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RESEARCH AND IEVELOPMENT ACTIVITIES

METALLIURGY AND REACTCR FUELS

Uranium Metallurgy

Tensile Properties. A natural uranium tensile sample enclosed with a uranium split
sleeve and canned in a NaK-filled Zircaloy-2 capsule, was examined after irradiztion
to determine the properties of material exposed at beta or gamms phase temperatures.
The specimen was exposed six days 1n the MIR for an estimated exposure of 0.02 per-
cent burnup (185 MWD/T) at an estimated temperature of 800C. The sample appearance
after exposure was excellent and there was no evidence of surface irregularity or
bumping. The 0.250-inch diameter of the test specimen had increased approximately
0.022 inch. The tensile data obtained from a room temperature test are given in the
following table with data for the same material exposed to 0.018 percent burnup at
150C and an unirradiated control sample.

Tensile_Propgrties of Irradiated Uranium

Exposure Bxposure 0.2% Y.S. Ult; Str. Elong.
Percent burnup Temperature 1000 psi 1000 psi % in 1 in.
o ' 37.8 97.1 19t
0.018 150¢ 60.3 84.% 0.8
0.02 {est) 800C (est) - 61.0 £1.0

Fracture of the sample contained bright areas typical of large grained cleavage. The
low ultimate strength 1s probably due to scome extent to the large grain size produced
by heating into the gawme phase but the dats indicate that high temperature irradistion
does not reduce the embrittlement suffered by wanium during irradistien.

Activation Energy. A study initiated to determine the effect of cooling rate from the
bete phase on the activation energy required for alphe phase recrystallization of uraniwm
has been completed. Time-temperature relationships for recrystallization at Jominy
specimen cooling rates of L.k, 9.4k, 250 and 5OOC/second were ostablished for temperatures
of 580, 596, 620 and 64OC. Utilizing the Arrhenius rate equation™ (Ae %/FT) the activa-
tion energles (Q) and A values were calculated and are shown in the following table.

Cooling Rete Activation Energy
¢/second Cal/Mel A Value
b 110,600 .84 x 10°2
9.k 88,530 3.52 x 1038
250 52,270 2,04 x 10°
500 30,150 3.86 x 107

The activation energy decreased with increased ccoling rate. This is a departure from
the accepted theory that the activatlon energy should remain relatively constant as a
function of strain.
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Diffusion Studies. Diffusion in non-irradiated U/AlSi end U/Zr couples is beibgs-]
investigated to provide a basils for interpretation of the results from irradiated
couples. Filnal results from seven couples are shown in the fellowing table.

Maximum Diffusion of Uranium Iinto AlSI and AIS1 into
Urapium From the Original U/A1Si Interface

Temperature Time U into AlS1i AlS81 into U
C Days §mils! §mils]
200 15 _ 0.3 0.3
200 15 0.2 0.2
200 Ly 0.6 O.h
200 : Lk 0.5 0.4
305 15 6.6 .2

Each couple was cross sectioned six times and the maximum diffusicn into the planes

thus produced wasz recorded. The data were analyzed statistically in order to determine
the maximum penetration that could be expected in emch couple. Two U/2Zr couples that
were aunesled 300 days at 500C under a pressure of 10,000 psi were cross sectlcned three
times in planes perpendiculer tc the diffusion interface. Extensive metallographic
examination failed to reveal any points at which diffusicnm occurred. These couples will
be cross sectioned another seven times. '

Thermal Stresses. A method of evaluating the thermal stresses in cylindrical reactor
fuels has been developed. This method utilizes a visccelastic model with a time and
radial dependent coefficient of viscosity.

Burnup. Samples for burnup determinmation were cut from uranium tensile specimens which
had been exposed to approximately 150, 300, and 600 MWD/T at HAPO. The results of these
determineticns were 0.18 percent burnup of the total atoms (155 MWD/T), 0.031 percent
(270 MWD/T)}, and 0.075 percent (654 MWD/T), which agree well with those predicted.

Plutonium Metallurgy

The responsibility for Project Whitney was tramnsferred from the Chemlcal Processing
Department to Hanford laboratories Operstica.

Zenon Diffusion

. Data for the diffusion of fenon in silver have been completed and are shown in the
following table.

Dagp = 6.5 x 10711 en?/sec Dp3s = 4.9 x 1079 cn®/sec
Dgoo = 4.8 x 10710 cn?/sec Dggo = 1.02 x 10-8 cw®/sec
Dogp = 2.9 10-9 cw/sec

1238251
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These data obey the following formuls for diffusivity versus temperature:
D= Doe"H/BT

D « 0.036e-37,500/RT

Graphite

Samples of graphite irradisted in the MIR showed a physical contraction in the sample
lengths of 0.0k percent. It 1s estimated that the samples received a Eanford equiva-
lent exposure of 8000 MD/AT.

Measurements completed on the weight losses experienced by graphlte samples exposed to
high temperature water and steam showed gsignificant attack on the samples at steam
temperatures above TOOC.

Plastics

Samples of plastic materisls irradiated in the gamma facility at the MTR exhibited an
absence of a rate effect. If this phenomena is correct, rapld material evaluation tests
can be performed at high fluxes and the results applied at the lower fluxes enccuntered
in service.

Aluminum Corrosion

Examingtion of corrosion data for aluminum in low flow rate deionized water at 350C
has showm that corrosion iz dependent on the square root of time for a longer pericd
than literature sources indicate. A transition to a linear dspendence op time eppears
to occur 2 to 5 months depending on the alloy.

Corrosion products formed on sluminum in water at high temperatures comsists mostly of
boemite which progresses from an amorphous structure on the "metalside" to s randomly
oriented crystalline state and finally to a highly oriented crystalline state on the
"water-side"” of the film.

A study is being made to determine which compoment of the reactor coolant affects the
corrosion of aluminum. The strongest effect was that of pH. Corrosion was at a minimum
at & TE of 5 to 7 and five times this amount at pH 4 and 8.5. Phosphate had an inhibit-
ing effect in the region pH 4.3 to 6.6. Citrate had s definite corrosive effect, in-
creasing corrosion about ten-fold.

Tests have been run in several of the EIMO loops to determine the effects of phosphate
ion, sluminum ion and low pH on aluminum ¢orrosicn. A corrosiocn rate of Q.02 mils/
month has been cbserved after an exposures of nine wesks to water of pH 4.5 at 250C.
This rate is lower by a factor of 50 than rates observed in dynamic systems using neu-
tral pure waeter. No inhibiting effect of the aluminum icn has been noted at a concen-
tration of 0.0l pom.

Examinaticn of several aluminum alloys discharged from the out-of-pile E Loop indicates
a gerersl decrease in corrosion rates after 70 days exposure. The egullibrium corrosie:

1238252 . LLrasuay il
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rates of the coupons were 0.20 to 0.38 mils/honth or approximately one-half to ome-
third of the initiasl rates. Additional tests will be run to determine whether in-
regctor rates will decrease after 60 to 70 days.

Titanium Corrosion

Samples of commercially pure titanium (A-55) were enclosed in capsules containing 4o
and TO weight percent nitric acid and held at 145C for a periocd of two months. The
samples, following the exposure, showed no ignition semsitivity when checked by abrasion
and impact. Corrosion rates observed were 0.0003 inches penetration per month in 70
veight percent HNO3 and less then 0.00005 in 40 weight percent acid.

Commercially pure titanium was exposed to a concentrated solution of bolling UKHE. No
significant attack occurred nor bas pyrophoricity been noted. The corrosicn rate was
less than 0.0001 inches penetration per month.

Tensile Properties of Zircaloy-2

Post irradistion examination was started on Zircaloy-2 tensile specimens exposed in the
MIR. The estimated neutromn exposure of the materfal was L.k x 1020 vt {1 Mev) and
7 x 1020 nvt (thermal). The data obtained are shown in the following table alomg with
pre-irradiation control results.

Tensile Properties of Irradisted Zircaloy-2

0.2% Y.S. Ult. Str. Elongation Mogulus
History 100C psi 1000 psi $ in 1 in. 10¥ psi
Annealed 43.6 66.8 22 14.6
Control 4.3 70.0 2h 15.0
Annesled and - 7.8 15 -
irradigted 70.5 82.7 12 15
Percent change (avg) +60.0 +17.5 -41 nil

The changes chserved compere favorably with the maximum c e determined for annealed
zirconium irradiated at Eanford to an exposure of 2.4 x 10 nvt (thermal).

Standard Uranium Fuel Elements

Failures. A report (HW-45211) demomstrating end discussing the excellent correlation
between reactor fallure rate and inspection reject rate was issued. This report pre-
sents strong evidence that bond and braze porosity due principelly to gas evolution
from the uranium core 1s a heavily contributing cause of in-reactor fallure.

Qne of the standard fuel alements being corrosion tested in a 1706 K& in-pile tube
ruptured. It was & core failure of the longitudinal split varlety. This fuel element
had attained an exposure of W79 umn/r. There was no ilndication of excessive attack.

Examination of two spiit type fallures from KW Reactor were completed. The failure

occurring in tube C986-EW had attained an exposure of 668 MWD/T and thet in 0990-EKW
reached 753 MWD/T. Both fallures resulted from sn unususlly large number of 2 to 8-mil

-10-
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inciusions in the normal reactor grade uranium.

Cleaning. ILaboratory tesits were made to evaluate various etchants for the purpose of
removing possible copper contamination from cerning sleeves prior to use. The most
gttractive reagent was a mixture of chromic acid and sulfuric acid.

Welding. The Roto-Arc welding process, consisting of & cylindrical eslectrode located
in a strong magnetic field, has demonstrated that 1t should be sulitable to autcmatic

welding applications because the part to be welded 1s heated uniformly ard no crater

weld is formed.

Il and E Fuel Elements

Forty vacuum canned I & E slugs were evaluated to establish a standard canning procedurs
‘These slugs showed good quality with respect to (1) residusl can wall (2} complete wett-
ing and (3) absence of voids or lnclusions. Several assemblies exhibited excessive czan
wall penetration and poor bonds. One hundred slugs will be examined in the near future.

The occurrence of small black surface inclusions in the weld beads of I & E slugs which
were camned in a manoner similar to the "F" process were partly responsible for an ab-
normally high weld rejection rate for these slugs.

Experimental tests to establish instability characteristics of an I & E fuel colump
were initiated on the full scale, low pressure electrical prototype mockup. The
simulated active zone consisted of a 1.43" 0.D. cupro-nickel rod with a 3/8" Lole
drilled along the axils. The hester rod was located inside an electrically insulated
B.D-F type process tube. Flows were adjusted to give an initial annulus flow of 3 gpm
and a hole flow of 16 gpm. At 750 kw tube power, 75F inlet water temperature aund 50
gpm total flow, 69% of the total heat generated was found to be dissipsted to the
annulus. To determine pressure-flow characteristics for the entire tube, the total flow
to the tube was reduced stepwise to a flow of 31 to 32 gpm. Flow and heat removal ratic
remained at initial values of 1.83 and 2.2. PFurther reduction in flow caused both
ratios to decrease. These results show that for 750 kw total heat generstion and with
kOO pgig pump discharge pressure the system is stable to at least 18.9 gpm in spite of
the fact that bolling was occurring in the annulus.

Uslng information gmined from the in-pile irradietion of I & E fuel elements, a study
was made of the relationship bstween the high temperature at the top of the annulus
fiow channel and the bulk temperature at the outlet of the process tube. Results show
that the ratic of the two temperatures 1s as high as 1.5 In some cases and that the
ratic increases slightly with time. The high temperatures are probebly due to the
eccentric position of the fuel element in the process ftube.

