shield would give the same effect. Also, the calculated effect is optimistic
since the shield deck does not include the pipe penetrations.

2. Grid-Plate Shield Analysis

The grid-plate shield problem for the FTR still commands considerable
interest since the present calculations indicate a grid lifetime less than
ten years. The TSF prototype grid-plate shield streaming experiment
reported last month showed that streaming effects were small, i.e., on
the order of 1.03 to 1.04 streaming factors for insert 2 which had a single
offset. Since the experiment did not contain a fully homogenized insert,
a DOT calculation of the FTR below-core configuration was performed using
a four-zone grid-shield mockup which corresponded to the prototype insert 3,
The shield description is given in Table 2.

The new calculation gave 4,09 x lO13 neutrons/cmz/sec as the peak flux
in the topmost axial interval in the grid plate compared to 3.96 x lOl3
neutrons/cmz/sec previously obtained for a fully homogenized grid-plate shield.
The peak flux on the surface of the grid plate obtained by interpolation is
4.24 x lO13 neutrons/cmz/sec in the new four-zone calculation. Using 1.04
as the streaming factor, the peak flux on the grid plate is estimated to be
4.41 x 1013 neutrons/cmz/sec. For a total fluence limit of 9.5 x lO21
neutrons/cmz, the grid-plate lifetime is 9.76 years at 70% availability.
The magnitude of the uncertainty in the calculation due to cross-section
treatment is unknown, but the nature of the approximations is such that the

present calculation is optimistic and an improved calculation will indicate

a shorter life. On the other hand, Rathbun indicates that it may be possible



Table 2. Grid-Plate Shield Model
Zone Outer Radius Volume 7% SS-304 Volume % Na

1 4.722 cm 55.8 44,2
2 7.262 77.3 22.7
3 16.693 64.6 35.4

4 60.000 75.0 25.0




to further increase the steel volume fraction such as to obtain a longer
life. An indication of the sensitivity to cross sections will be obtained
by repeating the DOT calculation with the Penny evaluation for iron
replacing the Irving evaluation. The Irving evaluation is presently being
used with 1/E OT weighting for the iron and 1/E weighting for the other
elements rather than 1/E GT weighting for the mixture as will be done in
the future. An indication of the absolute accuracy of the calculations
will be given by analysis of the TSF grid-plate shield experiment.

3. Gamma-Ray Streaming in Head

In considering the choice between a single offset or double offset for
the rotating plug clearance gaps, several of the present design alternatives
such as a cavity shield deck or additional shielding in the vessel support
system enhance the case for a single offset while other alternatives such

as reduction of thermal shield thickness and uncertainties in the effect of

stored fuel and of gamma-ray streaming may lead to double offsets and narrower

clearances. The possibility of gamma-ray streaming in the single offset plug

geometry was investigated by performing a DOT calculation with the following
characteristics:

(a) The boundary condition was described as an isotropic flux of 2.75

and 1.38-MeV gamma rays which is a cosine source having an intensity

of lOlO gammas/cmz/sec in each of the two sodium lines placed
beneath the thermal shield.

(b) The single offset annular slit (29-in.-long, 1/2-in.-wide slit
followed by a 17-in.-long, 3/8-in.-wide slit) followed by the
massive plug-head interface flange described by the letter FPS-

1103 from Fox to Mynatt. The r-z geometry was described by 2720



space points and the S 5 quadrature was used.

31
(c) The cross sections came from the MUG code with 18 groups used

and the angular distribution described by a P, expansion with a

3
P4 consistent transport correction for within-group scattering.

(d) 360/91 CPU execution time of 59 min.

The calculation showed considerable streaming with gamma-ray doses above
the head being 19 mr/hr at the slit and 7 x 10-_3 mr/hr at the center of
the plug. The massive flange, however, was very effective in further
reducing the observed gamma-ray dose levels. Across the top of the flange
the maximum dose rate was 8 x lO_3 mr/hr and along the side of the flange
the maximum dose rate was 6 x lO—2 mr/hr due to scattering at the end of
the 3/8-in. slit in the flange.

Work is continuing on the secondary gamma-ray analysis, the reduction

of conservatism in the fission gas plenum calculations, and the study of the

effect of stored fuel.

C. Monte Carlo Transport Through Iron (Iron Benchmark)

A recent improvement in SPEC~4 has led to a reunfolding of the experi-
mental hydrogen counter results behind 12 in. of iron and 12 in. of stainless
steel. The measured fluxes are now A~ 10% higher than those obtained earlier.
In addition, MORSE problems were run for 12 in. of stainless steel using a
218~-group P3 set of cross sections derived from the Penny iron evaluation
and ENDF/B-I data on manganese, chromium, and nickel. Tables 3-6 present
the comparisons between calculations and experiment.

