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BUDGETS AND COSTS 

1. 

April operating costs totaled $2,222, 000; fiscal year-to-date costs are 
$21,189,000 or 80% of the $26,522,000 budget. 

Hanford Laboratories research and development costs for April, compared with 
last month and the control budget, are as follows: 

(Dollars in Thousands) 

HLO Programs 
02 Program 
04 Program 
05 Program 
06 Program 

IPD Sponsored 
CPD Sponsored 

cost 
Current Last FY 
Month Month To Date 

$ 70 $ 96 $ 510 
917 84 1 7 988 

71 64 660 

180 198 1874 

1238 1 199 11 032 

190 260 2 589 

160 144 1 643 

Budget 

$ 661 

9 812 

806 

2 402 

13 681 

3 170 

1954 

% 
Spent 

7 770 

81 

82 

78 

81 

82 

84 

- 

- 

81% - - $1 588 $1 603 $15 264 $18 805 

Due to the discontinuance of the aircraft nuclear propulsion program, Air Force 
purchase order ($55,000) far experimental investigation at Edwards Air Force 
Base and GE ANPD purchase order ($3,600) for X-ray Diffraction Analyses were 
came Ned. 

Authorization was received from HOO-AEC to proceed with fabrication of 48 
aluminum alloy clusters for Bettis. 
work. 

A total of $30, 000 will be authorized for this 

Costs for Project Chariot for the summer of 1961 were estimated at $32, 800 
(incremental). Authorization is expected in the FY 1962 Financial Plan. 

RESEARCH AND DEVELOPMENT 

1. Reactor and Fuels 

Startup testing and correction of construction deficiencies of PRTR continued. 
All of the Design Tests were completed excepting those to be performed in 
conjunction with later Power Tests, and the remaining Critical Tests were 
completed. The reactor was then shut down for discharge and cleanup of 
U02 fuel elements which had collected foreign matter from the primary 
coolant flow during the course of design testing. Much maintenance work 
was done, such as overhaul of two primary pumps, modification of the 
helium system to simplify condensate collection and oil removal, modification 
of shim rods, calibration of flow monitors, and check-out of safety and con- 
tainment circuits and equipment. 
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I. 

Construction continued on auxiliary facilities of the PRTR complex, 
Maintenance and Mockup Building is about 80% complete versus 91% 
scheduled. PRTR siterpaving ad landscaping are on schedule at about 4070 
completion. The Critical Facility Building is about 9370 complete versus 
10070 scheduled, but extension of the scheduled completion date to August 15, 
1961 has been approved by the Commission. The Rupture Loop Annex is 
about 9770 complete versus 100~0 scheduled, and the Gas Loop is about 58% 
complete versus 91% scheduled. 

The 

PuO2-UO2 fuel development continued with studies of (1) the homogenization 
of U02 and Pu02 powders mixed in a P-K blender, (2) methods to control the 
distribution of plutonium oxide during loading of a tube with mechanically 
mixed powders, (3) methods of achieving close length control of swaged U02- 
Pu02 elements, (4) swagable end caps of various designs, (5) the determi- 
nation of Pu02 concentration by gamma spectrometer scanning, (6) gas 
evolution from U02 and Pu02 powders, (7) melting points in the PuO2-UO2 
system, and (8) stability of PuO2-UO2 mixtures at high temperatures in 
various atmospheres. 

Bonded Zircaloy-clad, Al-Pu capsules fabricated by injection casting are 
being irradiated in the MTR. A four-foot long, Zircaloy-clad, seven-rod 
cluster fabricated by the injection casting technique is scheduled for irradi- 
ation testing in the ETR in June 1961. 

The melting point of beta plutonium disilicide has been determined to be 
1'750 C 20. 

Additions of 0.5 w/o or 0.1 w/o Ti02 to micronized U02 produce no density 
advantage when high energy impact formed at 1100 C and 500,000 psi. 
exploratory high energy impact compaction of UC at 1200 C and 500,000 psi 
produced a machinable, 97.470 dense billet. 

An 

The electrical conductivity of irradiated sintered U02 (0.005 a'/o Ixrrnup) at . 

room temperature was found to be approximately 2070 of that of non-irradi- 
ated U02. 

A tubular, vibrationally compacted test ele& nt is operating satisfactorily 
in KER-1 loop. A three-foot long prototypic nested tubular fuel element 
(PRTR Mark II-C dimensions) containing vibrationally compacted U02 was 
charged into the ETR 6x9 loop during the cycle beginning April 17, 1961. 

Post-irradiation examination of the four-rod cluster fuel element containing 
recycled, partially decontaminated U02 revealed extensive re location, 
dendrite growth, and formation of a large central cavity. 
because of the low bulk density of the fuel specimen. 

This was expected 

A successful high frequency resistance welding technique (Thermatool) was 
developed for attaching ribs to 0.060-inch thick, 3. 07-inch OD, Zircaloy-2 

5 1 ?2i, 
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cladding for the Mark H-C PRTR nested tubular fuel element. 

The study of non-coaxial placement of I&E fuel elements within a process 
tube continued with determination that the limiting heat flux in the annulus of 
K reactor I&E fuel elements under fringe zone flow conditions is about 
1, 810, 000 B/hr-sq ft when the fuel elements are positioned concentrically. 
Initial results of an investigation of subcooled boiling under normal operating 
conditions in Hanford fuel channels showed that the inception of local boiling 
could be predicted fairly well with the Jens and Lottes correlation (ANL-4627) 
at low flow conditions but not at the higher flow rates found in the central 
zones of the reactors. The determination of maximum heat transfer cap- 
abilities of the NPR tube-in-tube fuel elements continued. 

Volume increases of four prototype NPR inner tubes (NIN-1) irradiated to 
1000 MWD/T under NPR conditions averaged only 0.4 percent. Ten other 
NPR inner fuel components, heat treated under varying conditions, were 
discharged from KER Loop 1 on April 1 at an exposure of 1050 MWD/T. 
Examination should yield valuable information on the optimum heat treatment 
to be employed for NPR fuel elements. 

Two KER size tube-tube elements were successfully irradiated to ca. 1000 

MWD/T in the 6x9 facility in the ETR at the extreme conditions ofaspecific 
power of 317 kw/ft and a maximum heat flux of 1, 100, 000 B/hr-sq ft. 

Accelerated hydriding of Zircaloy-2 has been observed at 425 C after 50 to 
100 days in a simulated NPR gas atmosphere. 
the fact that the solubility limit for hydrogen was exceeded about this time. 
A tentative hypothesis, which will be evaluated in future tests, is that pre- 
cipitation of the hydride phase in the metal results in a volume expansion 
which modifies the protective property of the zirconium oxide film. 

This result can be related to 

The decontaminating procedures under development for the NPR and PRTR do 
not significantly increase the hydride concentration in the Zircaloy. 
hydrogen content after eight complete cycles. alternated with high tempera- 
ture operation, was less than 20 ppm. 

The 

Graphite samples for monitoring oxidation in KE Reactor were removed 
after three months in the He-Nz atmosphere. 
samples was below the established limit of 2%/ 1000 operating days. 

The oxidation rate of all 

Initial in-reactor check-outs of the modified second generation in-reactor 
creep capsule were favorable, showing lower gamma heating and more stable 
performance of the thermocouples and electrical transducers than in earlier 
models. 

The computer program for calculating neutron attenuation in shields is 
complete. Results for a thick shield with a thermal neutron reduction factor 

I25 1x1 
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of 1Olo indicate that the calculations can reproduce the experimental data for 

fluxes and dose rates within a factor of two. 

In support of the CANDU design, a study of the heat transfer aiid fluid flow 
characteristics of a horizontally located 19-rod bundle fuel element was 
started, Using an electrically heated test section identical in size to the 
PRTR Mark I fuel element, no high temperatures indicative of stratification 
were observed at a heat generating rate of 208,000 B/hr-sq ft with inlet 
conditions of 478 F and 1100 psia and with flow reduced to make the outlet 
coolant 2070 steam by weight. The experiments will be repeated at higher 

heat generation rates . 
2. Chemical Research and Development 

The fourth strontium-90 recovery by ion exchange yielded 12,400 curies from 
centrifuged Purex feed free of troublesome solids. 
improvements were incorporated in the sun; most noteworthy was the'use of 
ammonium nitrate for final product elution wherein almost all the product 
was recovered in only six liters of eluant. 

Several new process 

The Hot Semiworks was ready to proceed on large-scale recovery of strontium-9C 
at month's end. 
scale tests indicate an optimum flowsheet with no serious problems. 

An extensive amount of backup technology and laboratory 

Progres was made on a concept of fission product packaging by means of a 
filter canister in which in situ chemical conversions would pro duce a final 
stable product form. This idea, when successful, will greatly simplify 
handling and shipment of highly radioactive products. 

Less than 0.75 percent of cesium loaded on a Decalso inorganic ion exchange 
media was volatilized when the system was heated to 1500 C. 

A series of glasses containing 30 to over 70 weight percent strontium were 
successfully prepared. 
easily formed strontium-90 heat sources. 

These glasses hold promise for use as high-integrity, 

An intensive research program on Salt Cycle technology was continued on a 
broad front. Careful electrochemical measurements, improved experimental 
techniques, and investigation of alternate salt "solvents '' are pointing to a 
better understanding of the chemical species present and the kinetics of their 
transformations. Electrochemical deposition of UOz, in particular, is well 
characterized and large, dense crystals can be produced in a predictable 
manner. The largest engineering scale deposition of U02 produced over 
20 pounds in one deposit from a potassium chloride-lead chloride molten 
salt so lution. 

Satisfactory core sampling of sediments from the floor of McNary Dam 
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reservoir showed material in the strata of sediments can be dated by measur- 
ing the Zn-65 to Co-60 ratios. 

depth. 

Sediment cores varied from 8 to 14 inches in 

A broad base of knowledge on site geology and hydrology was used in a recent ' 

study which concluded that NPR decontamination wastes will be disposed to 
ground in a crib north of Gable Mountain some five miles from the NPR site. 

3. Physics and Instrument Research and Development 

An experiment to improve nuclear safety limits for one step in the 235 
Building process was conducted in the plant. 

. 

experiment of its type conducted at HAPO. 
of material is kept well below critical size with the conditions that would be 
required to obtain actual criticality deduced by extrapolation of the data. The 
work is a joint effort of CPD Research and Engineering Operation and Critical 
Mass Physics Operation and will continue through a series of measurements 
simulating normal and abnormal operating conditions. 

This was the first in-plant 

In such experiments, the assembly 

Study of a simple approach to automatic control of existing reactors was 
continued. Again, outlet tube temperatures actuated on-off rod motion. In 
the two tests conducted this month, normal operator control had to be resumed 
when simulation of the simplified control operation did not adequately restrain 
shifting of the heat load in the reactor. 

Substantial aid in overcoming inadequacies in the control system of CPD auto- 
matic lathes resulted from application of a technique to measure their 
dynamic characteristics which has been developed after considerable experi- 
mental difficulty. 
has been obtained for the first time. 

Reproducible data for defining the system non-linearities 

Accumulation of backup knowledge on the behavior of neutrons in NPR type 
reactors continued through performance of exponential experiments. 
ments in the technique of analyzing such experiments are promised by recent 
application of improved theoretical methods to the treatment of some sources 
of variation in the results. 

Improve - 

At the Critical Mass Laboratory the program of leak detection and repair 
made progress and volume calibrations were run on various solution-contain- 
ing vessels. 
assembly equipment to be used with simulaxed plutonium precipitates. 
Development of computation methods for predicting criticality also continued 
to make progress but emphasized the need for better information on the 
effects of Pu-240 in criticahty situations. 

Satisfactory progress was also made in the fabrication of the 

Development of improved fuel failure detection systems will be aided by an 

experimental installation planned for the PRTR Rupture Loop. Instrumenta- 
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tion is being designed and procured for the determination of gamma energy 

spectra, delayed neutron activities, and gross activities from defected fuel 

under various conditions. 

Understanding of the physics of plutonium as a reactor fuel will be aided by a 
newly demonstrated technique for measuring "neutron temperature" variations 
throughout a lattice cell using Lutetium "neutron thermometers". 

Detection of -02 concentrations in pU02-UO2 fuel rods may be done by gamma 
ray energy differences according to initial studies which detected localized 
concentrations of 2% of pU02 in rods where the average concentration was 
0. 570. To date, detection sensitivity has been limited by variations in the 
total oxide density. 

In non-destructive testing research, study of the optimum waveform to use in 
eddy current testing was assisted by receipt of the first quarterly report on 
our research contract at Johns Hopkins University. 
current test coil temperature compensation was developed, further improve - 
ments were made in thermal bond test methods, and preliminary experimental 
search for nondestructive ways to detect Zircaloy hydriding yielded negative 
results. 

In other work, eddy 

Fallout of airborne contaminants due to rainfall is receiving increasing 
attention as analysis of voluminous dispersal data nears completion. 
experimental techniques useful with both natural and artificial rains have 
given encouraging results in preliminary trials. 

New 

Improved detection sensitivity, by a factor of 10, for air contamination by 
fission products was obtained in a monitor installed in 327 Building. 

sensitivity over present plant equipment entailed some increase in cost and 
loss of portability, factors which are not of importance for all applications. 

Increased 

At the whole body counter, information on the redistribution and elimination 
of several isotopes was obtained. Information on P-32 was obtained through 
the cooperative study with the University of Oregon Medical School and on 
Sb-125, Co-60, Zr-Nb-95, and Ru-106 through observations on accidental 
contamination cases. 

4. Biology 

In terminating the rabbit sampling program, the 1131 content of a large 
series of thyroids and vegetation Sam les from the same collecting site were 
compared. The thyroid/vegetation 1lf1 ratio was approximately 600. The 
1131 contents in thyroids from full-term fetuses were 1. 02 2 0. 5 times those 
of their parents. 
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DTPA treatment of rats 60 days after administration of plutonium appeared 
to increase both biliary and non-biliary excretion of plutonium. 
mately one-fourth of the fecally excreted plutonium entered the intestinal 

tract via the bile. 

From 15 to 35 percent of Pu239 intradermally injected into swine remained 

after eight months. 

Clearance of Ce144 particles from the lungs of rats appeared to be slightly 

increased by inhalation of ionized air. 

Approxi- 

Oxygen deficiency to barley seedlings depressed uptake and transpiration of 

calcium. 

Immature buds of yeast cells are radioresistant. 
by a staining technique indicated that such buds do not receive nuclear 
material from the parent cell until half grown. 

Preliminary data obtained 

5. Programming 

Development and improvement of computer codes employed for fuel cycle 
analyses studies has continued during the month, with various codes being 
both broadened in their capabilities and improved in accuracy, as well as 
optimized for minimum usage of 7090 machine time. 

The "Salt Cycle" partial decontamination process may prove most attractive 
economically in "throwaway" cases, where the uranium is sufficiently 
depleted to be of essentially no value. Apart from its value as a separations 

process, the salt cycle may also be an attractive method of preparing mixed 
plutonium oxide-uranium oxide fuel with desired physical properties. 

Analyses of typical uranium ore feeds to two different domestic mills confirm 
earlier hopes that some of these ore streams are attractive sources of Th-230, 
of interest for in-reactor formation of heat-producing U-232, and its 
daughter Th-228. 