Enriched Fuel Elements

Ten "E" slugs were irradisted in the in-pile locp at H Reactor for 47 days, using water
with pH 5.4 at an average ocutlet temperature of 195C. Corrosion dats obtained on these
slugs at effective surface temperatures of 2250 indlcated aluminum corrosion rates of
3.0 mils/month.
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Hot-Pressed Fuel Elemeants

Preliminary evaluation of a lot of vacuum-hot-pressed =clid fuel elements from Sylvania
bhas been completed. The SEP hot-pressing process appears to yield a hetter product
than the EAPO hot-pressing process. However, the glugs from Sylvania are inferior in
(1) closure quality (2} surface quality and (3) conformence with dimension specifica-
tions.

Insulated Fuel Elements

Exsmination was continued on an ilnsuleted cored uranium thermocourple sliug which was
irradiated in the MTR. The material exhibited some inclusions and blovw-toles. This
indicates that recrystallization hed occurred after the gases causing the blow-holes
. bhad been driven to the grain houndaries.

Projection Fuel Elements

A test to aid In the corrosion evaluation of projection fuel element: hes heen ¢im-
pleted. The fuel elements were exposed in process water at 125C for pericds up to 94
days. A corrosion rate of 0.9 mils/honth was observed. No localiced atiasck was appar-
ent. Fllm petterns downsiream of the projections indicate the possibility of bot spots
on the surfaces of the heat generating fuel elements. Such hot spots cen be a source
of excessive corrosion leading to jacket failures. Tests have also been made $0 deter-
mine the rupture characteristics of projectlion fuel elsments. Twe fallures have been
induced in the Flow laboratory using defective fuel elements in 143C process water

Both failures resulted in corresponding fallure of the process tube. The grestest swel:
ing of the process tube occurred adjacent to the fuel element projections.

Tests made on A1Si canned fuel elements with ribbed supports attached by resistance spot
welding showed that this method of gttachment offers several advaniages over other
methods. _

Uracium-Megnesium Fuel Elements

Three powder metallurgical U-Mg samples from KAFL have been returned from the MIR.
Two semples were irradisted to 1000 MWD/T snd the third to sbout 2000 MWD/T. Micro-
Porosity appears tc have developed in the U-Mg meterlal, poesibly a siztering effect.
The U-Mg material was stuck to the aluminum capsule. This could be dve to inter-
diffusion of AL-U or Al-Mg to form a bond.

Experiments are being performed to determine whether U-Mg matrliz fuel msterisl can be
fabricated by compacting U-shot with Mg.
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PHYSICS AND INSTRUMENTATION

Lattice Testing Reactor

Operation of the Lattice Testing Reactor continued routinely during the month. There
were three unscheduled shutdowns and several 1mprovement items were completed.

Experiments were performed to test the valldity of methods used for determining Koo
in the Latitice Testing Reactor when large lattices are used. lattice spacings of
11-1/4 inches, 10-1/2 inches and 9-1/2 inches were employed. Interpretations and
further annlysis of these experiments are in progress.

Thermsl Test Reactor

Preliminary callbrations of the control rods in the Thermal Test Reector showed a
value of 60 cents each. The value of the last safety sheet to be removed is $1.66.
These calibrations show maximum rates of addition of reactivity of 3.4 x 10‘545k/sec
for the individual control rods and 2.3 x 10‘hz§k/sec for the finan)l safety sheet.
Safety rods are valued at 53.5 cents esch. The reactivity drift caused by bubbles
resulting from the fuel pieces and water reaction was determined to be one cent per
hour. The addition of 100 ppm sodium dichromate reduced this to 0.08 cents per hour.

HEigh Temperature Exponential Experiments

The high temperature exponential pile (approximately and eight-foot cube with ?-1/2-
inch lattice) has been heated to 100C with & good temperature distribution throughout
the pile. The vemperature was constant to within 2C throughout the neutron flux
measurement region. Buckling measurements at room temperature show that the siz-imch
thick magnesie block used on the pile surface for heat insulation purpeses increase
the extrapolation length by about 1.85 cm over the bare pile. Buckling is also being
measured as a function of pile temperature up to 300C with the first measurement above
room temperature being taken at 100C.

Enriched-Uranium Graphite Lattices

Additional messurements concerned with E-N lcadinge for tritium production have deen
made in 4 £4 x 4 £t graphite exponential piles. Buckling is being dstermined for
various ratlos of § to E meaterial toc select the best ratlio for possible lomdings in
the Hanford Reactors. The E slugs are uranium, enriched to 0.9% weight percent U-235,
end are 1.34 inches in diameter and 6 inches long. The N material is saluminum-lithium
alloy, 3.5 weight percent lithiuvm, and is 1.3t inches in dimmeter and 0.309 inches
long. The results of wet and dry measurements are shown below.

-13- ?;: e
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lattice Spacing N/E Pile Condition Bucklizz

{Length ratio) 107° cm-
8-3/8" 0.151 wet 1.9
7-3/16" 0.151 wet -19.5
C.151 dry 3.6
7-3/16" 0.076 vet 153.2
0.076 ary 159.0
7-3/16" no N Material vet 326.0
no N Material - dry 321.5

Enriched-Uranium, Water-Moderated Lattices

Four buckling measurements were made with enriched hollow fuel elements in light water.
These fuel elements were enriched to 1.007 weight percent U-235 and were 1.6€ inches
in outside diameter and Q.94 inches in inside diameter. These fuel elements ware
positioned in Type 28 aluminum tubes. Arn aluminum thimble was positioned within the
inside diameter of each fuel rod. A fuel rod consisted of eleven 4-inch fuel elements
in & tube. The results were as follows: '

Canter Tube Reflector
Lattice Spaci Condition Ex0/U Savings Buckling
(hexagonal geometry) {by volume) {assumed)* (10-° cm-<)
2.43" wet 2.33 6.94 cm. 2730
2, 45" ary 1.93 7.1k 2530
2.70" wet 3.09 6.68 1530
2.70" ary 2.69 6.80 1620

*The reflector savings were assumed from Brookhaven data on water-mcderated
urenium lattices.

When these results are combined with previous data for 2.05-1inch and 2.20-inch-
lettices, it is possible to estimate the maximum obtainsble buckling for this fuel
element in light water. The maximum buckling with the center tube in the wet condi-
tions occurs at a Ey0/U volume ratio of about 1.86 and is 3000 x 10-6 cm*2. The
meximum buckling with no vatgr in the center tube cccurs at a Hz0/U volume ratio of
1.70 and is about 2600 x 10-® cm~2. Under either condition the buckling 1s 2500 x
1076 cm~2 when the H,0/U ratio is 1.36, i.e., buckling curves plotted as & function
of the HyO/U ratic cross at this point.

- 11]._ v, S il
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Wrap Arocund Fuel Elements ' I

A series of P, calculations have been completed to determine the therma! neutron flux
distribution Iin 8-3/8-inch and 7-1/2-inch lattices with aluminum-oralloy wrap around
fuel elements and an aluminum-lithium target. The compositions and dimensiors of the
fuel components are shown below.

Fuel Element (23 and 25 w/c U-235): Ioner Water Annulus
Fuel material thickness: 0.065" Annulus thickness: 0.060"
Cladding thickness: 0.030" Amnulus I.D.: 1.070"

{bonded to the inner and outer surface) Annulus O.D.: 1.190"
Fuel element I.D.: 1.1G0"

(cladding included) Qutside Water Annulus:
Fuel element 0.D.: 1.4k0O"
{cladding included) Annulus thickness: 0.075"
Annulus I.D.: 1.L40"
Li-Al Target (3.5 w/o 1i): Annulus O.D.: 1.590"

0.D. of process tube: 1.7h4"
Diameter: 1.010"
Cladding thickness: 0.030"

The calculations indicate that a reactor completely loaded with s fuel assembly of this
kind will always lose reactivity upon the loss of water coclant. When the water is
removed from the inner annulus, the target material is placed in a region of higher
neutron flux which results in a lower utilization in the fuel element. Lattice para-
meters determined from the calculated flux distributions are given helow.

Lattice . y Conversion
ci Enrichment fruel element <Li-A1l Buckli o0 Batio
Zinc s) (weignt %) flO'% cm~2)
8-3/8(ary) 23 0.4792 0.4368  -162 0.91%%  0.91
8-3/8(wet) 23 0.4ok3 0.3929 16 1.0090 0.79
8-3/8(ary) 25 0.5055 0.h121 89 1.0514 0.81
8-3/8(wet) 25 T 0.5183 0.371k 105 1.0600 0.71
7-1/2(ary) 23 0.4886 0.kls51 <k 0.9973 0.91
7-1/2(wet) 23 0.5050 0.4019 61 1.0308 0.79
7-1/2(ary) 25 - 0.5153 0.4198 102 1.0538 0.81
T7-1/2(wet) 25 0.529k 0.3798 159 1.0826 0.71

fruel element and f11-A1 are the thermsl utilizations of the Al-U-235 fuel element and
the Al-1i target material respectively. The couversion ratioc is equal to the peutron
absorption in Li/neutron ebsorption in U-235.

Fuel Element Dissdvantage Factors

The disadvantage factors (ratlo of the thermal neutron flux at the cutside edge of the
fuel element to the average over the interior) have been determined for a series of
natural uranium fuel elements. The neutron flux was calculated by means of the P3
approximation to the transport eguatlion. The calculations were carried cut on the 702
digitel computer and results of these calculastions are listed below.
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Qutside Diameter Inside Diameter Disedvantage Factor
of Fuel Element of Fuel Klement

(inches) {inches)

0.926 C.00 1.146

1.175 0.00 1.222

1.360 0.00 1.276

1.448 0.00 1.315

1.660 0.00 1.391

1.660 0.81 1.217

1.660 1.10 1.120

1.360 0.50 1.203

Cross Section Measurements

The automatic neutron spectrometer hus been used to examine the fissicrn cross sectlons
of Pu-240 and Pu-2%1. The work on Pu-240 was done using plutonium which had received
& long exposure in the Materials Testing Reactor. The results agreed with data ob-
tained from a plutonium sample enriched in Pu-240 by the electromagnetic separations
process at Oak Ridge National Laboratory. Results confirmed the existence of a small
flssion cross section in the 1 ev resonance. Data is currently being taken on the
fission cross section of Pu-241.

Critical Mass Calculations

The method for computing critical masses of bare metal reactors using model non-escape
probabilities has been used to calculate the critical mass of a bare plutonium sphere.
The results are within less than one percent of the value determined by the Los Alamos
Sclentific laboratory. The method involves comparatively little computationsl effort

and promises to be of value in ouclear safety and cther types of calculations.

Sutton's Diffusion Equaticn

Analysis of the observations yielded & value of 1.6 for Sutton's stablility parameter
"o". This is somewhat smeller than the value of 2.0 agsumed by Shorr and considerably
greater than Sutton's upper theoretical limit of 1.0. This result also throws con-
siderable doubt on Sutton's formulation of the virtual diffusion coefficlent, C., sinc
this quantity is imaginary for values of "n” greater than 1.0. This problem "as been
tentatively resolved by assuming that "n"™ 1s a function of the intensity of the turbu-
lent moticns and ranges from 0.0 to 2.0, the lower limit being associated with maximum
turbulence and the upper limit with leminar flow.

Atmospheric Physics

Experimental data collected during periods of stable temperature stratification during
the summer months was analyzed. Analyses of the vertical distribution of concentratio
downwind from the source showed that, while variance of this distribution could be
specified with a satisfactorily small uncertainty, =1l velid statistical tests suggest
the tracer concentration was not normally distributed in the vertical directiom. A
persistent anomaly observed in these experiments was an excessively high concentration
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of tracer material at the centerline of the plume and at 1000 feet from Lhe source.
In {ihe single observation of the vertical distribution of the tracer material at both
1000 and 2000 feet from the scurce this anomaly was observed at 2000 feet.