A comparison of the stainless steel with the iron results shows that the

flux in the hydrogen counter region is reduced by only a factor of 0.67 on



Table 3.

Comparison of Calculated and Measured Fluxes
Behind 12 in. of Iron on Centerline 10 in. Behind Slab

¢(neut/cm2/min/kw)

Calculated
AE Free Albedo

(keV) Measured Field Enhancement Sum Calc/Meas
1270-1500 6.58+3%* 3.54+3 3.4+1 3.57+3 0.60
1082-1270 9.06+3 5.71+3 8.0+1 5.79+3 )
915-1082 1.017+3 6.63+3 1.0+2 6.73+3 0.64
785-915 8.84+3 5.37+43 1.6+2 5.53+43 )
664-785 1.720+4 9.00+3 3.1+2 9.31+3 0.88
562-664 1.770+4 2.018+4 1.13+3 2.131+4 )
478-562 1.049+4 9.94+3 9.2+2 1.086+4 0.99
434-478 . 5.59+3%%* 4.69+3 4.4+2 5.13+3 -
365-434 1.495+4 8.05+3 8.9+2 8.94+3 1.02
314-365 1.771+4 2.163+4 2.77+3 2.440+4 N
267-314 1.558+4 1.428+4 2.38+3 1.666+4 1.04
224-267 9.60+3 7.99+43 1.51+3 9.50+3 )
190-224 7.89+3 5.89+3 1.10+3 6.99+3 1.01
179-190 3.2243%* 3.56+3 7.0+2 4.26+3 -
153-179 9.41+3 1.140+4 2.31+43 1.371+4

129-153 1.118+4 7.74+43 1.70+3 9.44+3 1.20
110-129 3.67+3 4.64+3 1.37+3 6.01+3

93.6-110 2.49+3 3.91+3 1.19+3 5.10+3 1.30

79.4-93.6 3.42+3 1.95+3 6.2+2 2.57+3 )

Totals 1.848+5 1.561+5 1.97+4 1.758+5 0.95

*
Read as 6.58 x 10°~.

* %

3

Average over two counters in an overlap region.



Table 4. Comparison of Calculated and Measured Fluxes Behind 12 in. of Iron,
10 in. Behind Slab, and 12 in. Off Centerline

¢(neut/cm2/min/kW)

0T

Calculated
AE Free Albedo

(keV) Measured Field Enhancement Sum Calc/Meas
1106-1300 2.09+3%* 1.50+3 4.2+1 1.54+3
939-1106 2.82+3 1.84+3 4.5+1 1.89+3 0.73
791-939 3.38+3 2.54+3 1.2+2 2.66+3
680-791 5.17+3 3.06+3 l.6+2 3.22+43 0.90
578-680 7.17+3 7.30+3 5.9+2 7.89+3 -
486-578 5.76+3 5.93+3 5.4+2 6.47+3 1.07
412-486 4.69+3 4.31+3 4.4+42 4.,75+3 )
356-412 5.47+3 3.69+3 4.4+2 4.13+43
337-356 2.44+3%* 4.19+43 7.242 4.91+3 1.24
286~337 8.64+3 9.69+3 1.73+3 1.142+4
243-286 5.79+3 5.76+3 1.08+3 6.84+3 1.11
210-243 3.75+3 3.14+3 6.1+2 3.75+3 )
176~210 4.42+3 4.39+3 9.4+2 5.33+43
150-176 3.70+3 5.78+3 1.36+3 7.14+3 1.48
144-150 1.18+43*%% 1.03+3 2.8+2 1.31+43
123-144 4.39+3 3.38+3 9.1+2 4.,29+3 1.26
104-123 1.79+3 2.67+3 8.2+2 3.49+3 :

88-~104 1.92+3 1.93+3 6.1+2 2.54+3 1.18

74-88 2.24+3 1.76+3 6.0+2 2.36+3 i

Totals 7.68+4 7.39+4 1.20+4 8.59+4 1.12

* 3
Read as 2.09 x 10~.

* %
Average over two counters in an overlap region.