TECHNICAL AND OTHER SERVICES 

Throughput rates have been achieved which meet current completion schedules 
for the non-destructive testing and accompanying treatment of NPR process tubes. 
A new ultrasonic test for transverse discontinuities was placed in routine use, 
and encouraging improvements were made in penetrant testing. 

Two cases of plutonium deposition were confirmed during the month. The total 
number of plutonium cases that have occurred at HAP0 is 267, of which 194 are 
currently employed. 

1251231 
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The Annual Summary Report for 1960 on the Radiological Conditions in the Hanford 
Environs was completed. One hundred copies were transmitted to HOO-AEC for 
distribution to government agencies and interested public officials. 

There are 19 currently active projects having combined authorized funds in the 
amount of $18,904, 000. The total estimated cost of these projects is $25, 394, 000. 
Total expenditures on them through March were $15,080, 000. 

project proposals have been submitted to the Commission requesting authorization 
of $572,000 total project funds on 4 new projects. 

In addition, 

All formal R & D reports will be reviewed by the Patent Attorney to ascertain 
whether patentable material and/or legal objections exist to prevent a document 
being sent of€-site. 

Estimation of parameters in empirical models expressing fuel element distortion 
as a function of reactor variables was completed and a satisfactory fit obtained. 

It has been shown that the problem of determining the frequency of simultaneous 
reactor outages can be solved using available multi-channel queuing theory results. 
This analysis has been applied to further work on the problem of the optimum size 
for supplemental crews. 

The required calculations for demonstrating conformance to specifications of 
parts shipped during the first quarter of 1961 were based for the first time on the 
r e c e nt ly adopted part - by -part ac c ept anc e t e chniqu es . 

In connection with pulse column control studies a preliminary analysis was com- 
pleted of mid-column photometer calibration dataand the results used to guide a 
machine calculation to determine the best mathematical method of correcting for 
the temperature differential between calibration and experimental runs. 

SUPPORTING FUNCTIONS 

Financial has assigned a member to a task force to study ways for reducing costs 
of 300 Area transportation. 
pool and assigned vehicle practices which can be modified to reduce costs. 
and Transportation are also represented on the task force. 

The study is being centered on a review of motor 
FPD 

A televised news feature on Operation Plowshare and Project Chariot was prepared. 

Twenty presentations on changes in benefit plans have been completed. This 

represents approximately half of the total job. 

The revised Suggestion Plan procedure for awards of $50 or less was effected 
April 17. 

I25 I232 
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Advanced Degree - Twelve Ph. D. candidates visited HAP0 for professional 
employment interviews. 
one rejection were received. 

Eighteen offers were extended; three acceptances and 
Current open offers total 17. 

BS/MS - Offer acceptances rose sharply during April as did rejections. 
to-date progress in campus recruiting has resulted in 152 offers, 48 acceptances 
and 42 rejections. 

Year- 

We currently have 62 offers open. 

Technical Graduate Program - Six Technical Graduates were placed on permanent 
assignment during the month. 
Current program members total 48. 

Three new members were added.to program rolls. 

Recruiting visits were made to ANPD at Cincinnati and Idaho Falls. 
125 interviews were conducted. 
exempt personnel and one acceptance has been received ('Welding Engineer for 
HLO). 
personnel all of whom have accepted. 

A total of 
Offers have been extended to 9 ANP technical 

In addition, we learn that 3 offers were extended to ANP financial 

The guide portion of the Pressure Systems Task Force report will be revised 
and issued as an HW document, thus making information on pressurized equip- 
ment more widely available. 

Current year-to-date incidence of security violations (18) are running at twice 
the rate for 1960 (9). There were eight violations during April. Medical treat- 
ment injuries totaled 42 

April and year-to-date. 

HM Parker:CAB:mlk 

for the month resulting in a frequency rate of 1. 98 for 

for Manager 
Hanfor d Labor ator ie s 
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AND FUELS RESEARCH AND DEVELOPMEIJT OPERATION 

.. 

A. 

TECHNICAL ACTIVITIES 

FISSIONABLE MATERIALS - 2000 PROGRAM 

1. mTAI.UJRGY PROGRAM 

Corrosion Studies 

Hydriding of Zircaloy-2 in Simulated NPR Gas. 
samples have been exposed at three temperatures (325, 375, 425 C) since 

A number of Zircaloy-2 

October 1960 to a simulated NPR gas atmosphere. 
through a solution of potassium acetate to give an inlet dewpoint of 
approximately 0 C. 
producing an exit gas with a composition of about 98.75 He, 0.55 CO, 
0.7$ H2 and 0.054 H20. 
showed little or no hydrogen pickup at any of the test temperatures which 
could be attributed to the hydrogen gas content. 
the 325 C and 375 C samples still showed no hydriding, but the 425 C 
sample had picked up 645 ppm hydrogen, which indicated hydrogen absorp- 
tion beyond the normal corrosion product hydrogen pickup. 
cently removed after 160 days of exposure confirm the previous data with 
the 325 and 375 C samples showing no gaseous hydrogen pickup. The 425 C 

sample contained 3354 ppm hydrogen and was severely hydrided. 

The O.O5$ water present in the gas stream appears to be inhibiting 
hydrogen pickup at 325 and 375 C by formation of a protective oxide. 
At 425 C some inhibition still exists, but the hydriding rate is un- 
acceptably high for reactor applications. The "breakaway" hydriding 
which began between 53 days and lo7 days at 425 C can be related to 
the fact that +,he solubility limit for hydrogen was exceeded at about 
this tine. 
results in a volunre expansion wgich could modify the protective qualities 
of the Zro;! film. 
proposed mechanism. 

Tank helium was passed 

This gas mixture was passed over graphite at 990 C, 

Samples removed after 27 and 57 days of exposure 

At lo7 days of exposure, 

Samples re- 

The resulting precipitation of a hydride phase in the metal 

More work is planned to determine the merits of this 

Effect of Oxygen Concentration on Hydrogen Pickup in Zircaloy. To de- 
termine %he effect of oxygen coccentratior; on the hydrogen pickup for 
Zircaloy-2 and Zircaloy-4 during autoclaving in 400 C, 1500 psi steam, 
tests are being conducted under the following conditions: (1) refreshed 
system containing 3 to 4 pprn 02; (2) refreshed deoxygenated system con- 
tainirig less than 0.1 ppm @; and (3) static system containing less than 
0.1 ppm @ plus the corrosion product hydrogen normally generated during 
the exposure, 

The results to date show that the percefitage of corrosion product hy- 
drogen pickup for Zircaloy-2 is considerably lower in the refreshed 
system containing 3 to h ppm oxyger; than in the other two systems con- 
taining vinual2.y no oxygen. For Zircaloy-4, the effect is much smaller. 
The amounts of hydrogen pickup for the Zircaloys in the oxygenated system 
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for Zircaloy-2 

the erosion- 

are lo$ for Zircaloy-2 and 14s for Zircaloy-4 versus 285 
and IS$ for Zircaloy-4 in the deoxygenated systems. 

Erosion-Corrosion of Aluminum Alloys. 
corrosion test assembly to determine the qualitative effect of heat 
transfer on the attack of 1245 and x-8001 aluminum alloys. 
samples were exposed to 300 Area tap water at a velocity of 65 ft/sec 
for 24 hours at inlet water temperatures of 15 and 95 C. 
greater corrosion was observed at the higher water teaperatwe, with 
x-8001 experienciag greater attack than the 1245. Heat transfer in- 
creased the corrosion rate up to seven-fold over samples exposed to the 
saue inlet temperature water without heat transfer. Corrosion rates were 
comparable to those observed with 110 C inlet water temperature and no 
heat transfer through the sample. 
smooth and uniformwith occasional pits near the intake. 
(300 psi) applied to the system had a marked effect in reducing the attack. 

Tests were run in 

Heated 

Cbnsiderably 

The attacked areas were generally 
Back-pressure 

Radionretallurpy Laboratory Studies 

The first KER, single tube, Zr-2 clad elelpent with =-Be brazed end caps 
waa sectioned. 
lent condition a.ud the uranium free of cracks (RM-577). 
capsules from a test designed to measure the in-reactor strength of Zr-2 
jacketing material have been burst at a temperature of 337 C. 
to rupture at pressure was IPeasured and found to vary with fabrication and 
irradiation conditions (RM-554). The results and interpretations of these 
examinations will be reported in more detail in connection with the de- 
VelopEnt programs served. 

The end closure and cladding were found to be in excel- 
Eight irradiated 

The time 

Basic btallurgy Studies 

Radiation Effects in Structural hterials. Four X-basket assemblies have 
been received by Radionetallurgy for measurenaent of irradiation damage to 
zirconium and Zircaloy-2. The accumulated exposures (flux 2 1 EV 

exposure time) were 4.55 x 1017 nvt, 1.38 x 1018 nvt, 3.60 x l@8 nvt 
and 7.56 x 1018 nvt. 
position i 

A-28-Ipw position, where the maxinnun unperturbed thermal flux was 5 x 1013. 
Two X-basket assemblies with goal exposures > 1019 nvt are still in the 
reactor. 

The first three exposures were obtained in the MI-4 
the MllR where the maxinun unperturbed thema3 flux was 

1.86 x Id- E . The highest exposure (7.56 x 1018 nvt) was obtained in the 

Electron and Optical Microscopy. 
in the Snout Facility to 2 x 1019 nvt (fast) are under study. 

High purity aluminum foils irradiated 
X-ray 

diffraction was employed to measure lattice parameters before and after 
irradiation. 
suring the d-spacings for the four high angle lines 331 420 422, and 
333 

Values of the lattice parameter a. were obtained by mea- 

healed, pre-irradiation a. = 4.04860 A 
tl irradiated 1018 nvt fast 4.04900 

irradiated 1019 nvt fast 4.04900 
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Cold-worked, pre-irradiation a. = 4.04882 
" irradiated ld.9 nvt fast 4.04902 I1 

All values are f O.OOOO5 A 

Broadening of the x-ray lines was very slight. 
differences in breadth between the irradiated samples and the unirradiated 
samples were of the sanre order as those between individual unirradiated 
samples. 
crystallites suitably oriented to diffract, differences between individuals 
were pronounced. 
those for the annealed samples and were not further broadened upon irradi- 
at ion. 

For the annealed samples, 

Inasmuch as the annealed foils contained a very small number of 

The lines for the cold worked samples were broader than 

A series of multilayered films of the type C-U@-X, where X is Pt, W, 
and Ge, were prepared in such a fashion that the thickness of metal X 
varied in the ratio 1:2:4:8. 
study of the fission fragnmt tracks in these films, the series containing 
W was recoated with additional W. 
coating was to make all films of the W series equal in respective layer 
thicknesses. Re-examination conclusively showed that fission fragmnt 
damage perceived by transmission electron microscopy is a function of the 
distance between the fission fragment path and the free surface of the 
film, and is not subject to contrast effects associated with different 
thicknesses of metal X. Comparison of Pt and Fd films with equivalent 
thickness ratios also indicates that fission fragment damage is a function 
of the specific metal used. Different metals have different fission frag- 
ment scattering powers. 

After irradiation and electron microscope 

The purpose of the additional Pd 

A detailed examination of all films subjected to fission fragment damage 
has revealed some common characteristics of track geometries and contrast. 
It is believed that the present interpretation of damage is correct and 
that the direction of travel of the fission fragments with respect to 
the surfaces of the films can now be described. 

Foils of aluminum prepared by electrolytic thinning to approximately 
1000 A thicknesses were coated in a heterogeneous fashion with U% and 
then irradiated. 
accompanied by removal of the Uo;! from the top surface of the foils along 
the proJected path of che fission fragment. 
through the aluminum in regions which are devoid of U@ does reveal a 
track due to decrease in effective electron scattering power of the 
aluminumin the region through which the fission fragment has passed. 
Aluminum foils containing large grains, therefore, behave differently 
than fine grained, evaporated aluminum films supported on carbon sub- 
strates described in previous reports. 
with the fact that a large grain of aluminum is diffracting electrons 
quite uniformly, whereas with a fine grained film, only a small percentage 
of the grains are in an equivalent diffracting position. 
slight changes in the elechron scattering power of the aluminum in the 
region of a fissim fragment path will give rise to considerably different 
contrast effects. 

Passage of a fission fragmnt through the aluminum is 

Passage of a fission fragment 

This difference may be associated 

Consequently, 

If, for example, the aluminum foil is oriented to an 



extinction position, the fission fragment track can no longer be detected. 
&tion of dislocations present in the aluminum foils coated with UQ can 
be observed. Some of these dislocations pass near fission track regions 
and in sone cases appear to interact. 
a pinnj,, interaction and provides further evidence for believing that 
cansiderable damage in the aluminum lattice has occurred. 

This interaction is in the form of 

X-Ray Mffraction StudSes. Orientation of extruded uranium tubes and rods 
with various fabrication and heat treatment histories is being determined 
by several x-ray methods. It has been shown that satisfactory pole figure 
and growth index values can be obtained on fine grained alpha extruded or 
cold worked uranium. But growth index determinations on beta heat treated 
uranium tubes are often unreliable due to the large grain size. This con- 
clusion is based on results of experiments on KER and NPR tubes where GI 
values were determFned from a given surface (approximately 3/4" x 1" in 
area) and then redetennined after removing about 10 mils from the original 
surface. Typical GI values (Morris ten plane method) from one piece of 
beta heat treated uranium are as follows: 

Surface 1 - .1 0 - -15 
Surface 2 
(10 mils removed from 
surface 1) 

Surface 3 
(5 mils removed from 
surface 2) 

+.l - -3 - .25 

+.15 - .2 0 

Using these sam specimens, GI values were obtained using the Sturkin 31 
plane method. 
that there is no added advantage in using the longer method. To obtain 
more reliable results, more surface area must be used in the determina- 
tions. 
be examined in order to have a statistically representative sample. 

Notch Sensitivity of Zircaloy-2. Recent failures of Zircaloy-2 clad test 
elemnts have indicated that the cladding material fails locally with 
little uniform straining in the remainder of the material. 
of Zircaloy-2 to surface irregularities such as a notch .or deep striation 
introduced during forming might be the cause of this failure tendency. 
In order to determine the degree of notch sensitivity of Wrcaloy-2, a 
series of tests at an elevated temperature of interest is being conducted 
with notch depth and strain rate as parameters. A plot of notch depth 
fraction (notch depth/thickness) versus uniform plastic strain at failure 
should permit extrapolation of the curve to a critical notch depth at 
zero plastic strain. 

There was a direct correlation between results, showing 

Experiments are in progress to determine how much surface must 

Sensitivity 

Flat specimens rolled to 0.020" and cut tranvserse to the rolling direc- 
tion are notched parallel to the rolling direction and fully annealed 

1251231 
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prior to testing. 
sensitivity below 0.006 inch notch depth. 
of 0.3, there is extensive deformation at the notch, as well as the 
gage section with failure occurring unpredictably within the gage 
section or at the notch. Specimen width may be a critical parameter 
in controlling this behavior. Testing will continue with additional 
strain rate variation and wider notch depth range. 
initiated to determine the effect of increased specimen width and notch 
orientation with respect to the rolling direction. 

Results at two strain rates indicate little notch 
Near a notch depth fraction 

Tests will also be 

Zirconium Alloy Fabrication. 
(March 1961 monthly report)' has been completed. 

Hot rolling of the 13 zirconium base alloys 
Rolling was done from a 

furnace set at 750 C. 
pass per reheat. Some edge cracking was noted on one alloy containing 

Reductions of lO$ per pass were used with one 

4.6 sn, 2$ Mo. 