Instrument Research and Development

Preliminary work has demonstrated the feasibillty of an instrument to measure inter-
vals in the millimicrosecond range. Such an instrument i1s useful ir measuring the
velocity of neutrons geunerated by bombarding a suitable target with a pulse from the
Ven de Graaff Accelerator.

The study of plutomium x-ray counters for the body monitor was concentrated cm fipdizg
and eliminating sources of background. Improved shielding and removel of meterials
found to be radicactive reduced the background of a counter 4o ome-sixth its original
value. A large share of the background bhad come from s beryllium window through which
the X-rays entered the counter.

The questions involved in specifying the minimum detectable amount of a radioisotope
for a body monitor or other counting facility were examined. The meaning chosen as
suitable for body monitor work is: the MDA is the amount which cen be expected toc be
detected 90% of the time when three successive counts equsl to or greater than a
critical count are said to establish the presence of the radiocisctope; the critical
count chosen so that 0,1% of uncontaminated subjects can be expected to be jJudged
conteminated erronecusly. The probability relations involved were worked cut so that
the MIA can be estimated from data on counter semsitivity and backgrourd. The present
plutonium counter has srn MDA of 0.09 microcurie for plutonium at the center of the
chest.

A scattering chamber was fabricated for use in an experiment to measure W for protons.
In this chamber a portion of the Van de Graaff accelerator beam will be deflected at
right angles to the main beam by scattering in = thin gold foil to form & low inten-
8ity, moncenergetic beam for the experiment. A method was found for mounting thin
nickel foils so that the scattered beam could pass from the accelerator into the
meagsuring apparatus snd yet the accelerator vacuum not be lost by leakage of air at
the window.

A constant temperature bath was fabricated in preparation for calorimetric work at the
electron Van de Graaff. Muather improvements were made in the techniques of gamms ray
calorimetry. More care in eliminating transient effects at the start of a measurement
resulted in better reproduclbility. Interchbange of two recorders which were found to
have different nolse levels incressed the sensitivity of the system.

The experimental beta-gamma Scintillation Dose Rate Meter was modified to provide an
energy dependence curve flat from fifty key to two mev. This was accomplished by
reducing the weight per square centimetesr of the light shield and the crushed anthra-
cene crystal to optimum values.

Standardized transistor circuiis were developed for portable instrumentation wtilizing
photo engraved printed circuits. This is a step toward more reliable ard mere service-
able portable survey instruments.
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Three coolant circulation systems have been comsidered (1) the amnulus return (2)
the central tube return and (3) the single pass. For the annulus return and the
single pass systems, a cluster of ninetegen rods on hexagonal spacing gave the most
compact design. For the single pess system, a cluster of twenty-one rods arranged
in two concentric circles was most compact. In most cases & UOp core density 90
percent of the theoreticsl was sssumed. For ths case of the most compact hexagoral
cluster, calculations showed an increase to 95% of the theoretical demsity would
lower the mmximum tempersture from 1680 to 1570C.

The uranium~bearing fuel elements comsist of UOp in eircular rod clusters zirconium
clad or concentric cylinders zirconium clad. The plutonium enrichment elements will
probably be made in rod form so that they will be interchangeable with UUs elements.

The disadvantage factor (ratio of surface to aversge flux) was calculeted for two coun-
centric ring U0y fuel element cases. Diffusion theory approximstions were used. The
resulis were:

. 1.D. 0.0,

Inner ring 560 1.620 Case T
Quter ring 2.060 3.120 Case II
Central rod 375

Assuming 85% theorstical density of the U0,, the disadventage factor for Case [ was
1.08 and for Case II was 1.10. Thils factor was calculsted and plotted for concentric
cylinder configurations of 85% density UOs with O. D.'s from 2.0" to 3.8" and I. D.'s
from 0.0 inches to 3.5 inches.

Alternative fuel element configurations for the FPRP Reactor were asnalyzed to determire
the configurstions which reguire the least zirconlum in the Jjackets and process tubes
per pound of uranium. The elements which appeared most attractive were a 19 rod
cluster in & 3.25" I.D. process tube and a concentric cylinder element sized to fit

a 3.25" I.D. process tube. The cost of fabricating the concentric cylinder elements
will be approximately half the cost for cluster elements.

Support spiders, designed to hold the rods of a cluster fuel element in a fixed
geometric pattern in a process tube, were fabricated by spot welding. When proper
conditions are used, this process is guite satlsfactory.

A Zircaloy capsule containing s sintered uranium dioxide cors &nd Levins sa argon
filled snmular gap between core and cladding varying from 0.001 inch to 0.0L1 inch

has been irradiated in the MTR. Preliminary examination shows that the generally
accepted small dimensional tolerances for wranium dioxide fuel cores can be relaxed
and larger tolerances accamodated. The predicted maximum centrsl core temperstures
are 1400C, 2660C, and 2880C for amnular gaps of 0.001, 0.006, and 0.0ll incles
respectively. These temperatures were predicted as the worst cases and represent
central core melting at a point adjacent toc a gap of 0.011l inch. Thkere was no evidence
that chemical resction occurred between the Zircaloy cladding and overhested UQp which
fell into contzct.
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The plutonium fuel elements present many uwncertainties. The possitle schemes feor
Pblacing them in the reactor, for processing them with and without blending and for
irradiation gt warying burnup levels are endless. Studiss are heing made to determine
the best approach to solution of this problem.

A preliminary estimste of the fuel cycle costs for e rower producing plutsuium recycle
resctor hes been prepared. Assuming a 200 MW heat cutput reactor producing 50 MW of
exportable electric power, the fuel cycle costs were estimated to range from 10 O
12.5 mils/kwh. Of this total, chemical processing and plutonium fuel eiement fabrica-
tion were estimated at 8.5 to 9.7 mils/kwh. It is estimated thet successful dsvelop-
ment efforts on inexpensive chemical processing and plutcaium fuel element fabricati-
techniques could ultimstely reduce cycle fuel cost to the range of 2-4 mils/kwn for s
reactor of thls size.

A report on the preliminary design scope of the Demonstration Reactor (EW-45923) was
issued during the period.

Alternate Coolant for Hanford Reactors

The in-pille organic test loop, CRA-2, was started up in the KE Reactor on September 27.
After 1.3 hours of operation, a sample of TS5 percent MIFB-25 percent BP solution was
drawn off and the redicactivity was determined...Additionsl losdings will be made.

‘Burnout Tests on Hanford Process Tubes

Calculations have been completed using the dats of the electrical mrototype burnout
test runs on standard BAPO procese tube geometries of July and August. The results
weré comperable to those obtained from a previous run. Steam qualities were determined
for two different conditions of burnout (1) the first indication of a decrease of a
heat transfer coefficient or rise in heater surfece Lemperature and (2) by heat surface
temperatures reaching 500C, Arbitrarily, 500C was the termination of the run in must
cases and represented the condltions beyeond which there would be risk of melting
aluminum clad fuel elements.

Eanford Resctor Effluent Studies

The investigation to determine the source and mechsnism for the producticn of radio-
isotopes in reactor effluent water was continued. Calculations indicated that the
concentration of sodium in reactor cooling water was too low to account fur the ob-
served concentrations of Na®* in the reactor effluent water. Other posgitle sourceﬁ
‘for the production of Na2* include the resctions Mg2* (m,p) Na2® and 127 (1,00 Naf*.

The concentration of Naeh ip reactor effluent water was calculated 1o be 3 dfm/ml by
using & crose section of 3.1 x lO"h barns, an estimated corrosion rate of 0.00L mil
per month for aluminum, and a minimun irradistion time of 30 -days. Tkis indicates
that although the irradiation of aluminum probably does contribute Na®" to the reactor
effluent water, the amount produced under the conditions described is small compared
to the observed comcentration of approximstely 1100 d/m/ml.

The concentration of Na.el+ in reactor effluent water resulting from the irraiistion of

megoesium in reactor cooling water was calculated. A cross section of 6.8 x 1073
barns, an average concentration of 40 pprm for magnesium in cooling water, and an
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estimeted heoldup tilme of two hours were used for the calculetion, The corcentratlion
of Na2 preoduced under such conditions would be about twice as high as the concenira-
tion of Na2l ordinarily observed in reactor effluent water. This indicates that
magnesium is a possible source of most of the Naah in reactor effluent water.

The concentration of Cu6h in reactor effluent water resulting from {he irrudistion
of copper noermally present lo reactor cooling weter was calculated. The conceuntra-
tion of copper im reactor ccoling water was assumed to be (.00% ppu, tle aversge
concentration of copper in Coclumbis River water. The Loldup time for copper in the
reactor was determined experimentally to be 8.6 minutes. Using tles:z values for Lold-
up time and concentration cof copper in reactor c¢oclinz water, en sveraga neutron flux,
g the thermal neutron cross section for copper, the calculated cincehtrabion fgq
Cu*# in reector effluent was aprroximately 1800 d/m/ml. The observed averade U
- concentration in reactor effluent water 1s about 2000 d/m/wl. The coppey zornally Lwe-
sent in river water prcbably is sufficient to account for most of the ot 1ia veactor
effluent water within the limits of the assumptions used for the calculstions.

A study was completed and s recommendstion wede relating to disposal oF reactor
effluent during purges while operating the reactor. It was recommended tlat zffivent
during purges be discharged to the river, with certain limitations and controls defized
By purging as frequently as permiited under the recommended controls, ithe waximum
incresse in dosage rate to bumans 1s estimated at less than 5% aover thet resulting from
discharge of normal effluents to the river.

Potentlial waste disposal and radiological sefety problems arising from circulating
dilute phosphoric scid in & plle experimental test loop were investigated. It was
concluded that for the anticipated experiment only minor protective measures would be
necessary. Estimates of final concentrations cof P32 in the water were so low that
disposal problems are not expected to be difficuit. '

Machine computaticn of reactor effluent data proceeded to the puint of making availl-
able the functions necessary to determine statistical correlation between fission
product concentrations. The result of this study may minimize the reed For extensive
radiochemical amalysis for separate fiselon preoducts if good correl=tion 1ls found
hetween isctopes.

Complete fractiomation of trace smounts of yttrium end the Ffour rare esrths; reodymium,
promethium, samarium and europium wes accomplished with e 2.5 mm by 40 cw ccliumn of
Dowex-50X8 cation exchange resin in the ammonium form. Elution was made with 0.474 M
lactic acid and required L0 hours. This time could be reduced by further development
but the present technigue will be satisfectory for preliminsry investizations of the
rare-earth radiolsotopes in reactor effluent water.

Group separation studies of radiolsotopes by a modified gualitative snaliysis scheme
were sterted on reactor effluent water to determire the presence of truce ralicactive
constituents and to test the feasibility of gamms ccunting in conjumetica with these
group separations for rapid analysis of reactor effluent water. Trace {less.thar one
percent) short half-lived isctopes emitting gemma rays of 0.3, 0.85, 0.7-C.8, and 2.0
Mev have not yet been ideptified.
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Nelfilm 1 and 2 cationic and anionic exchange membranses {Natiocal Aluwinute Curpura-
tion) were tested in a three compartment electrolysis cell. Complete separation of
anionic and cationic radicisctopes in reactor effluent water made 0.3 N in nitric
ncid was made by applying a potential of 25 volts across the cell. The redioigotopes
remaining on the membranes were removed by electrolyzing ammonium nitrete solution.
This separation technique may prove useful ip the study of the redioisctore composl-
tion of resctor effluent water.