Table 5. Comparison of Calculated and Measured Fluxes Behind
12 in. of Stainless Steel on Centerline 10 in. Behind Slab

¢ (neut/cm2/min/kw)

1T

Calculated
AE Free Albedo
(keV) Measured Field Enhancement Sum Calc/Meas
1268-1500 4.1543% 2.94+3 3.3+1 2.97+3 0.71
1082-1268 5.62+3 3.94+3 4.5+1 3.99+3 °
915-1082 6.67+3 4.71+3 8.2+1 4.79+3 0.72
785-915 6.24+3 4.41+43 1.4+2 4.55+3 )
664-785 9.84+3 6.74+3 3.1+2 7.05+3 0.68
562-664 1.095+4 6.73+3 3.2+2 7.05+3 .
478-562 7.92+3 6.76+3 3.9+2 7.15+3 0.88
431-478 4 .3743%% 3.35+3 2.7+2 3.62+3 .
366-431 8.36+3 5.29+3 3.5+2 5.64+3 } 0.78
314-366 1.090+4 8.62+3 8.3+42 9.45+3 )
266-314 1.140+4 8.31+3 9.3+2 9.24+3 3 0.90
227-266 6.62+3 6.29+3 7.4+2 7.03+3 )
193~-227 4.76+3 4.76+3 5.7+2 5.33+3
179-193 2.21+3** 2.56+3 3.4+2 2.90+3 1.11
153-179 5.68+3 5.09+3 6.8+2 5.77+3
129-153 8.72+3 3.68+3 4.7+2 4.15+3 0.87
110-129 3.64+3 5.68+3 9.4+42 6.62+3 ’
93.6-110 2.52+3 3.43+3 6.0+2 4.03+3 } 1.23
79.4-93.6 3.4043 2.76+3 4.8+2 3.24+3 { .
Totals 1.240+5 9.605+4 8.52+3 1.045+5 0.84

* 3
Read as 4.15 x 10°.

* %
Average over two counters in an overlap region.



Table 6. Comparison of Calculated and Measured Fluxes Behind 12 in.
of Stainless Steel, 10 in. Behind Slab, and 12 in. Off Centerline

¢(neut/cm2/min/kw)

[4!

Calculated
AE Free ‘ Albedo
(keV) Measured Field Enhancement Sum Calc/Meas
1106-1300 1.81+3* 1.20+3 1.4+41 1.21+3
939-1106 2.42+3 1.74+3 3.5+1 1.78+3 0.76
791-939 2.73+3 2.22+3 9.0+1 2.31+3
680-791 3.77+3 2.82+43 1.342 2.95+3 } 0.74
578-680 5.19+3 3.47+3 2.1+42 3.68+3 :
486-578 4.62+3 3.54+3 1.8+2 3.7243 0.76
412-486 3.77+43 2.50+3 1.742 2.67+3 :
356-412 4.34+3 2.6243 1.642 2.7843
339-356 1.66+3%* 1.50+3 2.4+2 1.74+3 0.76
286-339 6.38+3 4.45+3 4.9+2 4.94+3
243-286 4.79+3 3.5243 4.,0+2 3.92+3 0.98
208-243 2.79+3 3.14+3 3.6+2 3.5043 :
177-208 2.56+3 2.49+3 3.0+2 2.79+3
151-177 2.70+3 2.47+3 3.242 2.79+3 0.97
144-151 1.16+3%* 5.82+2 5.3+1 6.35+2
122-144 4.12+3 2.44+3 3.1+2 2.75+3 } 1.00
103-122 1.68+3 2.6843 3.9+2 3.07+3 :
89.2-103 1.9143 1.52+3 2.2+2 1.74+3 0.91
74.9-89.2  2.22+3 1.73+3 3.0+2 2.03+3 )
Totals 6.06+4 4.663+4 4.37+3 5.10+4 0.84

* 3
Read as 1.81 x 107 .
* %k
Average over two counters in an overlap region.
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the centerline and 0.79 off the centerline, a rather surprising result since
all of the windows in the iron are essentially wiped out by the chromium and
nickel in the stainless steel. However, the uncollided contribution is small
for the centerline detector (n20% for iron, 5% for stainless steel) so that
this reduction does not include much effect from the uncollided flux. The
calculations are in good agreement with the measurements, being within

~v + 15% for both the iron and the stainless steel. The bracketing of the
groups in the last column in the tables is an attempt at smoothing the
experimental data; however, even without the bracketing there is general
agreement with the calculations. The trend of the comparisons for both

the iron and the stainless steel is that the calculations are low by about
30% in the region above 0.8 MeV and high by about 20% below ~0.1 MeV;
between V0.1 and 0.8 MeV the agreement is remarkably good. In the stainless-
steel calculations reported above, "point" total cross sections were incor-
porated in MORSE for use in sampling collision sites and in next-flight
estimation; they were not used in calculating the uncollided flux since

this component is a very small part of the total flux.

