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REFLECTOR SAVINGS FOR URANYL NITRATE OF LOW ENRICHMENT

ABSTRACT

Reflector savings for 2.14 and 3.04 wt% 235y entiched uranyl nitrate
reflecting a cuboidal core of PuOp-polystyrene were experimentally deter-
mined and compared with calculations using the HFN and DTF codes, HET™-
computed reflector savings curves for less than 5.0 wt% 252U enrichsd
uranyl nitrate reflecting a spherical, water-moderated, uranium rod lattice

are presented with a discussion of the principal parameters which influence

reflector savings.
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REFLECTOR SAVINGS FOR URANYL NITRATE (- LOW ENRICHMENT

C. AL Rogers, R. C. Lloyd, S. R. Bierman, and E. D. Clayton

INTRODUCTION

In the reprocessing of uranium fuels, situations develop, such as in %bhe
dissolution of fuel rods, which result in complex fuel configurations. During
dissclution, possible systems range from bare fuel to rod lattices under optimum
conditions of moderation and reflection, as well as homogeneous systems of dis-
solved fuel. Criticality safety must be given top priority in all of these
situations, Ar important parameter is establishing criticality safety specifi -
cations for such processing steps is the reflector savings of the uranyl nitrate
sclutions which form during the dissolution.

Reflector savings takes on different significance for various geometries
and circumstances. The reflector savings of a sphere is defined as the differ-
elice between the radius of an unreflected critical sphere and the radius of a
critical sphere of the same material surrounded by a reflector of uniform thick-
ness. For a cuboidal core (rectangular parallelepiped), reflected on one end.
the savings is defined as the difference in length of the reflected and unre-
flected cors. Fop reflection on two opposite ends of a cuboidal core, the
savings is one~half the difference in length of the reflected and unreflected
core. Values of reflector savings are presented for guidance in criticaliry
safety evaluations involving uranyl nitrate of low enrichment.

In actual practice, it mey be difficult to divide the system into a core
an3 a reflector, since the system is continually changing as dissolution progresses.
Every choice of core and reflector parameters will yield a somewhat different
reflector savings, Spherical geometry probably gives values which are applicable
to the largest number of problems, For this study, spherical cores of maxiwmum
buckling were used in the calculations of savings for uranium |attices in wazer.

As a cheek on the accuracy of the reflector savings calculations, a series of



experimer %5 wera performel using a reflected cubcidal core composed of 2.2 wtd
24Cp; enriched Pudp-polystyrene blocks with an H/Pu ratio of 15. This material
was used beczuse it WAS readily available in a form which permitted the con-
structiosn of clean, critical systems for direct comparison with computer
calculationg.
SUMMAEY
Reflector savings of a 2.2 wt% 240y enriched Pulp-polystyrene (H/Pu = 15)

iatoid, reflected by uranyl nitrate Of low enrichment, were measured using the

t2

}A}

. approach method. The effects of the stainless steel in the reflector
sgiution container wails and Of the ar* space at *the core-reflector interface,
caused by irreguiarities un ths core and reflector surfaces, were experimentally

()

. . A ('1\
determined. Compariaca betwesr measurements and HFN''- and DTF computed

raflector savings show thess codes w0 compute values of savings which are

l\

K 00 ABTES.

EFN ard DTF ware use’ ©o compute reflechor savings for systems of water-
modersted uranium-rod spherical 1atrices reflected by uranyl nitrate of Less
than 5.0 w% 2357 ervicrment. Results for these tWO codes agreed very wel |

T thege svatams  and it s felt thev wall rerrese the true valuss, Vari-

awicns of reflisc or sav ngs as a functinrn of seversl diffevent parsmeters are

sgvings, 23 a functicn Of ke, for & constant reflector

et e ) iy B, - : .
thizkness is nearly indspendent of the 23> corichment for the range of enrich-

EXFERIMENT DESCRIPTION

e cube3 were stacked cn both faces of z remote split-table

s¢ as to form a single compact, cubcidal array when the faces were
clesed. The aranyl ritrate reflector scolutiocs wsre contained in stainless

steal cans placed agsinst the array of blocks. Figurs 1 shows the arrangement



of blocks and reflector cans on the split-table machine. The inverse multipli-
cation method Was used tO determine the number of rows of PuO,-polystyrene blocks
required for criticality. This procedure wes repeated with different uranium
concentrations and with different reflector thicknesses. Throughout this experi-
ment, the height and width of the assembly were kept constant; at 30.90 cm.