Beta activity of the IR Reactor effluent increased 30% compared to the previzus montk.
The largest increase was for the RE+ Y fraction in the portion of the remcicr wiich
was using Separan treated water. Treatment of the DR Resctor cocling water with
Separan 2610_was terminated for this treatment sesson on August 3i.

CHEMISTRY AND SEPARATIONS PROCESSES

BEydrolysis of DBEP in HH03

Further studies on the rate of hydrolysis of dibutyl phosphate in strouy oitric acid
- {at 109C)} showed that the hydrolysis constant for DBP iucreases essentially linesrly
with HN03 coucentration in the range from two to eight moler.

Chemical Preparation of Uranium (IV) Fluorides

Eleven experiments were performed to test the femsibllity of reduclroyg uranyl ulitrate
with powdered iron in the absence of fluoride. The reductlion of uranyl ioz by iron 1s
complicated by the competitive reactions of the reducing sgent with citrate snd Iydro-
gen ion. Despite efforts to control these side reactions by cocling the system, addirg
nitrate suppressor, meintaining low acldlity and adding sulfate to stabllize +the urenium
{(IV) ion, the ylelds of sodium uranic fluoride were only 50 to 75 percent. In con-
trast, the reduction of 0.3 molar uranyl sulfate gave yilelds of $9.9 percent In three
experiments.

Leaching of Fission Product Activity from Irradiated Uranium by Esoilire Isorropyl
Diphenyl . -

An exploratory experiment is in progress to estimate the reate st which ectivity would
be transferred to the coolant 1n the event of a slug rupture in a reactor cooled with
isopropyl diphenyl. A 7-gram ssmple of uranium, irradiated to 849 MWD/T axd cooled
for approximately 90 days, was exposed to boiling isopropyl dlphernyl, AZter 73 hours
of exposure under reflux conditioms, about 2.8 x 107 geams o/ azd 7.2 n 207 beta c/m,
had been transferred to the liquid phase., This corresponds to a loss of about & x 1OY
Zamma, C/ﬁ and 2.k x 107 beta c/m per square centimeter of metal surface. This is
greater by a factor of five than would have been predicted om the tasis of reported
corrosion rates for uranium in biphenyl (i.e., 3 mg/cm®/mo).

Most of the activity found in the liguid phase was zircconlum-niobiun and ruthenium,
and these appeared at essentially the same rate. A portion of the activity In the
ligquid phase was suspended particulste matter, but the proporticn of this has not yet
been established.

.-
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Purex
Semiworks .Operation of the ssmiworks in 200-E Area has heen ouztalled.

Mini. Runs. Two additional Mini runs were made o test the ability oi Versens 1o
improve zircenium-nicbium decontemination. In the first run a gamma decontamiration
fastor of 1.3 x 10° was observed. In the second, the feed was sxbavuted tefure steady
-state operation was reackhed. The gross gamma decontamiration factor in tlils second
run was 2 x 107 and the product gamms activity was still decreasing when ile run was
terminated. The ruthenium activity in the orgamic mroduct was only abous twice the
gamma asctivity of eged natural uranium. However, the z2ircornicn contont cucesded
uranium product specificatlions by a factor of ebeocut twenty.

Extraction Behavior of Zirconium. Additicumal evidence has been oitalned in suopposs of
the hypothesis that the natural uranium fuel element ccontaine an Lupoity capeble o
decreasing the extraction of 2r iuto either TBP or TTA. A previcusly reportel enperl-
ment was repeated with a new batch of Purex plant dissclver sclutiom. Results of toth
experiments show that when dlluted dissolver solutior is comitacted with 30 perssct TBP
in Shell E-2342, the zirconium distribution ratios are 3 to 10 times lower then when
(1)} the resulting organic extracts are recontacted with cc¢ld agueocus goclutions =¥ Lhe
same gross cowpositions as the originmal solution or (2) sclutions prepured from czy-
stalline uranyl nitrate, nitric acid and purified zirconium tracer wWere emplojel.
Thus, 1t appears that hydrophilic zirconlum speclies were present In the same concen-
tration in the two batches of plant dissolver scolution tested.

In other experiments, samples of metal from different sources bekaved differently.

A hydrophilic zirconium species has been found in several experiments in which uranium
metal supposedly similar to that in current use is dissclved in nitric acld and the
resultant solution spiked with zirconium tracer. However, no such effect was observed
with solutions prepared (1) by dissolution of & uranium-silicon elloy (&) Ly alessciution
of "Derby" metal or (3) from crystalline uranyl nitrate hexahydrate.

Experiments were also performed in which solutions prepared by dissolviug sanplss of
the suspect ursnium metal were subjected to exhaustive extractions with IbP snd tlhe
bulk of the uranium removed prior to spiking with zirconium tracer. Urder lhese con-
ditions the extractability of the zirconium into either TBP or ¥TA was Found 10 te
significantly reduced over that found for synthetic sclutlioms. Thus, it appears that
uranium can be readily separated from the agent responsitle for derressing the distri-
bution coefficlent of zirconium in these systems.

Experiments on successive scrubbing were performed with rull Irotsss concentrations of
uranium and with either fresh 30 percent TBP in Shkell E-23LZ or a sawmple of {lLe Purex
plant solvent inventory. The results show the deletericus effect of solvent degrada-
tion products. With the fresh solvent the zirconium iistribution cuvefficlent increaced
by & factor of sbout 2.6 through the feur scrubs necvsesary to reduse the organic
zirconlum concentration by a factor of ome hundred. By countrast, four scrubs of the
used solvent sufficed to reduce the organic zircenium concentration by a factor of only
about twenty, and the zirconium iistribution ratio a2t this peint was nize-fold greater
than in the firat scrub step.
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Repetition of these experiments with the same solvents but with a much Juwer uranium
concentration gave very similar results. When the ratic of the zirconium distribution
coefficient at a given scrub step to that in the first scrub was plotted against the
fraction of the inltial organic activity remaining in the organic phkase, ldentical
curves were c¢btained for both high snd low uranjum conceuntrations.

Fission Product Chemistry. A series of multiple extrzctlon-scrub studies rave taen
performed or samples of plant dissolver solutiom in an effort to typify the ruthenium
and zirconium species which limit decontamination In the Purex process. The rasulls
to date indicate that the bebavior of ruthenium is much as expected 1. e., the

bulk of the ruthenjum is present as an orgasncphobic specles with a small extracticn
cocafficlent. A small fraction, however, comsists of one or more extrsuiable orgavo-
phillic species. The orgesnophobic and organophillic species equilibrate with eack
other slowly, if at all. As would be expected, the extraction coefficients of toth
increase vwith decrease in percent saturaticn of solvect. The zircoulum results =i~
mit several interpretaiicns. As with ruthenium, there is indicatlion of orgazophoblic
and organophillic speciseg in inert equilibrium. Unlike ruthenium, s change in the
extent of organic saturation did not effect the extraction coefficient, widch had a
lower value than expected (4 x 10~% versus about 2 x 10-3).

I 0-Column. Work continued on the development of an improved cartridge for ihe Pursx
Plant IO column. Twenty-four "cold" IO column flooding runs were made In a 3-Itech-
diameter glass pulses column with & 21-ft.-high cartridge. Purex OW No. 3 Flcwsheet
with the influent streams at ambient temperature and heated tc 50C. was used. Only
organic phase continuous operation was investligated.

SUMMARY QF IO COLUMN STUDIES
Pul=e Ampli‘bude = 0.5 in. L/V - 0.33

Freq., Volume Velocity
Cartridge Cye./Min. Gal./{Br.}(8q.Ft.) Temp., C.

10% free area o8 @ 6 €35 25
SST nozzle plates{l) 120 £ 6 630 50
23% free ares 92 = 2 630 ' 25
fluorothene 102 £ 2 630 50
sieve plates(?) 60 1650 t 150 50
Fluorcothene and SST 102 t 2 610 25
sieve plates 115 £ 5 640 5¢C

€0 - 1300 £ 45 50
Fluorothene 93 £ 3 ‘ 630 25
and SST nozzle 103 * 3 630 : 50
Tlates 60 1840 = 20 50
23% free ares 115t 5 640 25
8ST noczzle 130 £ 5 620 50
plates 110 £ 5 1785 50
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Notes: (1) 1/8-inch holes, 10 percent free area, 4-inch plate spacirg, U.Ok-inch-
deep nozzles pointed downward, (2) 3/16-inch holes, 23 percent free ares, 4-inck
plate spacing. '

Pulsed Spray Column. Studles utilizing a sparsely packed 12-ft.-high, l-Iinck-dis-
meter pulse column were continued. These runs utilized 30 volums psrcent TEP 1o
Shell E-2342 as the organic phase and 2.5 weight percent sodium cartorate as The
agueous phase. Flooding characteristics were determined with (1) empty ccluwm (2)
four fluorothene sieve plates with 3/16-in.-diameter holes and 23 percent free area
located 1, 4, 7, and 10 feet above the organic phase Inlet and {3) fowr stairless
steel louver plates with 23 percent free ares located as above.

If plates are used at a pulse amplitude of 0.5 in. and an L/¥ of 0.33, neltker the
plate material nor the choice of continmuous phase had a strong influence on flocding
fregquency.

(esium Recovery from Purex Waste. Work on the 2zinc ceslum ferrccyaniis process con-
tinued during the month. Major effort was expended on preperatlous for exteriing the
full level demonstrations to feeds of higher specific activity (about £00 MWD/T in-
stead of 200 MWD/T) and for determining the radilation stabllity of the rroduct by uss
of the Van de Graaff generator. Scouting studies were also continued ¢n means TO
overcome the deleteriocus effects of aluminum and mercury which would he Introduced
intce the Purex IWW in event of the adoption of continuous mercury catalyzed dissclu-
tion procedures.

Strontium and Carium Recovery from Purex Waste. The most satisfactory methed for
eliminating uranium interference in the oxmlate precipitetion step appears to be acld
precipitation of uranium as the peroxide. "This method avoids corrosion preblems arnd
recovers the uranium in a form convenient for recycle to precess. Oxalate presciplita-
tion from the peroxide supernate precipitated the rare earths and left the strontium
in solution. Iodate precipitation of cerium (IV) was found to be a promisirg way of
separating cerium from the other rare earths. Further work has been done tc optimize
the iodate sepsratiom.

An alternstive separation of cerium from the cother rare earths by precipitsticn of
ceric phosphate or pyrophosphate was further examined. No comgletely satisfactory set
of conditions were established. Cerium losses were low with phesplate in 2.5 M niiric
acid; however, strontium and the rare sarths also carrlsd.

Redoxz

Substitution of Caleium Nitrate for ANN. The potential ecoromic advartuge of using a
golution of calcium nitrate in place of the aluminum nitrate salting agent In the :
Redox process was reviewed. Such factors as pH, decontaminstion, waste storage, and
process control with calcium nitrate alone and in wmixture with sluminum pitrste will
be investigated before more detailed process and economic evaluation is urnleritaker.

Cesium Recovery from Redox Waste. Work on the removal cf cesium from Redox IAW 1y zine
ferricysnide scavenging has been extended to cover a wider range of acidities. Pessible
interference by mercury has been investigeted, as has the use of higher ccrcertrations
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of precipitant to compensate for the increased solubility of zime Terricysaide at low
aluminum concentrations. Removal of cesiur from Redox BAW ig independent of mcldity
from 1,78 M free acid to ebout 0.4 M-acid deficient, but declired in more Lasic solu-
tions and became essentially negligible at 0.68 M acid deficient. With 0.C01 M zinc
ferricyanide, the cesium decontamiation factors range from 260 to 800 (without ar;
apparent trend) and averaged about 500 from 1.78 M aitric acid to 0.k M acid deflcilent
and dropped to 1.5 at 0.68 M acid deficient.

