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RESEARCH AND IEVELOFPMENT ACTIVITIES

METALIURGY AND REACTCR FUELS

Uranium Metsllurgy

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 irradiation
to determine the properties of material exposed at beta or gamms phase temperatures.
The specimen was exposed six days in 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 giver in the
following table with data for the same material exposed to 0.018 percent burnup at
150C and an unirradiated control sample.

Tensile Properties of Irradlated Uranium

Exposure Exposure 0.2% Y.S. Ult. Str. Elong.
Percent burnup Temperature 1000 psi 1000 psi % in 1 in.
o ' 37.8 97.1 , 191
0.018 150C 60.3 84 .4 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 is probably due to some extent to the large grain size produced
by heating into the garmma phase but the data indicate that high temperature irradiation
does not reduce the embrittlement suffered by uranium during irradiastionm.

Activation Energy. A study initiated to determine the effect of cooling rate from the
beta phase on the activation energy required for alpha phase recrystallization of uranium
has been completed. Time-temperature relationships for recrystallization at Jominy
specimen cooling rates of L.k, 9.4, 250 and 500C/second were established for temperatures
of 580, 596, 620 and 640C. Utilizing the Arrhenius rate equation (Ae~%/ET) the activa-
tion energies (Q) and A values were calculated and are shown in the following table.

Cooling Rate Activation Energy
C/second Cal/Mcl A Value
b.h 110,600 L.84 x 1092
9.4 88,530 3.52 z 1018
250 52,270 2.0k x 10%°
500 30,150 3.86 x 107

The activation energy decreased with increased cooling rate. This is a departure from
the accepted theory that the activation energy should remain relatively constant as a
function of strain.

RS st
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Diffusion Studies. Diffusion in non-irradisted U/A1Si and U/Zr couples is beihge. ]
investigated to provide a basis for interpretation of the results from irradiated
couples. Final results from seven couples are shown in the following table.

Maximum Diffusion of Uranium into Al1Si and AlSi into
Uranium From the Original U/A1Si Interface

Temperature Time U into AlSi AlSi into U
c Days gmilsz gmilsz
200 15 _ 0.3 0.3
200 15 0.2 0.2
200 -~y 0.6 0.4
200 ' Lh 0.5 0.4
.250_, et i P ,_'~:( 5 2-0 105
u‘_rg"es I CTEE-TUALS R L (“‘%g“‘ X . 2. 1.4
305 15 6.6 4.2

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

thus produced was recorded. The data were analyzed statistically in order to determine
the maximum penetration that could be expected in each couple. Two U/2r couples that
were annealed 300 days at 500C under a pressure of 10,000 psi were cross secticned three
times in planes perpendicular to the diffusion interface. Extensive metallographic
examination failed to reveal any points at which diffusion occurred. These couples will
be cross sectioned another seven times.

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

Burnup. Samples for burnup determination were cut from uranium tensile specimens which
had been exposed to approximately 150, 300, and 600 MWD/T at HAPO. The results of these
determinstions were 0.18 percent burnup of the total atoms (155 MHD/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 transferred from the Chemical Processing
Department to Hanford Laboratories Operation.

Xenon Diffusion

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

Dsgp = 6.5 x 10-11 cm@/sec Dy35 = 4.9 x 109  cm®/sec
Dgoo = 4.8 x 10-19 cm2/sec Dgoo = 1.02 x 10-8 cme/sec
Drgo = 2.9 x 1079 cw? /sec

-8-
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These data obey the following formula for diffusivity versus temperature:
D= Doe'H/RT

D = 0.036e-37,500/RT

Graphite

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

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

Plastics

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

Aluminum Corrosion

Examination of corrosion data for aluminum in low flow rate deionized water at 350C
has shown that corrosion is dependent on the square root of time for a longer period
than literature sources indicate. A transition to a linear dependence on time appears
to occur 2 to 5 months depending on the alloy.

Corrosion products formed on aluminum in water at high temperatures consists mostly of
boehmite which progresses from an amorphous structure on the "metalside" to a 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 a pE of 5 to 7 and five times this amount at pH 4 and 8.5. Phosphate had an inhibit-
ing effect in the reglon pH 4.3 to 6.6. Citrate had a definite corrosive effect, in-
creasing corrosion about ten-fold.

Tests have been run in several of the EIMO loops %o determine the effects of pbosphate
ion, aluminum ion arnd low pH on aluminum corrosion. A corrosion rate of 0.02 mils/
month has been cbserved after an exposure of nine weeks to water of pH 4.5 at 250C.
This rate 1s lower by a factor of 50 than rates observed in dynamic systems using neu-
tral pure water. No inhibiting effect of the aluminum ion has been noted at a concen-
tration of 0.0l ppm.

Examination of several aluminum alloys discharged from the out-of-pile E Lcop indicates
a general decrease in corrosion rates after TO days exposure. The equilibrium corrosio

?. AM I
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rates of the coupons were 0.20 to 0.38 mils/honth or approximately one-half to one-
third of the initial rates. Additional tests will be run to determine whether in-
reactor rates will decrease after 60 to 70 days.

Titanium Corrosion

Samples of commercially pure titanium (A-55) were enclosed in capsules containing 40
and 70 weight percent nitric acid and held at 145C for a period of two months. The
samples, following the exposure, showed no ignition sensitivity when checked by abrasion
end impact. Corrosion rates observed were 0.0003 inches pemetration per month in T0
weight percent HNO3 and less than 0.00005 in 40 weight percent acid.

Commercially pure titanium was exposed to a concentrated solution of boiling UNH. DNo
significant attack occurred nor has pyrophoricity been noted. The corrosion rate was
less than 0.0001 inches penetration per month.

Tensile Properties of Zircaloy-2

Post irradiation examination was started on Zircaloy-2 tensile specimens exposed in the
MTR. The estimated neutron exposure of the material was 1.4 x 1020 avt (>1 Mev) and
7 x 1020 nvt (thermal). The data obtained are shown in the following table along with
pre-irradiation control results.

Tensile Properties of Irradiated Zircaloy-2

0.2% Y.S. Tlt. Str. Elongation Modgulus
History 1000 psi 1000 psi % in 1 in. 10° psi
Annealed 43.9 66.8 22 14.6
Control b4 .3 70.0 24 15.0
Anneesled and - T7.8 15 -
irradiated 70.5 82.7 12 15
Percent change (avg) +60.0 +17.5 ~41 nil

The changes observed compare favorably with the maximum chagge determined for annealed
zirconium irradiated at Hanford to an exposure of 2.4 x 10°Y nvt (thermal).

Standard Uranium Fuel Elements

Failures. A report (HW-45211) demonstrating and 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 is a heavily contributing cause of in-reactor failure.

One of the standard fuel elements being corrosion tested in a 1706 KE in-pile tube
ruptured. It was a core failure of the longitudinal split veriety. This fuel element
had attained an exposure of 479 MHD/T. There was no indication of excessive attack.

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

occurring in tube 0986-EW had ettained an exposure of 668 MWD/T and that in 0990-KW
reached 753 MND/T. Both fallures resulted from an unusually large number of 2 to 8-mil

-10-
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inclusions in the normal reactor grade uranium.

Cleaning. Laboratory tests were made to evaluate various etchants for the purpose of
removing possible copper contamination from canning sleeves prior to use. The most
attractive reagent was a mixture of chromic acid and sulfuric acid.

Welding. The Roto-Arc welding process, consisting of a cylindrical electrode located
in a strong magnetic field, has demonstrated that it should be suitable to automatic
welding applications because the part to be welded is heated uniformly and no crater
weld is formed.

I and E Fuel Elements

Forty vacuum canned I & E slugs were evaluated to establish a standard canning procedure
These slugs showed good quality with respect to (1) residual can wall (2) complete wett-
ing and (3) absence of voids or inclusions. 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 s manner 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 column
were initiated on the full scale, low pressure electrical prototype mockup. The
simulated active zone comsisted of a 1.43" 0.D. cupro-nickel rod with a 3/8" hole
drilled along the axis. The heater 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 18 gpm. At 750 kw tube power, 75F inlet water temperature and 50
gPm total flow, 69% of the total heat generated was found to be dissipated 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. Further reduction in flow caused both
ratios to decrease. These results show that for 750 kw total heat generation and with
Loo peig pump discharge pressure the system is stable to at least 18.9 gpm in spite cf
the fact that boiling was occurring in the amnulus.

Using information gained from the in-pile irradistion of I & E fuel elements, a study
was made of the relatlionship between the high temperature at the top of the annulus
flow channel and the bulk temperature at the ocutlet of the process tube. Results show
that the ratio of the two temperatures i1s as high as 1.6 in some cases and that the
ratio increases slightly with time. The high temperatures are probably due to the
eccentric positlon of the fuel element in the process tube.

Enriched Fuel Elements

Ten "E" slugs were irradiated in the in-pile locp st H Reactor for U7 days, using water
with pH 5.4 at an average outlet temperature of 195C. Corrosion data obtained on these
slugs at effective surface temperatures of 225C indicated aluminum corrosion rates of
3.0 mils/month.