Metallic Fuel Develonment 

Fuel Irradiations. 
discharged during January at 1200 WD/T has continued, and no serious 

Radiometallurgical examination of KSE-3 fuel elements 

fuel element design deficiencies have been observed. The a.verage length 
change of the four 18-inch long elements is -0.070 inch, and the average 
aD change is +0.004 inch. 
0.004 ixh to 0.015 inch, representing warp changes of -0.002 to +0.008 
inch and an average change of less than +0.002 inch. 
ation of the Zr - 5 w/o Be eutectic closures and of the uranium fuel in 
the braze heat-affected zone has revealed no fuel cracking or distortion 
and no indication of braze or clad bond failures. 

Post-irradiation single throw warp ranged from 

Microscopic examin- 

Radiometallurgical examination of KSE-3 fuel elements discharged during 
February at 2000 WD/T has started. The average length change of the 
four 18-inch elements is -0.034 inch and the average OD change is approx- 
imately +0.010 to +0.012 inch. Post-irradiation single throw warp ranged 
from 0.006 to 0.013 inch. Some distortion on the inner bore of the fuel 
tube in the heat-affected zone was evident upon superficial examination, 
but sectioning in one such area indicates that dimensional changes are 
negligible. 

Four. iU3-1 fuel tubes (iIPR inner tubes) were discharged during April at 
1000 IWD/T eqosure beczuse of a fuel element rupture indication. 
ination in the basin did not reveal the cause of the indicated failure. 
The average volume increase of the fuel, determined by weighing in the 
basin, is 0.4 percent. This is approximately one-third of that observed 
with the KSE-3 elements at equivalent exposure. 
of the NIN-1's as compared to the IGsE-3's is attributed to somewhat lower 
fuel temperatures and greater QD clad restraint. The NIX-1 elements have 
0.040 inch outer clad thickness as compared to 0.025 inch for the larger 
diameter BE- 3 elements. 

Exam- 

The decreased swelling 

Radiometallurgical examination of two KER tube/tube fuel elements 
irradiated to an exposure of 3200 WI)/T was essentially completed. One 

1251238 
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element had a uranium core and one a uranium - 2 w/o zirconium core. 
inner tube of the uranium core element failed by clad splitting. 
recrystallization of the uranium core in a cross-section of the outer tube 
was reported last month. Longitudinal sections showed that this recrysal- 
lizatia occurred during cutting. Apparently, coolant flow during cutting 
was inadequate and overheating of the fuel resulted. 
fuel elements were recessed to allaw for expansion of the uranium during 
irradiation. A longitudinal section was made through the end cap of the 
uranium outer tube after irradiation. 
filled about 95 percent of the end cap recess. 

An obsolete mpR inner tube (IBN-1) failed in a KER Loop after 1700 W/T. 
Be end caps on the elemnt had been welded in place with no allowance for 
uranium -ion. 
in the clad of this element at the base of the end cap. 
of the uranium during reactor shutdown was the cause of the shearing force 
which led to the failure. 
shared a maximum increase of 0.024 inch for the outer diameter and 0.004 
inch decrease for the inner diameter. 
=as-nts would be 3.8 percent. 

me 
Localized 

The end caps of these 

Uranium, which has flared plastically, 

Radiametallurgy examination revealed a shear failure 
Them contraction 

The diameter measurements made on this ele-nt 

A volume increase based on diameter 

T& two NIlp elemnts with brazed closures, GEH-4-57, 58, irradiated in the 
MPR were discharged Wch 25, 1961, due to a rupture. Failure occurred on 
startup of the fifth irradiation cycle. Failure appeared to occur through 
a longitudinal crack across the rupture blister. 
the rupture and brazed end closures will be performed after the radio- 
activity decays to a safe level. Exposure at time of failure was 1050 
W/T (0.12 a/o burnup or 6.0 x 1019 fissions/cd). 
was 75 kw/ft, with a uranium surface temperature of 180 C and a core 
temperature of 350 C. 

Detailed examination of 

The specific power 

Two brazed KER tube-tube fuel elemnt assemblies have completed one cycle 
of irradiation in the 6x9 loop of the ETR. These elements ran at a 
specific parer of 317 kw/ft with a maximurn clad temperature of 380 C and 
a maxirmLm core temperature of 627 C. The outer tube accumulated an expos- 
ure of 1200 W/T (0.14 a/o burnup or 6.8 x 1019 fissions/d) and the 
inner elements accumulated 825 W/T (0.09 a/o burnup or 4.0 x 1019 fissions/ 
ad). This experiment was an extremely severe test for the 12 Fe + 4 Be + 
84 Wrceloy braze because of the high temperatures and extremely high fluxes 
involved. These elements will be examined and measured in the new ETR 
Basin Measuring F'acility prior to ship-nt to HAeo for detailed metallurg- 
ical examination. 

Ten l5-i.nch long elements of NPR inner tube stock, processed with variable 
beta heat treatment, have been discharged after irradiation in KER Loop 1. 
The charge average exposure was lo50 m/T. 
element parer was 48 and 54 kw/ft, respectively, and the weighted average 
tube outlet temperature was 286 C. The elements operated without any un- 
usual incidents and were subjected to a total of 24 shutdowns during 
irradiation. Examination of all the elements will be mde in Radio- 
metallurgy. 

The average and maximum 
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Two elements of the same group were irradiated in the ETR 3x3 Loop during 
Cycle 36 (GEH-10-44 and 45). 
days at an average power of 102 kw, including the basket. 
element specific power was then 40 kw/ft. 
These elements will be measured for dimensional changes and warp before 
continuing irradiation. 

These elements operated 17 - 25 effective 
The average 

Total exposure was 149 m/T. 

A section of the Wrcaloy-2 basket from the fifth ETR rupture test, cut 
from directly over the defect in the ruptured fuel element, has been 
analyzed for hydrogen. The analysis showed 95 ppm hydrogen in the basket 
in the region analyzed as compared to the 22 ppm hydrogen in the Zircaloy 
stock used for the basket. The hydrogen increase is attributed to in- 
reactor operation with the ruptured fuel in contact with the Zircaloy-2 
basket. 

Fuel Component Development. 
Zircaloy-2 tubes were burst tested in-reactor under stress rupture 

Over a year ago, fifteen thin-walled 

conditions. 
imately 1d-9 nvt greater than one mev. 
of the capsules burst in-reactor, the test was discharged. The eight 
remaining unburst capsules were recently burst at 337 C in the Radio- 
metallurgy facility. 
levels of 46 to 49 thousand psi and time to failure varied from 0.1 hour 
to 30 hours. 
and stress) of the burst data shows the post-irradiation strength and 
ductility of the burst capsules to be comparable with the pre-irradiation 
strength and ductility. 
temperature, and stress, but it failed as a pinhole without appreciable 
strain. This specimen will be examined to determine if localized necking 
or a defect in the Zircaloy-2 cause the pinhole failure. 

The total fast neutron exposure during the test was approx- 
According to plan, after seven 

These capsules were burst at initial hoop stress 

A parmtric plot (involving rupture timz, test eemperature, 

One specimen fractured at the predicted time, 

Additional measurements of room temperature residual stress in the outer 
clad of NPFl fuel elements confirmed previous measurements. The average 
compressive residual stress was about 40,000 psi. Residual stress alone 
can cause warp if one or more of the fuel components is asyrmnetric with 
respect to the other. 
The outer jacket on an inner tube was assumed to be 40 mils thick on one 
side and 50 mils thick diametrically opposite. 
uranium core were assumed to be symmetrical about the axis of the fuel. 
Calculated warp from residual stress was equivalent to 15 mils double 
throw in 24 inches. 

One rather extreme case was examined analytically. 

The inner cladding and 

Two high temperature (1050 C) swage sizing tests have been made on 406 SS 
material. 
diameter hot rolled rod to 0.593 inch in diameter. The second was the 
reduction of a 2,250 inch diameter cast billet of AISI 406 SS to 1.50 inch 
in diameter. 

The first was the reduction of an AISI 406 SS 0.750 inch 

Both materials worked well at 1050 C and showed no signs of flaking or 
cracking. The surface was very smooth and exhibited only a thin oxide 
film. Further reduction of the cast billet by hot rolling at 800-900 C 
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will be conducted soon. 
the original 2.25 inches in dismeter to 0.593 inch in diameter. 

Further attqts have been made to roll bond AIS1 406 SS to uranium. 
spotty bond was msde by rolling sandwich at 650 C to approximately 20$ 
of its original thickness. 
been carried aut to le. 
tremely brittle bond. 
into the beta phane. 
will be tried in an effort to reduce the brittleness of the bond. 

This billet will eventually be hot worked from 

A 

It appears as though the rolling should have 
The axeas that were bonded exhibited an ex- 

Rolling at a higher temperature would put the test 
The introduction of an intermediate layer of niobium 

Heat Treatment Studies. 
uranium given a variety of beta heat treatments have sham that the heat 
treatments have given an effective randomization of the grain orienta- 
tions. The consistency of the data has made identification of any one of 
the heat treatments as the '%est" heat treatment very difficult-. Further 
azdysis of the data and discussions with x-ray personnel in the physical 
Metallurgy Operation hse led to the conclusion that an insufficient 
number of grains were scanned by the x-ray beam to give a true statistical 
saqle. 
required to give a true statistical sample. 

All x-ray data taken to date from samples of 

An investigation is now under way to determine the surface area 

Component Fabrication. Several Zircaloy-2 extrusions have been made using 
a thin (0.0005 inch thick) copper Immzsion plate originally developed for 
the hot heading process as a substitute for canning the billets in copper. 
The copper can providesprotection for the Zircaloy-2 during the billet pre- 
heat and aids in lubrication during extrusion. The copper inmrersion plate 
has the advantages over the thicker copper can of providing a smoother 
surface on the extrusion and is inexpensive and easy to apply to the 
billets. A plate of this type could prove valuable to the coextrusion 
process requiring only that the uraniumbe sealed within the Zircaloy-2 
cladding sleeves before imersion plating the billet. The copper plate 
appears to be adequate to prevent the formation of white Wrcaloy oxide 
when the billets are preheated to 750 C. 
abraaive to the extrusion tooling and increases the tendency for the ex- 
trusion to gall heavily. 

This white oxide is very 

Six one-inch diameter billets were extruded into rods at a 10 to 1 re- 
duction using the copper inmPersion plate without any indication of galling 
during the extrusion. 
the billets; one consisting of a mixture of Fel Pro (a commercial compound 
of suspended copper fines) and graphite, and the other consisting of a 
mixture of water glass and graphite. 
and F'el Pro tends to produce the smoother suzTace on the extrusion. 

Two types of graphite lubricant were coated over 

Results indicate that the graphite 

Prototypical 1008 steel-clad, Zircaloy-2 supports on the dummy element in 
Elmo-7 ex-reactor loop have accumulated a total exposure of 2959 hours. 
Water conditions during normal operation are 300 C, 2000 psi, at a pH of 
10. No detrimental effects to the steel shoes have been observed. The 
loop was emptied and decontaminated during this exposure. No crud buildup 
was observed in the support clearances after startup as had been experienced 
with crimped supports of an earlier design. 
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Samples of prototypical N outer tube supports were exposed to decontam- 
ination cycles to determine the extent of decontaminant attack. Two 
dumrqy elements with 1008 steel and ingot iron clad supports were exposed 
to high temperature water for 646 hours at 300 C. 
they were subjected to two decontamination cycles. 
f ollars : 

During this exposure 
Each cycle was as 

1. Two hours at 105 C with AP-18, 3. 
2. 

3. 
Two hours at 60 C with mal-1 (12 oz/gal). 
One hour at 60 C with Phos-1 (5 v/o). 

Minor surface pitting was observed on the steel surfaces. 
measurements on coupons of 1008 steel and ingot iron indicate about 6 
to lo$ weight loss on the 1008 steel and about 2$ weight loss on the ingot 
iron after one cycle. After two decontamination cycles the 1008 steel 
weight loss is 7 to lo$, and the ingot iron shows 9$ weight loss. 
weight loss flgure should be conservative since the coupons had two large 
areas exposed to moving fluid, whereas the support shoe "in place" exposes 
half of its surface area to a dynamic fluid. 

An ingot of 3$ enriched uranium has been arc rnelted, heat treated, upset 
from 3.5" dianeter to 4.0" diameter, and is currently being machined for 
a tube extrusion billet. The extruded tube will be used as an outer en- 
riched component for coextruding with a zirconium clad and depleted core 
piece to form a 0.600" diarneter dual enriched rod. 
pleted material is being assembled for the core material. 

Weight loss 

This 

An electrode of de- 

Closure and Joining. Work has continued on the effect of beryllium and 
uranium on the corrosion properties of Zircaloy. As reported last month, 
the presence of beryllium causes a dulling of both the etched and auto- 
claved surfaces, but - not in proportion to the beryllium content. When as 
little as 250 ppm of uranium was added to the alloys, the etched surfaces 
darkened in proportion to the beryllium content. 
white oxide appeared on the surfaces of the uranium contaminated 4.8% Be- 
Zircaloy alloy. When the uranium content was increased to 2500 ppm, the 
white oxide appeared at progressively lower beryllium concentrations. The 
autoclave film did not change appearance appreciably from that' at 20 hours 
after 200 hours. 
during the sw time interval. A new instmnt, called the "Densichron", 
has been used to measure reflected light from the coupon surface. 
instrument is very sensitive to changes in composition which result in 
changes of the surface appearance not visibly evident. 
on etched samples with 250 ppm uranium increases from 8% for O$ Be to 126 
for 4.8$ Be. 
termine the composition where the yellow oxide first appeared. No visible 
change in the autoclaved surface was observed up to 2$ of uranium. At 3% 
of uranium a lighter surface was observed and at 4% of uranium a yellowish- 
tan surface was first observed after 20 hours in 400 C steam. The corro- 
sion rate increased rapidly up to 70$ of uranium and at 80$ of uranium the 
coupons completely disintegrated. These results pravide an indication of 
how much uranium can be held in Zircaloy and not be detected by visual 
examination. 

Also, during autoclaving, 

Also, the weight gains did not show an appreciable rise 

This 

Light adsorption 

A group of uranium-zirconium samples was autoclaved to de- 
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IiPR fuel elements as presently conceived require a holding clip 
prevents the inner tube from sliding out of the outer tube. 
are attached to the inner clad of the outer tube by resistance welding. 
A number were attached for testing. 
aversge 800 lbs. 
that the welds were of good quality and did not show excessive penetra- 
tion. 
for testing to determine the effectiveness of the clipping device under 
simulated discharge conditions. 

The clips 

Shear strengths were found to 
Micro sections were prepared, and it was determined 

Six prototypical elements were welded for FPD. These are scheduled 

mtel Deformation Studies. 
metallic tubular fuel elements has been written. The model allowed for 
cyclic straining of the cladding but neglected the resistance of the fuel 
material to shear stresses. Test data from Hanford irradiations were 
analyzed and compsred with the model. These particular data did not cor- 
relate with the model and would not have correlated with any model not 
containing anisotropic or ratchet- terms which would allow slight 
gemtrical or irradiation variations to alter dimensional changes. 
testing apparatus needed to evaluate the effects of incremental straining 
during strain cycling is being fabricated. All components have been pro- 
cured, and the extensiometer is built and calibrated. 