Cesium decontamination factors of 277, 480, ard 814 were obtained when .22 M acid
deficient synthetic Redox HAW solutions containing 0.005, 0.01, ard 0.0 M mercwry
(II) respectively were scavenged with 0.C01 M zinc ferricyacide. contemiraticn
factors of 500, 77, and 299 were observed for solutioms 0.6 M in free acid but ctler-
wise identical to the acid deficient series. It iz thus-evident that use cf mercury
catalyzed dissclving in the Redox plant will not interfere with cesium recovery by
zinc ferricyanide.

Since a large excess of zinc is required toc obtain hligh cesium recovery with zinc
ferricranide, the resulting precipitate is of low specific activity. A promising
method for extracting the cesium has Jjust been discovered. Freshly precipltated zirc
farricyanide is metathesized with ammonium oxalete to dissolve the zinc ferricyenide
and precipitate the zinc as the inseluble oxslete. Passage of the supernate through
an anlcn exchange columm removes the ferricyanide iem. The elutriate is then bciled
down (to expell ammonia), acidified with hydrochloric acid, and evaporated to drymess
to yield pure cesium chloride. Other reagents which form lnsoluble coampourds with
zinc may prove applicable in the metathesls operaticn.

Metal Recovery Procass

U0z _Studies. Studies were continued to establish relstionships between physical and
chemical properties, process variables and reaction characteristics of uranium cxides.
As a result of an investigation of the surface areas of a large number of urazium
oxide and uranium oxide hydrate samples, the following geperalizations can he made (1)
the surface agea of Hanford "continucus"” UQ, is remsriably uniform, with srn avermge
value of l. /& (2) the surface areas of aémples of U0, produced in "pot" calciners
at different sites do not greatly differ with each othef (3) the surface area of Ulso
produced by reduction with hydrogen is much larger when the reduction Is done at a low
temperature ther at a high temperature {4) conversion of Hanford "continuous" U0, to
the monobydrate resulted in a decrease of surface ares %o sbout 60 percert cf tLit of
the originel UO3 and (5) a study of Hanford "continuous" 005 sphercids showed no correl
ation between calcination temperature and the surface area.

Adsorption of Water by UO.. A study of the rate of adsorption of water by UO3 pouders
was made to see if this pFoperty can be correlated with the reactivity of the powlers
toward reduction and hydrofluorination. Various samples of U0, powders (siseved to
narrow mesh ranges) were exposed to water-saturated air st 25CT Although some differ-
ences in the rate of water adsorption by various powders was observed, these difference:
could not be generally correlated with either the surface area cr the reactivity ratio
of the powders. '
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Removal of Co60 from Stored Uranium Recovery-Plant Wastes. In a previous report a
procedure was described for scavenging stored westes by reduction of the pH to 1.5
and precipitation of inert CoS as the pH ig raised to ebout 9. Nickel ferrocyanlde
is then precipitated at pH 9. Residual CoP0 was & x 10~ pe/ml for several trials

of the procedure of waste from tanks 102 C and 106 TY. Further study of the mrocedure
on wastes sgmples from eight other East Area tanks has produced variable results;
residual Cog18 varied from as low as 3.5 X 10-° pc/ml to as high as 1.6 z 1073 pc/ml.
The reason for these variable results has not yet been determined. Other comclusions
reached from these studies age (1) that reduction of the pH to 1.5 before CoS preci-
pitation does not improve CoC removal and (2) that precipitation of NiS 1s just as
effective for CoPC removal as precipitation of CoS.

33

Waste Disposal. -Recommendations were made for tank storage or ground disposal on a
specific retention bas%s of all TBP wastes sacavenged during the month. These wastes
contalned complexed Co 0 in excess of the recommended crib dispeosal limit of 4 x
10-5 pc/cc. To date 2.5 million gallons of high CobO TBP scaveuged westes have been
disposed of on a specific retentlon hasis.

Plutonium Purification and Fabrication Process.

Nuclear safety checks were masde on storage and handling capacitles in the polishing
and mating room of 234-5 Building. This study bss led to increased allowable capa-
cities.

Ion Exchange Processes

A study was made of the potentials for application of ion exchenge techniques in tke
chemical processing plants. The most attractive potentials Included (1) plutonium
product concentration (2) plutonium recovery from Purex and Redox waste streams by
anion exchange (3) final plutonium decontamination and concentration by anion exchange
to obtain additional decontamination or to eliminate sclvent extraction cycles in
Purex and Redox ard (4) plutonium removal from uranium streams.

Plutonium Anion Exchange Frocess

Work has continued on the recovery of plutonium from the Purex IWW stream. Since

past experiments have disclosed relatively sliow kinetlcs for plutonium sorption by
anion exchangers under the conditions tested, a practical process requires the use of
relatively long columns. However, in long columns the use of 50-100 mesh resin is not
appealing because of the high head pressures needed to maintain process flow rates.

Elution studies are also being continued. About 70 percent of the plutonium was
eluted from a ten centimeter ecolumn of loaded Dowex-1, X-8 (50 t¢ 100 . .-

mesh), at a concentration of five grams per liter using 0.l molar nitric acid at a
flow of 0.25 ml/hin. With mixed 0.4t molar ascorbic scid - 0.5 molar sulfamic acld,

& 40 cm column was completely eluted (with no gas formation) to yleld a product of
60 g/1. Unfortunately with this system, almost immediate precipitatlon vas observed
1f the plutonium (III) reoxidized to plutonium (IV). Even if plutonium (III) was
meintained, delayed precipitation occurred, usually after 12 to 24 hours. The use of
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sulfite as an eluting agent was unsatisfactory due to apparent precipitaticn of
plutonium (III) sulfate in the resin.

Isotope Separation - Chemical Exchange

Date from the ursnium (IV) chlorides - uranium (IV) TTA complex exchange experiment
at pH 1.3 are now complete. The four stage experiment resulted Iip a separation
factor of 1.0003 per stage with the uranium-235 concentrating In the aqusous phase
as expected. Results show that the separation factor of 1.0014 previously found for
the system uranyl chloride-uranium (IV) chloride-uranium (IV) TTA complex at pE 1.35
is predominantly due to the uranyl-uranium {(IV) exchange. If the combined separation
factor 1s 1.001L and that for the uranium (IV) system is 1.0003, the uranium (IV)
chloride-uranyl chloride separation factor is calculsted to be 1.0011, which agrses
well with the value guoted in Y-184.

The uranium-238-uranium-235 pertition function ratic for uranyl lon Las been calcu-
lated to be 1.0011 relative to a completely free uranium (IV) ion. Using this
refersnce value, a table of partitiorn functions for the uranium-235-urenim-238
exchange may be set up as follows:

U (free) 1.0000
Uranyl 1.0011
u(Iv)cl 1.0022 (pE 1.3)
U (TTA)y 1.0025
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Analytical Development

The feasibllity of assaying plutonium metal to a precision (&) of & 0.2 percent by
the conlomstric titration method was established. An interim report, EW-45668 is
bteing issued,

In-Line Anelysis

Studles of anion exchange methods for separating plutonium from americlum, curium,
and fission products bave been initiated with the objective of cbtalning & pretreat-
ment method for an alpha count in-line monmitor on HAW streams.

A neutron count method for gross plutonium monitoring 1s being designed. To assist
this project, & sultable presmplifier was designed and the electromics clreculizy was
get up and tested.

The main instrumental development phases of square-wave polarography have heen com-
Pleted, and an interim report has been 1ssued as HW-43513.

The Purex process solvent develops a color with usage because of chemical and radiz-
ticn induced degradation. A study of the magnitude and rate of build-up of the
organic color under Purex operating conditions has Just been completed by mesns of

& spectrorhotometric examination of plant ssmples over a period of several weeks.

As a result ¢f the study, the sensing unit cell dimensicms and the best plant loce-
tion for the color monitor have been established. The color monitor will be located
on the 1CW stream.

Chemical Instrumentation

The calibration was completed on the Stack Effluent Monitor for the Redox Plant.
Effluent samples are collected by a continuous strip filter sampler connected in
saries with a scrubber sampler. The dafa from these samplers are applied to a
Eystem that automatically computes and records the quantity of each of three isotopes
in the effluents as a function of time. The system was put into operation for
testing operating conditions and for f£inal calibration adjustment.

An experimental High level Alpha Air Monitor wes developed and placed ia operation
for field tests in the Redox facility. The instrument is expected it¢ alarm by the
time that an exposed person can inhale approximetely 0.2 of the maximun permissible
amount of Pu-239.

The technical specifications for gamma scintillation moniters (HW-39821 - REV 1) were
revized to incorporate the latest development improvements (1} a high gain, high
impedance amplifier to measure the multiplier phototube output current (2) a molded
fluorcthene sample cell (3) substitution of T 180 F pentodes for the 404-A'E in the
differential analyzer of pulse measuring systems (4) exclusive use of RG11/U signal
cable and (5) inclusion of a remote indicating flowmeter.

A pulse generator circuit to calibrate count rate instruments a2t low a=d high count-
ing rates was conceived and initially tested. Such an instrument with a reliable
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simple circuit should prove valuable in checking court rate meters used in fixed
installations. When the count rate meter is used as part of a system to record
emlssion from radioactive isotopes quantitatively, it is essential that its response
be stable and reproducible. The circuit developed should provide a control on this
stability.

Contact Alpha Counter. A prototype medel of s counter desigred tc measurs the alpha
activity of a solution in situ (contact alpha counter) 1s being developed srd tested.
The sample cell and phoephor uses a zinc sulfide phosphor bonded to fluorcihene or
glass and covered with s one-quarter mil Teflon film. This £1lm seperates the phos-
phor from the liguid sample. Results with & solution containing 9.03 wm of plutonium
Per llter are tabulated helow.

Observed Counting Rates - Teflon Protected Phosphor

Total Background Net

Counts Counts Counts
c/m c/m ¢/m Remarks
20,000 6,000 14,000  Initisl counts.
27,000 13,000 14,000 Sclution in cell overnight.
3k, 000 20, 000 14,000 Solution in cell four days.
33,000 19,000 14,000 Cycle solution through cell every two

minutes for two days.
k0,000 30,000 10,000 Cycle after third day.
34,000 20,000 14,000 After a single flush with 6.5 M ENO3.

Development work is continuing to determine the effect of increasing concentration,
difference in phosphors, and the stability and usefulness of various protective
coatings and f£ilms.

Prototype Uranium Polarcgraph. An improved and more trouble-free means of remcving
dissolved oxygen from waste streams, prior to polarographic analysis, has hteen tested
end found satisfactory. Helium for sparging is introduced into the air bleed linme

of the sampling system rather thapn through a sinter in the electrolysis cell., This
results in a siwplification of the system, and eliminstes the pessibiliiy of process
solution getting into the sparge line.

Plutonium Resin Column Controls. Laboratory tests show that s corductivity probe
isolated from the resim in = resin dilute acid mixture 1s mors sensitive th=n one nct
shielded. A probe shielded with fine wire mesh screen was Installsd in the 321 proto-
type resin colum. This probe has performed well under simulated plapt flow comdi-
tions.

Equipment and Materials

Gold Gaskets. Severs galwenic corrosion of the gasketed face occurred wheuw a simu-
lated flange of 304-1 stainless steel with a gold gasket was expcsed to toiling €5
welght percent nitric acid for 92 hours. Gold gaskets are nct suitalle in process
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plping handling hot nitric acids or other oxidants.

