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ABSTRACT 

This report summarizes the work accomplished during the 

second contract quarter (October 1 to December 31, 1960) on Contract 

AT(30-l )-2602 between the U. S. Atomic Energy Commission and The 

Babcock and Wilcox Company. The major objective of the contract is 

to determine basic physics parameters for lattices of slightly enriched 

fuel in moderators consisting of Dz 0-Hz 0 mixtures of different con

centrations in the range of parameters of interest to the Spectral Shift 

Control Reactor (SSCR) concept. 

During the second quarter the prinCipal effort was devoted to 

procurement and erection of equipment and materials needed for the 

critical experiments with Dz 0 in the moderator, the exponential 

experiments, the hot exponential experiments, and the neutron age 

experiments. The erection of these facilities and the Dz 0 handling 

system was completed and checked out. The fuel rod preparation was 

completed, and all necessary hazard evaluations and license applica

tions were submitted. 

Two critical experiments with 4%-enriched UOz fuel and Hz 0 

moderator (one clean and one poisoned with boric acid) were completed. 

In these co:res the critical mass, critical buckling, thermal disadvantage 

factor, and cadmium ratio of U-235 were measured and the data are 

reported herein. 

The BPG computer code, which will be used to analyze the 

experiments with Dz 0 in the moderator, was completed and checked 

out. The accuracy of the code was checked by computing a variety of 

Hz 0 and D 2 0 rooderrtted critical experiments and applicable neutron 

age measurements and comparing results with those obtained by other 

standard calculational methods. Calculations supporting the planning 

and design of the experiments also continued . 
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INTRODUCTION 

This report summarizes the work performed on the Spectral Shift 

Control Reactor (SSCR) Basic Physics Program during the second contract 

quarter (October 1 to December 31, 1960). Repeated reference will be 

made to the first Quarterly Technical Report, which covered the objectives 

of the program and detailed descriptions of the experiments .l 
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TASK 1 - CRITICAL EXPERIMENTS 

(N. L· Snidow, Task Leader; C. E. Barksdale; R. H .. Clark) 

1. 1 Planning and Design 

A. General 

The objectives and detailed design of the critical experiment 

program were reported ~n the first Quarterly Technical Report and are 

unchanged with the exception of the vent shown in Figure 2 of that report. 1 

This alumina bed has been replaced by a commercially available tank vent 

since it was shown to be uneconomic.al to attempt recovery of the Dz 0 vapor 

forced o'ut of the dump tank during the infrequent bulk transfer operations 

and because a slight degradation of D 2 0 concentration by H 2 0 vapor at 

these times is not serious. 

During the reporting period the 36-in.- diameter core tank 

liner, grid plates, and support structure were designed. This liner will 

be used to reduce the D 2 0 inventory and the reflector thickness in some 

of the experiments at low D 2 0 concentration in later phases of the program. 

B .. Resonance Absorption .(R. H. Lewis, J. W. Cure, III,. R. H. Dodd) 

The measurement of resonance absorption in U- 238 is an 

in1portant phase of the critical experiment program. This parameter 

is commonly obtained by determining the cadmium ratio, or ratio of the 

activation of bare to cadmium -covered U- 238, for the reaction: 

~. y ~. y 
U-238 +n-U-239 23 . 5 min Np-239 2 . 34day Pu-239. 

Competing with the capture reaction are two fission reactions: 

the first being primarily thermal fissions of the residual U- 235 in the 

U-238; and the second being fast neutron fissions of the U-238. The 

extent to which fissi'on products interfere with the observation of the 

U-239 or Np-239 activities depends on the neutron spectrum and on the 

degree of U- 235 contamination. 
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Preliminary experiments were performed to determine the 

degree of fission product contamination. If the fuel material itself 

(4% U-235) is used, five days after irradiation the observed Np-239 

activity in the broad 105 Kev peak contained approximately 10% fission 

product contamination activity. This was determined by.comparing the 

gamma activity of the 4o/o-enriched fuel with the activity ·of a highly 

enriched U -Al foil under the 104 Kev peak in a scintillation spectrometer. 

Using depleted uranium foils (about 300 ppm U-235), about 1% of the 

count rate under the 105 Kev peak was due to fission product activity. 

It appears then that at 300 ppm U-235 the activity from fast fissions of 

U-238 is about six times greater than from the thermal fissions of the 

residual U- 235, and that little significant reduction in ·fission product 

contam1nahon is ach1E:wed by deplehng the uran1um to better than about 

1000 ppm U-235. 

Du:J,"ing tp~ reporting period three methods of removing or 

reducing the effeCts of fission product activity were studied. 

1. Solvent Extration 

One method for eliminating fission products from a U -238 

sample is a solvent extraction technique.~ In this process an .UJ;anyl 

nitrate solution, Ls vig-or.·ou.sly shaken in a separatory funnel with a 

solvent, like ether, tributylphosphate, or orie of the higher ketones. A 

portion of the U-238 passes into the organic phas~. and a large portion 

of the fission products remains in the aqueous phase. By repeating the 

process two or three times, the resulting separa~ion yields a U- 238 

sample essentially free of fission product activities. The rapidity of 

this process makes it an attractive choice for solving the fission product· 

contamination p·roblern as it allows ample time for counting the short-· 

lived U- 239 activity. 

Experin1ents have shoWl"l that greater an1ounts of ur.aniun"l 

are transferred into the organic phase with the use of tributylphosphate 

(TBP) than with the use of ether. as the solvent. TBP was therefore 

chosen for the solvent, and the entire process was time-optimized so 

that the final sample, prepared for counting, can. be completed in less 

than one hour following the end of the irradiation. 
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Final sample-preparation techniques for counting purposes 

were studied. The one chosen uses a precipitation of the uranium from 

the final organic phase by the addition of NH4 0H to form ammonium 

diuranate [ (NH4 )'z Uz07 • 4Hz0] . .1 The he~vy, flocculent-precipitate 

is centrifuged directly on to a counting planchet, and· after drying under 

an infra-red lamp, ~layer of mylar tape is placed over the top of the 

planchet. "The mylar tape is sufficiently thick to absorb all the natural 

alpha activity coming from the sample. The planchet is placed in a .fixed 

geometry holder, and the sample is befa-counted in an end-window flow 

counter. Figure 1 shows the count rate of a sample prepared by this 

method and, for comparison, a line corresponding to the known 23.5 min 

half-life of U- 239. The decay curve appears to m·atch the known half-life 

for at least six or seven .half-lives, indicating that the fission product 

contamination is essentially negligible. 

2. Sodium Uranyl Acetate Precipitation 

Another rapid method for removing fission products from 
' . . 

a U- 238 sample is the sodium uranyl acetate precipitation . .1. One gram 

(or less) samples of U- 238 are prepared as uranyl nitrate solutions and 

with the addition of-acetic acid, sodium acetate, and sodium ni~rate, a 

partial precipitation of the uranium is achieved. Large portions of the 

uranium ·ar:e left in solution along with the majority of the fission products. 

By performing the precipitation three times, the fission pro4ucts are 

essentially completely removed from the final sodium uranyl acetate 

precipitate. 

The sodium uranyl ac~?:tate precipitation was succe~sfully 

performed many times. ·As in the ·case of the solvent extraction method, 

the entire process was optimized so that the final sample, prepared for 

counting-, can be completed in less than one hour following the end of 

the irradiation. 

The sample is prepared for counting in the same manner 

CLS described for the aolvent extraction method. The final-precipitate is 

dissolved in very dilute acid, and, upon addition of NH4 0H, ammonium 

diuranate is formed. Figure 1 also shows a decay curve for the U- 239 

activity obtained from· a sample processed by the sodium urayl acetate 

method. Again, the half-life appears to be ''true" for at least ·six or 

.. 5 -



seven half-lives, indicating the efficiency of fission product removal. 

3. y- y Coincidence Counting Method 

A third possible solution to the fission product contamination 

problem is a y-y coincidence counting technique.i If the short-lived U-239 

is allowed to de<;:ay completely into the 2. 3-day Np-239, the gamma spectrum 

of the Np-239 can be obtained with aNal crystal scintillation counting 

setup. Figure 2 is the gamma spectrum of Np- 239 as found in R. L. Heath's 

gamma ray spectrum catalogue, ID0-16408. Some experimenters have 

reported y-y coincidences occurring within the one major peak at 105 Kev.

Others have reported y-y coincidences occurring with the 105 Kev peak 

and the smaller peaks at 228 and 278 Kev. 

If true y-y coincidences can be observed following Np-239 

decay, then the coincidence counting rates will be highly insensitive to 

the fission product activities. The only mechanism for interference 

from the fission product gamma rays would be random coincidences 

occurring with low energy or degraded high energy fission product 

gammas that fall in or near the 105 Kev range. 

This method is attractive since it requires no post

irradiation chemistry, and since the relatively long liver Np-239 activity 

is being observed, it eliminates the need for rapid sample preparation 

and counting. It does require, however, irradiations at much higher 

power levels than those required for the methods using the direct counting· 

of the U- 239 activity. 

Several U- 238 samples were irradiated and counted on a 

y- y coincidence cotJntel;' that uses two Nai crystals. The foils "\Xr~r~ 

slightly depleted in U-235 content (4, 000 ppm), and true y-y coincidence 

counts were observed within the 105 Kev peak. The extent of random 

coincidence counts arising from fission product gamma rays was estiTnatP.d 

by counting foils of highly enriched U- 235 c:nntent (greater than 92% U- 235) 

that were irradiated simultaneously with the depleted U-238 foils. The 

results indicate that the error arising from fission product interference 

in the y-y coincidence counting will be only ±0.5% even if the sample is 

enriched to 4% U- 235. 

Efforts are being extended to increase the accuracy of 

measurements of the cadmium ratio of U- 238 by procuring uranium foils 
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and UOz pellets of varying depletions and sizes to study side effects. 

The problem will be particularly severe in the critical experiments 

containing high Dz 0 concentrations, where the cadmium ratio may be 

as low as 1. 04. Since the cadmium ratio of U-238 enters in the calcu

lation of the conversion ratio as CdRzs -1, a 1 ll/o uncertainty in CdRzs 

implies a 25% uncertainty in the conversion ratio. It is appar~nt then 

that other methods must be developed to measure resonance absorption 

in U- 238 for the high Dz 0 experiments. Under consideration are 

•measl1rements of the resonance absorption in U- 238 relative to that in 

gold or U -235, and.absolute methods. 

C.. Neutron Spectrum (W. G. Pettus) 

Preliminary plans were made to measure components of the 

equilibrium neutron spectrum in the critical assemblies, particularly 

those at high Dz 0 concentrations. Because of the limited time available, 

activation methods will be used. Table I lists a number of i~otopes 

having useful capture resonances, including their natural abundance, 

the energy of their predominate resonance (E ) , the peak total eros s-
. 0 . . 

section (a- ) , the capture width (I' ) , the half-life of the useful isomer 
0 . y 

of the product nucleus (T), and an index of the relative achievable sp,ecific 

activity (Q), where: 

Q (% abundance). 

Of these materials, Lu and possibly Pu will be used to define 

the "thermal~' speclr un1. Others, selected from the list on the basis of 

availability, purity, and Q val11e, will be used to map the epithermal 

spectrum to an upper energy as limited by a measurable count rate in 

the resonance of i.nterest. 

Efforts are now being devote.d to the procurement of sample 

foil materials ($ee Sub-task 1. 2) and to the determination of the best 

way to activate the foils in a known flux spectrum for calibration 

p11rpose s. 

' .. 
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TABLE I 

ISOTOPES WITH USEFUL RESONANCES 

Isotope Abundance 1 % E
0

,.ev cr
0

, barns ry, mv T, min Q· 

Lu-176 2.6 0. 142 350 61 9,650 4,0x1o- 1 

Pu-239 100 0.3 5, 100 58~"= 

. Rh-103 100 1. 257 4,800 155 4~4 1.3 X 10 5 

Ir -193 61.5 1. 303 5,600 86.5 1,140 2.0 x lOZ 

In-115 95.77 1. 457 29,000 72 54 2. 5 X 10 4 

Au-197 100 4.906 30,000 124 3, 890 1.9x lOZ 

. w -186 28.4 18.8 14,UUU 46 1.440 6.7 

3L-12.3 42.75 21.6 1,200 M6 ll 9.7xl0 1 

Cd-110 12.39 89 260 140 48.6 1.0 

Pt-198 7.2 95 300 115 31 8. 4 X I0-1 

Co-59 100 132 6,400 10.5 

Mn-55 100 337 2,000 155 ---
Se-78 23.52 382 65 700 3. 9 7.2 

,se-80 49.82 2000 220 250 56.8 2.4 X 10-1 

,~ fission 

L 2 · Procurement and Erection (S. J. Ho1zsweig} 

During the reporting period all equipment and all material needed 

for the HzO critical experiments were ordered, delivered, and installed. 