-11-
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Hot-Pressed Fuel Elements

Preliminary evaluation of a lot of vacuum-hot-pressed solid fuel elements from Sylvania
has been completed. The SEP hot-pressing process appears to yield a better product
than the HAPO hot-pressing process. However, the slugs from Sylvania are inferior in
(1) closure quality (2) surface quality and (3) conformance with dimension specifica-
tions.

Insulated Fuel Elements

Examination was continued on an insulated cored urarium thermocourle slug whick was
irradiated in the MIR. The materisl exhibited some inclusicns and blow-loles. This
indicates that recrystallization had occurred after the gases causing the blow-holes
. had been driven to the grain boundaries.

Projection Fuel Elements

A test to aid in the corrosion evaluation of projectiorn fuel element: hes heexn Cim-
pleted. The fuel elements were exposed in process water at 125C for pericds up to 9L
days. A corrosion rate of 0.9 mils/honth was observed. No localized attmck was appar-
ent. Film patterns downstream of the projections indicate the pessibility of bot spots
on the surfaces of the heat generating fuel elements. Such hot spots can be a source
of excessive corrosion leading to Jjacket fallures. Tests have also been made t0o deter-
mine the rupture characteristics of projectlon fuel elements. Two failures have been
induced in the Flow laboratory using defective fuel elements in 145C process water.
Both fallures resulted in corresponding fallure of the process tube. The greatest swell
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 attachment offers several advantages over other
methods. _

Uranium-Msgnesium Fuel Elements

Three powder metallurgical U-Mg samples from KAPL have been returned from the MIR.
Two samples were irradiated to 1000 MWD/T and the third to about 3000 MWD/T. Micro-
porosity appears tc have developed in the U-Mg material, poesibly a sirntering 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 mastrix fuel materizl can be
fabricated by compacting U-shot with Mg.

1238255 s ==



PHYSICS AND INSTRUMENTATICN

lattice Testing Reactor

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

Experiments were performed to test the validity of methods used for determining Ko
in the Lattice 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 analysis of these experiments are in progress.

Thermal Test Reactor

Preliminary callbrations of the control rods in the Thermal Test Reactor 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™ A;k/sec for the final safety sheet.
Safety rods are valued at 53.5 cents each. 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.

High Temperature Exponential Exggriments

The high temperature exponential pile (approximately and eight-foot cube with 7-1/2-
inch lattice) has been heated to 100C with a good temperature distribution throughout
the pile. The temperature was constant to within 2C throughout the neutron flux
measurement region. Buckling measurements at room temperature show that the six-inch
thick magnesias hlock used on the pile surface for heat insulation purposes 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 measurements concerned with E-N lcadings for tritium production have been
made in 4 £t x 4 ft graphite exponential piles. Buckling is being determined for
various ratios of N to E material to select the best ratio for possible loadings in
the Hanford Reactors. The E slugs are uranium, enriched to 0.94% weight percent U-235,
and are 1.34 inches in diameter and 6 inches long. The N material is aluminum-lithium
alloy, 3.5 weight percent lithium, and is 1.34% inches in diameter and 0.909 inches
long. The results of wet and dry measurements are shown below.

-13-
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Lattice Spacing N/E Pile Condition Bucklizg
(Length ratio) 10°° cm-
8-3/8" 0.151 wet 1.9
7-3/16" 0.151 wet -19.5
0.151 dry 3.6
7-3/16" 0.076 vet 153.2
0.076 ary 159.0
7-3/16" no N Material wet 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 1.66 inches
in outside diameter and 0.94 inches in inside diameter. These fuel elements were
positioned in Type 2S5 aluminum tubes. An aluminum thimble was positioned within the
inside diameter of each fuel rod. A fuel rod consisted of eleven L-irnck fuel elements
in a tube. The results were as follows: ‘

Center Tube Reflector
Lattice Spacing  Condition HE-0/U Savings Buckling
(hexagonal geometry) (by volume) (assumed)* (10-° cm-<)
2.45" wet 2.33 6.94 cm. 2750
2.45" dry 1.93 7.14 2530
2.70" wet 3.09 6.68 1530
2.70" dry 2.69 6.80 1620

*The reflector savings were assumed from Brookhaven data on water-moderated
uranium lattices.

When these results are combined with previous data for 2.05-inch and 2.20-inch-
lattices, it is possible to estimate the maximum obtainable buckling for this fuel
element in light water. The maeximum buckling with the center tube in the wet condi-
tions occurs at a Hy0/U volume ratio of about 1.86 and is 3000 x 10-6 cm2. The
meximum buckling with no water in the center tube occurs at a Hp0/U volume ratio of
1.70 and is about 2600 x 10'6 cm~2. Under either condition the buckling is 2500 x
106 cm~2 when the HQO/U ratio is 1.36, i.e., buckling curves plotted as & function
of the HyO/U ratio cross at this point.

-1h- EEECEEL S
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Wrap Around Fuel Elements iz d

A series of P, calculations have been completed to determine the therma) neutron flux
distribution in 8-3/8-inch and 7-l/é-inch lattices with aluminum-oralloy wrap around

fuel elements and an aluminum-lithium target. The compositions and dimensions of the
fuel components are shown below.

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

(bonded to the inner and outer surface) Annulus 0.D.: 1.190"
Fuel element I.D.: 1.190"

(cladding included) Qutside Water Annulus:
Fuel element 0.D.: 1.4k4O"
(cladding included) Annulus thickness: 0.075"
Annulus I.D.: 1.khO"
Li-Al Target (3.5 w/o Li): Annulus O0.D.: 1.590"

0.D. of process tube: 1.744"
Diameter: 1.010"
Cladding thickness: 0.030"

The calculations indicate that a reactor completely loaded with a fuel assembly of this
kind will always lose reactivity upon the loss of water coolant. 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 below.

Lattice Conversion
ci Enrichment fruel element ILi-Al Buckling Koo Ratio
Zinc s) (weight %) (10°% cm-2)
8-3/8(ary) 23 0.4792 0.4368 -162 0.914%  0.91
8-3/8(wet) 23 0.4943 0.3929 16 1.0090 0.79
8-3/8(ary) 25 0.5055 0.4121 89 1.0514 0.81
8-3/8(wet) 25 " 0.5183 0.371k 105 1.0600 0.71
7-1/2(ary) 23 0.4886 0.4U451 -4 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

ffuel element and fLi-Al are the thermal utilizations of the Al-U-235 fuel element and
the Al-11 target material respectively. The conversion ratio is equal to the reutron
absorption in Li/neutron ebsorption in U-235.

Fuel Element Disadvantage Factors

The disadvantage factors (ratlio 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 cf the P3
aprroximation to the transport equation. The calculations were carried cut on the 702
digital computer and results of these calculations are listed below.
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L
Outside Diameter Inside Diameter Disadvantage Factor
of Fuel Element of Fuel Element
(inches) (inches)

0.926 0.00 1.146

1.175 0.00 l.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
S22 Do Leesu BacuLVS

The autcmatic neutron spectrometer has been used to examine the fission crcss sections
of Pu-240 and Pu-241. 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 e plutonium sample enriched in Pu-240 by the electromagnetic separations
process at Oak Ridge National Laboratory. Results confirmed the existence of a small
fission cross section in the 1 ev resonance. Data is currently being taken on the
fission cross section of Pu-24l.

Critical Mass Calculations

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

and promises to be of value in nuclear safety and other types of calculations.

Sutton's Diffusion Equation

Analysis of the observations yielded a value of 1.6 for Sutton's stability parameter
"n". This is somewhat smaller than the value of 2.0 assumed 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 coefficient, C., sinc
this quantity is imaginary for values of "n" greater than 1.0. This rroblem “as been
tentatively resolved by assuming that "n" is a function of the intensity of the turbu-
lent motions and ranges from 0.0 to 2.0, the lower limit being associated with maximum
turbulence and the upper limit with laminar flow.

Atmospheric Physics

Experimental data collected during periods of stable tempersture 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, all valid statistical tests suggest:
the tracer concentration was not normally distributed in the vertical directicz. A
Persistent anomaly observed in these experiments was an excessively Ligh concentration
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of tracer material at the centerline of the plume and at 1000 feet from tke source.
In the single observation of the vertical distribution of the tracer material st both
1000 end 2000 feet from the source this anomaly was observed at 2000 feet.

Instrument Research and Development

Preliminary work has demonstrated the feasibility of an instrument to measure inter-
vals in the millimicrosecond range. Such an instrument is useful in measuring the
velocity of neutrons generated by bombarding a suitable target with a -pulse from the
Van de Graaff Accelerator.

The study of plutonium x-ray counters for the body monitor was concentrated cm finding
and eliminating sources of background. Improved shielding and removal of materials
found to be radiocactive reduced the background of a counter to ome-sixth its original
value. A large share of the background had come from a 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
sultable for body monitor work is: the MDA is the amount which can be expected to be
detected 90% of the time when three successive counts equal to or greater than a
critical count are said to establish the presence of the radioisctope; the critical
count chosen so that 0.1% of uncontaminated subjects can be expected to be Jjudged
contaminated erroneously. The probability relations involved were worked out so that
the MIA can be estimated from data on counter sensitivity and background. The rresent
Plutonium counter has an 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 a thin gold foil to form a low inten-
8ity, monoenergetic 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
measuring apparatus and 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. Further improvements were made in the techuniques of gamme ray
calorimetry. More care in eliminating transient effects at the start of a measurement
resulted in better reproducibility. Interchange of two recorders which were found to

have different noise levels increased 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 centimeter of the light shield and the crushed anthra-
cene crystal to optimum values.