DETERMINATION CF CORE SIZE

An experiment Was performed to demonstrate that reflectors on either side
of the core act independently of each other for the assemblies veirg used in
these measurements. Insufficient 2.2 wt% 2hOpy enriched fuel was available o
construct a criticel, unreflected, hemogeneous core of this material, so a core

2L!"OPu‘, enriched vlocks and five

was constructed with one bottom layer of &.0 wt%
Layers of 2.2 wt% 2#0py enriched blocks. This core could be made critical when
unreflected and both the reflected and unreflected core Lengths could be measured
and the reflector savings determined. Using two identical water reflectors of
9.6 an thickness, the reflector savings was found to be 4.05 cm for one avou
reflected, and 4.06 an for two ends reflected, The close agreement of these
valuss shows negligible interaction to occur between the reflecters.

Since the reflectors act independently, the reflecter savings is egqual ¢
the difference in core length with ore end reflected and wth. twc ends reflected
and the value SO obtained can be used to determine the unreflected ccocre lengthio
The unreflected critical length of a homogeneous 2.2 wt% 240py enriched Pulop-
polys tyrene cope was determined to be 32.95 * .30 cm by averaging 21 sets oF
measurements.

CORRECTIONS TO THE REFLECTOR SAVI NGS

Two corrections were made to the measured value of the reflector savings.
An adjustment was made to account for the stainless steel walls of the reflect:~

cans and another to compensate for the leakage of neutrons from the air space



between the cope and reflector, Both corrections were evaluated by increasing

%hescurce of the perturbation, measuring the resulting change in savings, and

then extrapolating to the situation where the undesirable element i s removed.
The effect of the 50 mil stainless steel can walls was established by

inserting up to three extra 50 mil sheets of stainless steel at each can wall

and redetermining the ccre length. These results were used to extrapolate to

a system with all stainless steel removed. Figure 3 shows the effect of the

stainless steel on the thickness of the reflector. For thin reflectors the

reflectivity IS enhanced by the stainless steel, while for thick reflectors

it is seduced, When the reflector thickness is about 8 cm, 50 mils of stainless

steel haz nc effect on the savings.

]

The air space resulted primarily from a slight bowing of the reflector
car walls and from small irregularities in the core face. In order to deter-
mine the effect of this gap, sheets of styrcfoam were used as spacers to
incresse the width of the air space by a known amount. Spacers were used to
guarantee that the air gap could be reproduced and also tc prevent the cans fram
being accidentally moved closer to the core than dssired, thereby producing a
more reactive configuraticn. Figure L4 shows the dependence of the core Size upon
the width of the air space. For simplicity, the air space correction to the
reflector savings was determined only for 9.6 cm of water reflection, and the
value found was assumed to be valid for all concentrations of uranyl nitrate and
reflector thickness used in this experiment. Fcr thin alr spaces, the reduction
in savirgs was found to be slightly greater thaxr the width of %hespace. The
average Width of the air space was estimated to be 0.20 em, and this corresponds
o a loss of C.24 em tc the reflector savings.

Two sizes Of reflector cans were used in this experiment: 4.7 en and 9.6

cm. Multiples of these were use3 to obtain other raflector thicknesses.



Between the two 9.6 an cans used to obtain a 19.2 cm reflector thickness, a
second air space existed of the same size as the space at the core-reflector
interface. With 9.6 cm of reflection the savings is more than 90% of its maimum
value, and irregularities in the reflector at this distance from the core have a
much smaller influence than they would have if they were nearer to the core.

The effect of the second air space is several times smaller than the first and

is ignored.