On completion of the Hz 0 and Hz 0 + boron critical experiments, the grid 

plates and supporting structure were removed from the 9-ft-diameter 

critical experiment tank in preparation for the installation of the equip

ment needed for the D 2 0 experirn ents. 

All the major items of equipment and material for the first Dz 0 

critical experiment were ordered, delivered, and installed. These 

include the 5 -ft-diameter core tank, base and cover, (whi r.h will be 

installed inside the 9-ft-diameter tank}, the grid plates and support 

structure, the low-capacity fill pump, the controls, the neutron source, 

and the assorted valves and piping. Figure 3 shows the 5-ft-diameter 

- 8 -
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core tank and grid plates, as installed inside the existing 9-ft-diameter 

tank. 

The design of the 36-in. tank liner grid plates and support 

structure was completed, and drawings were submitted for quotations. 

Small samples of foil materials for the spectrum measurements, 

0. 00 l-in. -thick were ordered. These include rhodium, platinum, 

iridium, tungsten, and cobalt. Antimony and selenium powder were 

also ordered. Suppliers of thin manganese or manganese alloy foils and 

plutonium foils are still being sought. Requests for quotations for thin 

depleted uranium foils and natural and slightly enriched U0 2 pellets for 

use in the cadmium ratio measurements were initiated. 

1. 3 Hazards Evaluation .(R. H. Clark, T .. C .. Engelder) 

In December discussions with members of the· Research and Power 

.·Reactor Safety Branch of the AEC raised two additional questions that 

were answered in a supplement to the Critical Experiment Hazard 

. Evaluation. 2.. Progress under this Subtask will be noted by reporting the 

abstract to document BAW-1211: Supplement No. 1..1 

Abstract 

This report presents supplementary information required to 

evaluate the potential hazards associated with the .Spectral Shift Control 

Reactor critical experiments. The maximum stress on the supporting 

skirts of the core tank is calculated and shown to be about 1/30 of allow

able. The temperature rise of the plutoni1.1m-beryllium neutron source 

if located in the reflector during the maximum credible accident, is 

analyzed. Using conservative assumptions required by the incomplete 

knowledge of the thermal properties of the source, some of the plutonium 

could boil and rupture the source container. This possibility is entirely 

eliminated by enclosing the source in a 0. 020-in. -thick cadmium shield. 

1. 4 Dz 0 Handling System (L. G. Barrett, S. J. Holzsweig) 

A. ·Mixing, Transfer, and Storage. System 

The system used to prepare a charge of moderator of a given 

D 2 0 cone entration, store it when required, and transfer it to the dump 

tanks in the proper experimental areas has been described in the preceding 
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Quarterly Technical Report...!. During the present reporting period the 

system was installed and leak tested. Figure 4 shows the mix tank and 

associated piping, the transfer station, the transfer pump and connecting 

hoses, and the weighing station. The system is assembled in a leak

tight, galvanized steel-lined catch basin, which is continuously monitored 

for D 2 0 spills. 

B. Demineral.izer 

A small-capacity mixed-bed demineralizer with celulose filter 

was ordered for the D 2 0 handling system to purify the D 2 0 received from 

Savannah River and to maintain the resistivity of the D 2 O-H 2 0 mixtures 

at l megohm -em or greater. The volume of the bed is l ft 3 and its 

capacity is 12.5 gal/min of 2 megohm-em water. It will not be necessary 

to pre-deuterate the resin (Amberlite XE-150) since the D 2 0 feed will 

subsequently be diluted with H 2 0. 

C. Moisture Recovery 

To recover D 2 0 moisture and residual liquid before opening. 

the vessels that had contained D 2 O-H2 0 mixtures, a small, portable 

drying system was designed. The recovery unit is a home dehumidifier 

with a maximum capacity ot 6 gal/day. Air is pre-heated will! a 1-k.w 

resistance heater to a maximum temperature of 100 F, circulated through 

the vessel to be dried and dehumidified, and then recycled. Because of 

the small volume of residual liquid and vapor to be recovered, 1. e.', 

about 10 lbs in the age tank, and the relative infrequency u( the operation, 

the expected recovery rate of about l lb/hr is reasonable, since the unit 

can operate unattended at night or weekend. 

D. D 2 0 Analysis (J. W. Ewing) 

In the last quarter the development of techniques to determine 

D 2 0 concentrations in D 2 0-H2 0 mixtures by precise density measure

ments was continued. To meet the goal of an accuracy of ± 0. 05o/o in D 2 0 

concentration, or of ±0. 005o/o in density, the Christian-Becker (Model 

AB-2) analytical balance was overhauled and a full set of weights was 

calibrated against a NBS certified reference weight. The weighing pre

cision is now ±0.0002 gm. 
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A special two- stern pycnometer, which will allow the measure

ment of a sample volume of about 50 crn 3 to an accuracy of ±0.00001 crn 3
, 

was designed and fabricated. Apparatus was designed to fill the pycnometer 

with water and mercury for calibratio-n purposes, and techniques for cali

brating the body and the capillary sterns were developed. A constant 

temperature bath was assembled and tested. The temperature of the 

bath can be held constant within ± 0. 005 C, which is equivalent to a change 

in pycnometer volume of ± 0. 00005 ern 3 • 

The hydrometers to be U:sed for rough D 2 0 concentration 

measurements were ordered and received. The rated precision is 

± 0. 05o/o in density. 

Work is continuing on the effects of chemical impurities and 

dissolved gases on the density measurements by measuring the density 

of H 2 0 before and after demineralization, directly from the critical 

experiment dump tank, from the LPR pool, arid from demineralized 

water exposed to the air for a few days .. Correction factors for 0-18 

concentration are also being calculated. 

E. D 2 0 Procurement 

The first shipment of 10,000 lbs of D 2 0 of 99. 75o/o isotopic 

purity or greater was received from Savannah River December 31, 1960. 

The specifications of this material are listed in Table II. Samples will 

be analyzed independently for tritium content to check speciticabons. 

TABLE II 

D 2 0 SPECIFICATIONS 

Dz 0 content, mole· o/o, min 

Conductivity at 25 C, rnicrornhos ern 3 , max 

Perrnanganate demand, grn/rnl D 2 0, max 

Turbidity, equivalent to. Si02 , ppm 

Chernica1 impurities 

Tritium. content, rnicrocuries/rnl, max 

~ 11 -

99.75 

15 

1 x lo-s 

5 

Negligible 

7 X 10- 3 



1 . 5 Fuel Rods 

During the reporting period all5400 stainless- steel clad, 4o/o-enriched 

UOz fuel rods were shaved. In this operation the nominal OD was reduced 

from 0. 500 in. to 0. 475 in. ' ~d the nominal wall thickness was reduced 

from 0.028 m. to 0.0155 in. by centerless grinding to reduce parasitic 

absorptions in the stainless steel. 

The wall thickness of the shaved rods was measured by sampling one 

of every eleven rods using a clad-thickness tester. In this device a 

current is passed axially along the fuel rod from a high impedance source, 

and the voltage drop is measured with a self- balancing potentiometer with 

a probe containing two copper knife-edges one inch apart. Because the 

electrical conductivity of U0 2 is negligible in comparison to that of 

stainless ste~l, this .measurement. yields the average cladding cross

sectional area over one -inch intervals along the rod length. 

The equipment was calibrated by measuring the voltage drop in ::>hort 

samples of the cladding material with different combinations of wall 

thickness and OD in the range of interest from which the U0 2 had been 

dissolved. Two independent calibration constants were derived: 

measuring the ID, OD, and wall thickness of the samples, the device· 

was calibrated as a thickness tester; weighing the samples, the device 

was calibrated as a weight per unit length tester, which could be converted 

·to thickness if the density were known . 

. A total of 490 fuel rods were measured at 10-cm intervals along their 

lengths. In all cases the wall thickness was slightly greater at one end 

than at the other (not correlated with the numbered end of the rod), but 

the OD was constant along the length of each rod to ±0.002 1n. Therefore, 

the asymmetry was caused by an axial va;riation in the diame~er of the 

U0 2 "meat," which was introduced in the original swaging operation. 

The variation in wall thickness along the fuel rod is shown in Figure 5, 

where two averages are given. In one case all rods are oriented with 

the thick ends together; in the other case half of the rods are oriented· 

one way and half the other, as will occur in random loadings of the 

critical assemblies. The data are based on the thickness calibration 

The average clad thickness determinations are listed in Table III, 

where the thickness calibration is compared to the weight calibration, 
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using a measured cladding density of 7. 93 ±-0. 10 gm/cm 3 • Averages 

over the entire active length of the fuel (10 _to 170 em} and over 40 to 

140 em are listed, as is a cos 2 weighted average. These averages 

assume that the rods are randomly oriented. The discrepancy of about 

6% between the weight and thickness calibrations was carefully checked, 

and both methods were judge~ to be equally reliable. Therefore the 
11best value 11 chosen in Table III is the _average of the two methods, and 

the uncertainty is made large enough to cover both measurements since 

the statistical uncertainty in the individual measurements is small in 

comparison. As a check against gross ~rrors, the clad thicknesses of_ 

21 rods were measured before and after grinding. On the average 12.4 

mils were removed (thickness calibration}, comparing very favorably 

-with 12.5 mils measured directly from the change in OD. 

TABLE III 

AVERAGE CLAD THICKNESS OF SHAVED FUEL RODS 

Average Clad_ Thick:he s s, mils 

Method of Range of Thickness Weight Best 
Averaging . Averaging, em Calibration Calibration Value 

Linear· 10 to 170 17 0 1 16.0 16.6±0.6 

Linear 40 to 140 16.4 15.4 15.9±0.5 

Cos 2. Weighted 10 to 170 16.5 15.5 16.0±0.5 

Other measured properties of the 4% enriched U0 2 and (U- 235 + Th}02 

fuel :r;ods are summarized in Table IV. 
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TABLE IV 

SUMMARY PROPERTIES OF FUEL. RODS 

Parameter 

Over-all diameter, in. 

Wall thickness , in. 

Wall material 

Fuel diameter, in. 

Active fuel length, in . 

. Weight of fuel, gm/rod 

:Weight of U-235, gm/rod 

. W dgl!L U + W t:.ighL U0 2 , o/o 

. Weight of uranium,· gm 

Weight U- 235 7 Weight U ,. o/o 

. Weight Th0 2 , gm/rod 

Atoms Th 7 atoms U- 235 

Slightly Enriched U0 2 (U- 235 + Th)0 2 

0.4755 ± 0.0015 0.309 ± 0.003 

0.0159 ± 0.0005 ·0.014 ± 0.003 

#304 stainless steel· #1100 aluminum 

0.444±0.003 0.260±0.002· 

66.7±0.3 60.0±0.1 

1600±2 434.6±0.2" 

56.61±0.10 24.04±0.02 

88.01±0.02 

1408 ± 2 

4.020 ± 0.005 

25.80 ± 0.02 

93.17±0.05 

405.0 ± o. 2 

15.00±o;o5 

Impurities in the 4o/o-enriched U0 2 fuel can be characterized as 

follows: Equivalent macroscopic cross section for thermal neutrons 

for all measured impurities are O.OOll cm- 1 /gin U0 2 , impurities not 

U0 2 are 0. 215 wto/o, rnoi"stur.es-a:re 0.02 wto/o. For the (U-235 + Th)02 

fuel the impurities in the Th0 2 can be characterized as follows: Boron 

equals 0. 9 ppm, gadolinium equals.3.1 ppm, 11 others 11 (Fe) equal 0.14%, 

and thorium (balance) equals 99.86%, where the 11 other 11 impurities have 

been related to the equivalent macroscopic cross section of iron. 

In the reporting period the (U- 235 + Th)02 fuel rods, many of which· 

had been bent during previous handling, were straightened so that the 

maximum permanent bow was less than 0.010 in. (total). 

1. 6 Operation of Experiment 

The first core, with 4o/o-enriched U0 2. fuel rods and H2 0 moderator, 

attained criticality on October 12, 1960, and all experiments were com

pleted by December 13, 1960. The second core, with 4%- enriched U0 2 

fuel rods and H 2 0 moderator containing boric acid, attained c.riticality 
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with the first boron addition on December 14·, 1960. The full- sized 

core was reached on Decem bel," 21, 1960, and all experiments were 

completed by December 22, 1960. 

1. 7 Data. Reduction. · 

A. Core I 

1. Description of Core 

Core I consisted of the 0. 475 -in.- diameter, stainlesfs -steel 

c1a9., 4%-enriched UOz fuel rods, arranged in a square lattice to give a 

metal-to-water volume ratio (M/W) of 1.0 and a lattice pitch of 0.595 ± 

0. 002 in. The moderator was Hz 0. The fuel rods were held at the top 

and bottom in 1/ 2-in. -thick drilled plates of 304 stainless steel and at 

the "midplane'' by a 1/4-in. -thick lucite grid plate. Control blades were 

fabricated of 0. 015-in. -thick sheets of stainless-steel clad on one side 

with 0.020-in·. cadmium. The core arrangement is shown in Figure 6. 