A report, HW-69175, describing a model for 

The 

A test is under way which will simulate swelling strains by forcing a 
hardened tapered rod into the bore of' a section of an inner-tube fuel 
element. The fuel element section is thermally cycled to increase the 
plasticity of the urauium and to cause the hardened taper, of lower 
thermal expansion coefficient than the uranium, to thermally ratchet into 
the bore and cause a gradual increase in outside diameter of the fuel. 
(he piece has cycled at a rate of one cycle per hour for 72 hours through 
a temperature range of 100 C. Results indicate a larger temperature range 
is necessary to get the desired strain rate. 

Chemical analyses of Zircaloy-2 clad uranium rods irradiated in NaK cap- 
sules indicate 25 to 50 percent higher burnup than is obtained by calcu- 
lation from uraniumteqeratures and adjacent process tube powers. 
burnup obtained on two samples by the chemical analysis is 0.21 and 0.32 
a/o as compared to 0.13 and 0.25 a/o obtained by calculation. 
ssmples will be chemically analyzed to verify these figures. Additional 
~~tallography was completed on one of the striated rods from these capsules 
to obtain further data on the cladding thickness variations associated 
with localized clad failures. 
thickness variations on the susceptibility to failure, a series of NaK 
capsule irradiations of Zircaloy-2 clad fuel rods is planned for the 
Word reactors. 
samples with no striations and with machined striations are being fabri- 
cated for irradiation. 
were autoradiographed before and after longitudinal striations were machined 
in the cladding. These radiographs will be used in determining the cladding 
thiclmess at the location of any failures that might occur in the striated 
or unstriated rods. 

The 

Additional 

To further study the effects of cladding 

Eight unalloyed rods have been coextmded and fuel rod 

Fifteen U - 2 w/o Zr rods to be used in this study 
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Temperature cycled constant load tests on uranium have continued. 
ation of the straining occurring during the heating and cooling portions 
of the temperature cycles was attempted, but the present equipment was 
judged to be inadequate. The testing capsule has been redesigned, and 
the bellows necessary for the capsule's construction are on order. 

Separ- 

REACTOR PROGRAM 

Coolant Systems Development 

Improved Aluminum Alloys for Hanford Reactors. 
tested the uniform corrosion rate in 120 C process water increased in the 
order: 
form corrosion rates of all of the alloys decreased slowly throughout the 
test. 

Of several. aluminum alloys 

C-64, c-810 and the cermet 171303 (ALCOA), and x-8001. The uni- 

After six months, the total corrosion in mils for the different alloys 
was: C-64, 4.5; 171303, 5.2; C-810, 5.4; X-8001, 6.5. The resistance 
of the cermet alloy to surface erosion was quite noticeable. 
aluminum samples showed considerable surface roughening toward the end of 
the test. The C-64 and c-810 alloys also showed some non-uniform surface 
attack, while the 171303 alloy remained almost completely smooth, even 
under 20X magnification. 

The X-8001 

Further testing of these alloys is under way to better compare their 
relative resistance to erosion corrosion. Various shapes of obstructions 
in the flow stream will be employed to create turbulence. Other aluminum 
alloys which are now being tested include wrought alloy x-8003 and the 
cermets 199116 (ALcOA) and 288C. 

Atmospheric Corrosion Studies. Sections of capped carbon steel pipe con- 
taining vapor-phase inhibitors for corrosion protection were opened after 
a year's exposure to the climate at the K Reactors. 
water had been injected into the pipes, the surface was well protected 
as long as some inhibitor was present. 
have been coated with the Turco and Mite protective oils and a vapor 
phase inhibitor and exposed at 2000 F to determine whether cleaning and 
welding of the carbon steel piping will result in excessive carburization. 
Tensile and hardness tests will be m on the specimens. 

Even though some 

Carbon steel strips (A212 Grade B) 

KER Crud Analysis. Radioactive crud specimens collected on hot crud probes 
(carbon filters) and specimens obtained by manually filtering room tenrpera- 
ture coolant samples through bnicron filter paper are being analyzed to 
determine the gamma spectra of the crud activity. 
tests is to identify which radioisotopes are selectively adsorbed and de- 
termine their concentrations. 
eventually be replaced by the samples collected on filter paper from room 
temperature coolant. 

The purpose of these 

It is hoped that the hot crud probes can 
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Sodium Nitrite Iuhibitor Test. 
added to reactor discharge basins to prevent the severe rusting of carbon 
steel which is normally found. 
tively inhibit corrosion of carbon steel and aluminum in nonflowing 
service water is in progress. 
200 to 300 ppm NaNQ will effectively inhibit the uniform corrosion on 
both metals. Carbon steel corrosion at one month was reduced from 
0.3 mil to < 0.01 mil. 
un-d by the inhibitor; however, a severe galvanic attack between 
stainless steel and aluminum was eliminated by the inhibitor. 

An inhibitor is required which can be 

A test to determine if NaN% will effec- 

The results after one month indicate that 

The uniform corrosion of aluminum was essentially 

Laboratory Evaluation of Decontaminants. 
decOntaminRllts indicated that a mixture of citric and glycolic acids 

Laboratory screening tests of 

(2.5 mole percent of each) preceded by the AP-18-3, is a candidate for 
carbon steel-stainless steel systems and should be further tested under 
flQwing conditions. 
in the laboratory tests as a decontaminant for both present and future 
reactors using either single-pass or recirculation procedures. 
possibIe that Alkalume-22 could be used as a single-step decontaminant 
for future reactor systems. 
be made in dynamic systems. 

Another formulation, Alkallrnv?-22, has shown 2romise 

It is 

Tests with this single-step procedure will 

Resent Reactor Decontamination. 
hibited sulfuric-oxalic acid mixture efficiently decontaminates aluminum 
aad stainless steel reactor components at.solution temperatures of either 
70 or 45 C. The time required for efficient decontamination is longer at 
45 C than at 70 C. Perforated aluminum dummy fuel pieces were cleaned in 
30 &Utes with decontamination factors (DF) of 30 to 115. 
cleaned for 60 to 90 minutes show DF's of 75 to 1.85. Aluminum process 
tubes in 70 C solution for 30 minutes shared a DF of 6 to 20; however, 
St 45 C, the solution was ineffective. The DF's of aluminum tubes are 
improved by longer exposure times. After 60 to 90 minutes, the DF's were 
44 to 70 at 70 C and 4 to 85 at k5 C. 

Laboratory testing shows that an in- 

Dummies 

Stainless steel tubing connectors (pigtails) show DF's of 47 to 619 in 
30 minutes at 70 C, and DF's of only 1 to 4 in 30 minutes at 45 C. After 
60 to 90 minutes, these stabless steel connectors were decontamihated by 
factors of ll to 131 at 70 C and by factors of 8 to 300 at 45 C. 

The maXirrmm corrosion of aluminum and carbon steel in these inhibited 
sulfuric-oxalic acid tests was < 0.1 mil. 
Inconel-X, and Zircaloy-2 was very low (0.002 to 0.02 mil). 

At 45 C the proprietary mixture, Wyandotte 5061 in a concentration of 
6 oz/gal is a less efficient decontaminant for aluminum and stainless 
steel than the sulfuic-oxalic mixture. 
were decontaminated by a factor of only 1.3 after 30 minutes and by a 
factor of 3 after 90 minutes., 
steel connectors were in the range of 1.3 to 2.1 for 30-minute treatments 
and 2.0 to 15.4 for 60 to 90-minute treazments . The proprietary mixture, 
Experimental Weedac 3909-2, is too corrosive to be considered for use at 
75 c. 

Corrosion of stainless steel, 

Aluminum process tube sections 

The decontamination factors for stainless 
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Production Test - Decontamination of Hanford Reactors. The first in- 
reactor decontamination using inhibited sulfuric-oxalic acids, Sulfa-3 
(Turco 4306-D) and Sulfam-1 (Turco 4306-B), was performed in three fuel 
channels at C Reactor by members of Research and Engineering Operation, 
IPD. Reductions in activity by a 
factor of about four for the sulfuric-oxalic and the Sulfam-3 mixtures, 
with so~wht less reduction with the Sulfam-1 were achieved. 
monitoring samples were inserted and will remain in the reactor for one 
operating period subsequent to this decontamination. 

The solution temperatures were 35 C. 

Corrosion 

Structural Materials Development 

NPR Process Tubes. 
process tubes has been successfully adapted to the mechanized equipment 
at White Bluffs. Good discrimination between one and three-mil notches 
and between three and five-mil notches was obtained when the tube was 
scanned at 44 rpm and ll* in/min translation. 
tested by this method. 

The ultrasonic test for small transverse tears in NPR 

All NPR tubes will be 

Standards were prepared and are currently being evaluated on a production 
basis at the Harvey Aluminum plant. 
will be used to scan the remaining tubes at the vendor's plant. 

It. is anticipated that this test 

Examination of KER-1 Zircaloy-2 Tube. A number of tests have been con- 
ducted and report.ed periodically on the Zircaloy-2 process tube removed 
in April 1960 from the KER-1 in-reactor loop. The following summarizes 
the results to date. 

The Zircaloy-2 pressure tube was fabricated during 1956-57 by Bridgeport 
Brass Company and Tube Reducing Corp. 
reduced 65$ in area by a single pass on a tube reducer. 
bright pickled and white-light borescoped prior to installation in the 
reactor. 
for installation in the reactor, and the identity of the tube was lost. 
This precludes any further investigation into the process history of 
this tube; however, histories of ttLbes made by the same fabricators at 
approximat.ely the same time are available a 

me tube was installed in the in-pile KER-1 loop and operated for 26 
months. 
tenrperatures rw4ir-g from 200 C to 270 C. In-reactor borescoping of 
the tube revealed what appeared %o be defects in the tube wall and the 
tube was removed. 
good. 
film. 
tially limited to damage of this film rather thar- the base metal. 
were cut from five locatiom along the tube. 
vealed a gererdliy heavily cold worked STructure with a ring of large 
grains at the cuter surface. 
throwhout the length of the tube. Examination of the microstructure of 
companion tubes produced by the same fabricators revealed a similar cold 
worked struct.u-e vith large grains at the outer surface. 

The tube was hot extruded and cold 
The tube was 

The numbered end of the tube was cropped during preparation 

During this zime the loop operated a +,otal of 380 days at 

Af+,er removal, the general appearance of the tube was 
The lower portior, of the inner surface was covered with a reddish 
Gouges and pits reported from in-reactor borescoping were essen- 

Samples 
Metallographic examination re- 

Partial recrystallization was evident 



Flattening tests performed on rings cut from several locations along the 
tube revealed circumferential ductility. 
approximately one inch at both mom temperature and 300 C without failure. 
This is in direct contrast to the ria@ fromthe Zircaloy-2 tube removed 
from KER-2 which broke after a 0.2" deflection at mom temperature. The 
room tenperature burst strength of the tube averaged 16,750 psi for 
sauples taken at the --quarter and three-quarter points. 
were semi-ductile. A sqle from the center of the tube (high neutron 
flux area) burst at 5000 psi. The fracture was brittle in appearance, and 
&tailed examination revealed that the most probable cause of this low 
burst pressure was the presence of cracks on the inner surface of the tube 
uaU. These cracks were introduced durm the cutting operations. Two 
additional burst tests were rc~n on samples of the tube from near this 
locatiaa. The average burst pressure was 16,250 psi, and the fractures 
were semi-ductile. 

The rings were flattened 

The fractures 

& eixamining the cracks, an area covered by a heavy oxide film was located 
on the inner surface. 
Under this oxide, the parent metal contained 1000 ppm or greater of hy- 
drogen at the inner surface, diminis- to less than 50 ppm at the outer 
surface. Examinatiaa of the remainder of the tube revealed no hydrogen 
pickup. 
account for the excessive corrosion and hydrogen pickup in this localized 
area. 
minor split-type nrpture. 
high temperature indications. 
oxide film had a beta transformed structure, and it was first thought that 
the tube was overheated during fabrication or operation. -her investi- 
gaticm revealed that the overheating was caused duriq sample preparation 
(cutting operation) and was not connected with reactor service or tube 
fabrication. 

The cracks propagated through this oxide film. 

The operating history of the tube reveals no cause that would 

A fuel element rupture did occur near this vicinity, but it was a 
Photographs of the ruptured element showed no 

A metallurgical sample from near the heavy 

Detailed examination of the grain structure under the oxide was not 
possible because of the heavy hydride concentra+ion. 
local contamination or any significant variation in chemical composition 
has been found wnich would explain the high corrosion rate. 

Wet chemical analysis of the parent metal under the oxide revealed the 
foUaring concentrations of U0-g elements: 
and chromium, 0.17$. Spectrochemical analysis showed 1$ tin. Copper was 
determined by wet chemical mjthods and spectrochemically and gave concen- 
trations of 10 ppm and 100 ppm, respectively. 
of the oxide shuwed the presence of zinc at about 500 ppm concentration. 
It has not been determined whether the zinc was present in the oxide or 
whether the sample became contaminated during handling or during oxide 
removal. 

No evidence of 

nickel, 0.07$; iron, 0.3&; 

The spectrochemical analysis 

Corrosion tests are now being conducsed on a sample cut, from the high 
corrosion region. 
exposed to 300 C, pH 10 water. Compara+,ive samples from sections cut 
fromthe unirradiated end of the KER-i tube and 3O-mil Zircaloy strip are 
also included in the test- 

The sample vas cleaned of all oxide, etched, and 
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After 25 days of exposure, the irradiated sqle is corroding at an accel- 
erated rate with evidence of a transition in the corrosion curve at 
approximately 15 days. 
exposed to 300 C, pH 10 water is at least two years. 
sqle appears to be corroding at a rate of two mils per year as compared 
to 0.10 mil for the unirradiated KEZ section and 0.05 mil for the 3O-mil 
strip comparison pieces. 

A qualitative gamma scan of the irradiated test piece has not revealed 
the presence of radioactive fission products which would have been produced 
by uranium contamination. 

The time to transition for normal Zircaloy-2 
The irradiated 

Nonnaetallic Msterials Development 

Graphite Burnout Mnitoring at KE Reactor. 
which were in Channel 3066 at KE Reactor from December 1.960 to mrch 1961, 
showed burnout rates below the established limit of 2$/1000 operating days. 
These are the first samples which have been exposed to the He-Nz atmosphere 
authorized by Production Test IP-358-AC. 

The graphite monitoring samples, 

Van Stone Seal Inserts. The rear Van Stone flanges contain a silicone 
rubber insert seal. 
seals were fabricated from nitrile rubber. However, recent experience 
with nitrile inserts shows that they stick in the process tubes. 
cent investigation suggests that the compressive stress on the nitrile 
inserts may be as high as 7000 psi, as compared with 500 psi for the sili- 
cone inserts. 
nitrile rubber. The high compressive load, coupled with a small amount of 
swelling from water adsorption, probably caused the nitrile rubber to be 
stressed beyond its elastic limit. 
recovered, the nitrile inserts stuck in the process tubes. 

Si@ificar.t costs savings could be realized if the 

A re- 

This difference is due to the lower compressibility of the 

Since the deformation was not completely 

The compressive load could be reduced by redesigning the insert. 
are continuing on the selection of a nitrile rubber insert which would 
allow the material to seal under a relatively light load of 500 to 1000 psi. 