EXPERIMENTAL ERRCR

TABLE 1

Scurces oOf Experimental Error

1. Stainless Steel Correction * 0.06 en
2. Chemical Impurities + 0.00 an
3, Concentration Determination £ 0.05 an
4, Precipitation + 0,00 cm
5. Block Size and Stacking 3 0.10 cm
6. Refleetor Can Positioning * 0.1%3 an

Experimental Error {Square + 0.18 cm

Root of 9m of Squares}
Given above in Iable 1 are the sources of experimental error in this expsrie
ment. The probable magnitudes were determined as follows:
(1) The uncertainty in the stainless steel corrections was estimated from a
plot of core Length vs. steel thickness {Figure 2) by finding the root
mean square variation in the extrapolated valuss using two points at a
tTinme.
(2) A smal amount of chemical impurity wes found to be present in the solutions,
but transport thzory calculations showed the effects to be negligible.
(3) Uranium concentrations were determined <+5 within 20 g U/liter. Fer the
sake of estimating the uncertainty one can assume the savings are a linear

function of concentration between 0 and 200 g U/liter. The measured
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difference ir sa rings for reflectors of water and of 200 g U/liter IS C.5 cm.
An uncertairty of 20 g U/liter in concentration results in an uncertainty
in reflector savings of about one-tenth this value, or 0.05 cm.
Precipitaticr was disccovered in one of the 9.6 cm cans of 2.1k wt% 235y
enriched uranyl nitrate at a concent-ration of 600 g U/liter. The maximum
change 1n reflector savings as a result of this precipitation is 0.10 cm.
No other rrecipitate Tormed during these experiments,
The pluteorium bl ocks vary slightly from each other in size, and small
trregularities in the core resulted When the tlcocks were stacked. An esti-~
mated uncertainty of C.17 om In core size r=sulied from the variations in
lock grze ard in the stacking of the blocks.
Using the average core size, Oone can find wie values of the reflector savings.
One wvalue can e Jetermined from the core size #i*th a reflector or, one end,
ara the othey vaiue can be found from the cere size with reflectcers on wvwo

-
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ifference between corresponding valiss of the savings i
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mzte of the uncerrairty IN measuring them. Using “ne meazired data. the root
mean square uncertainty in the reflector savings IS = 0.15 cm. This iS a
comt LnaTion of the errors resulting from the stacking of blocks an3 from the

positioning of reflsctor -ans. Since the =-"ims-ez errcr in bleck stacking

approximately * (.13 cm., This sgrees with the errcor estimated Dy considering
the prssible variaticns ir the width of the air space between the core and
reflector. BSince the maximum fluctuation oOf the space width IS estimsted to
"0 £ 0,10 om from the mean value, +heuncertainty in the reflector savings

would be £ 0,12 cm, as determined from Figure L,



COMPARISON OF EXPERIMENTAL AND COMFUTED
VALUES (- REFLECTOR SAVINGS

COMPUTATIONAL METHODS

Five computer programs were used in obtaining the reported analytical
results: HFN,(]"), D‘I‘F,(2> THERMOS, (1) GPMTEC,(5) Ii:(}Gl\II’J?,(@° Each calculation
required the use of at |east two programs. one to generate the cross sections
and the other to solve the diffusion transport equaticns. GAMTEC generated
18 group cross sections for the homogeneous uranyl nitrate reflectors and
punched them onto cards for use in HFN and DTF. For the uranium-water lattices,
EGENIT, a modified version of GAMTEC, was used because it performs a better
resonance integral for lattice calculaticns. Since EGGNIT uses only one thermal
group, THERMOS, which uses 30 thermal groups, should produce better thermal
parameters. THERMOS data was substituted for the thermal parameters in the
punched EGGNIT cards,

Cross sections from the above three codes were used in HFN and DIF to
calculate the critical dimensions of the reflected systems., HFN solves the
multigroup, multiregion diffusion equaticn in one space dimension while DTF
solves the corresponding transport equation with anisotropic scattering.

COMPARISON OF HFN, DIF, AND REFLECTED CUBOID EXPERIMENTAL DATA

Both HFN and DIF overestimate the uranyl nitrate reflector ~ eings of an
end-reflected PuOp=-polystyrene core, Teble 2 gives values for comparison of
calculated and experimental results, For 19.2 cm of reflection HEN values are
0.4 to 0.9 om (10-20%) larger than the experimental values. DIF does better by
giving values only 0,1 to 0.5 en (5-10%) high. Much of this discrepancy probably
results from improper leakage correctiocns by the ccdes.