2 .. Critical Parameters 

of Figure 7. 

Core I was critical with 484 fuel rods in the configuration 

The effective core .radius, R , computed from the relation, 
c . 

'IT R 2 = (No. rods) (pitch) 2 , 
c 

was 18.76 em. The excess reactivity with all control blades fully with

drawn and the water height at 1~5. 'I em was ZO cents. The axial dimen

sions are shown in Figure 8. To determine the just-critical core size, 

the excess reactivities of assemblies with fewer' fuel rods were measured 

and extrapolated to ze:ro excess r·eactivity. The worth of a fuel rod on the 

periphery of the core was approximately 3. 7 cents. 

The critical conditions for Core I are summarized in Table V, 

as measured in the basic loading, and as extrapolated to zero excess 

reactivity at full water height. The side reflector was essentially infinite, 

and the top and bottom reflectors consisted of the grid plates and end caps 

of t.hP. f11el rods. 
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TABLE V 

CRITICAL CONDITIONS OF CORE I 

Parameter 

Excess reactivity, cents 

Number of fuel rods 

. Effective core radius, em 

.~Critical water height, em 

.·Mass U-235, kg 

Metal-to-wat.er ratio 

Lattice pitch, in. 

. Ruu u.i.c:LUJclcl'' .i.J:t. 

Temperature, C 

Core I Measured 

484 

18.76 

153.7 

27.40 ± 0. 05 

1.0 

0. 595 ± 0. 002 

0.475 

15 

Core I Extrapolated 

0 

478.6±0.2 

18.66 

184.0 

27.09 ± 0.05. 

1.0 

0.595±0.002 

0.175 

15 

* At full water height the excess reactivity was 20 cents~ 

3. Critical Buckling 

The critical buckling in Core I was obtained from radial 

and axial flux traverses made with bare and cadmium-covered gold foils, 

0. 25-in. -diameter by 0. 005-in. -thick. The foils were positioned on 

1 1/2-in. by 1/16-in. lucite stringers so that in the radial traverses the 

plane of the foils was parallel to the axis of the fuel rods, and the center 

of the foils corresponded to the geometrical center of the water gap 

between four rods. The foils were irradiated on a positive period so that 

all control rods could be fully withdrawn from the core. 

Because of the relatively small core diameter the extent of 

the asymptotic region was carefully explored. The cadmium ratio of gold 

appeared to be constant at 1. 63 for a radius of at least 4. 76 in. (8 lattice 

pitches). This was confirmed by plotting the apparent radial buckling 

versus the number of radial points used to compute the buckling, finding 

no systematic variation with radii less than about 5 1n. The existence of 

t.he asymptotic region was also checked by comparing the bucklings derived 

from the cadmium-covered gold foils, bare foils, and the bare minus 
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cadrniur!l-covered·data. As shown in Table VI, the difference between 

the thermal and epithermal ~ucklings is just within the standard deviation 

of the measurements. Table VI also $hows the difference ~etween two 

cadmium -covered traverses, the first with the foils spaced at two lattice 

spacings. Again the difference is within the standard deviation of the 

measurements .. 

Table VI summarizes the radial buckling measurements. 

Each value is the weighted average of two separate runs; each run in turn 

is the weigh~ed ave_rage of fits to radii of 8, 7, and 6 lattice spacings. As 

a check on the influence of the 11 roundness 11 of the core, some of the 

measurements were repeated on. Core IA (see Fig. 7), which had the 

same number of fuel rods, but was sorn ewhat more cylindrical. 

TABLE VI 

RADIAL B UCKLINGS OF CORE I AND CORE IA 

Core Kind of Traverse Bz 
r 

± cr, x 10- 4 crn-z 

I Ep i the rrn al >:c 83. 94 ± 1. 71 

I Epithermal 84.56±0.37 

I Total 84. 22 ± 0. 60 

.I Thermal 83. 04 ± 1. 53 

IA Epithermal 83. 61 ± 0. 20 

IA Total 83.98±0.32 

.... Foils spaced ev:ery two lattice spacings. -·-

The axial buckling was determined in the same way, and a 

small correction was applied for the slightly different water heights in 

the cadmium :..covered runs and in. Core IA, using the relation: 

!:::. B ::: (B 2 /rr) f:::.h, . z z 

where f:::.h is the difference between the actual water height and the _just

critical water height of Core I of 153.7 ern. The corrected axial bucklings 
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were (3. 620 ± 0. 003} x 10- 4 cm-Z, (3. 589. ± 0. 006} x 10- 4 cm-z, and 

(4: 030 ± 0. 006} x 10- 4 cm-z for the· bare ri.uis in Core I, the cadmium

covered runs in: Core I, and the bare runs in Core IA, respectively. 

The total buckling was obtained from a weighted average of 

the radial and corrected axial bucklings. The values used to obtain the 

final buckling are listed in Table VII. Since the thermal buckling was the 

same within the statistical accuracy of the measurements,· it was not 

included because of its larger standard deviation. The total buckling for 

·Core I was then obtained from a we~ghted average of the four values. 

TABLE VII 

TOTAL BUCKLING OF CORE I 

Core Kind of Traverse j! 

Bt ± ~. x 10- 4 cm-z 

.I Epithermal 88.16±0.38 

I Tutal 87.84 ± 0. 60 

IA Epithermal f37.66±0.2l 

IA Total 87.99 ± 0. 33 

Weighted Average 87. 91 ± 0. 28 

The radial, oR, and axial, oH' reflector savings were 

computed from the critical dimensions and respective bucklings of 

Core I. . The results are: 

?R=7.5cm, 

6H = 11. 2 em . 

. Two supplementary experiments were performed in· Core I 

to determine whether· other perturbations of the buckling measuren1ents 

existed. The radial buckling was measured by a bare 0. 020-in. -diameter 

gold wire and was found to be identical to that obtained from bare gold 

foils, so the lucite foil holder did not perturb the measurements. The 

11bare•• gold foils were actually set in aluminum boxes so a comparison 
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was made of radial. bucklings derived from these measurements with one 

case i_n which the .foil!) were truly bare (cov~red with 0. 001- in. -thick 

mylar tape). Again the two radial bucklings were within 0. 2% of each 

other. 

4. ·Thermal Disadvantage Factor 

The thermal disadvantage factor 1n Core I was measured 

by irradiating bare sector foils in a fuel rod and adjacent water channel 

and by correcting for epithermal activation. The sector foils were cut 

from 0. 006-in. -thick sheets of dysprosium-aluminum alloy, containing 

nominally 5 wt o/o Dy. The fuel region was sampled by cutting a fuel rod 

and soldering 0. 002-in. -thick brass foils across the cut ends. The cut 

fuel rod and three uncut rods were carefully aligned and assemble~ into 

a square bundle that could be inserted and removed from the. core as a 

subassembly, with the cut located 5. 3 em below the fuel midplane. 

The measurements were made in two ways, as .illustrated 

in Figure 9 .. In Method A the Dy-Al foil was exposed as a single piece 

with the circular region in the fuel rod and the scalloped region projecting 

into the water gap, so that no extraneous supporting material that might 

perturb the measurement was needed. After irradiation and before 

counting, the foil was cut into two pieces: a ·circular foil,. R, 0.444 in. 

in diameter, representing the fuel in the fuel rod; and a sc.alloped region, 

.S, 0.595 in. across flats, representing the water. channel. In Method B 

two separate foils were irradiated: one circular; and one scalloped with 

the scalloped foil supported by thin threads wrapping around the adjacent 

fuel rods and bridging the water channel. 

The foils were irradiated in pairs of R and S foils and were 

counted in a 41T gas-flow proportional counter. Each foil was counted six 

times for ten minutes, with a minimum of ten minutes flush time when 

foill::l were changed. The foils were also calibrated for weight and 

variations in dysprosium content by irradiating them in sets on a rotating 

wheel in a region of relatively constant flux. 

Since the Dy-Al foils were irradiated bare, a··small correction 

to the data was made for their epithermal activity by mea·suring the Dy

Al.cadmium ratio in the fuelwith 0.441-in. -diameter Dy-Al.foils. ·The 

cadmium ratio, averaged over the cross section of the fuel, was 13.0 ±0. 5. 
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In the center of the water channel it was 19. 3 ± 0. 5 (with the foil oriented 

so that its plane was parallel to the axis of the fuel rods). The thermal 

disadvantage factor, cP. I <Pf' (where <I> is the average thermal neutron 
m m 

flux in the water channel, and cj>f is the average thermal neutron flux in 

the fuel) was then computed from the relation: 

cj>m Am [ 1 J 
~ = ~A l + CdR f - 1 

't'f f 

1 

where Am I Af is the ratio of the observed saturated activity per gram in 

the S foil to the R foil, and CdRf is the Dy-Al cadmium ratio in the fuel. 

The results of five measurements of the thermal disadvantage 

factor are listed in Table VIII, where the correction for epithermal 

<l.r.tivity i;l,lnqunts to about 1 1 I 2 o/o •. Run #27 could perhaps be disregarded 

for statistical reasons; if so, the average cj>m I cj>f would be 1. 2.4, which is 

within the stand deviation of the average as shown. 
I 

TABLE VIII 

THERMAL DISADVANTAGE FACTOR IN CORE I 

Rnn Nurnber ·Method Am./ Af cl>mlcl>f 

?5 A 1. 214 L23 

·z? A 1. 321 l. 32 

28 A 1. 205 1. ZL. 

2l) R 1. 227 1. 25 

31 B 1.23Sl 1. 2G 

Average 1. 25 ± 0. 02 1. 26 ± 0. 02 

Some information on the flux in the cladding of the fuel rod 

was also obtained by counting the 0. 475-in. -diameter R fnil before and 

after the 0. 444-in. -diameter R foil was punched from it. The data are 

of limited accuracy due to the thinness of the cladding region. A value 
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for A 1 d/ Af 1 of 1. 17 ± 0. 03 (uncorrected for epithermal activity) is, c a ue . · 
however, c"onsistent with the results of three measurements . 

. 5. Cadmium Ratio of U- 235 

The cadmium ratio of U- 235 for fissions was measured in 

'Core I using 0.010-in.-thick foils of 93%-enriched U-Al alloy (18 wt% U), 

0. 444 in. in diameter. The U ~Al foils were placed between the cut faces 

of a central fuel rod, 5. 3 em below the fuel midplane. For the cadmium

covered runs the fuel rod was covered with a cadmium sleeve, centered 

about the data foil. Three kinds of sleeves were used: 

Run #20: 2-in. long, 0. 030 -in. wall, 0. 48 7 -in. ID 

Run #60 and 62: 6-in. long, 0.020-in. wall, 0.475-in. ID 

Run #21: 6-in. long, 0.030-in. wall, 0.486-in. ID 

The runs were normalized by three U -Al foils, located approximately 

three lattice spacings from the data foil. 

. The foils were activated, with all control rods removed, on 

. a period of about 150 sec. Twenty minutes after the exposur.e was com

pleted, they were gamma counted using a sodium iodide scintillation 

spectrometer biased so that only gamma rays of energies greater than 

·about 200 Kev were counted. The data were obtained and analyzed in 

slightly different ways. In all runs except #59-62, alternate one-minute 

counts were taken on the data foil and on each of the three monitor foils. 

In the first method of analysis a decay curve was drawn through the 

average of the three monitor counts as a function of decay time .. Ratios 

of the data foil decay curve to the monitor foil decay curve were taken 

. at different decay times and were averaged. The same procedure was 

followed in the cadmium-covered runs, and the cadmium ratio was 

thereby obtained. In the second method of analysis the average ratio of 

each monitor foil in the bare run to that of the monitor foil in the cadmium-· 

covered run in the same position was obtained for various decay times, 

and the bare and cadmium-covered decay curves were thereby normalized. 

In all cases the second method gave cadmium ratios l l/2% higher than 

those of the first method. Since both methods appear to be equally valid, 

the average of both methods is reported in Table IX. 

In· Runs #59 to 62, five-minute counts on the data foil were 

taken, followed by one-minute counts on each of the three monitors, and 
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the cycle was repeated several times. The method of analysis was 

similar to the second rn ethod described above. 

The results are summarized in Table IX, where the U~Al 

foils were calibrated fo~ U- 235 content by gamma counting their natural 

radioactivity on a scintillation spectrometer, biased at about 40 Kev 

before irradiation. The individual determinations differ in general by 

more than their statistical standard deviation, so the average was com

puted without weighting the individual·values, except that Run #42 was 

weighted only one-half as strongly because of obviously poor counting 

statistics. 