Studies 

Graphite Compatibility with Helium ContairLgg 0.1 m of H20 Vapor. 
mixtures of helium with 35 CO, 3% H2, and 0.1 mm H20 have been passed over 

Gas 

small cylinders of NPR core graphite at 850 C. 
was found to - gain weight. 
is adsorbing on the surface to the extent that the water-graphite reaction 
is inhibited. 
inhibition. 
even if an effective inhibitor is found, there is still the problem of 
maintaining a suitable inhibitor-water mixture throughout the moderator 
stack. 
the first graphite available leaving che water in the stream to react with 
the graphite. 
rapidly even at 25 C. 

In-each case the sample 
This indicates that part of the CO-H2 mixture 

Previous tests with 3$ CO and no H2 did not show such strong 
However, The possibility of using H2 alone is being examined. 

It is possible that any CO or H2 added to the gas would adsorb on 

In other tests CO adsorption has been shown to occur 
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NPR Grqphite Irradiations. Post-irradiation measurmnts of the NPR re- 
flector graphite which was irradiated in the GEH-13-5 capsule are being 
made. 
approximately 1.4 x l@ nvt (E > 0.18 Mev). 
the two high flux positians of the capsule showed erosion of the polished 
edges used for length Illeasurerents. An investigation of the cause is 
under way. Length measuremats on these six samples will be based on 
measurements between holes drilled in the samples which were provided as 
a back-up in the event the edges were damaged. 

The samples were irradiated at 700 C to a maximum exposure of 
The six samples located in 

The GEH-13-7 capsule is being installed in the ETR during the current 
shutdown. 
graphite and CSF graphite. 
irradiation. 

The capsule contains 24 quarter-round samples of NPR reflector 
The temperatures will be monitored during the 

mermal Hydra ulic Studies 

Boil- Burnout Conditions for Eccentric Annuli. 
gate the effects on heat transfer conditions of the non-coaxial positioning 

The program to investi- 

of fuel elements within a E Reactor process tube was continued. 
the past month emphasis was placed on obtaining boiling burnout data with 
a concentric case for comparison with data previously obtained at 50, 75, 
and 90$ eccentricities. (Percent eccentricity is the fraction of the 
normgl annulus thickness that the fuel element is displaced from a co- 
axial position toward the wall of the process tube.) 

During 

The test section used was a 24-inch long electrically heated rod, 1.457 
Inches in dismeter, placed within a 1.681-inch ID tube. 
generated within the rcd was transfemd to water flowing through the 
amulus. 
for various water temperatures at a flow of 23 gpm and a pressure of 
53 psig, the test section failed by melting. 
were as follovs: 

All of the heat 

During two different attempts to obtain boiling burnout data 

The conditions at burnout 

Run No. FZow Rate 
(lb/hr-Sq ft) 

77 
78 

In both of these runs boiling 

, Water Temperature Heat Flux 
(OF below boiling pt >' (B/hr-Sq ft)' 

6 
23 

1,890,000 
1,810,000 

burnout took place at a location farther 
upstream than expected and did not result in high readings of the thermo- 
couples placed in the heater rod very near the downstream end. 
reliance is placed on these thermocouples for the detection of burnout, 
the test section melted before the heat generation could be reduced. 
Discoloration patterns on the heated surface indicated that one of the 
pins supporting the heater rod in the flow tube may have changed the flow 
conditions sufficiently to influence the boiling burnout point. For that 
reason these boiling burnout heat fluxes may be lower than would be ob- 
tained for an idealistic case of annular flow but are probably quite applic- 
able to those Hanford fuel elements which have ''bumpers" or other devices 
for support within the process tubes. 

Since 
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Visual Boiling Studies. Experimental equipment was set up in the heat 
transfer laboratory to define the degree of subcooled boiling which is 
possible and probable under noIlEal operating conditions in Hanford fie1 
channels. 
placed inside of a Pyrex glass pipe (1.500-inch ID). All of the heat 
generated electrically in the Hastelloy tube was transferred to water 
flowing in the 0.100-inch annulus. 
the annulus formed by I&E fuel elemen%s in a K Reactor process tube. 

The test section consisted of a Hastelloy tube (l.3OO-inch OD) 

This approximates the conditions in 

Initial operation of the equipment covered the following range of con- 
ditions: 
at K Reactor, heat fluxes were increased up to 624,000 B/hr-sq ft with 
100 F water (150 F below the boiling temperature) and to 460,000 B/hr- 
sq ft with 220 F water (30 F below the boiling temperature); (2) with 
fluid mass velocity similar to that in the central zone tubes at K Reactor, 
heat f'luxes were increased up to 805,000 B/hr-sq ft with 100 F water 
(170 F below the boiling temperature) and to 720,000 B/hr-sq ft with 200 F 
water (40 F below the boiling temperature). (A heat flux of 800,000 B/hr- 
sq ft corresponds to a specific power of about 125 kw/ft in a K Reactor 
tube.) These conditions fairly well represent the capability limits of 
the present equipment without undue hazard to the personnel who must 
stand quite close to the test section to see the boiling conditions. 

(1) with fluid mass velocity similar to that in the fringe tubes 

The objectives of this study are to define the conditions under which 
subcooled boiling is initiated and to determine the resulting void volume 
in the water coolant. 
that the inception of local boiling can be predicted fairly well with the 
Jens and Lottes correlation (ANL-4627) at the low flow rate conditions. 
However, at the high flow rate condition, subcooled boiling was not de- 
tected with the unaided eye under any of the conditions investigated. 
High speed motion pictures were taken to further verify these observations. 

From the results to date, observations indicate 

Heat Transfer Experiments Pertaining to NPR. 
boiling burnout conditions for the NPR tube-in-tube fuel elewnts were 
continued. 
tory to determine if a boiling length effect exists for previously obtained 
data applicable to the center hole of the fuel elemnt. 

The studies to determine the 

Ekperimntal data were obtained in the heat transfer labora- 

Tne test section installed for this investigation consisted of a 60-inch 
long tube, 0.440 inch ID, with flow through the inside. 
heated by electrical resistance heating and boiling burnout conditions were 
detected by noting the temperature excursions as masured by thermocouples 
attached to the outside wall of the test section. 

The tube was 

Five boiling burnout points were recorded at 1500 psig for different mass 
flow rates between 2,000,000 and 7,000,000 lb/hr-sq ft. 
for these points varied between 580,000 and 1,210,000 B/hr-sq ft. A pre- 
liminary comparison of tnese data with data obtained previously with a 
test section one-half as long indicates that for the same outlet enthalpy, 
the burnout. heat, flux is slightly lower for the longer test section. 

The heat fluxes 
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Calculated T~BE Before klting of Uncooled NPR Fuel Elements. A computer 
program was written to aid in calculating the temperatures of fuel elements 
discharged from the NPR but cooled anly by the natural circulation of air. 
This program is an extension of the work reported in Hw-67747, Rev. 1, which 
reports tims before melting of discharged word fuel elements which fail 
to enter the water storage basin. 

The results of these calculations are useful in evaluating hazards and 
establishing procedures in handling such fuel elmnts. 

Shiel- Studies 

Attenuation Studies. 
use on design of shields is complete. The theory uses multigraup equations 
which are solved for each spatial region in the shield, and in this program 
the graphite reflector is treated as part of the shield so that the inner 
boundary conditions for the whole shield assembly will be applied at the 
core-reflector interface. The program first determines the source distribu- 
tion of neutrons in the shield from the uncollided fast neutron flux origin- 
ating in the core. 
intermediate energy group. 

Using bauadary conditions at the interface between the core and the re- 
flector in the top shield of' the lo5 DR Reactor, neutron fluxes were cal- 
culated through the fringe poison, graphite reflector, iron thermal shield, 
and in this case, through as-cured ordinary concrete. The total thickness 
of the shield waa about 220 cm. The calculation gave the correct shape of 
the thermal neutron fluxes in the ordinary cancrete and, compared with the 
experizPentally determined thermal fluxes within a factor of two through 
220 cm and a thermal neutron reduction of ten cycles of ten. The program 
also computes the neutron dose rate at any point in the shield. An es- 
timate was made, using gold and sulfur foil, of the dose rate at 220 cm 
thickness. 
two with that obtained with the computer program. 

The gama program, which will be used with the neutron program, is in the 
debugging stage. 

The program for calculating neutron attenuation for 

This saurce provides the source term for the highest 

The dose rate obtained using foils agreed within a factor of 

B. WEAPCNS - 3000 PROGRAM 

Research and development in the field of plutonium metallurgy continued in 
support of the Eianford 234-5 Building Operations and weapons development 
programs of the University of California Lawrence Radiation Laboratory 
(Project Whitney). 
distribution lists appropriate to weapons development work. 

Details of these activities are reported separately via 
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C. RBAcroR D- - 4000 PROGRAM 
1. PLJn?cmIUMRECYcLE PROGRAM 

PKCR Project hkmg ement 

€!KX!R Construction. Construction of the Msintenance and &ckup Facility 
including the PKPR Rupture Loop Annex and Critical Facility Buildings) 
is about 85s complete versus 93$ scheduled. The M & M Building portion 
is about SO$ complete versus 91s scheduled. 
on the M & M Building was poured. 
and installation of the exterior siding is about lo$ complete. 
electrical, and mxhanical equipwnt. installation is proceeding at the 
-14 foot basemerb level. 
filters were installed and passed a soap bubble leak test. The second 
fram was loaded with activated charcoal filters, installed, and suc- 
cessfully tested. 

The vermiculite roof slab 
The structural steel work was completed 

Piping, 

The inflatable seals for the pK17R exhaust stack 

Site pa- and landscaping is eskimated to be 46 complete. 
phase, consisting of roads and paving, is scheduled for completion by 
my 7. All 'roadways, except those adjacent to the Critical and M & M 
Facilities, have been primed, and paring is scheduled to sC,art the first 
week of by. Landscaping is scheduled to be completed by June 21. 
Earthwork has started and piping for sprinklers at PFPP is installed. 
Bintenance of the grounds under this ccntract will continue until 
July 21, 196~. 

The initial 

The load-out trailer and cask wit were tested at the Radiometallurgy 
Building. 
unloading the cask and examination of elements. 

Inrprovewnts iI: the supporting equipment is required tc permit 

The vendor of the Fuel Elemfit -ation Facility manipulator has re- 
ceived delivery of the new 400 series spline shafts and has started 
reassembly for final testiag. 
my 8, if final testing is successful. 

Shipmerit is scheduled for the week of 

Proctlrement 
and storage of PRTR system &O 3as bee= investigated. 
tanks of adequate +,o+,ai capeci5y ( -760 gal. each) were iocated. 
estimates for decoctaminazlq, mdifying, a& installing these tanks for 
P#IIRiae are be% prepared. 
for these tanks is ir, the serjicc SuiidiG basement, adjacent to the 
contaimc% vessel. 
barrels. 

icvtaation of stainless steel tankage to permit drainage 
Three available 

Cost 

If appzms that the most practical location 

Tk2s area is cwzeutly being used to st;ore WO in 

Plutoniun Recycle Czitical Faciiity (M-8421. 
extecdi% tLe scheduled coapletion date tc Aqmt 15, 1961, has been 

A project proposal rwisior; 

approved 3p tbe Atamic Ehergy Commission. 

UNCLASSIFIED 
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The corsstnrctim contractor is about 93s completed versus loo$ scheduled. 
It is estimated that he will be finished about May 15. Remaining work 
includes installing the building siding and the ventilation equipmznt. 

The Fuel -fer Lock has been installed, and preliminary tests have 
been completed. 
~1~chanism~, which have been called to the lock vendor's attention for 
correction. 
previously anticipated. 
the specified piping prior to shipment and had not provided drawings which 
adequately defined the remaining work. The necessary piping intertie 
drawings therefore had to be prepared here in order to complete the work. 
The lock vendor also had failed to complete the painting of the lock. 
!This work was completed during installation of the lock and will be at 
the vendoP's expense. 

These tests disclosed deficiencies in the operating 

The lock installation involved considerable piping work not 
This resulted because the vendor had not completed 

The equimnt installation package has been sent to the CPFF contractor 
to the AEC for BP estimate. If a satisfactory estimate is received, the 
CPFF contractor will be requested to install the equipment after the 
present construction contractor is completed. 

The moderator storage tank and the reactor and thixible coolant pumps have 
been received. 
San Jose, is having difficulty in obtaining some of the specified compon- 
ents in time! to meet the scheduled delivery in June 1961. 
been placed for the flux chambers for the reactor. 
$5,270 versus an estimated $5,000. 

The low bidder on the Instrument Package, General Electric, 

Orders have 
The bid price was 

Fuel Element Rupture Test Facility (Roject CAH-867). 
to existing dravings were performed during the month. These included 
modifications to "Bff Cell piping to allow mre complete and rapid drainage 
of RLHX-1, and changing critical control valve air line materials from 
plastic to copper. Assistance has been given to IPD personnel who are 
scoping facilities for experimental work related to detection of fuel 
rupture and fission product release from nrpturing fuel elements. These 
facilities would consist of various types of detection ch-ers and 
associated electronic equipment and are to be located in the uderground 
annex building. 

Minor revisions 

Construction of the underground annex is 974 complete versus 106 scheduled. 
Construction of the water filtration plant and holdup tank was scheduled 
to begin March 1, 1961. 
ready for bid release since January, but no action has been taken toward 
releasing this material by the AEC for contractor bidding. 
been taken to initiate the "B" Cell and underground annex equipment 
installation work pending resolution of this water plant-holdup tank 
delay. 

Design drawings and specifications have been 

No action has 

All.bids were rejected on the electrical switchgear and motor control 
center which were received early this mnth. 
to reflect revisions in the control circuitry required by changes in 

Specifications were revised 
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drive motor sizes and iri the primary pump control circuits. 
these items will not delay project progress beyond that delay already 
caused by the water plmt. 
(IILBX-2) is radiographing the high pressure nozzle-to-bonnet and bonnet- 
to-tube sheet welds. 
radiography of these welds was not feasible; discussions with qualified 
HAP0 personnel indicated that such radiography should be routine. 

Rebidding 

The vendor who is fabricating the cooler 

As reported last month, the vendor believed that 

Design and Component Testiq 

PR-10 - Primary Loop Mockup. 
during the month for a total of 5947 hours. 
a high of five gph down to near zero at one time. 
occurred at the low leakage period as shown by two short duration (5-10 min) 
increases of seal temperature, one from 120 F to 165 F and the last from 
120 F to 135 F. 
excursions and the leakage has increased to about 0.01 gph. 
ing of the pump will be attempted following the present outage to install 
the new insulated mofor end bell. 

The spare primary pump operated 757 hours 
The seal leakage varied from 

Some seal damage 

The seal temperature returned to normal following both 
Better balanc- 

Present maximum vibration is 0.9 mil. 

The prototype pump with the self-adjusting seal assenibly operated 777 hours 
during the month for a total of 7514 hours. 
0.7 gph. The seal test stand operated an additional 65 hours and 22 starts 
during the month for a total of 875 hours and 117 starts with the two 
prototype mechanical seal asseniblies. 

The present seal leakage is 

The Aldrich injection pump has not operated for test purposes this month. 
The Disogrin packing rings are on hand, the packing inserts have been 
fabricated, and %sting of this packing will proceed when craft labor and 
engineering time c811 be csordinated for installation. 

Flexure LOOE. 
completed 796 hours and 1j2 cycles cpera.:ion at 2000-2100 psig and 200- 
600 F with EO apparect. leakage. 
loop has at times been delayed because of insufficierit information as to 
the facilities coastruc'ion. Tc eliminate +,his problem in the future, 
flow diagrams of the pipirg, instrumentatioL, and electrical .systems for 
both facilities have been made. 