A difficulty exists in the interpretaticn of the experimental data for
214 wi% 255y enriched uranyl nitrate - the refleztcr savings st 394 g U/liter

was slightly less than the value at 216 g /liter (see Figure 6). In comparison
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TABLE 2

Uranyl Nitrate Reflector Savings for a 2.2 wt%b

240py, Fnriched PuOsr-Polystyrene Cuboidal Core (H/Pu = 15)

Thickness Concentration Density REFLECTOR SAVINGS (CM)
(em) g U/4 _(g/ce), H/U Experimeztal  HEX DIF
Wt er
4.7 V¥t er 1.00 ——— 3,27 3.60 -
9.6 ! " 2,80 I,50 b,17
19.2 ‘ " 3.9% 4,58 4,22
2,14 W% 222y Enri chnent
L7 21€ = 20 1.27 105 3.48 3.55 e
9.6 noo X " b3k 4,75 4,39
19.2 " ! " ' 4,50 5.00 L.59
4.7 394 + 10 1.52 59 3.08° 3,75 -
9.6 ! " ! L.13 5,05 L.70
19.2 ' " ' " 4,28 5,5k 5.07
L.7 596 % 10 1.79 %6 2,12 3. 65 S
9.6 " ’ ' ’ 4,50 5,26 4,30
19.2 ! " v 8 5,00 5,74 5.23%
4,7 1390 t 20 2.67 3.8 2,22 2.27 2.%0
9.6 K " " z,17 2,29 Z,30
19.2 ! ' " " 2.62 5.67 279
3, 0L Wt% 235y Enri chrent
L7 550 + 20 1.73 L0 3.0k Y =
9.6 " " " K L,67 o -
19.2 ! " " " 5.17 6.22 5.7k
L7 870 + 15 1.65 8.2 1.86 -
19.6 " " & 2,42 e e
19.2 ! " " " 3,00 .o —

*Values for 394 g U/g appear | OW relative tO other measurements.



with the reflector savings for weter and the values of reflector savings fcr
concentrations of 216 g U/liter and 596 g U/liter, the reflector savings for
the 394 g U/liter solution appears too small, althcugh She precise reason has
not teen determined. Caleulations do not show a dip in the savings vs. concen-
tration curve at this concentration.

(7)

Richey examined water-reflected, well-moderated Pu(l\I05 )LL spheres and

240p, jsotopic enrichment and concluded that the critical para-

cylinders of low

meters could be reproduced using HFN with a good degree of accuracy. Hansen(8)
2 . . .

studied well-moderated plutonium systems of 409,1 isotopic enrichment < 25% and

found HFN tc give quite accurate size determinations for all geometries. Calcu-

2L0p,

1gwwrm s of undermoderated systems oOf isotopic enrichment < 12% using DTF

give reasonably good agreement (to about 1.0%) for all geometries, except reflected
slabs. This failure with reflected slabs is the result of GAMTEC-II not accounting
for the spectral shift for this geometry when averaging the energy-dependent Cross
sections.

DISCUSSION (F SPHERICAL LATTI CE CALCULATIONS

DESCRIPTION (F SYSTEMVD STUDIED

The most reactive form of slightly enriched uranium is a lattice of
uranium yods in water with the proper diameter and spacing. Table 3 gives a list
of the parameters of the cores used in the reflector savings calculations. These
configurations are very near to the most reactive configurations. Using each of
the lattices given in Table 3, a set of curves WaB generated using HFN giving
the savings for reflectors Of thicknesses of up tc 50 cm ard of uranium concen-
traticns of up to 1000 g U/liter. Table L lis+ts the reflector compositions used.
The enrichment of reflector and core are kept the same. Using 3.0 and 5.0 wt%b 255U
enriched uranyl nitrate, several DIF checkpoints were computed and agreement with
HFN is very good. With 20.% cm (8-inch) reflectcrs the two codes agree with each

other tc less than 0.3 cm for ail. concentrations Of uranium i the reflectors.



TABLE 3

Parancters Used in Calculations for Spherical Iattices

235y Rod Center=to-Center
Enrichment D aneters Spacing Buckling * .
(wt%) (em) (cm) (em 7) Koo
2.0 1.270 2,238 0.0110 1.29
3,0 1.016 2.1hk 0,0152 1.h1
4,0 0.762 1.706 0.0182 1.48
5.0 0.762 1.706 0.,0200 1.52
TARLE
Composition of Uranyl Nitrate Reflectors
Used in Spherical Iattice Calculations
235y ) 235y
vth g U4 BU ke vth g U/ B/U ke
2.0 200 125 0,430 L.0O 200 125 0, 710
" %00 58,5 0,65k " 400 58.5 0.972
" 600 26 0.791 " (0 36 1.106
" 800 ol 0.881 " 800 ol 1170
" 1000 17.5 0.932 " 1000 7.5 1.215
3.0 200 125 0.586 5.0 200 125 0.813
" 400 58.5 0.836 . Loo 58.5 1.077
" 600 3¢ 0.976 " /00 36 1.202
Y 800 2L 1.060 i 800 2k 1.267
i 1000 17.5 1.10% ! 1000 17.5 1.293