Standardized transistor circuits were developed for portable instrumentatior utilizing
photo engraved printed circuits. This is a step towerd more reliable ard more service-
able portable survey instruments.
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Three coolant circulation systems have been considered (1) the annulus return (2)
the central tube return and (3) the single pass. For the annulus return and the
single pass systems, a cluster of nineteen 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 a UOp core demsity 90
percent of the theoretical was assumed. For the case of the most compact nexagoral
cluster, calculations showed an increase to 95% of the theoretical demsity would
lower the maximum temperature from 1680 to 1570C.

The uranium-bearing fuel elements comnsist of UOo in circular rod clusters zircoulum
clad or concentric cylinders zirconium clad. The plutonium eurichment elements will
probably be made in rod form so that they will be interchangeable with U0s elements.

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

I.D. 0.D.
Inner ring <560 1.620 Case I
Outer ring 2.060 3.120 Case II
Central rod 375

Assuming 85% theoretical density of the UO,, the disadvantage factor for Case I was
1.08 and for Case II was 1.10. This factor was calculsted and plotted for concentric
cylinder configurations of 85% density UOp with O. D.'s from 2.0" to 3.8" and I. D.fs
from 0.0 inches to 3.5 inches.

Alternative fuel element configurations for the PRP Reactor were analyzed to determine
the configurations which require the least zirconium in the jackets and process tubes
per pound of uranium. The elements which appeared most attractive were a 19 rod
cluster in a 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. Whken proper
conditions are used, this process is quite satisfactory.

A Zircaloy capsule containing a sintered uranium dioxide cors and Laving sa argon
filled annular gap between core and cladding varying from 0.001 inch to 0.C11l inch

has been irradiated in the MTR. Preliminary examination shows that the generally
accepted small dimensional tolerances for uranium dioxide fuel cores can be relaxed
and larger tolerances accomodated. The predicted maximum central core temperatures
are 1400C, 2660C, and 2880C for annular gaps of 0.001, 0.006, and 0.01l inches
respectively. These temperatures were predicted as the worst cases and represent
central core melting at a point adjacent to a gap of 0.011 inch. Tkere was no evldence
that chemical reaction occurred between the Zircaloy cladding and overheated UOp which
fell into contact.
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The plutonium fuel elements present many uncertainties. The possitle schemes feor
Placing them in the reactor, for processing them with and without blending and for
irradiation at varying burnup levels are endless. Studies are being made to determine
the best approach to solution of this problem.

A preliminary estimate of the fuel cycle costs for a power producing plutcuium recycle
reactor has been prepared. Assuming a 200 MW heat output reactor producing 50 MW of
exportable electric power, the fuel cycle costs were estimated to range from 10 to
12.5 mils/kwh. OFf this total, chemical processing and plutoniwum fuel elcmert fabrica-
tion were estimated at 8.6 to 9.7 mils/kwh. It is estimated that successful dsvelop-
ment efforts on inexpensive chemical processing and plutovsium fuel elemsct fabricati-
techniques could ultimately reduce cycle fuel cost to the range of 2-4 mils/kvh for a
reactor of this size.

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

Alternate Coolant for Hanford Reactors

The in-pile organic test loop, ORA-2, was started up in the KE Reactor on September 27.
After 1.3 hours of operation, a sample of T5 percent MIFB-25 percent BP solutlon was
drawn off and the radicactivity was determined...Additiomal losdings will be made.

‘Burnout Tests on Hanford Process Tubes

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

Hanford Reactor Effluent Studies

The investigation to determine the source and mechanism for the producticon of radio-
isotopes in reactor effluent water was continued. Calculatlons indicated that the

concentration of sodium in reactor cooling water was too low to account fur the ob-
served concentrations of Na2* in the reactor effluent water. QOther possitle sourceﬁ

-for the production of Na?“ include the reactioms Mg2* (n,p) Na2¥ and A127 (m,o) Nal™.

The concentration of Na2t in resctor effluent water was calculated to be 3 &/m/ml by
using a cross section of 3.1 x 10~* barms, an estimated corrosion rate of 0.001 mil
per month for aluminum, and a minimum irradiation time of 30 -days. TE&S indicates
that although the irrsdiation of aluminum probably does contribute Na“  to the reactor
effluent water, the amount produced under the conditions described is small compared
to the observed concentration of approximately 1100 d/m/ml.

The concentration of Na.eu in reactor effluent water resulting from the ilrradiation of

megnesium in reactor cooling water was calculated. A cross section of 6.8 x 103
barns, an average concentration of 40 ppm for magnesium in cooulirg water, and an
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estimated holdup time of two hours were used for the calculstion. The corcentration
of Naz rroduced under such conditions would be about twice as high as the concentra-
tion of Na2k4 ordinarily observed in reactor effluent water. This indicates that
magnesium is a possible source of most of the Na2l+ in reactor effluent water.

The concentration of Cu6br in reactor effluent water resulting frowm the irrudietion

of copper normelly present in reactor cooling water was calculated. The concentra-
tion of copper in reactor cooling water was assumed to be 0.005 ppa, tle average
concentration of copper in Cclumbia River water. The Loldup time for copper in the
reactor was determined experimentally to be 8.6 minutes. Using thess values for Lold-
up time and concentration of copper in reactor cocling water, an averaze neutron flux,

JE R

anguthe thermal neutron cross section for copper, the calculated comcentuation Iy
Cu i

in reactor effluent was approximately 1800 d/m/ml. The observed averawe Cu
- concentration in reactor effluent water is about 2000 d/m/wl. The copper zcrmally Lwe-
sent in river water probably is sufficient to account for most of the Cus¥ ia reactor
effluent water within the limits of the assumptions used for the calculatious.

A study was completed and a recommendation made relating to disposal of reacior
effluent during purges while operating the reactor. It was recuommended that zffluent
during purges be discharged to the river, with certain limitations and controls defined
By purging as frequently as permitted under the recommended controls, the weximum
increase in dosage rate to humans is estimated at less than 5% over that resulting from
discharge of normal effluents to the river.

Potential waste disposal and radiological safety problems arising from circulating
dilute phosphoric acid in a pile experimental test loop were investigated. It was
concluded that for the anticipated experiment conly minor protective measures would be
necessary. Estimstes of final concentrations of P32 in the water were so low that
disposal problems are not expected to be difficult. '

Machine computation of reactor effluent data proceeded to the point of waking avail-
able the functions necessary to determine statistical correlation between fission
product concentrations. The result of this study may mirimize the need for extersive
radiochemical analysis for separate fission products if good correlstion ie found
between isotopes.

Complete fractionation of trace amounts of yttrium end the four rare esrths, necodymium,
rromethium, samarium and europium was accomplished with & 2.5 mm by 40 cw column of
Dowex-50X8 cation exchange resin in the ammonium form. Elution wae made with O.474 M
lactic acid and required 40 hours. This time could be reduced by further development,
but the present technique will be satisfactory for preliminary investizatiszns of the
rare-earth radioisotopes in reactor effluent water.

Group separation studies of radioisotopes by a modified qualitative analysis scheme
wvere started on reactor effluent water to determire the presence of truce radicactive
constituents and to test the feasibility of gamma ccunting in counjunctica with these
group separations for rapid analysis of reactor effluent water. Trace [less.tlan one
percent) short half-lived isotopes emitting gamma rays of 0.3, 0.65, 0.7-C.8, and 2.0
Mev have not yet been identified.
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Nalfilm 1 and 2 cationic and anionic exchange membrazes (Natiocal Aluwimste Curgpora-
tion) were tested in a three compertment electrolysis cell. Complete separztion of
anionic and cationic radiocisotopes in reactor effluent water made 0.3 N in nitric
acid was made by applying a potential of 25 volts across the cell. The redioisoctopes
remaining on the membranes were removed by electrolyzing ammonium nitrate solutioa.
This separation technique may prove useful in the study of the radioisctope composi-
tion of reactor effluent water.

Beta activity of the IR Reactor effluent increased 30% compared to the presizus montk.
The largest increase was for the RE+ Y fraction in the portion of tke remcicr which
was using Separan treated water. Treatment of the DR Reactor coslirg water with
Separan 2610 was terminated for this treatment season on August 3i.

CHEMISTRY AND SEPARATIONS PROCESSES

Hydrolysis of DBP in HN03

Further studies on the rate of hydrolysis of dibutyl phosphate in stromug citric acid
~ {at 109C) showed that the hydrolysis constant for DBP increaces essentlally linearly
with EN03 concentration in the range from two to eight molar.

Chemical Preparation of Uranium (IV) Fluorides

Eleven experiments were performed to test the feasibility of reducinyg uranyl nitzrate
with powdered iron in the absence of fluoride. The reduction of uranyl iom by iron is
complicated by the competitive reactions of the reducing agent with ritrate snd lgydro-
gen ion. Despite efforts to control these side reactions by cooling the system, addirg
nitrate suppressor, maintaining low acidity and adding sulfate to stabllize the urarium
(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 yields of 99.9 percent in three
experiments.