Johnston P-16-7 Pump. Throttle bushing lemkage from this pump was cut from 5 gpm to
350 ml./min. by using a Pelypence E-51 throttle bvusbdng with a coniecal shaft deflector
below it.

Operation with a set ef Polypenco K-51 bearings and & 17-4% FH stainles steel shaft,
using reduced diametral clearances, resulted in faillure after 1/2 hour.

Titanjum - Tube Heat Exchenger. The prototypical titanium-tube heat exchenger
fabricated for use ga & product concentrator In the Purex Plant, developsd transverse
cracks in the welds Joining the titanium tubes to the titanium tube sheet facing.

Gas analyses have not yet been made of the weld metal, but is thought that the
cracking was due to gas embrittlement incurred during the welding operation. Al-
though adequate inert gas shielding was provided on the fromt side during the fusion
welding, air trapped hetween the tube sheet and the tube sheet faclng may kave been
abscrbed into the titanium, thereby reducing the ductility of the welded metal.

Chemical Compatibility. Polypenco E-51. The Polypenco K-51 test has continued. In
& solution containing approximately 390 g/l. UNE and 330 g/l1. HNO3 for 25.6 hours

at the boiling point, the K-51 decremsed 14 percent in weight. After 24 hours in

100 percent UNH, the K-51 showed no change in hardness or physical dimensions but did
decrease three percent in weight. After a thorough weshing approximately 5000 counts
per minute remained on the surface of the E-5l.

Silicone. Silicone rubber with dacron reinforcement was tested by static immersion
at room temperature in 60 velume percent TBP-Scltrol, and 15 volume percent TBP-
carbon tetrachloride. The sllicone rubber disscolved completely in the twe solutions.

Sagil Studies

The effect was investiﬁated of & 1 ppm concentration of Separan 2610 in sojution on
the adsorption of Csl37, 8r99, and Pu239 by soil. All of the Csl3T and Pu”3%, within
the limits of the experimental mesgurements, was adscrbed. The adsorption of sr? ;
however, resulted in a distribution coefficlent of approximetely 50. An Ilncrease o
decrease of pH from that normal for the Separan soluticn {8.6) resulted in e lesser
adscrption. The experiments indicated thet although Separan hes an apparent beneli-
cial effect on the infiltration rate of water, the use of this meterisl probably is
not advisable if the water contalns appreciable amounts of 8r99.

Additional work on the effect of various decontaminating agents oz the adscrption &f
05137: sr90 and Pu?39 by soil indicated thet none of the 1l agents tested favorsd

the edsorption of all three radioiaotofes by soil. Eguilibrium experiments indicated
a favorable adserption of Pu23% and csl37 at certain pH velues, but sr70 was not
adsorbed from these same solutions at any pH. The data indicated that no general con-
clusion can yet be made for disposal to the ground of solutioms containing decontami-
nating agents. BEach case must te considered en its own merits.

A preliminary lnvestigetion was begun ¢n the possibility of disposal to the ground cf
radiocactive wastes containing aluminum on the basis of complete lnmobilization of the
liquid within an excavetion. The initial results indicated that if the scll at the
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Perimeter of an excavaticn was treated with sclid scdium bicarbomate, the adiiliocn of
a8 solution of 1 M aluminum nitrate produced a "seal" at the soil-liquid Irnterface.
Upon standing, the solution then slowly formed a gel, presumably a highly hydrated
agluminum hydroxide. Additional work will attempt to determine the effect of other
salis on the formetiom of this gel as well as the stabllity of the gel itself,

Greater reliabllity in the prediction of the bebavior of liquid radicsctive wastes
in the ground and perticularly in the ground water can ncw be made a5 a result of
the determination of the deformation of the Ringold formation sediments benesth the
ground surface and parsllel to the underlying basalt in the seven plant sites sc far
closely examined. Correlation of the results of geclogical and kydrelogdical studies
with field tests, laboratory studies, and monitoriug data Indlcutes that the present
well network is minimsl) and that 1ts 2 to 3-mile spacing is probably the mezimum
allowable for the solution of the geocloglcal problems pesed by the Harford site.
Other means, including regional geologicsl mapplng, geophysical exploxations, swd
intensive local field and laboratory studies wlll be necessary to supplemert itne
standard geclogical criterim which to date have proven inadequately definitive wii
the present network. '

The geological event, in which sediments of the lower "blue clsy" Ringold formetico
were upwarped with the underlying basalt east of the 200 East Area and locally abhove
the ground water table, explains the southeastward direction and high rste of flcw
of thke ground waters observed beneath 200 East Area. Several anomslies in the ground
vater contour maps of the project, including the former elongate form of the B-Plent
ground weater mound and its north-south orientation are similsrly explained by the
stretigraphy and the lateral change in permeabllity. The need for relocation of the
Purex swamps to provide better control on the movement of contaminsied gro.nd waters
at the Purex site 1s accordlingly better substantiated while the preferred locaticn
of future cribs at the Purex plant and other sites iIs subject to more precise defi-
nition.

BIOLOGY

Biological Monitoring

As ore means for evaluating pctentlal hazards of rmdicactive wastes dispaissd to the
atmosphere, ground, and the Columbia River, terrestrial animals and agqustic arlmals
and plants are regulasrly assayed for concentrations of radicactive substarces In
them.

Results are reported for specimens routinely collected from selected siles grd shuw
the average and maximum contamination levels noted for the montlk. Tirsrd Isctoyrs are
an adaptation of the Regional Monitoring method of reporting. Those Isctors which
show the n-fold increases (+) or decreases (-) from the previcus monthk (where velues
of n less than 2 will not be noted) are routinely listed.

Atmospheric Contemination. The principal radicsctive contamimeut of sltack from
separation processes is usually Ii31. mhis deposits on vegstation which 1s estag
by indigenous animmls and 1is deposited in thelr thyroids. Concentrations of 112 1n
rabbits' thyroids are listed below.
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Be Il3l/é thyroid Trepd o

- Location Average Maximum Factor
1 mile SE of Redox 1x 1073 2 x 1073 -7
Prosser Barricade 1 x 10°3 2 x 1073 -8
Meteorology Tower 7Tx 10-4 8 x 1074 -9
4 miles SW of Redox 7 x 1074 2 x 10-3 -6
East of 200-E Area 2 x 10-3 3 x 10-3 -2
West of 200-W Ares 8 x 10-% 2 x 10-3 -9
100-B Area 5 x 10-% 2 x 10™3 L
RhS, M14 1 x 10~3 2 x 1073 -10%
3 miles S of White Bluffs 8 x 10-% 1x 1073 - *
Wahluke Slope, B 1 x 1073 2 x 10°3 -E *
Wahluke Slope, NE 5 x 10-% 5 x 10-% L o*

* The last four trend factors compare values with July Instead of August sirce
corresponding cellections are taken bimonthly.

Although trends are downward as compered to the previous menth or two, the thyroid
contamination levels are 2 to 3 times those observed one year ago.

Swamp Contamination. Of the several contaminated swamps on the roject, only the
221-U swamp supports a peopulation of waterfowl large enocugh to permit routine sagpl-
ing. Concentrations of waste fission products in bone and soft tigsues are listed
below.

nc FP's/g tissue Trend
Specimen Average Maximum Factor
Coots -
bone 2 x 10-4 L x 10-% -5
soft tissue 2 x 107k 6 x 10-4 -4
Diving Ducks
bone 2 x 103 6 x 10-3 -20
soft tissue 2x lO'h - 6 x 10°k -~k
Puddle Ducks '
bone 5 x 10~% 7 x 10-% =50
soft tissue 4 x 105 6 x 10-4 -5

The decrease In contamingtion of diving and puddle ducks is & direct rsfiection of
& higher propertion of migrant birds among those sampled. The decrease in contaml-
_nation of coots resulted from reduced disposal of wastes into the swamp.

Columbia River Comtamination. Contamination levels in representative aguatic forms
for September are shown in the following table. Listed are the location frem which
purely aquatic specimens were taken and the principal food of the ampilbious speci-
mens collected. All amphibious specimens were taken near Hanford. For esch of thess
two specimen types, the location and principal food, respectively, appes> 4o he mest
regdlly correlatable, at least qualitatively with the contaminastion levels.

N
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ue Radisisctopes/g Tigsue Trend
Specimen Location Average Maximum Factor
Plankton Hanford 3 x 10-% 3 x 10-2 +h
Ceddis larvae Eanford 2 x 10°2 3 x 10-2 +2
Minnows Hanford 1 x 10-2 2 x 10°< +2
100-E 2 x 1072 5 x 10-2 -2
Whitefish * Hanford b ox 1074 7 x 107% b
Priest Rapids 1 x 10-2 L x 1075 e
McHRary 8 z 1072 - -
: uc Radloisotopes/g Tissue Trand
Specimen Principal Food Average Ma.ximum Factor
Shorebirds * Srails,insects 1 x 10-2 2 x 1072 +3
Puddle ducks * Insects, 1 x 1073 6 x 1073 -
vegetation
Terns * Small fish 4 x 10-3 L x 1073 #i
Gulls * large fish 1 x 1073 5 x 1073 -
Mergansers * large fish 1 x 10-3 3 x 10-3 -

¥ Values are for edible flesh.

g
oW 46%@@

Levels of radioactive substances in bore ~f water-

fowl were 1 to 3 times thoge of flesh, and in whitefish about ten times that of

the flesh.

The contaminetion level of fish 1s roughly twice that of a year ago.
fowl, however, is but one-hslf to cne-fourth of those observed one year ago.

That of water-

The

difference in trend factors is probably due to differences of sampling dates. The
level of contamination 1s increasing very rapidly at this time of the year and
samples taken Jjate in the month will be appreciably more radicactive ther those
taken early in the monmth.

The positive trend factors are typlcel of this season, as river flow diminished and

the average water Lemperature was at a maximum.

The comparatively high contemipation

ievel noted late in summer immediately below 100-H Area diminished as the flow of
river water decreased and effluent from this area no longer entered the river by the
emergency overflow flume.

Tc determine whether redicactive substances can be detected e far downstream as <he

mouth of the Columbia River, about 1200 specimens were collected ir that ¥
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from the ocean beaches immedistely north of the river's mouth, and from the southern
Cregon Coast. A few specimens were also obtained off Cape Cod on the Atlantic Coest

for comparison.

Results are nct yet avallable.

Fish are routirely exposed to different concentrations of resctnr effluent in troughs
in order to observe directly possible toxzic effects which could occur in the Columbia
River. In the past, Jjuvenile selmon and trout were used for th.s type of moritoring
activity. This year juvenlle whiteflsh were used and there i1s some indicetioa thet
they may be more sensitive to reactor effluent than salmon or trout. The nortalitly
of young whitefish exposed tc 2 percent effluent for about three months is now twice
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that of the controls. The controls were exposed to water pumped from the river at

" 100-F that contained about 1.2 percent effluent from reactors upstream. In the pest,
no effects on sadlmon were evident until ihe concentration of effluent reached 3 or

4 percent. Whether the increased semsitivity among whitefish is due to the effect
of chromate, tempersture, or radicactivity 1s not known.

Metabolism and Toxicology of Radlcactive Materimls

It appears that "Separan”, a material nov being used in treating resctor water, will
have no toxic effects on fish. YToung trout have not been affected by expesure to

0.07 prm for over two months. This concentration is twice that specified for addition
to the process waier as an sld to filtration, and is many times the concentration
which will occur in the River,

Reactor Effluent. There is s possibility that there may be present in reactor
affluent radicactive substances which are not readily detectables by ordimayry metheds,
but still may present a bilological hazard if bumens or animals are exposed to them
in drinking water. To investigate this and to check the accuracy of the calculated
hazard of drinking reactor effluent, rats were allowed to exist for about one year
with resctor effluent concentrated 40-fold being their scle source of drinking water.