“Calculated by GAMTEC-IT



HFN computed critical radii of fully water-reflected spheres shown in Table b

(9).

are up to 5% larger than the values reported by Clark This difference
reflects the difficulty of obtaining proper energy and space averaged Cross
sections for a lattice. Iattice cross sections must be first averaged over a
unit lattice cell before they can be used in HFN.

Table 5

Comparison of HFN-Calculated
Water-Reflected Radii and Reported Radii

Bare Water Reflected
Critical Radii Critical Radii
. (cm) (cm)

25 5U Enrichment o)
(st — HEN pp-1014(9”
2.0 27.65 23,96 22,94
3,0 23,05 19.60 19.21
4.0 20.98 17.53 ——
5.0 20,02 16.56 15.79

PARAMETERS AFFECTING REFLECTOR SAVINGS

Parameters inf encing reflector savings fall into three categories:
(1) core parameters, (2) reflector parasmeters, and (%) geometry. Core composition
determines She core's diffusion coefficient and bucklizng. A large diffusion
coefficient produces a greater leakage probability and consequently more neutrons
leaving the core to be returned by the reflector. A largs buckling signiflea
a more reactive core material whose replacement would require a greater number
sf reflected neutrons. Reflector composition determines the diffusion coefficient,
absorption cross section, and multiplication of the reflector. A large diffusion
coefficient in the reflector allows the neutrons to penetrate wel | within %he
reflector and decreases the chances of returning to the core, Maltiplication
increases the worth of the reflector and correspondingly increases the savings.

Absorption in the reflector decreases savings. Geometry has a considerable



effact on reflector Savings, sance leakage from the system depecds greatly
on the surface area, shape and, arrangement of the core material.

Reflector thickness is usually chosen as the independent variable and
al |l cther parameters are held constant. It is alssc instructive teo choose
cther indeperdent variables, such as k,, Of the reflector and examine their
effect on the reflector savings. The more important variables are the
following:

() Reflector Thickness

Variations & reflector savings with reflector thickness depend
greatly or the uranium concentration and enrichment (see Figures 7 - LO),
Ten centimaters cf water has a reflector savings which is mere than 95%
of its maximum value. Whan enriched uranyl nitrate is added to the
water, a greater thickness of reflector is required for the reflector
savings to reach 95% of itS meximum value. When k, of the reflector is
greater than unity, there is no longer an asymptotic approach to a constant
value. Instead, an inflection point is reached on the reflector savings
curve beyond which the slope of the curve increases with ircreassing
thickness, At one particular thiclkness, *he core is no longer needed and
the reflector bezowmes critical by ilizelfl.

{t4 Reflector Uranium Cconcentration

Urgnium concentraticor influences both the moderation and the neutron
m.ltiplication Of the reflector, Variaticns i1C moderation affscts both
%hezpectrum >f the rneutrons returning te the core and tne neutron spectrum
within the reflector. Neutron multiplicatiorn within the reflector is

affected by the 5 5»,= concertration and by the rneutron spectrum.

(¢} Reflector Uranjum Enrichment

For uranium concentraticons up to 1000 g U/iiter and reflect~thickress

less thar 10 cm, the reflector savings 12 an insersitive function Of enrichmert



(d)

(e)

(see Figure 13) in the range of enrichments considered, Iarger thicknesses
of reflectors show a much greater influence on reflector savings as the
enrichment is changed (see Figures 14-16).

Reflector Infinite Multiplication Constant

The similarity of curves of ke plotted against reflector savings
(with reflector thickness held constant) for different enrichments can
be readily seen in Figure 17. A single curve could be used to approximate
all of these curves to a fair degree of accuracy. Curves of lower enrich-
ment 1ie slightly above those of higher enrichment, primarily as a result
of' differences in moderation.