TABLE IX 

CADMIUM. RATIO OF U-235 IN CORE I 

Run Numbers 

18 & 20 

22 & 21 

42. & z 1 

~') & 61 

60 & 62 

·Cadmium Ratio of U-235 

Avel·c:Lgc 

4. nz ± o. o4 
4. 8 2 ± 0. 04 

4.96 ± 0.10 

4.76:1:0.06 

4.7Gl.0.06 

4.70 .L 0.10 

Several possible sources of error were investigated. Corn

paring the cadmium- covered runs, there appears .to be no variation attri

butable to the different kinds of cadmium sleeves used. The possibility 

of a systematic variation in the apparent cadmium ratio with decay time, 

such as could exist if there were measurably different impurities in the 

data and monitor foils, was checked in several ways. Although this 

possibility appears unlikely, it can not entirely be eliminated. 
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R" . Core II 

1. Description of Core 

The 4o/o-enriched U0 2 fuel rods were used in Core II, and 

the lattice pitch and metal-to-water ratio were the same as Core I 

(0. 595 ± 0. 001 in. and 1. 0, respectively}. The moderator was H 2 0 to 

which boric acid (H3 B0 3 } was added in varying concentrations. The 

major structural difference was that the 1/ 2-in. thick drilled stainless

steel grid plates in Core I were replaced by a pair of l-in. -deep 11 egg

crate11 type grid plates, fabricated of interlocking 0. 114-in. -thick strips 

of aluminum. 

Installation of the new grid plates changed slightly the 

vertical dimensions of the core. Referring to Figure 8, which applied 

to Core I, the thickness of the top and bottom grid plates is now 2. 54 em, 

the distance from the reference plane (bottom of active fuel} to the bottom 

of the top grid plate is 168. 3 em, and the distance from the reference 

plate to the lucite 11midplane 11 grid plate is about 65 ern. Since the lucite · 

11midplane 11 grid plate was only 2 ft in diameter, midplane alignment at 

larger radii was achieved by passing 0. 120-in. -diameter lucite rods· 

between rows of fuel rods. Figure 10 shows Core II, fully loaded. 

2. Critical Parameters 

Before reaching the final full- sized loading of Core II, 

several intermediate ca.ses were brought to criticality, although no 

effort was made to adjust the boric acid concentration each time to 

reach a common critical water _height. The criticality data are 

summarized in Table X, where the boric acid concentration was deter

mined by titrating a sample with a standardized KOH solution after the 

boric acid had been ionized completely by complexing with mannitol. 

The average of three sarnples is shown in each case, with an uncertainty 

of about± 1% in boron concentration. 

was computed from the relation: 

The equivalent core radius·, R , . c 

1TR2 =(No. rods}(pitch} 2 • 
c 

The boron concentration is reported as grams of boron per liter of 

water, and each case was just critical with all control blades fully 

withdrawn. 
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TABLE X 

CRITICAL. SIZE AND BORON CONCENTRATION IN CORE II 

Number of . Equiv.ale·nt Boron Cone. , Critical Water 
Fuel Rods Core Radius, gm B per Water Height, Temperature, 

em liter HzO em c 

484 18.8 0.000 141.0 12.7 
576 20.4 0. 242 150.5 9.8 
724 22.9 0.460 96.8 11. 2 
764 23.6 0. 686 135.5 11.0 
936 26.1 1. 152 167.5 12.4 

1280 30.5 1.658 142.5 12.0 
2024 38.4 2.342 125. 1 12.8 
3792 52.5 3. 163 157.2 14.2 
4904 1)1).7 3.257 ·-120. 13.8 
1904 59.7 3.5H9 1.45.5 14.0 

The variation of critical boron concentration with core 

radius is shown in Figure 11, where no correction for differences in 

water height was made. This adjustment can be made using the axial 

buckling data on· Core II reported below. 

The final loading, which contained 4904 fuel rods and 3. 38 9 

grams boron per liter of water, is rlP.sign:;~.t~d a• Core II n.nd is shown iu 

cross section in Figure 12. Its critical conditions are summarized in 

Table XI. The side reflector wa$ essentir~.lly infinitt:>, and the top a.nd 

bottom reflectors consisted of the erirl plr~tPs r~T)d. end cape of the fud rod:!>. 

TABT.F: XI 

CRITICAL CONDITIONS OF CORE II 

Parameter 

Excess reactivity, cents 
Number of fuel rods 

. Effective core radius, em 
Critical water height, em 

·Critical boron cone. , gm B / 1 H 2 0 
Mass of U-235, kg 
Metal-,.to-Water ratio 
Lattice pitch, in. 

. Rod diameter, in. 
Temperature,. C 

Core II 

0 
4904 
59.7 

145.5 
3.39 

277.6 
1.0 
0.595 
0.475 

14.0 

,.;' 



It is of interest to compare the critical conditions of the 

first loading of Core II with those of Core I; the major difference between 

the cores is in the kind of grid plate. Correcting for the difference in 

critical water heights, the first loading in· Core II was about f5 cents 

moi'e reactive than Core I. Since the grid plates in Core II were fabri

cated to somewhat higher tolerances than were the Core I· grid plates, 

some of the diffe'rence can be explained by local variations in the metal

to-water ratio. A slight difference in moderator temperature and statis

tical variations in the fuel rods may also be contributing factors. 

3 .. Critical Buckling 

The critical buckling of Cm;e II was obtained from two 

radial and one axial flux trave·r.ses, using the same techniques reported 

for· Core I. -Only cadmium-covered foil measurements were made because 

experience with Core I, together with the much larger core radius, indi

cated a larger asymptotic region would exist. The. foils were spaced at 

every other latti.ce position ... The cadmium ratio of gold in the asymptotic 

region was approximat.ely 1. 37 .. 

The average of the tw.o radial buckling fits, corrected ax.ial 

buckling, and total buckling for Core II are listed in Table XII .. The 

corr-ection to the measured axial buckling of 3.49 x 10- 4 cm-z was made 

in the same way as in -Core I, to normalize to the just-critical water 

height of l4S. 5 em. 

The radial flux distributions were fit individually to five 

different radii, ranging from 21.4 in. (36lattice pitches) to 16.6 in. 

(28 lattice pitches) to see if the radial buckling varied with radius. No 

such variations were discernible in this region. Therefore, the radial 

buckling is reported as the arithmetic average of five fits to each of two 

radial traverses. 

TABLE XII 

TOTAL BUCKLING OF' CORE II 

Buckling 

.Radial 
Axial 
Total 
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13.3 ±0.2 
3.92±0.01 

17.2 ±0.2 



4. Thermal Disadvantage Factor 

The thermal disadvantage factor in Core II was measured 

by Method B, as described for· Core I, using bare Dy-Al sector foils in 

the fud and moderator regions. The cadmium ratio of Dy-Al in the fuel, 

needed to correct the data for epithermal activations in the Dy-Al sector 
I 

foils, was not m eq.sured in Core II, but calculated on the assumption that: 

...,.( --C--=-dR--=D....~..y __ f,.......;) I=- _. (CdR Au ..: 

(CdRDy 1) II - (CdR Au 

1) I 

1) II ' 

where CdRA is the cadmium ratio of gold, and the subscripts I and II u . 
refer, respectively, to Cor·es I and II. Since this correr.tir:m. is only 

about l 1/2"/o, the thermal disadvantage factor is not very sensitive to 

the validity of the assumption. The relationship yields a· Dy-Al cadmium 

ratio of 8. 1 for Core II. 

Two runs were made, each run containing one circular foil 
.' 

.(R) in the fuel and two scalloped foils (S) in the adjacent water channel; 

one of the S foils was located 9. 5 em above the- R foil, and the other was 

located 2. 0 em below the R foil. The data were corrected for variations 

in dysprosium content and in axial flux gradient. The values of Am/ Af' 

the ratio of the total activation per gram .of the S foil to that of the R foil, 

and cpm / cpf' the ratio of the thermal activations, are listed in Table XU!. 

TABLE XIII 

THERMAL DISADVANTAGE FACTOR IN CORE II 

Foil Number Am/Af cpm/cpf 

4R 

4S 1.229 1.262 

5S l. 272 l. 311 

6R 

6S L 222 1.254 

3S l. 192 l. 219 

Average 1.23 ± 0.02 1.26±0.02 
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FIG. 4: :MIX TANK AND ASSOCIATED D 2 0 TRA:'\TSFER EQUIPMENT 
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FIG. 7: CROSS SECTION OF CORE I LOADINGS 
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FIG. 8: CORE I AXIAL DIMENSIONS 
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FIG. 9: SECTOR FOILE FOR THERMAL DISADVANTAGE FACTOR 
MEASUREMENTS 
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FIG. 11: CRITICAL CORE RADIUS Vs BORON CONCENTRATION 
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FIG. 12: CORE II CROSS SECTION 
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TASK 2 EXPONENTIAL. EXPERIMENTS 

(L. G. Barrett, Task Leader; J. M .. Funderburg; J. H. Mortenson) 

2. 1 Planning and Design 

The objectives ~nd detailed design of the SSCR exponential 

experiments were reported in the first Quarterly Technical Report. 1 

In brief, the material buckling, at room temperature, of lattices of 

slightly enriched U02 and (U-235 + Th}Q2 fuel rods (M/W = 1.. 0} in a 

moderator consisting of D 2 O-H2 0 mixtur.es of various compositions will 

be· measured. The range of D 2 0 concentrations will be· approximately 

75 to 90% D 2 0 for the slightly enriched U02 lattices and 50 to 80% 

D 2 0 for the (U- 235 + Th}02 lattices, to extend the measurements to be 

made in critical experiments (Task 1} to higher D 2 0 concentrations. 

The source of neutrons to the exponential tank will be a highly enriched 

uranium, graphite moderated and reflected, split-bed critical assembly, 

designated the· Lynchburg Source Reactor (LSR}. 

A. Engineering Design 

The design of the· LSR, exponential tanks, grid plates, 

supporting structure, and moderator flow system were completed. in 

the preceding· quarter and are described in detail in. References 1 and a· . 
An isometric drawing ofthe facility is shown in Figure 13. The LSR 

will operate only with the split tables closed and at a power level of 1 kw. 

Additional design effort in the present reporting period was 

limited to a consideration of increasing the thickness of the aluminum 

bottom grid plate from 1 in. to 2 in. to decrease the volume fraction 

of moderator in this region and to increase the available flux in the 

exponential assembly per unit LSR power. Calculations showed, 

however, that most of the·neutron absorptions were: in the steel end

caps of the fuel rods·, so the grid plate design was not changed. 
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B. Instrumentation and Control 

The instrumentation and control system was expanded to 

provide additional information on the behavior of the exponential 

assembly by adding two BF3 -filled ion chambers, feeding micromicro

ammeters with adjustable upper limit scrams. One of these·channels 

drives a strip recorder at the console. Equipment is also available to 

add two low-level count-rate channels (BF 3 proportional counters) for 

use during startups. On initial loadings of the exponential assembly, 

reciprocal multiplication measurements·will be made with these 

channels, using either the LSR or an auxiliary radioactive source to 

provide neutrons. All detectors on the exponential assembly will be 

shielded from LSR leakage radiation. 

It was decided to provide the exponential assemblies with 

safety blades for additional protection. These blades will be hand

cocked and held in place by small solenoids. No provision is made to 

move the blades remotely; they will be either in or out (cocked). The 

safety blades are fabricated of 0. 020- in. -thick sheets of cadmium, 

cemented to stainless- steel stiffeners, similar in design to those used 

in the SSCR critical experiments (Task 1) . .!.. 

A compensated ion chamber was addP.n t.o t.hP. T .sR in~;;t:ru~ 

mentation in anticipation of a high residual gamma background after 

high-power operation. A schematic diagram of the entire nuclear 

instrumentation system is shown in Figure 14. 

C. LSR Experiments 

During the reportin~ quarter additional experiments on t.hP. 

LS.I{ were· performed to determine the optimum loading arrangement. 

To limit the removable excess reactivity to less than $1. 00, Loading 

#16 was modified slightly by removing 16 U-Al fuel foils . .l. The con

figuration of Loading #17, which is shown in cross sP.c.t.ion in. Fig1.1re 15, 

has 1312 U-Al fuel foils for a mass of 2. 166 kg .of U-235 and for an 

excess reactivity of $0. 42. Provision was also made to increase the 

reactivity by as much as $1. 20 or to reduce it by $2.40 after the 

pedestal is installed so that the final excess reactivity will be less than 

. $1. 00. 
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All the graphite core bars to which U-Al fuel foils are 

attached were wrapped with 0" '7-mi:l-thick aluminum foil to prevent 

fission recoil contamination of the graphite· core channels during high

power operation" A total of 1" 7 kg of aluminum was added, reducing· the 

reactivity of the assembly by $0. 07. 

Three additional safety rods, consisting of 0. 020- in. -thick 

cadmium, cemented to the outside of 8-ft aluminum pipes, 2 1/2-in. 