Leaching of Fission Product Activity from Irradiated Uranium by Beillmg Iscpropyl
Diphenyl ‘ -

An exploratory experiment is in progress to estimate the rate at which sctivity would
be transferred to the coolant in the event of a slug rupture in a reactcr cooled with
isopropyl diphenyl. A 7-gram sample of uranium, irredisted to 849 MWD/T and cooled

for approximately 90 days, was exposed to boiling isorropyl diphernyl. AZter 73 hours

of exposure under reflux conditions, about 2.8 x 107 gemma c/m azd 7.2 = 107 beta c/m_S

had been transferred to the liquid phase. This corresponds to a loss of about 9 x 10
gamma c/m and 2.4 x 107 beta c/m per square centimeter of metal surface. This is
greater by a factor of five than would have been predicted on the basis of reported
corrosion rates for uranium in biphenyl (i.e., 3 mg/cm®/mo).

Most of the activity found in the liquid phase was zirconium-niobiwum and rutherium,
and these appeared at essentially the same rate. A portion of the activity Iz the
liquid phase was suspended particulate matter, but the proportion of tkls has not yet
been established.
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Semiworks .Operation of the ssmiworks in 200-E Ares has heeun cuzialled.

Mini. Runs. Two additional Mini runs were made to test the ability oi Versens to
improve zirconium-niobium deconteminstiocn. In the first run a gawmma decontamiration
factor of 1.3 x 105 was observed. In the second, the feed was exhavsted tefurs steady
-state operation was reached. The gross gamma decontamination factor in thls sscond
run was 2 x 100 and the product gamma activity was still decreasing when the run was
terminated. The ruthenium activity in the organic product was oniy atouv twice the
gamma activity of aged natural uranium. However, the zirconiim comtent cicesded
uranium product specifications by a factor of abcut twenty.

Extraction Behavicr of Zirconium. Additicmel evidence has been obtailrned in suppirt of
the hypothesis that the matural uranium fuel element ccataias an lupurity capsbls ol
decreasing the extraction of Zr into either TBP or TTA. A previcusly reportel expsri-
ment was repeated with a new batch of Purex plant dissclver sclutiom. Results of Toth
experiments show that when dlluted dissolver solutiorn is contacted with 30 persent TEP
in Shell E-2342, the zirconium distribution ratios are 3 to 10 times lower then when
(1) the resulting organic extracts are recontacted with ccld aqQueous sclutions ¥ tke
same gross compositions as the original solutiom or (2) sclutions prepured from cxy-
stalline uranyl nitrate, nitric acid and purified zirconium tracer were employec.
Thus, it appears that hydrophilic zirconium species were present in the same concen-
tration in the two batches of plant dissolver solution tested.

In other experiments, samples of metal from different sources belaved diiferently.

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 acid ard the
resultant solution spiked with zirconium tracer. However, no such effect was cbserved
with solutions prepared (1) by dissolution of a uranium-silicor slloy (2) hy dissciution
of "Derby" metal or (3) from crystalline uranyl nitrate hexahydrate.

Experiments were also performed in which solutions prepared Ly dissolviug seapies of
the suspect uranium metal were subjected to exhaustive extractions with TbP snd tle
bulk of the uranium removed prior to spiking with zirconium tracer. Urder tLese con-
ditions the extractability of the zirconium into either TBP or TTA was rouzd to te
significantly reduced over that found for synthetic sclutiozs. Thus, it appears tiat
uranium can bte readily separsted from the agent responsitle for depwessinz the distri-
bution coefficient of zirconium in these systems.

Experiments on successive scrubbing were performed with rull Ircisess concextraiticns of
uranium and with either fresh 30 percent TBP in Shkell E-23L42 or a sawple of tle Purex
plant solvent inventory. The results show the deleteriocus effect cf solvent degrsda-
tion products. With the fresh solvent the zirconium 3istribution cuefficlert increased
by a factor of about 2.6 through the four scrubs necussary o reduce thke organic
zirconium concentration by a factor of ome hundred. By contrast, four scrubs of the
used solvent sufficed to reduce the organic zirconium concentration hy & factor of ouly
about twenty, and the zirconiunr iistribution ratio at this pcint wss nine-fold preater
than in the first 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 ratio of the zirconium distribution
coefficient at a given scrub step to that in the first scrub was plotted against the
fraction of the initial organic activity remaining in the organic phase, identical
curves were obtained for both high and low uranium concentrations.

Fission Product Chemistry. A series of multiple extraction-scrub studies have hesn
performed or samples of plant dissolver solution in an effort to typify the ruthenium
and zirconium species which limit decontamination in the Purex process. The results
to date indicate that the behavior of ruthenium is much as expascted 1. e., the

bulk of the ruthenium is present as an organophobic species with a swall extractica
coefficient. A small fraction, however, consists of onec or more exitracitable organo-
phillic species. The organophobic and organophillic species equilibrate with eack
other slowly, if at all. As would be expected, the extraction coefficignts of toth
increase with decrease in percent saturation of solvernt. The zirconium resulis per-
mit several interpretaticns. As with ruthenium, there is indicstion <f crgancphohic
and organophillic species in inert equilibrium. Unlike ruthenium, = change in the
extent of organic saturation did not effect the extractiom coefficient, wkich had =
lower value than expected (4 x 10-4 versus about 2 x 10-3),

I 0-Columm. 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 I-irch-
diameter glass pulse columm with a 21-ft.-high cartridge. DPurex HW No. 3 Flcwsheet
with the influent streams at ambient temperature and heated tc 50C. was used. Only
organic phase continuous operation was investigated.

SUMMARY OF IO COLUMN STUDIES
Pulse Amplitude = 0.5 in. L/V = 0.33

Freq., Volume Veloclty
Cartridge Cyc./Min. Gal./(Hr.)(Sq.Ft.) Temp., C.

10% free area 98 & 6 635 25
SST nozzle plates(l) 110 £ 6 630 50
23% free area 92 ¢ 2 630 A 25
fluorothene 102 £ 2 630 50
sieve plates(g) 60 1650 t 150 50
Fluorothene and SST 102 t 2 610 25
sieve plates 115 £ 5 640 50

60 - 1300 t k45 50
Fluorothene 93 £ 3 630 25
and SST nozzle 103 * 3 630 50
plates 60 1840 £ 20 50
23% free aresa 115 £ 5 . 640 25
SST nozzle 130 £ 5 620 50
plates 110 £ 5 1785 50
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Notes: (1) 1/8-inch holes, 10 percent free area, L4-inch plate spacirg, U.Ck-inch-
deep nozzles pointed downward, (2) 3/16-inch holes, 23 percent free area, 4-inck
plate spacing. ’

Pulsed Spray Column. Studies utilizing a sparsely packed 12-ft.-high, l-irck-dla-
meter pulse column were continued. These runs utilized 30 volume percent TEP ic
Shell E-2342 as the orgenic phase and 2.5 weight percent sodium cartorate as Tke
aqueous phase. Flooding characteristics were determined with (1) empty ccluun (2)
four fluorothene sieve plates with 3/16-in.-diameter holes and 23 percent frss ares
located 1, 4, 7, and 10 feet above the organic phase inlet and (3) four stainless
steel louver plates with 23 percent free ares located as above.

If plates are used at s pulse amplitude of 0.5 in. and an L/V of 0.33, nelther the
plate material nor the choice of continuous phase had a strong influence on flocding
frequency.

Cesium Recovery from Purex Waste. Work on the zinc cesium ferrccysnlde process con-
tinued during the month. Major effort was expended on preperatious for exterding the
full level demomstrations to feeds of higher specific activity (about €00 MWD/T in-
stead of 200 MWD/T) and for determining the radiation stability of the rproduct by use
of the Van de Graaff generator. Scouting studies were =slso continued ¢n mesns To
overcome the deleterious effects of aluminum and mercury which would hbe intrcduced
into the Purex IWW in event of the adoption of continuous mercury catalyzed dissclu-
tion procedures.

Strontium and Cerium Recovery from Purex Waste. The most satisfactory methcd tor
eliminating uranium interference in the oxalate precipitation step appears to be acld
precipitation of uranium as the peroxide. This method avoids corrosion prcblems arnd
recovers the uranium in a form convenient for recycle to process. Oxalate precipita-
tion from the peroxide supernmate 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 dore tc cptimize
the iodate sepersation.

An alternative separation of cerium from the other rare earths by rrecipitsticn of
ceric phosphate or pyrophosphate was further examined. No completely satlisfactory set
of conditions were established. Cerium losses were low with phosplate in 3.5 M nitric
acid; however, strontium and the rare earths also carried.

Redox

Substitution of Calcium Nitrate for ANN. The potential scomomic advartuge of using a
solution of calcium nitrate in place of the aluminum nitrate salting agent in the
Redox process was reviewed. Such factors as pH, decontamination, waste storage, and
process control with calcium nitrate alone and in mixture with aluminum ritrate will
be investigated before more detailed process and economic evaluation is undertaker.