Core Composition

Reflector savings depends on core composition, Figure 11 shows the
savings for 600 g U/liter reflectors of 3.0 and 5.0 wt% 27U enriched uranyl
nitrate to be greater with a 3.0 wt% 235y enriched core than for a 5.0 wi%
235U enriched core. Both of these reflectors have a hydrogen to uranium
ratio of 36, indicating that H/U of 36 is a more optimum reflector moderation
relative to the 3.0 wt% 255y enriched core than relative to the 5.0 wth 235U
enriched core. A water reflector produces the same savings for both of the

above cCoOres,

REFERENCES

(1) J. R. Lilley. Computer Code HFN - Multigroup, Multiregion Neutron Diffusion

(2)

Theory in One Space Dimension, HW-71545. General Electric Company,

November, 1961,

K. D. Iathrop. DIF-IV - A Fortran-1V Program for Solving the Multigroup

Transport Equation With Anisotropic Scattering, LA-3373, Los Alamos

Scientific laboratory, July, 1965.



P
S

S

~~
\O

C. R. Richey, J. D. White, E. D, Clayton, and R. C. Lloyi. "Criticality
of Homogeneous Plutonium Oxide-Plastic Compacts at H:Pu = 15," Nuclear

Science and Engireerinsz, vol. 23, pp. 150-158. 1965.

D. R. Skeen and L. J. Pace, THERMﬁS—BATTElLE: The Battelle Version of

the Thermos Code, BNWL-516, Pacific Northwest Iaboratory, September, 1967,

L. L. Tarter, C. R. Richey and C. E. Hughey. GAMTEC-II: A Code for

Generating Consistent Multicroup Constants Utilized in Diffusion and

Transport Theory Calculations, BNWL-%25. Pacific Northwest Ilaboratory,

March, 1945.

C. R. Richey. Unpublished Data. Pacific Northwest Iaborahtory, 1969.
(Private Communication on EGGNIT Input Instructions.,

C. R. Richey, "Theoretical Analysis of Fomogeneous Plutonium Critical

Experiments,” Nuclear Science and Engineering, vol. 31, pp. 32-39. 1969,

L. E. Hansen, E. D, Clayton, R. ¢, Lloyi, S. R, Bierman, and R. D. Johnson.
“Critical Parameters of Plutonium Systems. Part I - Analysis of Experiments,”

Nuclear Applications, vol. 6, number &, pp. 371-380. 1969.

H, X. CTlark. Critical and Safs Masses and Dimensions of Iattices of U and

UOp Rods in Water, DF-10b, g, f, du Pont de Nemours and Co., Savarnah

River laboratsry, February, 1966,



yoeoaddy TeOT3ITID B 03 IOTId Sued
I0309TJFSY puUBR SYOO0Td uMTuUOlNTd JO Juswabuerxy oy3 BuTMOYS SuTYOoeW oTqel 3TTdS
1 TINOIA ' .




16

9ZTS 910D 3suTeby peo330Td 90BFISIUI I03DSTFSUY-SI0D 3B SSOUYOTYJL TO93S SSOTUTRIS

00¢

¢ JaNdDIA

S[IW “S||BM URD Ul [99)S SSIIUIR)S JO SSBUNIIY]

0sI 001 04

O T

pu3 auQ U0 J0)I3|JaY WI.Z'6T

pu3 auQ U0 J0)I3BY WI /'Y

.
\J e —— N

82
9
&
%
6z
(@]
3
0¢



17

SSOUNOTYL I0309TJ9y¥ 3Isureby po3jold Ssued ut
€ JdNdDIA

wa ‘sSauoIy] J0y33}eY

19935 ssaTuTe3s

I0J UOT3O09II0D

74 0¢ 91 Al 8 v 0
—T T — T T
v0-
0
) =
| =}
i - e
Y.
3
" g
H I\ b w..
I |2
o
3
20
A]




210D

TeOoT3ITID JO y3zbusT 3sureby po3jzoTd 90BJISIUI I03IDSTIJOY-9I0) 3B Y3PIM ooeds ITy