OD by 1/8-in. wall, were fabricated. Rod No. 2 was calibrated by-the 

rod-bump-period method to be·worth $1. 30, which is slightly less than 

the $1.44 measured for the first rod in Load.ing #14. 

The ·reactivity contribution of a 1-ft-thick graphite pedestal 

of three different eros s- sectional areas was measured. A 24- in. square 

pedestal increased the LSR reactivity by $0. 01; a 48- in. -diameter octag

onal pedestal increased reactivity by $0. 11; an 80- in. -diameter octagonal 

pedestal increased reactivity by $0. 25. The total excess reactivity of 

Loading #17 was, therefore, $0. 67 with the largest pedestal. 

Axial flux distributions through the center of the LSR core 

and pedestal were measured with bare gold fo:Us for the three pedestal 

sizes. The results indicate that the neutron flux in the exponential 

assembly can be doubled by using a pedestal much wider than the 

exponential tank. This geometry may have the disadvantage of increasing 

fast neutron scattering into the sides of the exponential tank, however,· 

so the· optimum design of the pedestal will be determined through pre

liminary experiments after the exponential assembly is installed. 

A rotating wheel for inter-calibrating foils was inserted in 

channel G,..z, Extra U-Al foils were placed around the wheel to reduce 

the neutron. flux gradient and to improve the calibrations. The arrange

ment, shown in. Figure 16, reduces the radial flux drop across the 

wheel to less than 20%. The reactivity effect of the wheel assembly 

(-8~) was exactly balanced by the worth of the additional fuel. The flux 

level at the wheel was calibrated for later use. The cadmium ratio of 

golcl (before addine; the extra U-Al foils) was 14, 

2. 2 Procurement and Erection {S. J. Holzsweig) 

As previously discussed, further modifications of .the LSR were 

made during this period. These include wrapping the U-Al foils with 
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aluminum, installing a wheel irradiation device for calibrating foils, 

installing the control rods and calibrating the position indicators, 

installing the Po-Be neutron source, and adjusting the fuel loading. 

The top of the LSR was covered with an aluminum sheet and catch bas in 

to prevent the moderator from dripping into the assembly should a leak 

develop in the exponential tank. Layout and wiring of the control console 

to accommodate the extra instrumentation, modification of the table 

drive system, and installation of the exponential safety rods are con

tinuing. 

During the reporting period all major items of equipment needed 

for the first experiment were:received, and the structural steel to 

support the exponential tank was installed. The 50- in. -diameter 

exponential tank needed for the second set of experiments was ordered, 

but has not been received. 

2. 3 Hazards Evaluation (J. M. Funderburg} 

The hazard evaluation for the exponential experirnents·was com

pleted, and a request for a license amendment was submitted to the 

AEC.ll Progress under this Subtask will be noted by reporting an 

abstract of document BAW-1215: SSCR Basic Physics Program

Exponential Experiment Hazard Evaluation, by J. M. Funderburg . ..§. 

Abstract 

'l'hio report sumniariz;es the potentiai l1d.:t.c:t.nl:s a:s ::;uciaLed with the 

operation of the SSCR exponential experiment program. The program, 

in which a series of room temperature exponential experiments using 

slightly enriched (4%} U02 and (U-235 + Th}02 fuel rods in a moderator 

consisting of mixtures of D 2 0 and H 2 0 of different concentrations, is 

outlined. The Lynchburg Source Reactor (LSR), a graphite moderated, 

highly enriched uranium fueled reactor, which will be operated at 

1000 watts to drive the exponential assemblies. is described in detaiL 

The design of the exponential tank supports and moderator flow system 

are discussed. Described in detail are operating procedures, normal 

operating hazards, health physics procedures, and steps to be·taken 

in the event of.unusual conditions. The Laboratory Emergency Plan 

and operating limitations are stated. 
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Various potential accidents caused by human and mechanical 

failures are described. The maximum credible accidents in the LSR 

and in the exponential assembly are postulated and analyzed. In the 

LSR 2% excess reactivity, added as a step or ramp, produces a nuclear 

excursion, generating at most 170 MW- sec of energy, which is terminated 

by fuel vaporization. In the exponential assembly a 2% reactivity in

sertion is self-compensating and does not result in fuel rod rupture. 

Some fission products may be released, however, from the (U-235 + 

Th)02 fuel rods at the 0-ring-sealed end cap because of internal 

pres sure buildup. 

The environmental hazards are evaluated, and it is concluded 

that the radiation dose at the nearest permanent residence does not 

reach serious proportions even under severe inversion conditions. 

2. 4 Operation of Experiment 

No work was scheduled or performed on this Subtask during the 

reporting period, with the exception of the LSR experiments described 

under Sublask 2. 1. 

2. 5 Data Reduction 

No work was scheduled or performed on this Subtask during the 

reporting period. 
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FIG. 15: CROSS SECTION OF LSR LOADING 17 
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TASK 3 - ZONE- LOADED CRITICAL EXPERIM·ENT 

(N . L . · Snidow , Task Leader; C . E . Barksdale; R. H . Clark) 

3 . 1 Planning and Design 

The objectives and general des ign of the zone - loaded critical 

ex periment were stated in the preceding Quarterly Technical Report...!. 

During this period the grid plates and support structure were designed, 

c ompleting the design phase since the remaining equipment and materials , 

{c o r e tank, control rod drives, etc .) will be available from Task 1. 

The zone-loaded grid plate (Fig . 17 ) is of the "egg-crate" design and 

c onsists of an inner , square region for 2 704 (U- 235 + Th)02 fuel rods , 

surrounded by an outer region of pseudo - c ircular cross section for up 

to 5400 slightly enriched U02 fuel rods . The "egg-crate" grid plates 

are fabricated of inter-locked str ips of aluminum, l - in. wide by 

0 . 114 - in . thick in the outer region , and 0. 072 - in. thick in the inner 

r egion , so that the metal - to -water volume ratio is 1 . 0 in each region . 

On the basis of the preliminary calculat ions reported in Subtask 

8. 3 , the critical D 2 0 concentration for the zone-loaded assembly is ex

pected to be about 82%. 

3. 2 P r ocurement and E rection (R . Gluck) 

Dur ing the reporting per i od drawings of the grid plates a nd 

support structure were completed and submitted for quotations. The 

suppor t structure was ordered . 

3 . 3 Haz a r ds Evaluat ion 

The evaluat ion of the poten t ial hazards associated with the zone

l oaded crit ic al experiment was included with that of the cr itical 

exper iments of Task 1 and i s reported under Subtask 1 . 3 . 
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3 . 4 Operation of Experiment 

No work was scheduled or performed on this Subtask during the 

reporting period . 

3 . 5 Data Reduct ion 

No work was scheduled or performed on this Subtask during the 

reporting period. 
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FIG. 17: GRID PLATE - ZONE-LOADED CRITICAL EXPERIMENT 
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TASK 4 HOT EXPONENTIAL EXPERIMENTS 

(L. G. Barrett, Task Leader; J. M. Funderburg; H. J. Worsham, Jr.) 

4. 1 planning and Design 

The objectives of Task 4 are to measure the material buckling of 

lattices of 4o/o-enriched UOz· fuel rods (M/W = 1. 0) in moderators con

sisting of Dz 0-Hz 0 mixtures of different concentrations as functions of 

temperature, up to approximately 400 F. The Dz 0 concentrations ten

tatively selected are 0, 80, and 90o/o. 

A. Description of Facility 

T.he SSCR Hot Exponential Experiments will be performed in 

the Hot Exponential Facility, using the Lynchburg. Pool Reactor (LPR) 

as the neutron source. The LPR (Fig. 18) is a swimming pool reactor, 

using MTR-type fuel elements with a current maximum licensed power 

of 200 kw. Figure 19 is a eros s- sectional view of the LPR core and of 

the 9-ft-long by 3-ft- ID autoclave, or pres sure vessel in which the 

cxponeulial lattices are placed. Betweeh the LP.R core and exponential 

latticeare.a 1/4-in.-thick removable boral shutter, a 1-in.-thick 

aluminum closure plate, a 4-in. -thick lead gamma shield, a:· void, a 

thin aluminum .radiant heat reflector, and the 1- in. -thick pres sure 

vessel wall. This arrangement was designed to minimize reactivity 

coupling between the exponential lattice and the LPR and to maximize 

the available thermal neutron flux. The region between the pressure 

vessel and the concrete shielding is filled with high purity sand, which 

forms a cheap, l'E:illuvaule garnma shield and thermal insulation~ 

Figure 20 is a front view of the pressure vessel with the door 

open .. A quick-opening door is used to facilitate changes in the exponen

tial lattice and to permit rapid removal of activated foils. Within the 

pressure vessel are the fuel :rod support rack and the tube sheet; to the 

right is the pressurized loop containing a 120 kw electric heater 1 gas 
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pressurizer, and canned rotor circulating pump; to the left is a recipro

cating pump used for fresh water makeup or boric acid injection. 

After completion of a high temperature test or in an emergency, 

a letdown valve is opened, allowing the water to flash to steam and to 

pass down the lar.ge horizontal pipe to the right near the circulating pump. 

The steam is carried to a water-filled letdown tank outside the building, 

where it is ejected through six nozzles at the bottom of the tank for con

densation. 

For· routine hot exponential experiments the neutron flux is 

mapped radially and axially using wires that run in hollow, pressure

tight stainless- steel conduits, or hypodermic tubing. These conduits 

are installed in the core, which is then placed within the pres sure vessel 

and connected to other conduits that pass through the pressure vessel walL 

Activation wires can then be inserted and removed under operating con

ditions. After activation the wires are counted automatically on the LPR 

wire scanner (wires mounted on a drum) or on the linear wire scanner, 

depending on the kind of experiment and other experimental requirements. 

B. Design 

During the reporting period preparations were completed for 

the first Hz 0 experiments, which require no equipment modifications. 

On the basis of the critical experiments performed on· Core I, an expo

nential as s~mbly size was chosen that will prodllce a kef£ of 0. 95. Thi::; 

core is cylindrical in eros s section and contains 3_68 fuel rods. 

In this subcritical lattice, radial and axial flux traverses will 

be made at five temperatures: ambient, 100 F, 200 F, 300 F, and 400 F. 

At room temperature both bare and cadmium-covered measurements 

will be made using gold wires 0.020 in. in diameter and cadmium tubing 

0.075 in. in OD by 0.020 in. wall thickness. 

Since the extent of the asymptotic flux region in the axial 

direction must be determined experimentally, radial flux traverses will 

be made at four axial positions. Three axial flux distributions at 

different radial positions will also be made to check reproducibility and 

to detect spurious asymmetrical sources, if they exist. Once the extent 

of the asymptotic region has been established by comparing the bare and 

cadmium-covered traverses at room temperature, the traverses at 
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elevated temperatures will be made using cadmium-covered wires only, 

for improved statistics. 

4. 2 Procurement and Erection 

All equipment and materials needed for the first (Hz 0) hot expo

nential experiment were purchased and delivered. Two l/4-in. -thick 

stainless- steel tube sheets were fabricated to support the ends of the 

fuel rods. Since the fuel rods lie horizontally, two additional l / 16-in.

thick aluminum tube sheets and one 1/4-in. -thick aluminum tube sheet 

at midplane were used to support the fuel rods along their length. 

The small pitch spacing of the fuel rods precluded the use of 

standard b. 18 7 -in. -OD stainless- steel conduits for the radial wire 

traverses, so special stainless steel conduits, 0.120-in. OD by 0.010-in. 

wall, were used in the core and were joined to the standard conduit 

several inches away for the core edge. Standard conduits were used for 

the axial traverses. A side view of the core support frame, after the 

activation wire conduits were installed, is shown in Figure 21. The fuel 

rods and the thin intermediate tube sheets can also be seen 

At the end of the reporting period all equipment for the first experi

ment was erected and checked out. The fuel rods were loaded, the acti

vation wires were inserted, and the facility was readied to begin actual 

runs during the first week in January, 1961. 

4. 3 H;l.~;J.rds Ev;J.luation 

No work was scheduled or performed on this Subtask during the 

reporting period. 

4.4 Operation of Experiment 

No work was scheduled or performed on this Subtask during the 

reporting period. 

4. 5 Data Reduction 

No work was scheduled or performed on this Subtask during the 

reporting period. 
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TASK 5 PLUTONIUM TEMPERATURE EFFECTS 

(T. C. Engelder, Task Leader) 

5. 1 Planning and Design 

The major effort during the reporting period was devoted to an 

investigation of the cost and availability of special plutonium- spiked 

fuel rods. These rods would be stainless- steel clad, approximately 

0. 44 in. in OD ,by 5 ft in length, containing natural uranium dioxide 

spiked with nominally 1% Pu-239 to simulate the "end-of-life" condition 

of an SSCR fuel elemenL ·It was planned to perform hot exponential 

experiments with H 2 0 as the moderator (M/W = 1. 0) to determine the 

effect of the plutonium on the temperature coefficient of reactivity. 