The three-clamp Grayioc transitioxi union (SS 30 Zr-2) has 

Usage of the flexure loop and burst test 

PR!lX Calandria Access Plugs. 
to dete-e vhich anodize coat will best pre-rent galling between the 

A sho~A testing prcgrasl has been established 

access plug and caiandria top piate, 

PRTR Special Tools. 
into the top of t,he nozzle to prevent, spillage of heavy water during 
discharge of a fuel element.) nas proved to 5e unsatisfactory. 
a new spiash mard has beer: completed, and fabrication is 20$ complete. 

Use of ?he Splasn Guar3. (a starid pipe which screiis 

Design of 

Shroud Tube Replacemezt. 
complete and fabricatior has beer- started. Final design of the support 

Tie detail design of the mcckup section is 

section is contlrGec? ilpor whether +,his mcckup is placed ir- the west t.est 

UNCLASSIFIED 
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pit of the 314 Building or the bintenance and Mchp wing of the 309 
Building. The latter site is more suitable for the mockup. 

Two prototype bellows collars were shrunk fit onto a piece of shroud 
tubing. 
The collars had 0.010 interference fits. One of the collars "grabbed" 
before it was all. the way on the tube. This was anticipated because of 
the thin wall of the aluminum shroud tube dissipating the heat so rapidly. 
Hmver, by either raising the teqerature -/or cooling the tube with 
dzy ice, it is felt that this can be eliminated. 

I 

The collars were heated to 200 C and then slipped over the tube. 

Critical Facility Mockup. The weir fabrication is,now 96 complete. The 
major component of the weir remaining to be completed is the synchro - 
readout system. The motor for the weir has been sent back to the Exactel 
lhstrcupent Cmany to be assenbled with the synchro as a package unit. 

The weir seal was tested and this seal design is well within the design 
limits. 
leak rate was less than 0.1 of a gallon per hour. 

A le& of 0.1 gpm could be tolerated, while with the mockup the 

All parts'for the neutron source positioner have been received. 
expected to be c-leted during the first week in by. 

It is 

!The support rails for the source positioner are being fabricated by Minor 
Canstrution. 
than channel iron for ease of fabrication. 

me rails are being made of stainless steel Unistrut rather 

The swivel joints have been received for the thimble. 
the joints, it was obsemd that they were too stiff to be used with 
flexible tubing. 
the joints were disassembled and the seals dressed down, resulting in 
better action. 

Upon examination of 

After discussing this with the factory representative, 

A review of control rod and safety rod design is under way to insure 
reliability of mterials and satisfactory operation of these components 
at all times. 
.will be investigated as well as additional structural reinforceinent of the 
aluminum shell or hausing tube to decrease the potential for rod deactiva- 
tion due to physical damage from crane loading and unloading activities. 
Wst of the parts for the control and safety rods have been ordered. 
motors for the control rods have been sent to the Exactel Instrument 
Company for assembly with the synchro units. 

Re-heat treating of the 17-4 PH drive screws and ball nuts 

The 

Specifications for major components of a highly sensitive temperature 
measuring system were issued for bid. This system will be evaluated for 
possible use in the critical facility for Illeasuring and recording modera- 
tor temperatures during reactor experiments. The system will utilize 
platinum resistance temperature detectors in a balanced Wheatstone bridge 
circuit and. an anrplifier and recorder for readout. Zero suppression will 
be provided so that accurate differential temperatures may be neasured. 
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Specifications submitted for conrponents of Critical Facility instrumenta- 
tion were reviewed. Problem areas have developed in obtaining some 
specified special modifications of the equipnent being purchased. These 
special features include the addition of level trip circuits for inter- 
mediate flux level channels, a special audible output for the scaler, a 
3-15 second range of adjustment of period trip for intermediate channels, 
and special calibration of intermediate channel recorder and meters. 
These problems were discussed with representatives of the manufacturer 
furnishing the system. 
resolved by obtaining instnunents which are essentially duplicates of those 
used on the P€UX and adding solid state level trip circuits. The scaler 
audible output was found to be available in a unit exactly equivalent to 
the one originally specified but having a different model number. 
delay in delivery may result from the above alterations. 

The intermediate flux channel problem will be 

Some 

Bids were received for the Critical Facility control rod magnet power 
supply. None conformed to the specified range of adjustment of output 
voltage. This is the second time bids have been rejected for this reason. 
Consideration will be given to designing and building this power supply 
on site. 

Rupture Loop Mocku~. Technical Shops has completed machine work on the 
nozzle-to-process tube testing apparatus. 
cycling and gasket leak tests. 

This will be used for thermal 

The inlet butterfly shutoff valve is being tested at the vendor's plant 
and should be delivered by May 8. 
quality of stainless steel castirigs. The vendor has had to re-order cast- 
ings twice. 

Part of the delay has been due to poor 

The outlet connector fitting, a Grayloc joint, win be delivered in early 
my. Tests at the Vendor's plant show that thermal stresses will be de- 
creased for the material combination of 300 series stainless steel studs 
and hubs, and 410 stainless steel clamps. 
Gray Tool Company is furnishing 316 SST studs that have rolled threads. 

For a slight increase in price, 

The corrosion test zoupons fromthe tube assembly parts did not pass the 
surface color requirements after autoclaving at Chase Brass. However, 
the samples were retested locally and 18 of the 20 coupons were accept- 
able. The tube #drawing process is LOW completed on both inlet and main 
(3.6 inch OD, 0.342 inch wall) tube sections. 
on the mairi tube after a one-step drawing process proved unworkable. 
Zr-2 tube asselribly sections are now being welded together, and at least 
four of the original three to five tubes ordered will be built. 

A two-step process was used 
The 

Design Analysis 

PRTR Power Tests. Detailed procedures for Power Tests are now being com- 
pleted in addition to the final Operating Standards and Procedures neces- 
sary before power operation begins. 
completed and approved for the 24 power tests currently planned. 

All test descriptions have been 
The 
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parer test document has been published as HW-61900 C, and transmitted to 
the AEC as requested. 

PKPR Safeguard s Analysis. 
Analysis was published and transmitted to the AEC for approval. This 
supplenent reports the results of a study of effluent activity limits 
for the PKllR. 

Supplement 3 to the PRTR Final Safeguards 

&fined effluent activity limits have been determined for the PRTR. 
both the aqueourr and gaseous effluents, two limits on the concentration 
of radionuclides in the effluent stream are established. 
is a concentratian which could potentially result in undesirable contamina- 
tian of the environs unless the release framthe PKllR contaimmnt vessel 
is stopped in a few minutes, and at this limit automatic reactor scram 
and containment will be executed. 
which could result in water or air contamination approaching the Mpc in 
the environs of the PKIIR, and at this limit the reactor will be shut down, 
following normal procedures. 

For 

The upper limit 

The lower limit is a concentration 

The effluent activity concentrations for these trips are: 

4ueaus Effluent Activitg 

ContainmPnt Trip 5 fic/cc 
Alarm Trip 5 x 10-3 )L~/c~ 

Exhaust Air Activity 

Containment Trip 5 x 10-2pc/cc 
Alarm 'llrip 5 x 10-5pc/cc 

Recent studies have resulted in recomumdations for increased back-up air 
supply for the PKlTR. An analysis of the instrument air system shows that 
several components require a continunu air supply and that an adequate 
back-up air sqply is required. 
System components to provide information that will assist in determining 
the location of primary system leaks and to regulate valves for'the most 
effective use of the system. 
helium system valves and instruments to provide pressure and level informa- 
tion and pressure control during natural convection cooling and steam 
cooling. 
air stations. 

Air is required for Light Water lnjection 

Air is required for prim, secondary, and 

A back-up air supply should also be provided for the breathing 

Critical Facility. 
guards Analysis document was completed. 

The comment issue of the Critical Facility Final Safe- 

Preliminary testing of a prototype thermostat for the Critical Facility 
Poison Injection System indicates that the response time of the thermostat 
is slower than was expected. Thermal response data obtained to date is 

not adequate to determine the exact tine required for the thermostat to 
trip. 
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PRP Reactor Physics Calculations. A replacement version of the operational 
FLUX-WEIGHT Code is being assembled and debugged. Increased specialization 
of calculational IlPethods using perturbation theory require this new version 
to be more aptly titled "SWAP" (Statistical Weight and Perturbation) Code. 

Continuing effort is being made to establish the reactivity effects of loss 
of H20-degraded coolant with conditions of varying moderator quality. Con- 
siderable information has been developed with regard to relative effects 
at a given position. However, an inability to date to assess properly the 
effect of neutron streaming and perturbed resonance absorption has delayed 
an acceptance of the whole-reactor coolant loss solutions. 

PIU!R Operations 

Reactor Testing and Activation. 
completed on Design Tests, with the exception of the following which are 
to be perfonned in conjunction with Power Tests: 

The bulk of the testing work has been 

DT 23 D20 Recovery System 
MI 58 Rupture Monitor System 
DT 35 Unit Motion 
MI 3-D 
DT 25 fie1 Element Loadout 
MI 56 

Primary System, Hot and Pressurized D20 

Process Cell Waste Collection System. 

The PRTR was loaded with 55 U& and 30 Pu-A1 fuel elements and the follow- 
ing remaining Critical Tests were completed on April 26: 

CT 17 
CT 21 Cell Flux 
CT 14C 

Kinetics Measurement, Three-Zone Loading 

Final Shim Rod Calibrations. 

A shim-free critical moderator of 62.5'' was obtained 
inch higher than previously obtained for this loading; however, the 
absolute calibration of the moderator level may be in error by nearly 
this much at the present. 

This is about one 

After completion of the above Critical Tests the reactor was shut down 
for discharge of all fuel eleEnts to permit the cleanup of the U% fuel 
elements which had collected foreign matter from the primary coolant flow. 
Individual screens were then provided for the nozzles of each tube and 
the primary coolant was circulated to clean out any additional material 
which had collected. 

Two primary pumps were overhauled during the month. 
had excessive vibration and a loose seal thermocouple, modifications 
included seal and thermocouple replacement, addition of thrust springs, 
and installation of an insulated end bell on the motor. Pump vibration 
at high pressure was reduced to less than one mil by these changes, and 
balancing was unnecessary, although vibration is higher when the pump is 
mn with the primary system unpressurized. 

On Pump No. 2, which 

Indication of high seal 
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leakage flow cn Primary Pump No. 3 caused automatic closing of the bleed 
valve, resulting in overpressurizing the secondary shaft seal. 
the seal reglacement, thrust springs were added, and an insulated motor 
end bell wa8 instdled. Autamatic actuation of the bleed valves has been 
disconnected to prevent recurrence of this action. 

During 

The helium system was modified to siqlify condensate collection and oil 
ramoval as a result of operating experience. 
handling piping and valving was removed and a new condensate collection 
system installed. 
This chauge also made possible removal of same oil absorber units which 
have created operating problems because of leaching of the absorber ore 
by heavy water which is sometimes cmied into the system. Considerable 
effort has been required in cleauing valves throughout the helium system 
in order to achieve satisfactory performance. 

Automatic remote condensate 

Condensate is now collected manually in "C" Cell. 

!The reactor dry gas system has been placed in operation. 
tian has been the chief obstacle to achieving satisfactory system perform- 
ance. 
content is still higher than desired for sbtained operation. 

Air contamina- 

Considerable moisture has been removed from the system, but moisture 

Modification of eighteen shim rods was completed and the rods installed. 
Wicatian of the six spare asselnblies continues. 

All fluw mnitors were pneumatically and electrically calibrated during 
the month. 
calibratian efforts. 
reduce the play in the PYtchanical connections. 
can be set to 2 percent and that data readout accuracy of f 2 percent 
can be obtained. 
being established to insure maintenance of the 2 percent accuracies noted. 

Two minor modifications were made to the system during 
The pointer spring and the pivot were changed to 

It appears flow trips 

A high frequency preventative maintenance program is 

Safety and contaipment circuits and equipment were thoroughly checked 
aut. Both systems are now in normal operating condition. Several 
pl.essure switches in the safety system were changed to either improve 
the reset range or improve the reproducibility of trip settings. 

The light water injection system instrum=ntation was connected and tested. 
Blanks were installed in the water lines and the valves blocked to protect 
against inadvertent mixing of light and heavy water during testing. The 
system will remain partially bypassed until operation above 1 PM begins. 

Debugging of the rupture monitor has begun. 
representative will be on plant in May to assist in the initial operation 
of this system. 

An equipnent manufacturer's 

All secondary system instruments and controls have been calibrated and 
tested. 
tion in the heat exchahger begins. 

Final testing of the system will be performed when steam genera- 

Plans and Procedures. 
Operating Procedures remained to be approved by the PRTR Startup Council. 

At month's end thirteen Operating Standards and ten 
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Plutonium Fuels Development 

.. FWI3 Fuel Fabrication. 
of blending UOpPu$ have been tried. 
has been heated at 1000 C and blended with Ue. 
a number of samples taken fromthe blender showed a deviation of more 
than 10 percent fromthe mean. 
of the P-K blender, several 20 kg blends were made using only U@. The 
sieve analysis fromthese runs was used as a measure of blending effici- 
ency. When the percentage of the -200 mesh fraction was analyzed, it was 
found to vary plus or minus 15 percent of its mean value. Although this 
variation was not clearly systematic, the percentage of fines showed a 
tendency to be higher in the samples taken from the middle of the blender 
as compared to the top and the bottom. This suggested that the particles 
were not tumbling in the blender as they should but were sliding. 
ence in pouring a mixture of particles has shown this sm tendency. The 
b5ender was loaded more heavily in an attempt to increase its tumbling 
action. 
motor which is now being replaced by a larger one. 

A number of different approaches to the problem 
Law temperature calcined Pu@ 

Analytical results from 

To check the operating characteristics 

Fixperi- 

Unfortunately, the excessive weight of the load burned out the 

Two methods were developed to control the distribution of plutonium oxide 
along the length of a tube loaded with mechanically mixed U@-Pu@. Qne 
method consisted of preparing and mixing "one-tube batches" of oxides with 
a high percentage of fines (-325 mesh particles) in the batch. 
method consisted of incrementally loading the tube so that each small 
increment contains the required amount of plutonium. Since both of the 
methods were developed with UQ fines, determination of variations with 
mixed U@-Pu@ fines was investigated. 

The other 

Three elements were loaded with the addition of Pu@ to the U@ fines; 
two by the high percentage of fines method and the other by the incremental 
loading method. Cne high fine element and the incrementally loaded element 
were destructively sampled, as loaded, for longitudinal Pu analysis. 
other high fine element was swage compacted and will be sampled for longi- 
tudinal and radial distribution of plutocium. 
been received on these samples. 

The 

No analytical results have 

The U@-Pu@ elements must be closed by welding prior to swaging for con- 
tamination control, therefore coritrolling the finished length of the 
element is a critical problem. Since experience to date has shown varia- 
tions up to 1-3/8 inch, methods to control length more accurately are 
required. Three methods are being evaluated to achieve accurate length 
control. One method involves closely controlling the volume and weight 
of both the tube and core material before swaging. 
involve final. finishing operations after swaging; one is precision draw- 
sizing which reduces the diameter and correspondingly increases the length 
of the tube (0.001-inch change in diameter causes approximately 0.4-inch 
change in length). %e other method involves swagable end sections, which 
could be reduced in diameter for accurate finishing. The latter methods 
involve swaging to a minimum length followed by a sizing operation to 

The other two methods 
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achieve desired length. 
length control within 1/16-inch. 