Calculations were also made of the Bonner ball responses behind 12 in.
of stainless steel, using the response functions corrected for efficiency
described in last month's progress report. The "point" total cross-section
data were used in these calculations to obtain the uncollided component on
the centerline as well as for collision site sampling and next-flight
estimation. The results and comparisons with experiment are presented in
Table 7.

The agreement is not as good as that behind 12 in. of iron (see last

month's progress report). There appears to be a disagreement in the



Table 7. Comparison of Calculated and Measured Bonner Ball Responses
Behind 12 in. of Stainless Steel in Counts/Min/kW

3-in. 6-in. 10-in.
Bonner BRall Bonner Ball Bonner Ball
CL 15° 45° CL 15° 45° CL 15° 45°

Calculated 0.589 0.483 0.305 3.67 2.33 1.44 2.08 0.98 0.587
Measured 0.783 0.496 0.327 5.97 2.74 1.77 3.51 1.28 0.797

Calc/Meas 0.75 0.975 0.93 0.61 0.85 0.81 0.595 0.765 0.74

KA\
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uncollided flux (as in iron), which is not necessarily limited to the region
~100 keV to 1 MeV, as in the case of iron, since the 3-in. Bonner ball center-
line ratio is also low. The implication is that the nickel and/or chromium
cross sections are not known nearly as well as those of iron, or that errors
exist in the location of the windows in iron relative to the structure in
the nickel and/or chromium. A third possibility that will be checked is
that the density of the stainless steel is not the assumed handbook value

of 7.88 grams/cm3 but something less. The calculated uncollided fraction

of the total flux incident on the centerline at the Bonner ball location

is 0.35 behind the stainless steel and 0.77 behind 12 in. of iron. Com-
paring the measured counting rates behind the steel relative to the iron,
the reduction factors are approximately 0.33 on the centerline, 0.82 at 15°,
and 0.77 at 45°, the latter two comparing well with the hydrogen counter

measurements.

D. ORNL-LMFBR Experimental Shielding Program at the TSF

1. Prototype Bottom Shield Experiment

Item 4 in the Schedule, the Prototype Bottom Shield experiments, was
completed early in June. The measurements performed in June which were
not reported in the May monthly progress report included the hydrogen
counter and NE-213 spectral measurements of the modified source.

a. Experimental Configuration

The source of neutrons for these experiments was provided by the
SNAP reactor. The desired incident spectrum on the grid-plate shield mock-
up was obtained with the insertion of an appropriate "spectrum modifier,"

which consisted of 10 in. of stainless steel followed by 1 in. of plain
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polyethylene and two 1/8-in, boral sheets. The design of the spectrum
modifier was reported in the monthly progress report for April. The exper-

imental setup (configuration no. 1) for the hydrogen counter measurement

is the same used for the Bonner ball spectral measurement (as reported in
the May 1971 monthly progress report) and is shown in Fig. 1. The hydrogen
counter is located 5-11/32 in. below the spectrum modifier. The experimental
setup of configuration no. 1 was changed by the inclusion of 1-15/16 in.
Zr to reduce the gamma-ray intensity for the NE-213 spectral measurement.
This modified configuration no. 1 is shown in Fig. 2.
b. Results

The measurements show that the emergent radiation from the SNAP
Yeactor was modified to provide the desired source spectrum. Bonner ball
measurements were taken during May, and additional spectral measurements
were taken in June with the hydrogen counter and NE-213 spectrometers.
The unfolded hydrogen counter spectrum and the NE-213 spectrum are plotted
in Figs. 3 and 4, respectively. Also shown on these plots are calculated
ANISN results. The ANISN spectrum, presented in Table 8, was normalized
tc the experimental spectra at 1 MeV so that the comparisons presented are
of the spectrum shape only. Table 9 shows the comparison of measured and
Calculated Bonner ball count rates under the spectral modifier. The ANISN
calculation is normalized to the experiment for the 5-in. Bonner ball.

2. Bulk Sodium Experiment

During June the first tank for the FFTF bulk sodium neutron transmission
measurements was leak checked, purged with argon gas and filled with sodium.
Cooling of the tank and its sodium contents was completed on June 25, 1971.
Tank 4 was positioned for filling and as the month ended purging and pre-

heating were under way.
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The concrete caps for tanks 2 and 3 were poured, thus completing the
concrete cap fabrication for all four tanks. Cap 2 was proof tested on
June 2 for integrity of the lifting structure. The cap was picked up by
the 1lifting fixture and was swung in a 90° arc to simulate loads that
would occur in handling. There was no evidence of yielding of the struc-
ture.