An error analysis was performed, usi.ng the material bucklings 

reported under Subtask 8. 3, to determine the minimum number of 

Pu- spiked fuel rods needed to do exponential experiments of acceptable 

accuracy since it was apparent that the fuel cost for critical experiments 

at the M/W of primary interest would be excessive. On the basis of 

experience with other exponential experiments, the relaxation length, 

y, should be no more than 0. 04 to 0. 06 cm- 1 • Using: 

B 2 = B 2 + yz, 
r iYL 

where B 2 is the radial buckling, for a B 2 of 0. 0043 cm- 2 (natural 
r m 

uranium, M/W = 1. 0), the number of fuel rods required for an accuracy 

of about 2% in B 2 ranges from 590 to 860. 
m 

At least two vendors were found who can fabricate Pu-spiked 

fuel rods according to required specifications, but the cost for a 

minimum quantity of 500 rods substantially exceeded the allocation for 

this experimenL 

Further work on. this Task has been deferred until new instructions 

are received from the AEC. 
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TASK .6 CLADDING· EXPERIMENTS 

(W. G. ·Pettus, Task Leader; D. M. Roberts) 

6. 1 Flann ing and Design 

As discus sed in the previous Quarterly Technical Report, 

calculati01is showed that the reactivity changes due to substituting 

special fuel rods with stainless steel, ·aluminum, or zirconium cladding 

for ten standard swaged fuel rods in the central region of the· critical 

experiments of Task 1 would probably be too small to distinguish be

tween aluminum and zirconium cladding material, particularly at high 

D 2 0 concentrations. 

As an alternate experiment with potentially greater sensitivity,· 

a danger coefficient technique in the Lynchburg Pooi Reactor (LPR) was· 

considered. In this experiment a central LPR fuel element would be 

removed and replaced by a sublattice of 25 4. 2%- enriched uranium· 

oxide fuel rods, simulating the lattices existing in the critical experi- · 

rnPntR nf Trt Rk 1. The central fuel ;rod of this lattice would be twice as 

lnne; as the others with one kind of cladding material on the bottom half 

and another on the top half. Thus, with the LPR approximately critical 

and the lower half of the test rod in the sublattice, the change in 

reactivity by dropping the test rod so that its upper half would be m 

the sublattice could be determined from the change in reactor period. 

The primary advantage of this alternate method is that small reactivity 

changes can be made with extreme precision (about± 0. 002 cents). An 

ac'lrlitional advantage is that supplementary experiments could be per

formed to attempt to isolate and to separate reactivity effects, such as 

thermal versus epithermal (line cavity with cadmium), absorption 

versus scattering (replace fuel in test rod with lead or bismuth), etc. 

Calculations (see Subtask 8. 3) were then performed to determine 

whether the 25-rod sublattice was large enough to establish a neutron 

spectrum characteristic of the infinite' latttce i.n the region of the central 
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test rod. The results indicated that with H 2 0 as the moderator, the 

spectrum at the test rod posit ion was close enough to that 0f an infinite 

lattice to justify a small calculated correction to the experimental 

results; but with 80% D 2 0 as the moderator, the spectrum differed too 

much to attempt to calculate a reliable correction, factor. Since· it is 

impractical to increase the size of the sublattice because of the· limited 

number of fuel pellets available and because of the LPR operating 

. limitations, it was concluded that the alternate experiment, although 

sufficient sensitivity, would be difficult to interpret without ambiguity. 

Other simple experiments were considered, but in all cases they 

were either of limited sensitivity or introduc:P.rl s i gnifi r::1nt P-='!"t'l.<rba.tions. 

The results of this survey strongly suggest that the· basic problem of 

separating and identifying cladding effects can not be solved satisfactorily 

by the simple integral-type experiments that could be done with available 

materials and within the cost ceiling of the Task. The proper appr0ach 

is through a coordinated and extensive fundamental investigation of the 

eros s sections and the resonance integrals of the pure cladding 

materials and their alloys and impurities, and through measurements 

of the neutron spectrum in the lattices of interest. 

At this point the AEC terminated further efforts on this Task 

since the· studies, as now envisioned, extend beyond the primary 

objectives of the SSCR Basic Physics Program. 
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TASK· 7 ·- NEUTRON AGE MEASUREMENTS 

(W. G. Pettus, Task Leader; D. M. Roberts; T. C. Pitts) 

7. 1 Flann ing and Design 

The objectives of Task 7 are to measure the neutron age· in a 

lattice of Th02 rods (M/W = 1. O) and in moderators consisting of 

D 2 O-H2 0 mixtures of various concentrations. The age will be measured 

both parallel and perpendicular to the rod axis, for D 2 0. concentrations 

ranging from zero to about 90% D 2 0. Further details on the planning 

and design of the experiment may. be found in the first Quarterly 

Technical Report . .! 

Figure 22· shows the general arrangement of Th02 rods, grid 

plates, and support structure. The grid structure is interrupted near 

the center to permit insertion of the fission source tube. The shorter 

rods in this central region are supported by an auxiliary grid plate, 

which transfers their weight to adjacent rods. 

The fission source plates are fabricated of 0. 020-in. -thick discs 

of highly enriched uranium (9:3% U-235). metal, in diameters of 1/4 in., 

1 in., and 2 in. The source plate thickness and diameter can be varied 

to investigate experimentally the effect of these variables on the age 

measurements. The discs are plastic-coated and tape-sealed in a 

thin-wall aluminum box, which is mounted in the reentrant source 

tube. A "mock" fission source, which approximates the macroscopic 

removal cross s.ection of the U-235 fission .source in the resonance 

region, consists of an identical aluminum box filled with lutetium oxide 

powder. 

7. 2 Procurement and Erection 

All major equipment and materials needed for the experiments 

were ordered and received, including the grid plates, support structure, 

tank and cover, and fission sources. 
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The neutron collimator to be inserted in the LPR beam port 

(see Figs, 23 and 24) was fabricated. The large steel container is 

about 10 in. in diameter and is filled with a homogeneous mixture·of 

paraffin and H 3 B03 • Through it passes an eccentric 2 1/4- in.-

diameter aluminum tube. The elevation of the emergent thermal neutron 

beam is adjustable to the elevation of the· axis of the· age tank by rotating 

this component. The inner end of the aluminum tube is closed by a thin 

aluminum membrane, and the end of the collimator sealed to control the 

·atmosphere inside the beam port. It is planned to fill the beam port 

with C02 to avoid A-41 and N-16 activity, both to ensure health physics 

and to minimize (y, n) production in the deuterium. 

The LPR pool was drained, and the internal theJ;"mal column was 

installed. The thermal column consists of a 2-ft cube of graphite, 

sealed in an aluminum can, with a graphite collar that fits around the-

4- in. pol;'tion of the beam port that protrudes inside the pool walls. 

7. 3 Procurement of Th02 Rods 

An order· was placed for 4000 Th02 -filled rods. The rods con

sist of aluminum tubes, 42 in. long by 0. 4375. in. OD by 0. 035 in. 

wall, with welded aluminum end caps. The tubes are filled with Th02 

pellets having a minimum density of 9. 20 gm/cm 3 and a minimum 

diameter of 0. 360 in. At the end of the reporting period about half of 

the rods had been received. Several interim inspection trips to the 

vendor's plant were made to check quality control. 

7. 4 Operation of Experiment 

Several preliminary experiments were· performed during this 

period. Indium foils, in combinations of 0. 002-in. and 0. 005-in. thickness 

and 1/8-in. and 1/4-in. diameter, were inter-calibrated in the·wheel 

irradiation device (see Fig. 25). The foils were set in depressions 

rntlled tn a luctte disc, clamped in position with a second disc, and 

rotated at 100 rpm by a small motor inside·an air-filled aluminum 

tube near the edge of the LPR core. After a 5-watt-minute exposure, 

the foils·were counted on each side in each of three gas-filled pro

portional counters. Count rates were a minimum of 25, 000 cpm. The 

calibration factors for all foils· were within± 1 to 2% of the average. 
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Foil interactions were studied by irradiating sets of cadmium

covered (0. 020-in. -thick) indium foils separated by different numbers 

of Th02 pellets. It was found that if the foils. were separated by more 

than two pellets (about 1. 5 in.), no measurable interaction occurred. 

In some of the age· measurements the indium foils will be placed 

inside the ThOz tubes to compare flux tr.averses inside the ThOz with 

those normally taken in the moderator. The location of these foils can 

be determined with suitable precision, using an X-ray technique (see 

Fig. 26). The locations of the indium foils, cadmium covers, aluminum 

spacers, and even the interface between pellets, and the presence of 

a damaged pellet, can clearly be seen. To improve .the usefulness of 

this technique, a shadow plate with slot-type fiduc ials will be tested. 

7. 5 Data Reduction 

The numerical complexity of the data reduction for the neutron 

age measurements requires automatic computation. Accordingly, a 

program is being prepared for the Datatron-205 digital computer that 

will accept the raw data and will calculate the neutron age and its 

standard deviation. In addition the program. will yield corrected 

point-wise data points and their individual standard deviations for 

later plotting and will compute the 4th, 6th, and 8th radial moments 

of flux distribution at the detector energy and their errors. 

The ultimate computational function of the computer in this 

application is the evaluatton of the exprelS s io11s; 

s.rrr cj> (r)dv(r) 

S 
, n = 2, 4, 6, 8, 

. cj> (r)dv(r) 
= ( l) 

which are the defining equations for the nth radial moments* of the 

neutron flux at the energy of the detector.· Assuming that the corrected 

detector saturated activity, A , is proportionalto cj> and taking dv as 
s 

... 
''' .. The age T is defined as 1 I 6 r 2 for an isotropic point source. 
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471' r 2 dr ,. Equation 1 become 

n 
r 

00 

S n+z 
r As(r)dr 

0 
= ----------, n. = 2, 4, 6,. 8. 

00 

Sr 2 A .(r )dr . s . 
0 

(2) 

The corrected saturated activity of each foil is obtained by applying 

. the usual corrections for extraneous neutron background, counter 

background, relative counter efficiencies, detector. foil calibration, 

finite foil and source diameters, exposure normalization, and activity 

decay before counting. For values of r beyond the ranee of ohsP.rvi'l

tion, <1> (r) is expected to be governed by a first flight distribution of 

the form: 

<j>(r) = c 
-r/).. 

e 
(3) 

Accordingly, the program is designed to selec;t an r = r , so that , m 
this asymptotic condition is clearly obtained, and to determine by 

least- squares the parameters c and ).. for this function. The integra

tion of EquaHon 2 for r> r may thus be done analytically; the 
m 

computation is a straightforward evaluation of a closed expression. 

For short ranges of r< r , A versus r is expected to be well 
m s 

described by relations of the form: 

A 
s 

. ·'-J:/1. = Ke ·. (4) 

Such a. function is determip.ed between each pair of data points, and 

the integration for r< r is done analytically from point to point. m . , 
Equation 2 then appears in the program as: 
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i=m-1 r. 
-r /J... 00 

I K. 
s t+1 n+z td s n -r/A.d r e r + c r e r l 

i= 0 r. r n l m (5) r = 
i=m-1 r.+1 

-r I J... 00 

I K. sl n t s n-z -r/A. 
r e dr + c r e dr 

t 

i=O r· t rm 

where n = 2, 4, 6, 8. 

The experimental errors in the basic data are propagated throughout 

these computations to obtain the over-all statistical uncertainty in 

the moments. 
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FIG. 22: PARTIALLY LOADED Th02 LATTICE -NEUTRON AGE 
EXPERIMENT 



FIG. 23: NEUTRON COLLIMATOR 



.• 

FIG. 24 : NEUTRON COLLIMATOR ASSEMBLED IN BEAM PORT 



FIG. 2!:: LPR F:::>IL CALIBRATIO>J WHEEL 
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TASK 8 - THEORETICAL ANALYSIS 

(D. B •. Wehmeyer, Task Leaker; W. A. Wittkopf; G. A. de Coulon; 
E. J. Pierczynski; S. W. Spetz; J. R. Bradley; W. R. Worley) 

8. 1 Methods Development 

A. BPG Code 

To compute the criticality of D 2 0 moderated reactors, a 

. better slowing-down. approximation than: Fermi age is needed. The 

Greuling-Goertzel approximation is a signif~cant improvement in this 

direction . .i• '10
! ~ To utilize this improvement in the analys.is of 

critical assemblies moderated with mixtures of light and heavy wa~er, 

the BPG code was written. This code solves the multi-group equations 

for a bare reactor, using the exact slowing-down model for hydrogen, 

the Greuling-Goertzel approximation for deuterium. and other light 

weight nuclei, and the Fermi age approximation for heavy nuclei. 