The objective of these methods is to achieve 

-her development of swagable end caps was continued. 
were made in order to eliminate the internal notch that was present after 
welding and swaging. 
Complete penetration is essential, but minimum heat input on the final 
closw is also required in order to keep the entrapped gas from over- 
hesting and blowing out through the weld. Welding conditions to meet 
these requirements have been established. Corrosion tests on sections 
of swaged tubing and end caps are in progress. 
elemmts sad one full length U@-Pu@-bearing eleEnt with swagable end 
caps have been swage compscted successfully. 

Design changes 

Welding conditions were found to be critical. 

Five two-foot UQ-bearing 

Density pltasurements have been made, using a gamma absorbtometer, along 
the length of seven swaged U@-Pu@ rods. The measurements were made at 
one inch intervals, for six inches, at both ends of each rod and at six- 
inch intervals along the remainder of the rod. Chart tracings, when 
compared to three density standards, indicate densities of 87 percent to 
90 percent along the length of the rod with the exception of the preswaged 
end regions which are approximately 80 percent to 85 percent. 
sfsvldnrds having a greater range of densities would be required for more 
accurate determinations. The rods have been sectioned to provide irradia- 
tion, density, chemical, and autoradiographic samples. 

Additional. 

Several loading techniques are being tried for vibrationally packed rods. 
The most promising method to date is one in which the charge is loaded 
into the tube, shaken, tamped, and shaken again without exposing the 
inside of the loading hood to any dusting. 
of keeping the contadnation of the tube end to a minlrmlm while maintain- 
ing the inside of the hood reasonably clean. 
the latter consideration may be of overriding importance. 

Developmnt of Zircaloy-clad plutnnium-bearing extended surface fuel 
elements continued using oxide fuel material. 
as a stand-in for Puo;!. Two zirconium-U@-zirconium sandwiches were 
roll-clad. Bonding of the zirconium-zirconium picture frame around the 
U@ core was obtained along with bonding of the zirconium through the 
core. Radiographs showed the fuel to be distributed in a uniform 
reticular structure similar to the structure previously observed on the 
metallic plutonium-zirconium sandwiches. 

This design has the advantages 

With high exposure oxide 

Ceramic grade U@ was used 

Capsules of UO~-P~@ containing defect sectians or various 
trations have been tested on a ganmra spectrometer by the Nucleonics 
Instruments Operation. 
(0.446 w/o) with the exception of a section approximately 0.2-inch in 
length in each capsule, which contained a higher Puo;! concentration. 
sections corrtained 1 w/o, 2 w/o, 3 w/o, and 10 w/o Puo;!. 
scans detected all but the 1 W/O defect. 
counting rates varied if the sample was rotated 1800. Gamma autoradio- 
graphs of the capsules obtained by the Nucleonics group shared that the 

concen- 

Each capsule was loaded with a blend of U@-FY@ 

These 
Camma spectrometer 

For certain capsules, however, 
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defect distribution ic certaiIi capsules did not appear uniform across the 
di-ter. 
were placed on the flat film. 
quested, in which the film will be wrapped around each capsule. 

In the autoradiographic technique that was used, the capsules 
Additional autoradiographs have been re- 

The detection of PILO;! content on the order of magnitude currently desired 
(nominal 0.5 w/o f 5$) is ilot obtainable at the present time. 
due in part to the inherent "noise level" of the equipment being used in 
combination with statistical counting variations in the gamma spectrometer 
examination. Refining the present techniques, or the possibility of a new 
scanning technique to detect the dilute PUQ concentrations is being 
investigated. 

This is 

Uo;! and Pu& powders are being studied to evaluate the gas evolution which 
might be eqected from swaged or vibratory compacted fuel elements. 
Ceramic grade and fused U02 have been analyzed in the as-received, vacuum 
outgassed (48 hours, 900 C) and lrstored" conditions. 
were brought up to a helium atmosphere and stored in helium and/or air for 
various times. 
to 0.008 cc/g on ocbgassing. After storage the gas content increased to a 
maximun of 0.02 cc/g. 
on outgassing. The outgassing treatment most probably reduced the surface 
activity of this powder since it increased to only 0.11 cc/g after one week 
in helium followed by two weeks in air. 
being repeated on Pucr;! powders. 

The outgassed samples 

The total gas from the fused samples decreased from 0.035 cc/g 

me ceramic grade went from' 2.0 cc/g to 0.048 cc/g 

The experiments are currently 

Attempts to extrude zirconium tubes directly from loose particles of scrap 
have been only moderately successful. 
inch cubes) were poured into a copper can and the can was welded by the 
electron beam process. "he camed Zircaloy billet, was preheated two hours 
at 800 C and exzruded over a 5/8-diameter mandrel in a container preheated 
to 600 C. 
mandrel failed ir; T,cnsior; in %wo places. 
only about 18 inches of a planned 60-inch length. A section of the good 
part of the tube has been sect to the testhig group for an autoclave corro- 
sion test. Lubrication is kha present problem, and a further attempt to 
extrude a tube resulr,ed in a breakdown of equipment. 
is being repaired, more icvestigation of lubricanzs will be carried out. 

Niblets of Zircaloy-2 (about 1/4- 

The exterior of the resulting ex+,rusion was very good, but the 
The resultwt tube was good for 

While the equipment 

Fuel Evaluation. 
2 w/o Ni alloy cores fabricated 3y injectior, castizg are preser-tly being 
irradiated in she MIX (Cycle 155). The Ziscaloy-clad samgles will be in 
the reactor for t-go cycles. T.k specific pow:r is 25 kw/ft, and the surfaco 
heat flux is 590,000 Bsu/hr-sq ft. Ir- addition, a four-foot long Zircaloy- 
clad seven-rod cluster has been fa3ricated by the injection casting tech- 
nique for irradiatioz? testing in the ETR, 
2.53 w/o Pu - 2.0 w/o Ni corrosion resistant alloy which will generate a 
maximum of 15 h/ft ir tne 3x3 loop. 
and irradiation of tke elemerr: is scheduled 50 commence in June 1961. 

The +;wo capsules (GEH-14-27, 28) with Al - 2.1 W/O Pu - 

The elemen+, contains an Al - 

The test proposal is being written, 
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-tion is under way on a Zircaloy-clad Al-Pu three-rod cluster 
fabricated by inserting Al-Pu cores into 0.030-inch thick Zircaloy 
tubing. A four- to five-mil diametral gap existed between the core 
and cladding. 
a heat flux of about 677,000 Btu/hr-ft2. Length measuremnts taken 
on the ten-inch 1- cores indicate that two have shrunk 0.006 and 
0.010 inch. 
tained due to dec- difficulties. 

The element received 34 days of exposure in the MlB at 

A length measurement an the other core has not been ob- 

 he effect of pressure on thermal cycling results for Zircdoy-ciati 
aluminum cores is being investigated with ex-reactor tests. 
0.030 and 0.035-inch thick Zircaloy cladding are being cycled at different 
pressures. Results of preliminary cycling data are given below. The 
numbers indicate the number of rods affected due to the cycling treatment 
for each set of conditions. 
pressure and cladding thickness on the cycling results. 
being made under PRTR conditions (1050 psi). 

Rods with 

The results show the effect of testing 
Tests are also 

30-Ml1 Cladding 35-Ml Cladding 
1250 psi ll5O psi 1250 psi 1150 psi 

Numbel! of rods affected 
at 25 cycles from a 3 1 
6- of 8 

50 cycles 3 1 1 1 

100 cycles 6 3 2 2 

Two of the six puo2 impregnated graphite capsules which were irradiated 
in the MCR are presently being examined by x-ray diffraction. 
indicate that damage to the graphite and Pue has occurred. 
evidenced by an expanded Co spacing in the graphite. 
broadening and expanded lattice par-ters on the two Puo;! samples 
Increased 0.33 and 0.58 percent, which is considerable. 
irradiation temperature on annealing neutron induced damage in the 
graphite is not apparent. 
made. 

X-ray data 
This is 

Systematic line 

The effect of 

X-ray studies of the other samples are being 

The capsules for the first part of the Phoenix experiment have been 
shipped to the MlB for irradiation. 
have commenced. A doc-nt titled "The Reactivity of High Exposure 
Plutonium, " has been written . 

. 

Calibration nu3asurements in the ARMF 

After considerable delay, the Wrcaloy-clad Al-Pu rupture experi-nt has 
been approved by the McR/?ZFR Reactor Safeguards Committee. 
scheduled to rupture the elemnt during the last part of Fkry 1961. 

The test proposal has been completed for the in-reactor sintering studies 
an UOpPuQ and the direct comparison of the radiation behavior of UOpPuO;! 

It is presently 
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and enriched U@> operata iulder identical conditions. 
docurpent, HW-69281, is currently being prepared for issuance. 

The test proposal 

The Puo2-U@ test element components for the reactivity measurements in 
the SNOW Facility mockup in the 305 Reactor are presently being fabri- 
cated. 
section has been spiik longit=didly to facilitate more accurate place- 
ment of the full length copper and nickel flux-monitoring wires. It is 
planned to use wL Al-Co alloy, fuil-length, flux-monitoring wire in a 1/16- 
inch OD stainless steer tube at the center of the fuel material. The order 
for the highly eririched UQ required for khis test has been placed with the 
vendor. 

The design had to be modified. The iraer aluminm cylindrical 

The material is scheduied for shiprwnt during the second week in 
my 1961. 

U@ Fuels Developlnent 

Fuel Irradiations. 
element, GEEI-4-59, (3 four-rod cluster element cor,tair,ing one fuel rod 
of partiaily aecontamicazed, recycled U@, was cornpiezed. The "recycled" 
rod revealed exterrsive relocation, columaar grairi growth and formation of 
a large central caviky ir= the UQ. Dendrices of UQ were observed in the 
outermost portions 3f this material. 
cavity formation occurred ir, zhe two rods con-caining electrodeposited, 
non-recycled U@. 
grain growth or UO;! mlocatior.. 
ated a nvsximum surface heat flux cf about 5OO,OOO Btu/hr-ft2, while the 
rod containing sir,tered psllezs geaerated only approximately 300,000 Btu/hr- 
ft2. The results of this irradistioc test are similar fo other irradiations 
involving low density U@ and he ses", demonstrates the feasibility of 
fabricating and re-irra3iating partially decontaminsted U@ such as can be 
produced by electrodepositicr, with the Salt Cycle Process. 

Pcss-irradiatiorz examinatiolz of irradiation test 

Lesser gsailz grmh and central 

The sintered U@ pellets in the fourth rod exhibited no 
The +,hree particle con-caining rods gener- 

The secor,d Emford I?@ defect zest element (HD-2) successfully completed 
eight weeks of irradiation. 
fiTre power cycles., 
released tc $he coolant, 

ITning this period the elemer_t experienced 
&Ly very small amcmbt.s of fissioE. produczs are being 

I-radiation is cominuing . 

A three-foot long prcrct3Fic nea+,ei t.~5ular (PRTR Mark 11-C> fuel element 
comainir.g vibra+,ioLaliy coqac*?d kigh enersy impact formed UO:, was 
charged intc c.he ETR 6x9 loop drir-g -trx cycle begirxing April 17, 1961. 
Irradiazion WiX Segic &hom April 30. 
greater thm ',hose vkich wiii 3e a:=qe?i2nced ir. the PRTR. 

Heat: ger,erat:or,. rmOs will be 

A hot swaged fou-rod clusxr f.es-; elemen+, iGEH-h-60) is ki~g irradiazed 
in the MI33 ryo a maximum surface kea? flu of 430,cO.C~ Bvs/kr-fT21 
vi11 coxinue until by 15. 
and will be retwxd 32 €?? fa: pczr-lrrsdia*ior- exmina-iorx. 

This test 
%le elE;ner.* Will 3s discharge6 a: That time 
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Fabrication Develognrent. 
sample of hot swaged Zircaloy-h revealed that hydrogen dissolved in the 
metal during swaging does not precipitate as embrittling hydride 
platelets during subsequent autoclaving. The sample was autoclaved for 
24 hours in 315 Cy 1500 psi steam. 

Metallographic examination of an autoclaved 

Fsnsteel 80 and Fansteel 82 are columbium alloys which have excellent 
high temperature strength. Tubes and end caps of these materials were 
prep- for experimntal hot swaging tests at temperatures to 1600 C. 
These tubes will contain -60 mesh fused U@. 
tubes will also be included in the studies. 

Inconel X and Hastelloy F 

Recently procured Zircaloy-4 tubing exhibited excellent cold-working 
properties, as determined by free-sink cold swaging. Random samples were 
reduced from 0.750 inch to 0.325 inch OD without cracking or splitting 
!his is significant because vendors insisted only about one year ago that 
Zircaloy tubing could not be free-sink swaged without failing. 
increased swagability may be the result of the finer grain size observed 
in these tubes. 

This 

Studies are be- pursued jointly with Operations Research and Synthesis 
Operation to establish optirmlm particle size distributions for vibration- 
ally compacted fuel elements. 
mixtures that can be compacted to the same high density in cladding 
having radically different geometries (e.g. , the components of the nested 
tubular fuel element), and (2) specify coqlementary size distributions 
for any one type of fuel element to permit greater utilization of as- 
cnrshed fuel material. 
different particle size distributions which c811 be packed to densities 
approaching the maximum for a three-size system of 98.3 T.D. 

Results are being used to: (1) define 

Calculations have revealed mixtures havlng quite 

An effective activstian treatment developed for a 2$ enriched U03 powder 
is: 
product to U3w at 500 Cy hydrogen reduction of the U3q at 500 Cy and 
ball milling the resulting Uo;! for four hours. 
after milling was - 0.7 p. 
12 hours at 1.750 C. 

hydrogen reduction of the U% at 500 C, air oxidation of the U@ 

The average particle size 
The powder was sintered to 97.58 T.D. during 

High Frequency Resistance Weld-. 
welding to straight rib welding. 
fully welded on a 3.063" OD x 0.060" wall tubing. 

Tooling vas changed from spiral rib 
Eight equally spaced ribs were success- 

R'elMnary tests were IZII: on stainless steel to gain experience and to 
establish welding parameters for large diameter, thick wall tubing 
(3-1/16" CID by 0.060~~ wall). 
cladding with little apparent difficulty. 
been completed. 

Straight ribs were also welded to Zircaloy-2 
Destructive tests have not yet 

Wifications which are expected to improve weld quality and process 
dependability are: 
current path iz the tube, and (2) installation of a new draw bench for 
improved tube alignment. 

(1) additian of ferramic impeders to concentrate the 
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Claddina Material Studies 

Burst Testing of Weldrawi 406 SS Tubes. 
0.563'' 003 x 0.010" wall x 8" long, with (a) TIC-arc welded 406 SS end 
caps and (b) magnetic force resistance welded 406 SS end caps were 
internally pressurized, primarily to test the quality of the welds. All 
of the five specimens with arc welded end caps that were pressure tested 
failed in the tube section at an average of 3150 lbs, which equals about 
the tensile strength of the weldrawn 406 SS tubes in the "as received" 
condition. There were no indications of leaks or failures in any of the 
end cap welds. 
resistance welded end caps, out of eight specimens four failed in the end 
cap welds at lower pressures, and four fractured in the tube walls at 
practically the same average pressure as those of the first test series. 