The bulkheads for the pipe duct measurements were spun out of 0,025
in. of aluminum and were tried for fit in the concrete duct. They fit
well and no rework is required. This completed the fabrication of the

duct mockup.
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Table 8. ANISN Modified-Source Calculations

Differential Flux
Normalized* to

Upper Differential Flux Experimental Spectra
AU AE Energy As Calculated at 1 MeV
Group (lethargy) (MeV) (MeV) (n/cm?/sec/MeV) (n/cm?/min/MeV/W)
1 0.2 2.287(-7) 14.92 2.282(-7) 3.64(+1)
2 0.2 1.097(-6) 12.20 1.097(-6) 1.75(+2)
3 0.2 3.932(-6) 10.00 3.932(-6) 6.27(+2)
4 0.2 9.957(~6) 8.19 9.957(-6) 1.59 (+3)
5 0.2 1.911(-5) 6.70 1.911(-5) 3.05(+3)
6 0.2 3.492(-5) 5.50 3.492(-4) 5.57(+3)
7 0.2 5.116 (-5) 4,50 5.116 (~5) 8.16(+3)
8 0.2 1.071(-4) 3.68 1.071(-4) 1.71(+4)
9 0.2 2.159(~4) 3.01 2,159 (-4) 3.44(+4)
10 0.2 3.770(=4) 2.47 3.770(-4) 6.01(+4)
11 0.2 9.252(-4) 2.02 9.252(-4) 1.48(+5)
12 0.2 1.625(-3) 1.65 1.625(-3) 2.59(+5)
13 0.2 3.367(-3) 1.35 3.367(-3) 5.37(+5)
14 0.2 5.770(~3) 1.11 5.770(-3) 9.20(+5)
15 0.2 7.145(~3) 0.907 7.145(-3) 1.14(+6)
16 0.2 1.498(-2) 0.743 1.498(-2) 2.39(+6)
17 0.2 1.920(-2) 0.608 1.920(-2) 3.06(+6)
18 0.2 1.885(-2) 0.498 1.885(-2) 3.06(+6)
19 0.2 2.675(-2) 0.410 2.675(=2) 4.27(+6)
20 0.2 3.187(-2) 0.334 3.187(-2) 5.08(+6)
21 0.2 3.700(-2) 0.273 3.700(~2) 5.90(+6)
22 0.2 3.760(-2) 0.224 3.760(-2) 6.00(+6)
23 0.2 4,061(-2) 0.183 4.061(-2) 6.48(+6)
24 0.2 5.280(-2) 0.150 5.28(-2) 8.42(+6)
25 0.2 5.210(~2) 0.122 5.210(-2) 8.31(+6)
26 0.2 8.240(-2) 8.65(-2) 8.240(-2) 1.31(+7)
5.25(-2)

*(n/cmz/min/MeV/w) = C*(n/cmz/sec/MeV), where C = 1.594 x lO8 sec/min/W.

The normalized differential flux assumes a value of 9.2 x 109 n/cm?2/min/MeV/W
at 1 MeV; the average of the two experimental values at 1 MeV, 5.4 x 105
n/cm?/min/MeV/W for the NE-213 and 1.3 x 106 n/cm2/min/MeV/W for the
hydrogen counter.
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Table 9. Calculated Bonner Ball Count Rates* Vs. Measured
For SNAP Spectrum Modifier, 10-in. Stainless
Steel + 1-in, Poly. + 1/4-in. Boral
Detector Measured Calculated Measured/Calculated
(counts/minute/watt)

3-in. ball 773,560 588,638 1.31
3~in. ball 755,493 588,638 1.28
4-in. ball 1,846,450 1,628,431 1.13
5-in. ball 2,259,897 2,259,897*%* 1.0

5-in. ball 2,242,436 2,259,897 0.99
6=in. ball 2,144,601 2,230,572 0.96
8-in. ball 1,404,846 1,535,908 0.91
8-in. ball 1,394,554 1,535,908 0.91
10-in. ball 703,467 821,672 0.86
12~in. ball 315,454 391,894 0.80

*

50-group response functions from 123-group response functions
calculated using newer ENDF/B polyethylene kernel data.

* %

Calculated results were normalized to the measurements for

the 5-in.

ball.
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