The choice of the B 1 or the P 1 approximation for the scattering kernal 

is available. (The code name BPG arises from- the B 1 , P 1 , and 

Greuling-Goertzel app1'ox:lmatt:ons. ) 

The BPG code· was written for the Datatron-205· digital 

computer. The code computes the criticality and neutron· balance. in 

a.bare reactor, using up to 80 energy groups. The primary purpose 

for the code is the generation of few-group constants, which can be 

·used in one.-, two-, or three-dimensional multi- region calculations. 

The· BPG code is similar to MUFT- IV, but BPG is more complete in 

several of the equations and handles the data in a somewhat different 

fashion . .£ 

BPG solves the following equations: 

A in \ 
BJ(u) + [ :E +: :E ] cj> (u) = S(u) - [; 

dqk dqA 

d - -du +I, u 
k 
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[ h(1:1) :E T (u) - !J.(u) :E s (u)] .J (u) - ~ .<f> (u) = L dp 
·m 

du 

q.A = l. ;~_(u) :E; (1:1) <f>{u), 
p_ 

~ . (u) 
.m 

dp 
m 

du 
+ p (u) = :Es (u) J (u) TJ (u) 

m m m 

The terms are defined· by: 

u . -

!J>(u)-

J(u) = 
q = 
p . -

I = 
Bz = 
:EA -
:Ein_ = 

::; 
:E . -

S(u) = 
:ET = 
h(u) = 

lethargy, 

Hu.x, 

current,· 

slowing-down density from elastic scattering, 

anisotropic component of slowing-down. density, 

source from inelastic slowing down, 

buckling of the reactor, 

absorptlon cross section, 

inelastic scattering cross section, 

elastic scattering cross section, 

neutron source (usually fission), 

total cross section, 

coeffici~nt of B 1 approximation, 

p.(u) = average cosine of the scattering angle, 

~ (u) = average letharey ~ain per c0llisi.on, 

y(u), ~ (1:1), TJ (u) = slowing-down parameters. 

The system of equations above prnvirkr-;. thl;' choice of two 

approximations to the transport equation. . If h{u) is 1, the P 1 approxi

mation is obtained, and the B 1 approximatio"n is obtained for h(u) com

puted by: 

h(u) = 
a.2 tan -I a. 

3 t -1 ·a- an a 

. where Cl· = B 
T 

:E (u) 
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The BPG code considers four fourms of slowing down: 

1. Elastic scattering by light nuclei (aluminum 
and all lighter elements) is treiited with the 
Greuling-Goertzel slowing-down model. 

2.· Elastic scattering by all elements heavier 
· than aluminum is treated by Fermi age 
theory. By option,. Fermi age theory may 

• be used for all elements except hydrogen. 

3. Inelastic scattering by all nuclei is given by 
a matrix whose elements show the probability 
of transfer of neutrons from one lethargy to 
a. higher· lethargy. 

4. Corrections to the slowing-down density 
caused by anisotropy of scattering in. the 
laboratory system are significant for 
hydrogen, deuterium,. and beryllium. The 
BPG code accounts for this with the function 
p(i:l), which acts as an anisotropic component 
of the slowing-down density. The use of this 
function gives the consistent forms of the B 1 
and P 1 approximations, while for p(u) = 0 
the inconsistent forms. are obtained. Aniso
tropic scattering in the center-of-1nass 
system. is an additional variation that deter
mines the lethargy dependence of the _para
meters- ~, li• y, s, and 11. 

The equations are solved as a system of lethargy difference 

equations, dividing the lethargy range into as many as 80 ·groups. 

Thermal neutrons are treated as a single group. Microscopic cross 

section data are stored in the computer so that the coefficients of 

the equations can be computed automatically when. the concentrations 

of the elements are specified. Thermal group cross sections are 

computed. as .functions of temperature for a ·Maxwell-Bullzand.:tHJ. 

. distribution. Appropriate correction factors for other thermal spectra 

and for spatial flux variations are permitted as input data. Resonance 

absorption cross sections for fertile materials are computed from 

stored distribution functions, input values of resonance integrals, 

and Dancoff correction factors.· A complete set of 40-group cross 

. section data has been obtained for most elements of interest . ..!...!. Cross 

sections for· U- 238- and for Th- 232 are in agreement with other 

resonance integral measurements for U-238· and- for Th-232 . .1.!,.!.2. The 

distribution in lethargy was obtained by the method of Nordheim, so 

that the input Dancoff corrections are applied only to the surface of 

the resonance integrals. 
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The BPG code computes flux as a function of lethargy· and 

the corresponding neutron balance. From these' basic data the usual 

reactor constants ar~ computed (e. g., k, p, PNL' C. R.), and a set 

of few-group (two to six) coefficients are obtained that can be· used 

directly as input for other codes that compute the spatial variation of 

the flux. Coefficients for a number of different regions can be 

computed with BPG, using in place of the fission neutron spectrum a 

source of fast neutrons distributed according to the leakage out of an 

adjacent region. This option may improve the agreement between 

many-group and few-group spatial variation calculations. 

B. Preli~in~_:.y ~-~:.~~~ ... <?.!the BPG Code 

· The BPG code· is being compared with other calculations 

. and experimental results. Preliminary work has confirmed the 

mechanical reliability of the codep but has pointed out some di.s

crepancies in the basic input data. 

A series of calculations were made comparing the BPG 

with other multi-group representations in the calculation of the 

criticality of a water-moderated lattice. Using the same code and 

cross section data, calculations indicated negligible difference 

·between 40- and 20-group representations and less than 1% dif.ference 

· in keff between 40- and 11-group representations. The same small 

difference was observed both in bare reactor and in multi-group, two

region calculations. A change in the choice of group lethargy bounds 

(40 groups) also led to a minor difference. The conclusion of this 

study is that a 20-group representation gives as accurate results as 

does a 40-group one· for a water-moderated lattice, and that even 

fewer than 20 groups may. be used with little loss in accuracy. 

BPG was used to compare two representations of inelastic 

scattering in calculating a close-packed water-moderated lattic:P.. 

The inelastic scattering matrix in one case considered the best 

available distribution of inelastically scattered neutrons from uranium 

scattering; using a combination of experimental data and evaporation 

model as. determined by Amster.~ The second case considered 

inelastically scattered neutrons- to be distributed uniformly in lethargy 

. between the lethargy of scattering_ and a cutoff at higher lethargy. No 
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significant differences in either age or k were observed. Both 

matrices are available for later calculations. 

Direct comparison calculations were made· with the BPG 

code (in the P 1 inconsistent. approximation} with a 40-group, Selengut

Goertzel (Spectral} code. Although both codes agree· when the same 

input data and approximations are used, significantly different results 

were obtained for age and k because of the different method of treating 

. anisotropic scattering in the center of mass system. The. Spectral code 

uses a cross section averaged over the scattering angle; the BPG 

approximates the scattering angle with a polynomial expansion.· 

Although the two methods both represent the anisotropic scattering 

within the limits of experimental uncertainty, they are not equivalent, 

and differences of 20% in age and 5% in k were noted \n the particular 

c'Omparison calculations. Because of uncertainties in resonance 

·integrals of U-238, U-235, and Th-232, the choice of1 a best aniso

tropic scattering representation can not be made on the basis of 

comparison with a single critical experiment, thus, further checks 

against critical assembly data are being made to determine the best 
I 

fit with forward scattering data. 

A set of critical experiments with D 2 0 moqerator in simple 

geometry was run during the startup of the HRT.!J, 18 Accurate pre-
I 

diction of.the critical concentration of U-235 in solution as a function 

of temperature is a fair test of the theoretical model. Edlund and 

Wood predicted the experimental results accurately with a convolution 

of Yukawa and Gaussian kernels . .!1. Excellent agreement was also 

obtained with the use of BPG (consistent ~ approximation} and a four

group diffusion code. The results are given in Table XIV. 
I 

Measurements of the fission neutron age in mixtures of 

D 2 0 and H 2 0 were also used to check the BPG code. Those of Wade 

were matched by other calculations, and the BPG calculation agrees 

fai.rly well with the data and with these previous calculatiohs. 10 •.!.!• 20 

The BPG results (see Fig. 27) are sensitive to the choke of the for:.. 

ward scattering cross· sections, with the experimental points lying 

·within the range of uncertainty of the forward scattering data. This 

information can be used, along with other experimental data, to 

. renormalize the forward scattering eros s sections of deuterium and 

oxygen. 
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TABLE. XIV 

CRITICAL CONCENTRATION FOR HRE-2 

Critical Concentration, gm. U-235/kg D2 0 

65 c 130 c 200 c 280. c 

, Experimental 2.8 . 3:6 5.2 9.3 

Calculated 
Edlund & Wood 2.8 3.6 . 5. 2 9.6 

· BPG-4 group 2.8 '3. 7 5.4 9.7 

Comparison. of BPG calculations with measured ages in 

Th-Al-H2 0 lattices.; generally yields appreciably poorer agreement 

than the matching to the other experiments. Neutron ages have been 

measured by Pettus in a variety of lattice configurations (see Table 

XV). 21 Comparison calculations listed were made using the BPG, 

a 40-group· Selengut-Goertzel (Spectral) code, and the MUFT- IV. 

Special conditions were: 

BPG: P 1 consistent approximation; 40 

groups; matrix for inelastic scatter~ 

ing; forward scattering. included. 

Spectral: . P 1 inconsistent approximation; 40 

groups; inelastically scattered 

neutrons distributed uniformly in 

lethargy; forward scattering not 

included, 

MUFT-IV: Data for thorium supplied by B&W; 

othel' u.:t.La Irurn MUFT libl'a.ry. 

Agreement between the BPG calculations and the. experimental 

data is not uniformly poor, so that further checks with other experi

mental data are needed. along. with a rP.vi P.w of the forward scattering 

. and inelastic scattering data that have been used in the calculations. 
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TABLE XV 

NEUTRON AGE IN Th-Al-H2 0 LATTICES 

Vol {Th+Al} Vol Al · Experimental Calculated Age· by 
Vol H2 0 Vol Th Age, crn2 BPG Spectral MUFT 

0 0 . 27. 0 ± 0. 9 27.9 32.8 25. 1· 
0. 21. 0 30. 0 ± 3 28.5 -37.0 . 30.2 
0.41 0 35. 7 ± 1. 2 29.9 41.0 . 34.6 
0.77 0 42.4 ± 2 33.0 47.9 . 43. 1 
0.72 0.75 41. 5 ±· 1. 4 ·37.5 49.2 44.4 
0.99 1. 51 52. 1 ± 2. 1 44.5 .56.6 53.4 
1. 31 0.73 52. 5 ± 1. 7 45.2 . 61. 0 ·60.6 

C. Exact Calculation of Resonance Absorption 

The slowing down and absorption of neutrons in a deuterium 

moderator were computed exactly for several special cases with con

stant absorption cross section. Numerical comparison of the exact 

results with the Greuli.ng-Goe~tzel and Wigner approximations indicates 

that the Greuling-Goertzel calculation is more nearly correct for a 

low-absorption cross section, spread over a. large lethargy band, and 

that the Wigner approximation is better for a strong. absorber having 

a nai'row lelhc:~.:t'!fY sp:roa.d. Both ::.ppToximations give values of 

resonance escape probability that agree closely·with that computed 

. from. the exact formula. 

Glasstone and Edlund derived the approximations. for 

resonance escape probability: 22 

[- S' . ~a du] P = exp g (2: + ~.) 
s a 

ul 

{Wigner), 

and [- r :E 

du J P = exp 
a 

~~ + y~ s a ul 

(Greuling-Goertzel); 

starting·. with the exact express ion for cell is ion density: 
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u 

= s . 

u 1 -u 
! :E (u') <j> (u') _;;_e~-

s .. 1 ... a 
du 1

, 

u+lna. 

·With a moderator ma.ss number of greater than unity, an analytic 

soh.ition of the exact integral equation is possible if all cross sections 

are energy independent. Cases were selected that had constant cross 

sections over a specified lethargy interval. The cases are described 

in Table· XVI. 

TADLE XVI 

DESCRIPTION OF CASES USED IN 
EXACT CALCULATION OF RESONANCE ABSORPTION 

Case 1 2 3 

:E cm'" 1 0,3 0,3 0,3 
s 

:E crn- 1 
a 

0 ~u< 10 0 0 0 

10 ~u~ (lo + o) 0,03 ·0.03 0,3 

(10+o)~u~l9 0 0 0 

0 -lna. -2lnn lnn 

10 

Cases 1, 3, and 4 were chosen so that the resonance 

integral, R = :E .6.u, is the same for all three cases, Case 2 has 
a 

4 

0,3 

0 

3,0 

0 

lna 

100 

·twice the resonance integral r~ R Case 1. Pure deulerlutn moderator 

·(a= 1 /9) was chosen for the calculation, and it was assumed that 

all scattering. was done by deuterium. The numerical results of the 

calculation are shown in Table XVTT, 
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TABLE XVII 

COMPUTED RESONANCE ESCAPE PROBABILITY 

Case 1 2 3 4 

Exact Solution 0.7560 0.5709 0.8575 0.9727 

· Wigner 0.7592 0.5763 0.8594 0.9728 

Greul ing- Goertzel 0.7554 0.5706 0.8453 0.9670 

To test these approximations for the more realistic case of 

varying eros s section, the exact solution is being programmed for 

computer calculation. This code· will also permit study of Placzek 

discontinuities in slowing down and the effect of high energy resonances 

on absorptions at lower energies. 