During the month it was noted that 85 percent of the beta activity in the muscle of
these rats was due to P32 gnd the remsining 15 percenmt to E¥0, There is a suggestion
of the presence of a long-lived radioelement that has deposited in the animals. This
will be checked in somea of the animals after most of the P32 pas decayed. No Informa-
tion was obtained to clarify the earlier result thet indicated that the deposition of
P32 ip rats is significantly less than predicted by theory.

Plutonium. The absorption and deposition on bone of plutonium fed to adult rats and
pigs have been carefully measured. For establishing a permissible limit for plutonium
in drinking water appropriate for large non-cccupational populaticns, it is necessary
to know the absorption and deposition coefficient for the very young. Rats one-week-
old and less were noted to absort and deposit 10 to 100 times more plutonium than do
adult rats. Distribution of plutonium In rats one-week-cld was the same as iIn adult
rats. :

BRuthernium. Rats which were two weeks' or less old absorbed rsdicective ruthenium
froem 5 to 10 times more than adult rets. Of the ruthenlum sbsorbed, a higher pro-
portleon is deposited in the bone.

The long-term chronic ruthenium feeding experiment was completed with analyses cf
animals sacrificed at 500 days. Previcus conclusions were confirmed; depending om
methods of extrapolation of results from rat to man, kidney, bone or testes might
equally quelify as critical organs. The previcusly suggested MPC of 4 x 10*3.pc/ml
of drinking water seems to be the most ressonsble velue.

The extent to which this and the MPC for plutonium may be changed because of the
increased hazard to very young animals is yest to be determined.
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Icdine. To determine the quantity of radlolodine that may be_ permitted on local
vegetaticn, groups of sheep have received daily feedings of 1131 for about five years.
For sheep, a limit for vegetation contamination has been falrly well established. Plg
are now being used t¢ extend results observed iIn the long-term sheep experiment.
These pigs are supplied by Washington State College, and in return, the research on
defining the toxicity of Ii3l to pigs 1s being extended. This includes a corollary
experiment on the effect of high and low plane diet (sufficilent and insufficient
calories) on the uptake of I13l by pig thyroids. The high-plane pigs show a tendency
to concentrate more IX31 than do the low plane. The dilfference may be due to larger
thyroids or %o less avallable stable iodlne in the high-plane pigs.

Prior thyroid damage in preguant ewes appeared to increase the i3l uptake Ly the
fetal thyroid. Among ewes fed 0.15 pc/day, the I131l concentration in the fetal
thyroid was about equal to or exceeded that of the dam in advanced pregnancy. Howeve:
when dems were fed 5 uc/day (since weaning), the I13l concentration in the fetal
thyroids was 3 to 4t times that of the thyreid of the dam.

Radicactive Particles. OFf all potentially bazardous radicactlve materials, probably
the least is known about the blological effects then may be caused by inkaled radic-
active particles. One hundred and eighty days after mice were intratracheally in-
Jected with hydrosels of Pulo at 0.003.pc/lung and RuOs at O.5inc/iung, no more lurg
tumors developed than among mice injected with inert materials. It was also found
that Pulp at 0.01,nc/house lung plus a chemlcal carcinogen did not ircrease the
incidence ¢of tumors beyond that csused by the carclnogen alone.

New tecimiques were developed for the preparstion of Ruls particles to be used for
geroscl exposures in the future. This included the preparation of alcoholic ruthe-
nium oxide colloids to make dust for single exposures and the combustion of ruthenium
scetate in a hot tube to mmke dilute radioruthenium oxide serosols for repeated
exposures . '

Gastrointestinal Radiation Injury. For some poorly absorbed radioective substances,
calculations of MPC's are based on the quantity of the given radiocactive substance
present in the intestine which will cause the intestinal walls to be irradiated at
the rate of C.3 rem per week. Many assumptions, experimentally unsupperted, are
inherent in this type of calculastion. Among the more important cf these assumptions
is that weskly penmetrating radiatioms, such as alpha particles from plutonium,
actually reach important portioms of the intestinal wall. Another ls thet the intest-
inal wall is as radiosensitive as other intermal organs, cme of which might ctherwise
be considered the criticsl organ. In order to test the validity of somg of the
assumptions involved, rats were exposed to poorly absorbed Y?l. The LDH3 for orally
ingested Y’L was found to be 17 mc/kg. Of the amount fed aprroximstely 0.03 percent
was absorbed from the tract. The mortality data, when compared with X-irradiation
results, are conslstent with the assumption that the Y91 bveta particles are as
effective as I rays in causing intestinal damage.

Genetic Effects of Metabolized Redicisotopes. When radicactive substances are
deposited in living tissues, toxicity may be exerted by the effects ¢f the lonizing

=36~



HW-4606
o=

radiations emitted by the decaying substance. I the metabolized rzdivactive
substance is a part of an essentlal molecule, the energy of atomic recoll may he
sufficient to disrupt the structure of the molecule. If the decay results in
transmutation of an element to a markedly different alement, the new element may
be foreign tc the molecule and change its blologlcal activity.

If the metabolized isotope iz present in germinal tissues, the toxdiec cifects may
be manifested through genetic changes. To determine the extent of pussible changes,
yaast is being used to test the genetlc effects of 835, For a constant amourt of
5 (and hence comstant energy deslivered to the growing culture), a decreass in
available non-radioactive sulfur should result in an increase in mutatlon rate
of the yeast, if the transmutation and recoll effects are important. Iuo perfcium-
ing these experiments, interesting corollary results were observed. It appears
that yeast grown on medils contalning very small concentratioms of sulfur ere more
radio-resistant than yesst growm on high concentrations. It also appesrs that
the yeast cells mutate at a higher rate when grown on high sulfur medls. The
fundamental significance of these firdings is cbscure.

_37-
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OPERATIONS RESEARCH AND SYNTEESIS

Economic Lialson

Self-education on "combined operations” was continued with specia] emplasis on the
economics and principles of operation of the gasecus diffusion plants and their

Telitionship Lo Hanford reactor operation. Several inteusive discussions were held
on the mathematlical besle Tor cascade operation and different methods were examined
for expressing burmcut costs in terms of cascade parameters. It was noted that the
renaelty for burning slightly enriched uramnium instead of normal uraniuw is relatlvely
small,

Investigation of Problem Areas

Prelimlnary investigations were started in severasl new problem sreas. Thase included
(1) the possibility of developing = model of the factors influencing the cost of
radiation work which would permit the systematic study of the effect of different
control methods, reduced limits, or increased dose rates on future cperaticons at HAPO
(2) the creaticn of a symbolic model of the communication of cbJectives, rationale,
and assignments, together with feedback information and its influence on other facets
of communication (3} a study of the factors, such as the chemical, physical and
radiological limitations on the Columbis River, which limit total resctor caracity at
BAPO and (b) the possibility of keeping records by exception from normal occurrence.

Reactor Model

A report wae begun on the methematical derivation of those "variable discharge curves"
which have the property of minimizing the expected occurrence of fuel element fail-
ures. Asslstance 1s being given in determining a funmcticmal form which will explain
and predict the frequency of fuel elemént failures under varying power and exposure
conditions. This work is a prerequisite to the analytical determination of tthe
aprropriate balance between gonl exposure and power in the different reactors.

-38-
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RADIATION PROTECTION

The averasge dally emission of I-131 from chemical processing plants was 0.5 curie with
a maximm of 1 curie per dey from the Purex Plant. This is well within the HAPO stand-
ards. The average daily emission of beta-emitting particulates from the Purex Flant
increased 1li-fold to 0.15 curie with 2 maximm daily emission of 0.7 curle. The cause
for the sudden increase in perticulats emission was not determined.

A slug which caught fire on the rear face of { Reactor resulted in a stack emiassion of
L.} curles of radiosctive particulates. These particles were deposited primarily di-
rectly scuth of 100-B Area,

One significant case of plutonium depositlon occurred. Hospitalization of the employee
was required to complete decontamination. Zirconium citrate and calcium EDTA were
administered as a precauticnary measure, Initisl estimstes placed the body deposi-
tion of plutonium below 50 percent of the maximum permissible limits.

The method of totalling cases of plutonium <Jeposition was modified to provide a more
current total of known cases of deposition. There are 195 employees who are known to
have plutonium deposition. No new cases of fission product deposition were detected
with the routine bicessay progrem. No cases of whole body exposure sxceeding 0.3 r
per week occurred, as measured by the film badge program.

The use of impaction-type continucus =lpha air monitors looked very favorsble in per-
nitting rapid evaluation of plutonium air contemination. Improved sampling rates per-
mit evaluetion of air contemination within five minutes as compared to the 24 = hour
walting period now required to distinguish between plutonium and naturally - cccwrring
elphes emitters.

CONDENSED EXPCSURE RECORDS

Number Potantial Confirmed
Irpe . of Beadings Eigh Results Eigh Results
Pocket Chembers-gamma 320,858 51 0
Pocket Chembers-slow neutron 1,998 h] 0
Film Badge-bete gamme 63,231 26 0
Film Badges-neutron Th6 0 0
Du Biocassay 1216 31 30
F. P. Biocassey : 1281 1 0
U Bioassay 557 17 17
Alpha Hand Counts 47,654 0 o)
Bete Hand Counts 38,5k2 0 0
Thyroid Counts 0 0 0

1238282 -39- TR Aaa 3:;



HW=-L46066 L

REGIONAL MONITORING

The general findings are summarized in the following:

Average
Activity Activity Denalty Trend#*
Sample Type end Location Type f;uc/}_lal. Factor
Drinking Water and
Related Materials
Benton City Water Co. Well alpha 9.0 x 1079 -
Richlend, N. Richland, _

Benton City Wells alpha (<0.5 to 1.2) x 10-8 --
100 Areas beta (0.1 to 3.6) x 20°5 --
200 Areas beta (0.1 to 1.4) x 10-6 +2
Pasco, Kemnewick, McNary Dam  beta (0.05 to 1.7) x 1076 +2
Backwash Solids -

Pasco Filter Plant beta 2.1 x 10-2 -
Backwash Liquids -

_Pasco Filter Plant beta 1.8 x 1076 -
Anthrecite, Sand Filter -

Fasco Filter Plant beta 1.0 x 1074 --
Other Waters and
Related Materiais
300 Arez Wells #1, #3, and #4 U (2.0 to 2.4) x 107 --
200 East Wells beta <5 x 10°° to 3.4 x 10~1 -2
200 West Wells beta <5 z 108 to 2.0 x 10-2 -
Wells Nesr 200 Areas beta (¢5.0 to 7.0) x 10° -
107 end 108 Wells beta (€0.0005 to 4.7) x 10°% -—
Outlying Wells beta 5.0 to T.0) x 10-8 -3
Columbie River - Hanford

TFerry beta 1.8 x 1072 -
Columbia River - Below

Reactors beta 1.5z 102 +2
Columbis River -~ Patterson

to McNary beta 3.5 x 1071 : -
Columbia River = Shore Mud beta (1.5 to 7.%) x 1072 -4
Raw Water - Operating Arses beta (<0.005 to 1.2) z 10™2 +2
Reactor Effluent Retention betea 6,700 to 25,500 c/aec/rea.ctor -

Basins to River (2.6 to 8.75 x 10~3 -
Reactor Effluent Retention alpha <0.04 /sec /reactor -

Basins to River <5 =z 16~5 -

¥ The trend factor shows the n-fold increase (+) or decresse (-) from last month,
where values of n less than 2 will not be noted.