Cesium Recovery from Redox Waste. Work on the removal cf cesium from Redox HAW ty zirnc
ferricyanide scavenging has been extended to cover a wider range of acidities. Pessible
interference by mercury has been investigated, as has the use of higher ccncertraticns
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of precipitant to compensate for the increased solubility of zinc rerricyuunide at low
aluminum concentrations. Removal of cesium from Redox HAW is independeunt of acidity
from 1.78 M free acid to about 0.4 M-acid deficient, but decliced in more basic solu-
tions and became essentially negligible at 0.68 M acid deficient. With 0.001 M zinc
ferricyanide, the cesium decontamiation factors range from 260 to 800 (without an;
apparent trend) and averaged about 500 from 1.78 M nitric acid to 0.4 M acid deficient
and dropped to 1.5 at 0.68 M acid deficient.

Cesium decontamination factors of 277, 480, ard 814 were obtained wken .22 M acid
deficient synthetic Redox HAW solutions containing 0.005, 0.01, axd 0.05 M uwerowury
(11) respectively were scavenged with 0.001 M zinc ferricyanide. Decontamiration
factors of 500, 77, and 299 were observed for solutiomns 0.6 M in free acid tut ctler-
wise identical to the acid deficient series. It is 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 to obtain high cesium recovery with zinc
ferricyanide, the resulting precipitate is of low specific activity. A promising
method for extracting the cesium has Jjust been discovered. Freshly precipitated zirc
ferricyanide is metathesized with ammonium oxalate to dissolve the zinc ferricyaride
and precipitate the zinc as the insoluble oxalate. Passage of the supernats through
an enicn exchange column removes the ferricyenide ion. The elutriste is then bciled
down (to expell ammonia), acidified with hydrochloric acid, and evaporated to dryness
to yield pure cesium chloride. Other reagents which form insoluble compourds with
zinc may prove applicable in the metathesis operation.

Metal Recovery Process

293 Studies. Studies were continued to establish relstionships between physical and
chemical properties, process variables and reaction characteristics of uranium cxides.
As & result of an investigation of the surface areas of s large number of uranium
oxide and uranium oxide hydrate samples, the following genmeralizations can be made (1)
the surface aﬁea of Henford "continuous"” UO, is remsrkably uniform, with sr average
value of 1. /é (2) the surface areas of sémples of U0, produced in "pot" calciners
at different sites do not greatly differ with each othef (3) the surface area of Ulp
produced by reduction with hydrogen is much larger when the reduction is dore at a low
temperature than at a high temperature (4) conversion of Hanford "continuous" U0, to
the monohydrate resulted in a decrease of surface area to about 60 percert cf that of
the original UO3 and (5) a study of Hanford "continuous" UO3 sphercids showed no ccerrel.
ation between calcination temperature and the surface area.

Adsorption of Water by UC,. A study of the rate of adsorption of water by UO3 powders
was made to see if this pFoperty can be correlated with the reactivity of the powders
toward reduction and hydroflucrination. Various samples of U0y powders (sieved to
nerrow mesh ranges) were exposed to water-satursted air at 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 cor the reactivity ratio
of the powders.
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Removal of 0060 from Stored Uranium Recovery-Plant Wastes. In a previous report a
procedure was described for scavenging stored wastes by reduction of the pH to 1.5
and precipitation of inert CoS as the pH is raised to about 3. Nickel ferrocyanide
is then precipitated at pH 9. Residual Cob0 was 4 x 10-5 pc/ﬁl for seversl trials
of the procedure of waste from tanks 102 C and 106 TY. Further study of the procedure
on wastes samples from eight other East Area tanks has produced variable results;
residual CoP0 varied from as low as 3.5 x 10-2 pc/hl to as high as 1.6 x 10-3 pc/ml.
The reason for these variable results has not yet been determined. Other concluslons
reached from these studies age (1) that reduction of the pH to 1.5 before CoS preci-
pitation does no{ improve Co O removal and (2) that precipitation of NiS 1s Jjust as
effective for CoPC removal as precipitation of CoS.

Waste Disposal. ‘Recommendations were made for tank storage or ground disposal on a
specific retention bas%s of all TBP wastes scavenged during the month. These wastes
contalned complexed Co O in excess of the recommended crib disposal limit of 4 x
10-5 pc/cc. To date 2.5 million gallons of high cof0 TBP scavenged wastes have been
disposed of on a specific retention basis.

Plutonium Purification and Fabrication Process.

Nuclear safety checks were made on storage and handling capacities in the polishing
and mating room of 234-5 Bullding. This study has led to increased allowable capa-
cities.

Ion Exchange Processes

A study was made of the potentials for application of ion exchange techniques in the
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 solvent extraction cycles in
Purex and Redox and (4) plutonium removal from uranium streams.

Plutonium Aniorn Exchange Process

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

past experiments have disclosed relatively slow kinetics for plutonium sorption by
anlon 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 maintein process flow rates.

Elution studies are alsc being continued. About 7O percent of the plutonium was
eluted from a ten centimeter columm of loaded Dowex-1l, X-8 (50 te 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 0.4 molar ascorbic acid - 0.5 molar sulfamic acid,

a 40 cm column was completely eluted (with no gas formmtion) to yileld a product of
60 g/l. Unfortunately with this system, almost immediate precipitation was observed
if 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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Analytical Development

The feasibility of assaying plutonium metal to a precision (&) of & 0.2 percent by
the coulometric titration method was established. An interim report, HW-L45668 is
being issued.

In-Line Analysis

Studies of anion exchange methods for separating plutonium from americium, curium,
and fisslon products have been initiated with the objective of cbtaining a pretreat-
ment method for an alpha count in-line monitor on BHAW streams.

A neutron count method for gross plutonium monitoring is being designed. To assist
this project, a suitable preamplifier was designed and tkhe electronics circultry was
set up and tested.

The main instrumental development phases of sQuare-wave polarography Love heen com-
Pleted, and an interim report has been issued as HW-43513.

The Purex process solvent develops a color with usage because of chemical and radia-
tion 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 means of

a spectrophotometric examination of plant samples over a period of seversl weeks.
As a result of the study, the sensing unit cell dimensions and the best plant loca-
tion for the color monitor have been established. The color monitor will be located
cn 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
series with a scrubber sampler. The data from these samplers are applied to a
system 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 final calibration adjustment.

An experimental High lLevel Alpha Air Monitor was developed and placed ia operation

for field tests in the Redox facility. The instrument is expected tc alarm by the

time that an exposed person can inhale approximately 0.2 of the maximum permissible
amount of Pu-239.

The technical specifications for gamms scintillation monitors (HW-39821 - REV 1) were
revised to incorporate the latest develomment improvements (1) a high gain, high
impedance amplifier to measure the multiplier phototube output current (2) a molded
fluorothene sample cell (3) substitution of E 180 F pentodes for the 4O4A'S in the
differentisl analyzer of pulse measuring systems (4) exclusive use of RGll/U signal
cable and (5) inclusion of a remote indicating flowmeter.

A pulse generator circuit to calibrate count rate instruments at low and high count-
ing rates was conceived and initislly tested. Such sn instrument with a relilable
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simple circuilt should prove valuable in checking court rate meters used in fixed
installations. When the count rate meter is used as part of a system tov record
emission from radiocactive 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 model of a counter desigred tc meesurs the alpha
activity of a solution in situ (contact alpha counter) is being developed and tested.
The sample cell and phosphor uses a zinc sulfide phosphor bonded to fluorcthene or
glass and covered with a one-quarter mil Teflon film:. This f£1lm seperatss the phos-
phor from the liquid sample. Results with a solution containing 0.03 xm of plutonium
per liter are tabulated below.

Observed Counting Rates - Teflon Protected Phosphor

Total Background Net

Counts Counts Counts
c/m g/h g/h Remarks
20,000 6,000 14,000 ' Initial counts.
27,000 13,000 14,000 Solution in cell overnight.

34,000 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.

40,000 30,000 10,000 Cycle after third day.

3k, 000 20,000 14,000 After a single flush with 6.5 M HNOs.

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

Prototype Uranium Polarograph. An improved and more trouble-free means of removing
dissolved oxygen from waste streams, prior to polarographic analysis, has teen tested
and found satisfactory. Helium for sparging is introduced into the air bleed line

of the sampling system rather than through a sinter in the electrolysis cell. This
results in a simplification of the system, and eliminates the possibility of process
solution getting into the sparge line.

Plutonium Resin Column Controls. lLaboratory tests show that & conductivity probe
isolated from the resin in a resin dilute acid mixture is more sensitive then one nct
shielded. A probe shielded with fine wire mesh screen was installed ia the 321 proto-
type resin column. This probe has performed well under simulated plant flow condi-
tions,

Equipment and Materials

Gold Gaskets. Severe galvanic corrosion of the gesketed face occurred when a simu-
lated flange of 304-L stainless steel with a gold gasket was expcsed to toiling €5
weight percent nitric acid for 92 hours. Gold gaskets are nct suitable in process
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Piping handling hot nitric acids or other oxidants.

Johnston P-19-7 Pump. Throttle bushing leakage from this pump was cut from 5 gpm to
350 ml./min. by using a Polypenco K-51 throttle bushing with a conical shaft deflector
below it.