D. Integral Model for Reactor Calculations 

. It is expected that an appreciable fraction of the fissions in 

close-packed lattices moderated with mixtures of light and heavy water 

will be caused by epithermal neutrons. The criticality of such- a 

thermal-epithermal system can be expressed in a two-group representa

tion hy: 

where the thermal multiplication is given by the usual: 

th 
k = 1'") E p f, 

th 

and the resonance multiplication by a similar form: 

k = 11 r e ( 1 - p) fr . 
r 

Similar fo;t"ms have· been used very successfully to interp;ret clean 

lattice experiments with H 2 0 moderator. However, because of the 

much greater epithermality of the systems· being studied in this pro

gram, there will be some difficulties in correlating the experimental 

data using these simple models. 

In critical experiments on water-moderated lattices, the 

important measurements for the understanding of the reactor are 



criticality, material buckling, fission cadmium ratio, fertile material 

cadmium ratio, and thermal flux disadvantage factors. These measure

ments usually determine the factors in a two-group representation with 

sufficient accuracy for the design of power reactors or for comparison 

with other similar critical experiments. The usefulness of simple 

two-group models in interpreting the experiments at high D 2 0 con

centrations was investigated, taking into account the experimental 

uncertainties inherent in the measurements. The following conclusi.ons 

were reached: 

1. Measurement of criticality and of the cadmium 
ratio of U-235 fissions will determine the 
ratio kth/k to a.Loul J.J% <unl Lhe vcilue uf 
resonance ~scape probabi.lity (inc;luc:Fng fertile. 
fissionable, and poison absorptions} to about 
±3% over the entire range of D2 0 concentrations. 

2. Measurement of B 2 and thermal flux ratios will 
be useful only to a lin1.ited extent, ::;ince the non
leakage probabilities and thermal utilization 
are not directly proportional to these quantities. 

3. Measurement of the cadmium ration (CdR) o£ 
fertile material will contribute to the under
standing of the zero D 2 0 lattice, but, as such, 
will not be useful in interpreting the higher 
D 2 0 cases, since practically all the absorp
tion in the fertile material for these higher 
D 2 0 lattices is in the epicadmium region, so 
tha.t the cadmium. rati.o approaches unity, a.nd 
the error in CdR-1 becomes too large. 

4. Useful inform·ation can be obtained if the 
absol\lte activation of the fertilfl ma.te:rial 
can be measured (e. g., relative to gold or 
U-235} instead of its cadmium ratio, 

8. 2 Analysis of Experimental Data 

Several calculations were performed predicting criticality and 

other measurable values of the first critical experiment {Core I}. 

These predictions were intended primanly as guides for the experi

ment, but it is also of interest to compare the actual experimental 

data with these calculations. 

A ~i.m}Jle ccih:uld.Liuu, u::;iug a uwdifi.ed two-g.roup model, ha~ 

been used successfully in correlating a wide variety of water·~moderated 

critical assemblies.~ This model was used to predict for Core I 

(H2 0 moderated and .reflected}: 
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Critical core radius, em 

. Critical number of fuel rods 

Material buckling, cm-Z 

· Cadmium ratios 

U- 235 fissions 

· U- 238 captures 

. 18.4 

465 

0.0086 

4.3 

1.2 

Using a 40- group, Selengut-Goertzel, Spectral calculation to 

determine constants for a four- group diffusion calculation, the follow

ing parameters. were predicted for this· same lattice: 

Critical core radius, em 

Critical number of fuel pins 

Material buckling, cm-z 

19.0 

497 

0.0089 

A similar calculation, using four-group constants generated by the 

Spectral code, predicted the critical concentration of boric acid for 

the full-sized Core II (5400 fuel pins) to be 3. 8 gm. B/liter Hz 0. 

The actual experimental results, for comparison, given under 

Subtask .1. 7 of this report. 

8. 3 Supporting Calculations 

A. Perturbations by Cadmium Sleeve 

·In measuring the cadmium ratio of U-235 and U-238 in 

. Task I, it is necessary to surround the central fuel rod with a 0. 020- Ln.

thick cadmium sleeve (0. 475-in. ID). A calculation of the perturba-

tion of the resonance flux ins ide the fuel rod was performed with 

sleeves 0, 2, and 6 in. long, using a four-group computer code· with 

group constants generated by thP. Spectral code. The geometry was 

spherical and equivalent to the volume of 5400 4%-enriched- UOz fuel 

rods with M/W = 1. 0, and the moderator was either poisoned Hz 0 or 

80% Dz 0. The radius of the central, cadmium-covered region was 

chosen so that the surface area equalled the actual area in cylindrical 

geometry, 

The depression in group-thrP.P. resonance :flux (0. 4 ev to so-. 3 

· ev), whe.re approximately 2/3 of the U-238 absorptions occur, is 

listed in Table XVIII,. where ~<f> 3 is the change in resonance flux at 

the center of the fuel rod with and without the cadmium sleeve. The 

correction: is nP.glieihle for D2 0 and is small for Hz 0. Depression 
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. in group-two resonance flux (50. 3 ev to 9119 ev), where essentially 

all the remaining resonance absorptions occur, is similar, so the 

correction factors listed above can be applied with a fair degree of 

accuracy. 

TABLE XVIII 

RESONANCE FLUX DEPRESSION IN· FUEL ROD 

D 2 0 Concentration, Length of 
ki!i±: Mt1l ~ Ofo Cadmtum ::ilccve~ in. .6. <I> :i • o/n 

0 0 0 1.00983 

0 2 1.6 . 1.00980 

0 6 2.5 1.00969 

80 0 0 0.99966 

80 2 0.65 0.99966 

80 6 0.85 0.99959 

The Dancoff shielding of U-238 resonances in a lattice of 

4o/o-enriched U02 fuel rods (M/W = 1. 0) was caJculated with and 

without ·a 0. 020- in. cadmium sleeve around the test fuel rod. Since 

the computer routine requires all lattice rods, except for the rod 

being measured, to have the same dimensions and also permits only a 

single region for the cladding and the cadmium sleeve, the Dancoff 

factor was computed in two ways: A) the radii of the fuel in the 

lattice rods were reduced by 0. 020 in., so that the total diameter of 

the fuel and cladding was 0. 4 75 in. ; and B) the· lattice pitch was in

creased by 0. 020 in., so that the separation of lattice rod from the 

measured rod was the same as that of the reference case. The 

results are listed in Table XIX. 
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TABLE XIX 

DANCOFF FACTOR IN CADMIUM-COVERED FUEL RODS 

HzO 80% D 2 0 

No cadmium sleeve 0.712 0.457 

Cadmium sleeve, A 0.686 0.444 

Cadmium sleeve, B 0.660 0.392 

Average of A & B 0.673 6.418 

R-28 (no sleeve} 18.82b. 16. 48' b. 

R-28 (with sleeve} 18.46·b. 16. 13 b. 

The effective resonance integral was computed using: 

R-28 = 12. 29 + y (9. 18}, 

where y is the average value of A and B, since neither is rigorously 

correct. The cadmium sleeve causes about a 2% reduction in the 

effective resonance integral with either moderator. 

B. Critical D 2 0 Concentration of Zone- Loaded Experiment 

To aid in the design of the zone-loaded critical experiment, 

the critical D 2 0 concentration was estimated for a two-radial- region 

lattice with an inner region (radius = 11. 77 in.}, ·containing (U-235 + 

Th} 0 2 fuel rods and an outer region (radiu·s = 27. 25 in.} containing 

. the 4%-enriched U02 fuel rods. The effective core height was 5·ft, 

the M/W was· 1. 0 in each region, and the geometry was cylindrical. 

The results are given in Table XX. These calculations are pre

liminary and will be checked later. 

C. Buckling of Pu-Spiked' Fuel Lattices 

Several exploratory calculations were made to determine 

the specifications and the number of plutonium- spiked. fuel rods needed

. for the experiments of Task 5. The composition of the fuel at end-of

life in a full-sized SSCR power reactor was estimated to be 0. 69 wto/o. 

·U-235 and 0. 92 wto/o Pu-23<;1 for one design and l.:; wt"/o U-:2.3.S·and 
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0. 91 wt% Pu-239 for another design. It may be concluded that fuel 

containing .nominally 1% Pu-239will. adequately simulate the end-of

life plutonium content. 

TABLE XX 

CRITICAL D 2 0 CONCENTRATION- IN 
· ZONE- LOADED EXPERIMENT 

Side Reflector 
Thickness, m. 

0 

6 

1 2 

Critical Concentration, 
Mole %D2 0 

. 81. 0 

82.5 

83.5 

Table XXI shows the critical size and buckling of lattices 

of 1 %-plutonium- spiked fuel rods, containing natural or slightly 

enriched U02 , swaged in 40-in. -long stainless-steel tubes, 0. 475-i.n. 

OD by 0. 015-in. wall. The moderator was H2 0, the geometry was 

cylindrical, and the reflector was infintte (o = 8 em). 

D. Asymptotic Spectrum in Alternate Cladding. Experiment 

As discussed in Task 6, the cladding experiment could be 

done with sufficient sensitivity if performed in a. 25-pin sublattice of 

4. 2%-enriched U02 , stainless-steel clad fuel in the LPR. To 

determine whether the sublattice was large enough to attain an 

asymptotic spectrum characteristic of an infinite lattice, the four

group fluxes were computed for five cases: A) center of 25-pin 

sublattice in center of LPR; B) same· as ·A with Zr clad on central pin; · 

C) center of critical lattice of 4. 2% pins; D) center of. infinite lattice 

of 4. 2% pins; and E) center of critlcallattice of 4. U% pins. 
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TABLE XXI 

CRITICAL SIZE OF PLUTONIUM LATTICES 

Material 
Enrichment, Buckling, Critical Number Mass, kg 

o/o U-235 MIW cm- 2 Radius, em of Rods U-235 · Pu-239 

0.7 0.3 0.0053 28. 1 491 3.07 4.41 

0.7 0.7 0.0055 26.8 797 4.98 7. 17 

0.7 1.0 0.0043 32. 1 1388 8.67 12.48 

1.0 0.3 0.0062 25. 1 393 3.45 ·3.54 

1.0 0.7 0.0062 24.6 670 5.89 6.03 

1.0 1.0 0.0049 29.3 1152 10. 13 10.38 

1.5 0.3 0.0075 21. 8 294 3.89 2.66 

1.5 0.7 0.0072 21. 9 531 7.03 4.80 

1.5 1.0 0.0057 26.0 906 12.00 8.20 

The flux ratios at two D 2 0 concentrations are shown in 

Table XXII, where the energy groups are as follows: 1) 10 Mev to 

9. 119 Kev, 2) 9.119 Kev to 50.3 ev, 3) 50.3 ev to 0.4 ev, and 4) 

0. 4 ev to thermal. 

TABLE XXII 

FLUX RATIOS IN CLADDING EXPERIMENT 

Oo/o D2 0 80% D2 0 
Case cf>1lcp4_ <P2l<P4 <t> 3 I cf>4 cf>1lcp4 <t> 2 7 cf>4 cf>J I <P4 

A 7.61 2.48 1. 60 15.7 5.50 2.78 

B 7.48 2. 43 1. 57 15.5 5. 42 2.75 

c 7.55 2.70 1. 74 28.4 16.4 6.65 

D 7.09 2.63 1. 73 28.0 16.3 6.64 

E 8.65 3. 14 2.03 32.3 19.2 7.68 
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The conclusions drawn from these data are: 

l. With H 2 0 moderator the spectrum in the· sub~ 
lattice is reasonably close to that of a critical 
or infinite lattice of the same pins, 

2. The change of cladding material does not alter 
the spectrum appreciably for either moderator, 

3. With 80% D 2 0 as moderator the spectrum in the 
sublattice is appreciably different from that in 
the critical or infinite lattice-of the same pins; 
corrections· would be difficult to make. 

4. With both moderators the spectrum in the center 
of the critical lattice is close· to that in the 
infinite lattice, so measurements in the critical 
lattice should yield essentially the infinite 
m.P.rl i11rn prnp€'rtie,.. 

5. The· spectrum in the 4%-enriched lattice is 
sufficiently different from that in the 4, 2o/o
enriched lattice to complicate the interpre
tation of the original cladding experiment. 
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F[G. 27: NEUTRON AGE IN D2 0-H2 0 MIXTURES 

140 - Calc., BPG Code, G-G Approx. 
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