1238283 -t0- v oy



Semple Type and Tocation
Other Waters znd

Related Materials (econtd)

I-131 in Farm Wastes to
River

I-131 ir Columbia River -
Hanford

300 Area Pond Inlet

Atmospheric Pollution

Gross Alpha Emitters
Gross Dose Rate -
Seperations Areas
Gross Dose Rate -
Residential Areas
Active Particles -
Separations Areas
I-131 Separations Areas
I-131 Separations Stacks
Rutheniuwm - Separations
Stacks
Active Particles - Wash,,
ldaho, Ore., Mont.

Agtive Particles = Project

Vege'b ation

Eovirons of Separations
Areas

Activity
_Iype

I-131

I-131
alpha

alpha

beta-gamma

bet a-ganma

beta

I-131
I-131
Ru=103=106

lodine

Average
Activity Density
fus /ml

21 fue/day

3.2'x 1077

1.1 x 10°7
2,8 x 1079

K4 to 6) x 10715

1.4 to 6.7 mrad/day
0.7 to 11.1 mred/day
(0.9 to 1.3) x 10712

(2.9 to 8.2) x 1013
0.47 curie/day

<0.02 curis/day

0.0k to 0.21 ptle/m3
0.03 to 0.25 ptle/m3

(€0.3 t0,1.3) x 1070 suc/gm

BW-46066

Trend¥
Factor

+2
+2

+28

+2
+2

+2
+6
+5

-
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LABCORATORY AUXILIARIES

Principal engineering ectivity was deveoted to accumulating project and equipment status
and cost information to be used iIn planning of this work to mateh FY-1957 budget allo-
cations. .

Preliminsry plens have been made for conducting sn engineering study of 300 Area. Ne-
gotiations are being made with Fuels Preparstion Department to obtain their cooperatton
and assistance in planning for future development regarding traffic flow, area expan=-’
sion and building utilization.

A program is being plenned for the annual testing of power boilera. X-ray and ultra-
sonlc thickness measwrements will be made to detect pipe that needs to be replaced.

X~roy examination of zirconimm process tubes wes completed., It 1s anticipated that a
large scale axeminstion program employing 2 number of tests will develop in zbout six
months,

Radiographic testing of welds in construction materials for Project CG-558 contimued on
2 routine basis., The piping for DR Reactor was nearly completed. Scme difficulty wes
experisnced with cracks in the weld joints.

Preliminery testing of high tension electrical connectors is being carrled cut in anti-
cipation of field work on the HAPO electrical distribution system.

Steps were taken during the month to sbolish the BAPO Non~Technical Document Review
Beoard and reassign its duties to the Supervisor, Classificatlion - Declesasification.
This proposed change is awaiting concurrence from the AEC,

The HOO Classification Committee has released the Hanford Clessification Guide for
transmittal to Washingfon for final approval, The Guide was sent to Washington Septem-
ber 26,

—

Transfer of Kedlee Eospital Library books and periodicals to the new Kadlec Methodlst
Hogplital was completed. Some of the bocks and subscriptions are being retained by
HAPO in the Industrial Medical Iibreary. The Plant Library will continue to maintain
records on these,

The secratsries manuasl for the preparation and handling of classified documents, "Com~
fidentially Yours" haz been revised.

-ho.

12362835
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EMPLOYEE RELATTONS

At the end of September, the staff of the Banford Laborastories Operation totaled 114l
employees, including 463 exempt and 678 non-exempt personnel. There were 417 em-
ployees with college degrees, including 394 technical degrees as follows:

BS MS PuD

—— ——

209 101 8l

Plans for presenting FBM-1 to HLO personnel heve been formulated and will be implemen-
ted upon approval of the HAPO-wide plans by the ABC. Studies pertaining to personmel

development were initiated during the month. These include (1) manpower inventories,

(2) proposed non-exempt personnel development program and {3) training activities.

At the close of the month 23 technical graduates and 9 technician trainees were assignec
to Hanford Laboratories Operation from treining programs conducted by Relations and
Utilities.

Final preparatiocns were compléted for the Hanford Laboratories Operation's pertion of
a dry-run of a proposed HAPO tour by press, radic and TV personnel.

All personnel of the Hanford Laboratories Operation were placed in the new salary struc-
ture of the Operation during the month. The semi-annusl salary administration report
for the period ending September 30, 1956 was compiled for BLO and forwarded to Person-
nel Accounting for transmittal to Employee Compensatlon Services.

The employment activities of HLO have been integrated into a HAPO-wide program to in-
sure that non-exempt employees throughout the plant are accorded transfer and other
privileges on a consistent hasis,

At present, secretarial and stenographic vacancies represent the only critical open-
ings, There are 54 such openings at HAPO of which 10 are for HLO.

EMPLOYMENT - NON-EXEMPT

Requisitions open at end of Monthececscecssssacssscanssoscveessdt
Reguisitions f1lled.scescrcosnsssccsnssancsanannnannsssaesd
Requisitions cancelledieceesavsoosncnsscascocosanancnsovass 2
Requisitions receivediescsssssesrsssrceessvossnncsssssancaesl’
Applications consideref.cccevsecscascecacanassscossecassaallt

Active transfer cases at end of MONtHecescecvrcccsnsscssccnneeeld
New req_ﬂes‘bs.............-..--..............-............. 8
'Bansfer effected‘.'.CI.......................-........... 0

TRANSFER CASES - EXEMPT
(Includes only cases handled by Employee Relzfions representatives)

Total cases handled since 9-1-56_...-c--o...-naonsoooacn-cc.--oc3l*
Initiated by employee..-..‘...........................-...-25
Initiated by mgement**---.oc-o-n-o-oc-o-.oo.o--oo-ooo.- 6

-ll'é— @
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Active cases at end of MONtheveesncrescssesaasssnanvnnsseesll
New cases during MODthesseceasnasetcsnanssscencannaasns
Initiated by employeCeceransccacvasssassassnvess

Tnitiated by menagement ™, aecsesnscenscsssnnans

Cages closed Auring MONth.cssscssacasnsnscososssscacas
Transfers effected within HlOecesescaansssssscnss

Transfers effected to other GEuiseecasvnatnasanes
TerminationSeccsesesssascasanssanasrsstanssssstsnns

HHEPWWww o

. *Includes cases initiated prior to 9-1-56
**¥Tncludes ROF's, transfer proposed by employee's management and
requests from other GE departments.

A suggestion board comsisting of cocordinators representing each of the level 3 compo-
nents except OperatiomsResearch hes been established. Fifteen suggestions were submit-
ted during the month by HLO employees representing 2.2 suggestions per 100 eligible
employees. 8ix suggestions are pending board action and one is pending AEC appro-

val.

HLO participation in the Employee Benefit Plans as of the end of September is as fol-
lows:

Humbef Present
Participating Participation

Pension Plan 988 %%
Insurance Plan
Personal Coverage . 1,123 98%
Dependant Coverage 689 -
U. S. Savings Bonds
Stock Bonus Plan 648 57%
Savings Plan 93
Good Neighbor Fund 67T 594

HLO currently has 209 employees subject to military service of which 87 are reservists
and National Guards members. Of the 122 subject to selective service, 15 are classi-
fied I-A and deferments have been granted or are being processed for 43,

Recrudting efforts were at a minimm during the month with a major portion of the acti-
vity being directed toward planning for the coming recruiting season.

TECENICAL RECRUITING ACTIVITIES

FhD
Visits to Richland : Offers On
JInvitations | Viaitad| To Wi=il| |[Extended] Acsepted; Open | the
Extended ’ Roll
Elect - Ellgr - l ’ . l
Metall urgy 1*
Physics 1
*No HLO interest.

-lI-T- R - reo= ol
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Visits to Richland Offers On
Invitations |Visited To Visit| [Extended |Accepted Open| the
Extended Roll
Chemistry 1
Math. 1 1
Met. Engr. 1
Physics 2 1
Cther 1 1

During the month of September, grievances were received and processed as folliows:

Step I
Angwered - Angwered unsatis-
Number Satisfact- factorily - Pend-~ Discussed
Discusged orily Withdrawn Ing Step IT at Step II
Unit 8 2 1 1 I}
Non-Unit O 0 o 0 0
Step II
Number Discusged Step IT Answers Given FPernding Step IT Answers
k 1 3

In eddition, there were two Step IT grievances cerried over from the former organizatio
HAMTC was not in agreement with the Step II snswers but has not yet taken further ac~’
tion. One is considered as closed during the month due to the expiration of the three~
mowth time linmit.

HIO personnel worked s total of 166,684 employee houwrs during the month with no dis-
gbling injuries. There were 43 medical trestment cases for the fregquency of 2.58.
There were no serious incidents during the momth., Iwo incidenmts resulted in minor in-
Juries and there was one fire which caused no injury or property loss.

A 300 Ai-ea. aceident Prevention Committee has been formed with equal representation be-
tween HIO and the Fuels Preparation Department.

Approvael for use of Separan 2610 for drinking water camnot be given by Health and
Sefety becsuse spproval has not heen recelved from the U, S, Publiec Heelth Service.

1238291
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FINANCIAL

Basic accounting records for HLO were established as of September 1, 1956, reflecting
balances transferred from HAPC Genersal Books coincident with decentralization. Support
ing details were also transferred and appropriate accounting procedures have been estab
lished and are operating.

Cost accounting ledgers were established for cperating costs, research and develop-
ment and other end functicns, and equipment and construction work in progress. Proce-

dures were established for acocumulating costs and liquidating costs to research and
development studies and customers.

The following control budgets were established for Hanford Laboratories:

Attendance at Meeting of Professional

and Trade Societies $18,000
Charges Against the Fee $ 7,600
Overtime 1.5% of available man-hours

Control budgets have been or will be established for Level 3 components.

The gross payroll paid during the month was $570,299.85, of which $321,842.25 was
paid to exempt employees and $2U8,457.60 to non-exempt employees. Payments to the non-
exempt employees represents four weeks. '

Salary rates for all non-exempt employees, except Technical and Business Graduates,
were changed to reflect an increase of 3% on base pay rates in accordance with the
Company's Better Living Program. The revised rates were effective October 1, 1956,
and were reflected in weekly salary checks on October 12, 1956.

A cash fund was established In the 3702 Building for the convenience of HLO people .
desiring travel advances,

The HLO Forms Review Program wes established in an OPG issued early in October. A
revised forms numbering system was established, which will result in easier reference
to forms and more efficient handling.

Data for measurements systems for Hanford Laboratories and its components were pre-
pared for Laboratories managers. On September 11 the Specialist - Measurements
attended a meeting in Schenectady of measurement specialists of Company laboratories
and components to exchange thinking and progress on measurements applicable to labora-
tories, .

1238292 o
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BW-L6066

INVENTION REPORT

A1l Hanford Laboratories Operation personnel engaged in work that might reasonably
be expected to result in inventions or discoveries advise that, to the best of
their knowledge and belief, no inventions or discoveries were made in the course
of their work during September 1956 except as listed below. Such persons further
advise that, for the period therein covered by this report, notebock records, if
any, kept in the course of their work have been examined for possitle inventions
or discoveries.

INVENTOR(S) TITLE

H. R. Gardner Heat treatment of Tiranim

W. J. Bailey HW-45015 - Diffusion Welding of Alumi-
oum with the Double Acting, Hot Work
Punch, September 7, 1956

W. J. Bailey HW-45016 - Diffusion Welding of Alumi-
num with the Single Stroke, Hot Work
Punch, September T, 1956

E. W. Lefevre & Tme Measurement in the Miliimicro-
J. T. Russell - second Region

Lotk

H. M, PARKER
MANAGER, HANFORD LABORATORY

1238301 -53-