F H9NOId

Wwd ‘YIpIpm a2eds a1y

80 9°0 Al Al 0

T T 1 _ 0°0¢
o o
| S
5 2
G0 @
w
—0— m_w_
v o
3

pas() J0}23|jay Ja1eM WI 96
|




ocwumumMHomnmosm JO pTOogqn) pPo3o°oTFOY I93eM IOJ 9AIND sbuTAes I0309T3FdY

e

0¢

91

S HINDIA

WwI “‘SSauNdIY 40}039Y

A 8

NiH O

410 v
|pyuswisadxy o

<

wo ‘sbuAes Jopa ey



20

ousxX3skTod-%ond joO proqun) po3loaTIoy 93eIITIM
TAuean payoTIUd n $3IM pT°Z IOF UOTIRIJUDOUOD umTuelIn sa sbutaes I10309TI9Y
€T 9 J¥NOIA

7/n 6 ‘wnjueln Jo UOKEIIUBILO)
0021 008 - 00b 0

)

¢ =

~ &
¢~-d__ § 3
10)29]jay WI I’ - ~ W
i 2! 5 5

/ - m.

1 @

O 3 I @
~ o

~ 3

|
| v
opsley U Z6T >~ _ \m%\
. ll.Tllnl.W 7




21

I93BM UT SPOY WNTURIN PIYDTIUT fgey $IM 0°C FO 90T3I3eT TeotTasyds
B BuT309TI9Y 93AZTIN TAURIN PaULTIUY Dmmm §3M (Q°Z I0J sbutaes 10309T3F=d

L JINOTA

wo ‘ssauxydIyl Joyoa|iey
09 oy 0¢ 114 01 0

Jem  7/nbooz  7/n b ooy

/ /
7 _— :
/ I
/ )
\ / /
7/n b 008 7/0 6009

7/n b oot

o
—

wo ‘sbulAeS 10}28}48Y

<l




22

I93eM UT SPOY wnTuelIl pPaYdTIUT figgz $3IM 0°€ FO dOT33eT] Teotaauds
e BuT309T3IO9Y ©93I3TN TAuean poyoTIud Dmmm $3IM 0°€ I0F sbuTaeg I0309T3F9Y”

8 HANId

wo ‘ssauydIy] Jopaey

05 ov 0¢ 02 o1 0
J8)1eM
7/n b 00z S

¥in b 1117 ! \ nlvM

o

g

7/n 6009 >

_ <

3
7/n 6008

<1

/7 b o001




23

I93eM UT SPOY umTuel() paydTIUd Ngepy $3IM 0°p JO 90T33eT TeoTaayds
e BurloeTIey 93evxlIN TAuean payosTIUT

Deez
6 HHANODIA

$3IM 0'py XOJ sbutaeg x0309T3F9™

wo ‘ssauydiu] 10y39|joy

05 oy o€ (174 ]|
Joyem
H II\\
7/n b ooy
\\\\\\\”Hmm
\
710 6009 >\\
7/n 6008
7/n 6 0001

o
—

19

w9y ‘sbuiaes 10)23(19Y



2k

I93EM UT SPOY uUmMTuelIn POYSTIUT Nce, $IM 0°G JO 90TIFET TeoTtaayds
© BuT3109T73I9 93vI3TN TAuexn payoTIul Ocen $3M 0°C X0 sburaes I0309T13I9Y

0T JdNDIA

wo ‘ssauydly] J0yd3|j8y _

05 oy 0¢ 0z . i) 0
Ja)em
\ m
II\ “
7/n 600z _ ,
>
g
=]
‘ \ g
\ W
4 = o 3
\ o
3
7/n b ooy

7/n 6008

\ 71n b 0001

7/n 6009




¥/0 b 009 3 93ex13TN TAuein 103 sbuTaes 10309713I9Y
IT J$NOIA

Wwo ‘sSauNdIyj Jojosjjey

10}23130y ajedyN |Auein paydliu3 :mmm B €
r —
-
101091394 S1eINN 1AUBdn E:ﬁu Mo %M S
\q U Y
PUMIUI Ner %NS ¥
JlJuU

POUILIUI N, M E O

/

9107 821} wniuedq [ediayds

o
—

¢l

wo ‘sbuiAes 10}08110 Y



26

JuswYOTIUI Nggy
puE UOT3IBIFUSOUOD WNTURIN JO UOTIOUNI B Se 9FeI3TN TAueln SNOSUSHOWOH JO Y
¢T TINDId

7/n B ‘uonesyuaouo)