Operation with a set ¢f Polypenco K-51 bearings and a 17-4 PH stainles steel shaft,
using reduced diametral clearances, resulted in failure after l/? hour.

Titanium - Tube Heat Exchanger. The prototypical titanium-tube hsat sxchenger
fabricated for use a&s a& product concentrator in the Purex Plant, dsvelopad transverse
cracks in the welds Joining the titanium tubes to the titanium tube sheet facliag.

Gas analyses bhave 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 between the tube sheet and the tube sheet facing may have been
absorbed into the titanium, thereby reducing the ductility of the welded ietal.

Chemical Competibility. Polypenco K-51. The Polypenco K-51 test has continued. In
a solution containing approximately 390 g/l. UNH and 330 g/l. HNO3 for 25.6 Lours

at the boiling point, the K-51 decreased 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 washing approximately 5000 counts
rer minute remained on the surface of the K-51.

Silicone. Silicone rubber with dacron reinforcement was tested by static lmmersion
at room temperature in 60 volume percent TBP-Scltrol, and 15 volume percent TBP-
carbon tetrachloride. The silicone rubber dissclved completely in the two solutions.

Soil Studies

The effect was investigated of a 1 ppm concentration of Separan 2610 in sojlution on
the adsorption of Csl3T, 8r90, and Pu239 by soil. All of the Cs137 and Pu=3”, within
the limits of the experimental measurements, was adsorbed. The adsorption of Sr9o,
however, resulted in a distribution coefficlent of approximately 50. An increase cr
decrease of pE from that normal for the Separan solutiocn (8.6) resulted in a lesser
adsorption. The experiments indicated that although Separan has an apparent benefl-
cinl effect on the infiltration rate of water, the use cof this material probably is
not advisable if the water contains appreciable amounts of sr99,

Additional work on the effect of various decontaminating agents oz the adscrption of
Csl37, Sr90 and Pul39 by soil indicated that none of the 1l agents tested favored

the adsorption of all three radioisotoges by soil. Equilibrium experiments indicated
a favorable adsorption of Pu239 and Csl37 at certain pE values, but sr0 was not
adsorbed from these same solutions at any pHE. The data indicated that no general con-
clusion can yet be made for disposal to the ground of solutions containing decontami-
nating agents. Each case must be considered on 1ts own merits.

A preliminary investigetion was begun on the possibility of disposal to the ground cf
radioactive wastes containing aluminum on the basis of complete lmmobilization of the
ligquid within an excavetion. The initial results indicated that if the scil at the
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perimeter of an excavation was treated with solid scdium bicarbonate, ths adiiticn of
a solution of 1 M aluminum nitrate produced a "seal" at the soil-liquid interface.
Upon standing, the solution then slowly formed a gel, presumably a highly hydrated
aluminum hydroxide. Additional work will attempt to determine the effect of other
salts on the formation of this gel as well as the stability of the gel itself.

Greater relisbility in the prediction of the behavior of liquid radiosctive wastes
in the ground and particularly in the ground water can now be made as a result of
the determination of the deformation of the Ringold formation sediments bexneath the
ground surface and perallel to the underlying basalt in the seven plant sites so far
closely examlined. Correlation of the results of geological and Lydrclogical studies
with field tests, laboratory studies, and monitoring data Indicates that the prssent
well network is minimsl and that its 2 to 3-mile spacing is probably the mezimum
allowable for the solution of the geological problems pcsed by the Harford site.
Other means, including regional geological maepping, geophysical explcrations, and
intensive local fileld and laboratory studies will be necessary to supplement tne
standard geological criteria which to date have proven inmadequately definitive with
the present network. ’

The geological event, in which sediments of the lower "tlue clay" Ringold ferreticn
were upwarped with the underlying basalt east of the 200 East Area and lccally shove
the ground water table, explains the southeastward directiom and high rste cof flcw
of the ground waters observed beneath 200 East Area. Several anomalies in the ground
water contour maps of the project, including the former elongate form of tle B-Plant
ground water mound and its north-south orientation are similsrly explained by the
stratigraphy and the lateral change in permeability. The need for relocaticn of the
Purex swamps to provide better control on the movement of contaminated grownd waters
at the Purex site is accordingly better substantiated while the preferred location
cf future cribs at the Purex plant and other sites is subject to mors precise defi-
nition.

BIOLOGY

Biological Monitoring

As one means for evaluating potential bazards of radiocactive wastes dispwssd to The
atmosphere, ground, and the Columbia River, terrestrial animals and equastic srimals
and plants are regularly assayed for concentrations of radicactive substsrces in
them.

Results are reported for specimens routinely collected from selected sites end show
the average and maximum contamination levels noted for the mortl. Tisrpd Tsctors are
an adaptation of the Regional Monitoring method of reporting. Tkcese factors wkich
show the n-fold increases (+) or decreases (-) from the previcus montk (where values
of n less than 2 will not be noted) are routinely listed.

Atmospheric Contamination. The principal radiocactive contaminmsnt of steck from
separation processes 1s usually I131l., This deposits on vegetsticn whilch 1s eaten
by indigenous animels and is deposited in their thyroids. Concentrations of 1431 in
rabbits! thyroids are listed below.

pichR 1 fee ik
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uce Il3l/é thyroid Trend OB
. Location Average Maximum Factor =
1 mile SE of Redox 1x 103 2 x 10-3 -7
Prosser Barricade 1 x 10-3 2 x 10™3 -8
Meteorology Tower Tz 10-4 8 x 10°% -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 10-4 2 x 10-3 -9
100-B Area 5 x 10-4 2 x 10-3 <L
R4S, M1k 1x 10-3 2 x 10°3 -10%
3 miles S of White Bluffs 8 x 10-4 1 x 10-3 - %
Wahluke Slope, E 1 x 1073 2 x 10-3 -G *
Wahluke Slope, NE 5 x 10-% 5 x 10-% b o*

* The last four trend factors compare values with July instead of August since
corresponding collections are taken bimonthly.

Although trends are downward as compared 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 uroject, only the
221-U swamp supports a population of waterfowl large enough to permit routice sawpl-
ing. Concentrations of waste fission products in bone and soft tissues are listed
below.

uc FP's/g tissue Trend
Specimen Average Maximum Factor
Coots :
bone 2 x 10-% L x 10-% -5
soft tissue 2 x 10°% 6 x 10-4 -4
Diving Ducks
‘bone 2 x 10°3 6 x 10-3 -20
soft tissue 2z lO'h 6 x 107k -4
Puddle Ducks '
bone 5 x 10-% 7 x 10°% -50
soft tissue . 4 x10°5 6 x 10-4 -5

The decrease in contamination of diving and puddle ducks is a direct resflection of
a higher proportion of migrant birds among those sampled. The decresase in contami-
nation of coots resulted from reduced disposal of wastes into the swaump.

Columbia River Contamination. Contamination levels in representative aquatic forms
for September are shown in the following table. Listed are the location from wkich
purely aquatic specimens were taken and the principal food of the amphibious speci-
mens collected. All amphibiocus specimens were taken near Hanford. For esch of these
two specimen types, the location and principal focd, respectively, appes> to te mcst
readily correlatable, at least qualitatively with the contamination levels.
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uc Radieisotopes/g Tissue Trend
Specimen Location Average Maximum Factor
Plankton Banford 3 x 102 3 x 10-2 +4
Caddis larvae Hanford 2 x 10-2 3 x 10-2 +2
Minnows Banford 1 x 10-2 2 x 10-2 +2
100-E 2 x 10-2 5 x 10-2 -2
Whitefish * Hanford 4 x 1074 7 x 10~% N
Priest Rapids 1 x 10-2 L x 10-5 +2
McNary 8 x 1070 - , -
prle Radioisotopes[g Tissue Trend
Specimen Principal Food Average Maximum Factor
Shorebirds * Snails,insects 1 x 10-2 2 x 1072 +3
Puddle ducks * Insects, 1x 1073 6 x 10~3 -
vegetation
Terns * Small fish L x 10-3 L x 10-3 i
Gulls * large fish 1 x 103 5 x 10°3 -
Mergansers * large fish 1x 103 3 x 10°3 -

* Values are for edible flesh. Levels of radicactive substances in bone of water-
fowl were 1 to 3 times those of flesh, and in whitefish about ten times that of
the flesh.

The contamination level of fish is roughly twice that of a year ago. That of water-
fowl, however, is but one-half to one-fourth of those observed one year ago. The
difference in trend factors is probably due to differences of sampling dates. The
level of contamination is increasing very rapidly at this time of the year and
samples taken late in the month will be appreciably more radiocactive than those
taken early in the month.

The positive trend factors are typical of this season, as river flow diminished and
the average water temperature was at a maximum. The comparatively high contemination
level noted late in summer immediately below 100-EH Aree 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 radicactive substances can be detected es far dowastrzam as the
mouth of the Columbia River, about 1200 specimens were ccllected ir that vicinity,
from the ocean beaches immediately north of the river's mouth, and from the southern
Oregon Coast. A few specimens were also obtalned off Cape Cod on the Atlantic Comst
for comparison. Results are not yet availlable.

Fish are routirely exposed to different concentrations of reactnr effluent in troughs
in order to observe directly possible toxic effects which could occur in the Cclumbia
River. In the past, Jjuvenile salmon and trout were used for th.s type of mornitoring
activity. This year juvenile whitefish were used and there is some indication thet
they may be more sensitive to reactor effluent than salmon or trout. The mortallty
of young whitefish exposed to 2 percent effluent for about three mozths 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 past,
no effects on salmon were evident until the concentration of effluent reached 3 or

L percent. Whether the increased sensitivity among whitefish is due to the effect
of chromate, temperature, or radicactivity is not known.

Metabolism and Toxicology of Radicactive Materisls

It appears that "Separan”", a material now being used in treating reactor water, will
have no toxic effects on fish. Young trout have not been affected by exposure to
0.07 ppm for over two months. This concentration is twice that specified for additliom
to the process water as an aid to filtration, and 1s many times the concentration
which will occur in the River.

Reactor Effluent. There is a possibility that there may be present in reactor
effluent radicactive substances which are not readily detectable by ordinary methods,
but still may present a biological hazard if humens 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 reactor effluent concentrated 40-fold being their socle 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 and the remaining 15 percent to K40, There is a suggestion
of the presence of a long-lived radiocelement that has deposited in the animals. This
will be checked in some of the animals after most of the P32 has decayed. No informa-
tion was cbtained to clarify the earlier result that indicated that the deposition of
P32 in 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-occupational populations, it is necessary
to know the absorption and deposition coefficient for the very young. Rats one-week-
0old and less were noted to absorb and deposit 10 to 100 times more plutonium than do
adult rats. Distribution of plutonium in rats one-week-old was the same as in adult
rats. :

Ruthenium. Rats which were two weeks' or less old absorbed radicactive ruthernium
from 5 to 10 times more than adult rats. Of the ruthenium absorbed, a higher pro-
portion is deposited in the bone.

The long-term chronic ruthenium feeding experiment was completed with analjyses of
animals sacrificed at 500 days. Previous conclusions were confirmed; depending om
methods of extrapolation of results from rat to man, kidney, bone or testes might
equally qualify as critical organs. The frevicusly suggested MPC of 4 x 10f3.pc/hl
of drinking water seems to be the most reascnsble value.

The extent to which this and the MPC for plutonium may be changed because of the
increased hazard to very young animals is yet to be determined.
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Jodine. To determine the quantity of radiolodine that may be_ permitted on local
vegetation, groups of sheep have received daily feedings of 1331 for about five years.
For sheep, a limit for vegetation contamination has been fairly well established. Pig
are now being used to extend results observed in the long-term sheep experiment.
These pigs are supplied by Washington State College, and in return, the research on
defining the toxicity of I131 to pigs is being extended. This includes a cocrollary
experiment on the effect of. high and low plane dlet (sufficient and irnsufficient
calories) on the uptake of I13l vy pig thyroids. The high-plane pigs show a tendency
to concentrate more I3l than do the low plane. The difference may be due to laerger
thyroids or to less available stable iodine in the high-plane pigs.

Prior thyroid damage in pregnant ewes appeared to increase the 1131 uptake by the
fetal thyroid. Among ewes fed 0.15 muc/day, the I131 concentration in the fetal
thyroid was about equal to or exceeded that of the dam in advanced p-egnancy. Heoweves
when dams were fed 5 mc/day (since weaning), the I131l concentration in the fetal
thyroids was 3 to 4 times that of the thyroid of the dam.

Radiocactive Particles. Of all potentially hazardous radicactive materials, prcobably
the least is known about the blological effects than may be caused by inkaled radic-
active particles. One hundred and eighty days after mice were intratracheally in-
Jjected with hydrosols of PuOp at 0.003 yc/lung and RuOs at 0.5 pnc/lung, no more lung
tumors developed than among mice injected with inert materials. It was also found
that Pulp at 0.0l,nc/house lung plus a chemical carcinogen did not increase the
incidence of tumors beyond that caused by the carcinogen alcne.

New techniques were developed for the preparation of RuOp particles to be used for
aerosol exposures in the future. This included the preparation of alcocholic ruthe-
nium oxide colloids to make dust for single exposures and the combustion of ruthenium
acetate in a hot tube to make dilute radioruthenium oxide aerosols for repeated
exposures.

Gastrointestinal Radiation Injury. For some poorly absorbed radicactive substances,
calculations of MPC's are based on the quantity of the given radicactive substance
present in the intestine which will cause the intestinal walls to be irradiated at
the rate of 0.3 rem per week. Many assumptions, experimentally unsupported, are
inherent in this type of calculation. Among the more impor+tant cf these assumptions
is that weakly penetrating radiations, such as alpha particles from plutonium,
actually reach important portions of the intestinal wall. Another is that the intest-
inal wall is as radiosensitive as other intermal organs, cne of which might ctherwise
be considered the critical organ. In order to test the validity of someg.cf the
assumptions_involved, rats were exposed to poorly absorbed Y91, The 1D 5 for orally
ingested Y1 was found to be 17 mc/kg. Of the amount fed aprroximately 0.03 percent
was absorbed from the tract. The mortality data, when compared with X-irradiation
results, are consistent with the assumption that the Y91 beta particles are as
effective as X rays in causing intestinal damage.

Genetic Effects of Metabolized Radioisotopes. When radicactive substances are
deposited in living tissues, toxicity may be exerted by the effects of the icrnizing
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radiations emitted by the decaying substance. If the metabolized radivactive
substance is a part of an essential molecule, the energy of atomic recoil may be
sufficient to disrupt the structure of the molecule. If the decay results in
transmutation of an element to a markedly different element, the new element may
be foreign to the molecule and change its biological activity.

If the metabolized isotope is present in germinal tissues, the toxic cffects may
be manifested through genetic changes. To determine the extent of pussitle changes,
yeast is beilng used to test the genetic effects of 835. For a constant amourt of
s33 (and hence constant energy delivered to the growing culture), a decrease in
available non-radicactive sulfur should result in an increase in mutation rate

of the yeast, if the transmutation and recoil effects are important. Io pexrfoiu-
ing these experiments, interesting corollary results were observed. It appears
that yeast grown on media containing very small concentrations of sulfw are mores
radio-resistant than yeast grown on high concentrations. It also appesrs that
the yeast cells mutate at a higher rate when grown on high sulfur medias. Tke
fundamental significance of these findings i1s obscure.
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WITH DELH"]NS SUPPCRTING ACTIVITIES

OPERATIONS RESEARCH AND SYNTHESIS

Economic Liaison

Self-education on "combined operations" was continued with special emptesis on the
economics and princlples of operatjion of the gaseous diffusion plants and their
relationship to Hanford reactor operation. Several intemsive discussions were held
on the mathematlical basls Ior cascade operation and different methods were examined
for expressing burnout costs in terms of cascade parameters. It was noted that the
penalty for burning slightly enriched uranium instead of normal uranium is relstively
small.

Investigation of Problem Areas

Preliminary investigations were started in several new problem areas. 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 operations at HAPO
(2) the creation of a symbolic model of the communication of objectives, 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 Columbia River, which limit total reactor carecity at
BAPO and (%) the possibility of keeping records by exception from normal occurrence.

Reactor Model

A report was begun on the mathematical derivation of those "variable discharge curves"
which have the property of minimizing the expected occurrence of fuel element fail-
ures. Asslistance is being given in determining a functional form which will explain
and predict the frequency of fuel elemént fallures under varying power and exposure
conditions. This work is a prerequisite to the analytical determination of tire
appropriate balance between goal exposure and power in the different reactors.
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RADIATION PROTECTION

The averege daily emission of I-131 from chemical processing plants was 0.5 curie with
e maximum 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 Plant
increased 1l4-fold to 0.15 curie with a maximum daily emission of 0.7 curie. The cause
for the sudden increase in particulate emission was not determined.

A slug which caught fire on the rear face of C Reactor resulted in a stack emission of
1.4 curies of radioactive particulates. These particles were deposited primarily di-
rectly south of 100-B Aree.

One significent case of plutonium deposition occurred. Hospitalization of the employee
was required to complete decontamination. Zirconium citrate and calcium EDTA were
administered as & precautionary measure. TInitial estimates placed the body deposi-
tion of plutonium below 50 percent of the maximum permissible limits.

The method of totalling cases of plutonium dceposition 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 flssion product deposition were detected
with the routine biocassay program. No cases of whole body exposure exceeding 0.3 r
per week occurred, as measured by the film badge program.

The use of impaction-type continuous =zlpha a2ir monitors looked very favorasble in per-
mitting rapid evaluation of plutonium air contamination. Improved sampling rates per-
mit evaluation of air contamination within five minutes as compared to the 24 - hour
welting period now required to distinguish between plutonium and naturally - occurring
elphe emitters.