0021 0001 008 009 ooy 002 0

80

:mmw %M 0°C i

Jojoe4 uonedl|diyinw alulu|

01

:mmm %M 0°¢

Nee,p %M 0'Y
52 e

A

gz %M 0°




27

90T33eT umtueIn TedTaIayds e HUTpPUNOIING I03D3TISY 9IRIFIN
TAueIn OTYL WO 9T°0T ® IOF IUSWYOTIUY JO uUOTIOoUnJ ® Se sburaes I0309T73F9Y

€T H4NDIA

%M “Juswyodliug mmN:
g v 4 A 1
CA91BM
/O - O O O e — —
— —O— —Oe— — — —
\O||\ il ~ — Sy

7 msNﬁhimlg

7inbooy 7/ND009 7/n 6008 70 6 goor

"

o
—

ST

wo ‘sbuiaes 10)231j8y



28

20T33eT wniuean [eoTasayds e buTpunoxang I10309T3I=U
93eI3TN TAueIn WO ZE°0Z B IOF JUSWYODTIUZ JO UOT3IOUNI B SB SbuTAeS I0309TFI8Y
PT TYNOIJ

%M JUBLIYILIUT N

62
9 4 v € 4 1 0
lalem o —O0— —O— —
| . DGt
“l“l \‘II m
EDmSNQ\\\\\\lAu‘\ — _ 1
\\H\‘
“‘\\‘\.T n..l“vm
©
7/n b ooy m,
14
=
:i%\% o 2
7/n 6008 g

7/n 6 0001

a1




29

20T33%eT untuean TedoTIsayds e HuTpunorIns Io3o0oTIoY 93RIFITN
TAuean YOTYL WO g °0f © IO FuUSUYDTIUZ JO UOT3IOUNJ ® Se sbuTraeS I0309TFoY
ST HINO51d

%W ‘JusuiydlIul mmm:
9 q 12 £ l I 0

Jajlem

O O &

»sg%owhw \||--M s

f \\\\\ m
- g8
o
7/n 6 ooy M
1] G
.. v
3
7/n 6009

oI

7/n 6008
7/n b 0001




30

g
\\
\ \.\
\ \\ \
\
VA \1
LI
!
w ‘sbulaes 10)28j0Y

20T33eT wntueln Teoraayds e bBurpunoxang 1030973F8Y O3IBIITN
TAueIn MOTYL WO (8°0S B IOF JUSUYOTIUZ JO UOTIOUN B Se sburaes 103097139
9T HTANOIA

BUETTTRIB]
%M ] yal ummw:

9 q 14 £ e I 0

]

L \\
7/n 6 oob
41

710 6009
7/n 6008 7/n b oot




31

90T33eT umtuexn TeoTIadyds e burpunorang Io309TI9Y 93BIFTN
TAuean YOTYJL WO (Q8°0G © IOF ®)Y IO03OSTISY JO uoTldoung e se sbutaes I0309T7ISY

LT T¥NOIA
@y op0pey
1 01 80 90 70 20 0
1 I ' ] i L)
\
\IO\
¢
_ Y
2
g
w
2
o 3
P
3
PUILILIN, WM OS .
3UdlaUu ‘ E—
PUILIUIN WM O 0
914U iy
PUILIUIN, B OE 9
] P10V ‘
_ paya) m:mm_é;i 0




No. of
Copies

OFFSITE

1

21

DISTRIBUTION

AEC Chicago Patent Group
G. H. Lee

AEC Cincinnati Area Office

W. T. Warner

AEC Division of Technical Information Extension

National Lead Company of Ohio (AEC)
D. L. Dunaway

ONSITE-HANFORD

1

AEC Chicago Patent Group
R. K. Sharp (Richland)

AEC RDT Site Representative

P. G. Holsted (2)
W. E. Fry

AEC Richland Operations Office

H. A. House

R. L. Plum

C. L. Robinson
M. R. Schneller

Atlantic Richfield Hanford Company

W. A, Blyckert
R. D. Carter

R. E. Isaacson
K. R. Ridgway
R. E. Tomlinson
ARHCO File

Distr-1

BNWL-1258



BNWL-1258

No. of
Copies

ONSITE -HANFORD

37 Battelle-Northwest

Albaugh

Bierman

Brown

Clayton (15)

Dawson

Davenport

Fisher

Hall

Hansen

Johnson

Liikala

Lindenmeier

Lloyd

Oden

Richey

. Rogers

Technical Information Files (5)
Technical Publications (2)

OO oTmeTdma ngd
oo OOEQomaoaoagtE o=

Distr-2