CONDENSED EXPCSURE RECORDS

Number - Potential Confirmed
Iype of Reedings High Results High Results
Pocket Chambers-gamma 320,858 51 0
Pocket Chembers-slow neutron 1,998 i 0
Film Badge-beta gamme 63,231 26 0
Film Bedges-neutron T4 0 0
Pu Biocassay 1216 31 30
F. P, Bioassay : 1281 1l 0
U Bioassay 557 17 17
Alphe Hand Counts k7,654 0 0
Beta Hand Counts 38,942 0 0
Thyroid Counts 0 0 0

1238282 39-




REGIONAL MONITORING

The general findings are summarized in the following:

S

le e and lLocation

Drinking Water and
Related Materials

Benton City Water Co. Well
Richland, N. Richland,
Benton City Wells

‘100 Aresas

200 Areas
Pasco, Kennewick, McNary Dem
Backwash Solids -
Pasco Filter Plant
Backwash Liquids -
.Pasco Filter Plant
Anthracite, Sand Filter -
Pasco Filter Plant

Other Waters and
Related Materials

300 Area Wells #1, #3, and #k4

200 East Wells

200 West Wells

Wells Near 200 Areas

107 and 108 Wells

Outlying Wells

Columbia River - Hanford
Ferry

Columbia River - Below
Reectors

Columbia River -~ Patterson
to McNary

Columbia River - Shore Mud

Raw Water - Operating Areas

Reactor Effluent Retention
Besins to River

Reactor Effluent Retention
Basins to River

HW-46066 C

Average
Activity Activity Density Trend¥*
Type fuc /ml Factor
4

alpha 9.0 x 10~9 -—
alpha (<0.5 to 1.2) x 10~8 --
beta (0.1k to 3.6) x 10-6 -
beta (0.1 to 1.4) x 10-6 +2
beta (0.05 to 1.7) x 10-6 +2
beta 2.1 x 10-2 -
beta 1.8 x lO"6 -
beta 1.0 x 1074 -
U (2.0 to g.h) x 10-7 -
beta <5 x 10°° to 3.4 x 10-1 -2
beta <5x 108 to 2.0x éo-2 --
beta (€5.0 to 7.0) x 10 L -
beta (€0.0005 to 4.7) x 10 --
beta 1.8 x 1072 -
beta 1.5 x 10=2 +2
beta 3.5 x 10°7 -
beta (1.5 to T.4) x 1072 -4
beta (<0.005 to 1.2) x 10~2 +2
beta 6,700 to 25,500 mc/sec/reactor --
alpha <0.04 puc/sec/reactor -
<5 x 10-9 --

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

1238283
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Smle Type and Location

Other Waters and

Related Materials (contd)

I-131 in Farm Wastes to
River

I-131 in 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 Arees
I-131 Separations Areas
I-131 Separations Stacks
Ruthenium - Seperations
Stacks
Active Particles - Wash.,
Idaho, Ore., Mont.
Active Particles - Project

Vege’t ation

Environs of Separations
Areas

Activity
_Type

I-131

I-131
alpha

alpha

beta-gamma

'beta-ga.mme.

beta
I-131
I-131

Ru-103-106

Average
Activity Density

KL to 6) x 10715
1.4 to 6.7 mrad/day
0.7 to 11.1 mred/day
(0.9 to 1.3) x 10°12
(2.9 to 8.2) x 10-13
0.47 curie/day
£0.02 curie/dsy

0.04% to 0.21 ptle/m3
0.03 to 0.25 ptle/m3

(<0.3 to,1.3) x 105 /uc/gm

Trend*
Factor

+2
+2

+28

+2
+2
+2

+6
+5

L:_
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LABORATORY AUXILIARIES

Princlpal engineering activity was devoted to accumulating project and equipment status
and cost information to be used in planning of this work to match FY-1957 budget allo=-
cations. .

Preliminary plans have been made for conducting an engineering study of 300 Area. Ne-
gotiations are being made with Fuels Preparation Department to obtain their cooperation
and assistance in planning for future development regarding traffic flow, area expan-’
sion and building utilization.

A program is being planned for the annual testing of power boilers. X-ray and ultra-
sonic thickness measurements will be made to detect pipe that needs to be replaced.

X-rey examination of zirconium process tubes was completed. It 1s anticipated that a
large scale exemination program employing a mumber of tests will develop in about six
months,

Radiogrephic testing of welds in construction materials for Project CG-558 continued on
a routine basis. The piping for DR Reactor was nearly completed. Some difficulty was
experienced with cracks in the weld joints.

Preliminary testing of high tension electrical connec¢tors is being carried out in anti-
cipation of field work on the HAPO electrical distribution system.

Steps were taken during the month to abolish the HAPO Non-Technical Document Review
Board and reassign its duties to the Supervisor, Classification - Declassification.
This proposed change is awaiting concurrence from the AEC.

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

m—

Transfer of Kadlec Hospital Librery books and periodicals to the new Kadlec Methodist
Hospital was completed. Some of the books and subscriptions are being retained by
HAPO in the Industrial Medicel Library. The Plant Library will continue to maintain
records on these,

The secretaries manual for the preparation and handling of classified documents, "“Con-
fidentially Yours" has been revised.

-2
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EMPLOYEE RELATIONS

At the end of September, the staff of the Hanford Laboratories Operation totaled 11kl
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 PhD

209 101 8l

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

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 training progrems conducted by Relations and
Utilities.

Final preparations were compléted for the Hanford Laboratories Operation's portion 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-annual salary administration report
for the period ending September 30, 1956 was compiled for HLO and forwarded to Person-
nel Accounting for transmittal to Employee Compensation 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 basis,

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 mONthececceeccsracssescscccsccensset
Requisitions filledecececceccvcacccsccsoscccosacscsccsscessell
Requisitions cancelleQecececsececcscccvscsccosscscssncenscs 2
Requisitions receivedecceccsssscscsssecnscscccscsssscsssseasld
Applications considereeccccsececccsscsccsccsossoccsesessellt

Active transfer cases at end of MONthecescecocccccccsscceacsoceeld
New reql'leS'bS...................-.-.....-.................. 8
msfer effeCted..O............Q..........l.........C‘.‘. o

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

Total cases handled Since 9=1-56..cceccoccscscccsccssassscsceseIl®
Inj.tiated by employee....."lIl........O...O............‘O.as
Initiated by management*¥*,.ccecececcaccesccssscossscssasses O

1236269 - 7,70 ARSI ==
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Active cases at end of MONth.iecesscsscccessccscccccacnseeeld
New cases GUring mMOnthecccecsescssccccsscscaccacscssene 3
Initiated by empPloyeCeceecscescecscccsesssscssscse O

Initiated by management®#,.cccecceesssacascssass 3

Cases closed during monthecscssccccescccscsccscccccas 3
Transfers effected within HLOeeeeseesasassosaseses 1

Transfers effected to other GEececececasscossnees 1
TerminationSececacesssescesassssssasssnsssnssess L

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

A suggestion board comsisting of coordinators representing each of the level 3 compo-
nents except Operations Research has been established. Fifteen suggestions were submit-
ted during the month by HLO employees representing 2.2 suggestions per 100 eligible
employees. Six 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:

Number 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 8%
Good Neighbor Fund 677 59%

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.

Recruiting efforts were at a minimum 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
Invitations | Vigited| To Visiil] |Extended] Acecepted| Open | the
Extended ’ Roll
Elect. Engr. 1 S 1
Metallurgy 1%
Physics 1
*No HLO interest.

_h7_ R .ﬂﬁiﬂr‘
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Experienced BS Q@ et d
Visita 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
Other . 1l 1

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

Step I
Answered - Answered ungatis=
Number Satisfact~ factorily - Pend- Discussed
Discussed orily Withdraewn ing Step II at Step II
Unit 8 2 1 1 4
Non-Unit ¢] ¢] 0 0 0
Step IT

Number Discussed Step II Answers Given Pending Step IT Answers

L 1l 3

In addition, there were two Step II grievances carried over from the former organizatio
HAMTC was not in agreement with the Step II answers but has not yet taken further ac-—
tion. One is considered as closed during the month due to the expiration of the three~
month time limit.

HIO personnel worked a total of 166,684 employee hours during the month with no dis-
ebling injuries. There were 43 medical treatment cases for the frequency of 2.58.
There were no sericus incidents during the month. Two incidents resulted in minor in-
juries and there was one fire which caused no injury or property loss.

A 300 Area accident Prevention Committee has been formed with egual representation be-
tween HIO and the Fuels Preparation Department.

Approval for use of Separan 2610 for drinking water camnot be given by Health and
Safety because spproval has not been received from the U, S. Public Health Service.

12362191



FINANCIAL

Basic accounting records for HLO were established as of September 1, 1956, reflecting
balances transferred from HAPO General Books colncident 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 operating costs, research and develop-
ment and other end functions, and equipment and construction work in progress. Proce-
dures were established for accumulating 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 was 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. .

- DECLASSIFIED
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EW-46066

INVENTION REPORT

All Hanford Laboratories Operation personnel engaged in work that might reasonably
be expected to result in inventions or discoveries advise that, o 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, notebook records, if
any, kept in the course of their work have been examined for possible inventions
or discoveries.

INVENTOR(S) TITLE

H. R. Gardner Heat treatment of Uranium

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

W. J. Bailey HEW-45016 - Diffusion Welding of Alumi-
num with the Single Stroke, Hot Work
Punch, September 7, 1956

H. W. Lefevre & Time Measurement in the Millimjcro-
J. T. Russell second Region

Lonit.

H. M. PARKER
MANAGER, HANFORD LABORATORY
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