Weldrawn 406 SS tube sectinns, 

In the pressure tests of tube sections with magnetic force 

These results prove that satisfactory end c3p welds can be obtained by 
either TIGarc or resistance welding of 406 SS end caps to weldrawn 406 
SS tubing. 

Vibration Testing of 406 SS Weldrawn Tubes. 
cycling of six weldrawn 406 SS tube sections with TIC welded Ferral or 
406 SS end plugs resulted in one premature, transverse tube fracture 
about six inches above the fixed end, and in fractures starting in the 
welds of the end plugs and proceeding through the tube walls in the other 
five tubes tested at from 600,000 to over one million cycles. 
attempt was made to determine the stresses developed in this test, they 
are believed to be much more severe than those resulting from vibratory 
compaction of ceramic fuel. No comparative data of other materials tested 
by this method are available so far. 
406 SS thin-walled tubes of identical dimensions with TIG welded end caps 
of the same materials, solution heat treated after welding, are in progress. 

High frequency (vibration) 

Although no 

Vibratory cycling tests of 304 and 

2. PLUTONIUM CERAMICS RESEARCH 

Plutonium DiDxide - Uranium Diaxide 

Several leaks had been fourid in the hydrogen piping on the experimental 
sintering furnace and much of the past month was spent on leak checking 
and replacing the icitial tubiq, which has been in existence for about 
three years. 
specimens, containing varying O/Pu ratios, for thermal expansion data. 
Pu02 pellets sintered in dry hydrogen, dry helium, vacuum, and oxygen 
should provide additional data on the 600 C expansion discontinuity and 
on the speculation that a eutectcia reaction occurs at this temperature. 

Additional melting point data are being obtained on fie rich compositions 
in the V%-Pu% system. 
to provide data on pU02 re&dct.ion versus U+ coricentratim. 

Several runs were made, however, to provide additional Pu@ 

The POST mited structures will then be analyzed 

UNCLASSIFIED 
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Dry pressed pellets of ceramic grade Pu@-U@ powder mixtures were arc- 
fused in a static argon atmosphere. 
requeeted for samples from buttons which were fused with a tungsten 
electrode. 
electrode before and after melting a pellet, could be as high as 30 ppm. 
A molybdenum electrode was tried but was abandoned because its con- 
sungtian rate over that of tungsten was far more than could be justified 
based on the difference in cross-section of the two elements. 

Spectrochemical analyses were 

Tungsten contamination, as estimated from weighing the 

When the par compacts start to mlt, the furnace chaniber mediately 
becames covered with a deposit which obscures the electrode and hearth. 
This depoelt was collected and weighed on a Vycortube for several zzl~s, 

and was found to be as high as four percent of the starting pellet weight. 
The over-all weight losses for these arc-nrtlting experiments, based on 
pellet weight and fused button weight, ranged from seven to twenty percent. 

Plutonium Carbides 

The bulk of the past month waa spent in working out capillary loading 
techniques for x-ray examination of plutonium-bearing powders via the 
Debye Schemr method. A satisfactory technique has been found, and 
several Pu-C alloys are presently being investigated in an effort to 
derive sone data on the defect zeta phase. 

Based on lattice canstants found previously, the theoretical density of a 
45 a/o C PuC alloy is 13.59 gm/cc, including an isotopic corrrection for 
the Pu used in the experiments. As-arc-melted densities of PuC have been 
determined by imnersion in tetra bromo-ethane. 
corrected for temperature, is 13.59 gm/cc, or 98.23 percent of theoretical. 

The mz~p density, 

plutonium Silicides 

A stoichionetric mixture of pu83 and Si was arc-melted in argon in an 
attenpt to produce PuSi. 
powder and a silver colored metallic substance. 
provided subsequent to x-ray analysis. 
phoric. 

!The products formed consisted of a fine black 

The metallic substance is pyro- 
Identity should be 

The material previously reported as having been formed by arc-melting 
alpha plutonium and silicon has an immersion density of 9.76 g cm-3 at 
25 C. Its melting point has not been determined, but that of the beta 
plutonium disilicide prepared by reacting plutonium dioxide with silicon 
carbide has been, and its value is 1750 C 2 20°. 

meriments are also under way to prepare Pu3Si2. 
prepared, it is thought to exist. 

Although not previously 

Thermal Canductivity Studies 

Wre minor alterations were made on the apparatus, primarily aimed at 
making placement and seating of the insert less difficult. These 
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included shortening the thermocouple lengths to the minim possible and 
using a new, less bulkytype of insulation on the connectors. 
leak developed in one of the Kovar-glass seals while installing the 
rewound balance heater. 

A vacuum 

Using all three heaters, the thermode temperature was raised to &maximum 
of 980 C, with a range in the specilnen area of 660 C to 800 C, the 
highest range yet achieved and approaching the desired area of investiga- 
tion. The top balance heater burned out at this point, causing shutdown 
and disassembly of the apparatus. Inspection of the heater showed that a 
short had developed in the same manner as that which previously occurred 
in the bottom balance heater. The insert was found to have a coating of 
grease on its upper half, and after reassembly, a run at slightly elevated 
temperatures proved that the vacuum grease seal was leaking. 

A re-evaluation of the existing thermal conductivity apparatus, consider- 
ing observations made and difficulties encountered during the test runs 
made to this point, showed the setup to be unworkable in its present 
condition and arrangewnt. 
made and sent to drafting. 

Preliminary sketches of a new insert were 

Electrical Conductivity of Irradiated UQ 

The first series of electrical conductivity measurements on irradiated UQ 
(0.005 a/o burnup) was completed. 
statically pressed and sintered piece similar to those on which thermal 
conductivity measurements were previously made. First appraisal of the 
data shows: 

The specimen was an extruded, iso- 

1. Electrical conductivity (EC) of the irradiated sample 
was initially 1/5 that of the nori- irradiated specimen 
of similar density at room temperature. 

2. After heating both irradiated and non-irradiated samples 
to 800-900 C and cooling, the EC of the irradiated specinien 
was about 1/3 %hat of the non-irradiated specimen. 

3. A sharp rise in rate of increase of EC with temperature 
of irradiated Uo;! occurred at 50-100 C (a similar rate 
increase occurred in non-irradiated U+ at about 500 C). 

4. EC of non-irradiated UQ at room temperature decreases as 
density is itcreased over the range 86-96$ theoretical 
density; but EC of the irradiated specimen (go$ density) 
was less than 1/2 that of the non-irradiated 96% density UQ. 

All samples measured (irradiated and non-irradiated) have 
about the same EC at temperatures above 600 C. 

5. 
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The next irradiated specimen scheduled for electrical conductivity measure- 
ments has acquired a 0.0645 a/o burn*. 
measurements will be run concurrently. 

Thermal and electrical conductivity 

High Temp erature Electron Microscopy 

Examination of cleavage surfaces of fused U@ single crystals continued. 
Observations of the surface by reflection electron microscopy while the 
sample was heated between 1000 and ll50 C for one hour revealed minor 
changes, prinrarily vaporization of solpe of the surface "debris" originally 
present. 
other heat effects along edges of the specimen, suggesting that the 
temperature in the area on which the electron beam impinged in the micro- 
scape was considerably greater than that indicated by the thermocouple at 
the lower sample surface. 

Optical microscope examination showed evidence of fusion and 

Work was begun on calibrating the electron diffraction attachments on the 
electron microscope and developing techniques required for their use. 
Concurrent recording of diffraction patterns and microscope images will 
provide more information for interpretation of phenomena occurring at 
elevated temperatures. 

Lucalox supports and a tungsten heater are expected to be delivered during 
Ekry to permit assembly of a miniature resistance heated high temperature 
stage (l8OO-lgOO) for the J.E.M. electron microscope. 
assembly for the internal electron detector was redesigned to provide conth 
uous insulation, improved shielding and ease of installation. 
electron detector will be calibrated for use as a photameter. 
results indicate that the internal electron detector will provide greater 
selectivity and sensitivity than colrrmercially available photometers. 

The probe shaft 

The internal 
Preliminary 

Simultaneous comparison of irradiated and non-irradiated U@ at tempera- 
trrres near the melting point provided further evidence of an increase in 
thermal stability as a result of irradiation. 
irradiated specimens of approximately the s- size and shape were heated 
simultaneously on a resistance heated tungsten strip. 
material (0.20 a/o burnup) was selected from a specinen which had 
preylously been observed to melt at 2880 C, 900 above the melting point 
of non-irradiated U@. 
irradiated oxide melted at the point of contact with the filament and 
vaporized rapidly. 
and vaporized quite slowly. About 76 of the non-irradiated material 
vaporized during 20 seconds at 2790 C, while the irradiated U@ did not 
melt and was less than 30$ vaporized. 
90$ of the irradiated U% vaporized during five minutes at 2880 C. 
small amount of solid material remained at the point of contact between 
the irradiated oxide and the tungsten until the filament melted at about 
3400 C. 
events described above. 

Irradiated and non- 

The irradiated 

When the temperature was raised to 2790 C, the non- 

The irradiated material did not melt at that temperature 

All of the non-irradiated and about 
A 

A series of photomicrographs was taken to record the sequence of 
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A document, "High Temperature Microscopy of Irradiated U@," by 
J. A. Christensen and J. L. Bates, HW-69234, was prepared for presenta- 
tion at the American Ceramic Society meeting in Toronto, April 23-27. 
The paper describes the high temperature behavior (to 3000 C) of 
irradiated and non-irradiated U02 as observed through an optical 
microscope. 

Fuel Cladding Reactions 

Studies of high temperature reactions between various cladding materials 
and U9 and UC were continued. Fuel weight changes during 10-minute 
contact with various metals at 1000 C and 1500 C are recorded below. 
These data have only qualitative significance since they include no exact 
measurement of the contact area between the specimen and the metal. 

Weight Change ($) 
1000 c 1500 C 

Cladding uo2 uc uo2 uc 

2lungsten 
Tantalum 
Molybdenum 
Wrc aloy- 2 

Inconel 
Hastelloy F 
Fansteel 80 
Fansteel 82 

304-L ss 

-0.093 

-0.054 
0.005 

-0.063 
-0.131 
-0.012 
0.110 

0 * 995 
0.110 

0.015 
0.110 

0.205 
0.070 

5 -44 
0.050 

0.97 
0.019 
0.002 

0.096 
0.011 
-0.065 
-0.100 
-0.121 

-0 - 037 
0.388 
0.060 

-- 
0 a 293 
0.068 

ktallographic examination of each cladding material after heating in 
contact with UC revealed mixed carbides and fused base metal in all of 
the higher temperature tests. 
react appreciably at 1000 C. A polished cross section showed a hemis- 
pherical reaction zone extending O.oi3 inch into the 0.015 inch thick 
stainless steel. 

Stainless steel was the only material to 

High Energy Impact Forming of Nuclear Mterials 

Densities and O/U ratios were determined of Uo;! sasrples from a series of 
experiments statistically designed to simultaneously define the roles of 
temperature, pressure and O/U ratio on the high energy impaction of U@. 
The data are being analyzed by Operations Research and Synthesis Operation. 
Preliminary indications are that: (1) there is very little temperature 
effect in the range 1000-1200 C for pressures in the 500,000 psi range, 
but as pressures are decreased and O/U ratios are increased, there is a 

trend toward higher densities with increasing temperature, (2) a greater 
uranium oxide density results when the O/U ratio of the starting material 
is increased (in the O/U ratio range studied, 2.01-2.26), (3) the pressure 
required to compact uranium oxide to I 98 T.D. may be as low as 400,000 
psi. The last might be accomplished under certain conditions of temperature 
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4. 

aud O/U ratio in a conventional impact die using a carbide punch rather 
than the more complicated modified Bridgman anvil apparatus. 

Electrodeposited U@ crystals of approximately -28 +48 mesh were 
compacted by high energy impact at 1100 C and 500,000 psi to produce 
a bulk material having a particle density of 10.88 g/cc (99.a T.D.). 
Photamicrographs and electron micrographs of the compacted U@ revealed 
extensive plastic deformation of the crystals. 

Micronized U@ - 0.5 w/o T€Q and micronized U@ - 0.1 w/o Ti@ were high 
energy impacted at 1100 C and 500,000 psi to densities of 97.3 and 97.8$ 
T.D., respectively. Photomicrographs of the compacted UQ revealed no 
reaction (such as the! formation of a liquid eutectic phase which luwers 
sintering temperature of these mixtures) between the Tie and the U@. 
density of 10.85-10.90 g/cc (99$ T.D.) is usually attained with micronized 
U% alone under similar conditions of temperature and pressure. 

A 

Thoria, alumina, and a 50 W-o Th02-Al203 mixtures were compacted by high 
energy impact at 1200 C and 500,000 psi. 
9.59 g/cc (95.9 T.D. 1, 3.37 g/cc (84.9$ T.D. >, 
respectively. The thoria was obtained by calcining thorium nitrate, and 
the alumins was a Linde A metallographic polis- powder which had an 
average particle diameter of 0.3 micron. 
glassy appearance and was recovered in fragnents 1/8 to 1/4 inch di-ter. 
The thoria and thoria-alumina will be used for basic studies of nuclear 
materials. 

Densities attained were 

6.33 g/cc (9O.N T.D. 1, 

The compacted thoria had a 

Uranium monocarbide previously fused and clvshed to -6 mesh size was 
compacted by high energy impact at 1200 C and 5OO,OOO psi to a machinable 
solid having a density of 13.28 g/cc (97.4s T.D.). 
used for basic studies of refractory nuclear fuel materials. 

The material will be 

BASIC SWEZLING PFUGRAM 

Irradiation Rog ram 

Constant temperature capsules Nos. 7 and 8, each containing three hollow 
split uranium cylinders are nuw being irradiated at control temperatures 
of 525 C and 575 C, respectively. An additional capsule also containing 
three split uranium cylinders is approximately 40$ complete. 
it is planued that the new capsule will be charged into a reactor in tandem 
with another capsule so that two capsules can be tested in the same test 
tube. 

At present, 

Annealing treatments have begun on three laboratory capsules containing 
spec- identical to those in the in-reactor capsules Nos. 4, 5, and 6. 
The thermal histories of each laboratory specimen will duplicate the in- 
reactor specimen. Upon completion of the tests, evaluation will be made 
of the physical, geo=trical, and microstructural differences that exist 
between the irradiated and non-irradiated specimns. 
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Two capsules are now undergoing irradiation in the MTR. 
single specimn: 
uranium and a shell of enriched uranium. 
completely precharacterized. 
provide specilnens for studies of the mobility of fission products in 
uranium, particularly inert gases. 

Each contains a 
a section from an extrusion which has a core of depleted 

One surface of each specimen was 
The purpose of these irradiations is to 

Post - Irradiation Examinat ion 

Previously irradwed capsules, Nos. 4, 5, and 6, were opened in Radiometal- 
lurgy and the recovered specimens have been examined visually and photo- 
graphed. 
another sample was badly split, presumably due to the high irradiation 
temperature. 
no gross mscroscapic damage. 
average temperatures ranging from about 550 to 800 C and to calculated burn- 
ups ranging from 0.03 to 0.3. 
appeared to have suffered some surface '?bumping" and perhaps some warpage. 
This was expected, of couse, as the irradiation temperature was about 
300 C where "growth" effects should still be quite pronounced. 
specimens fromthese capsules will have their density, hardness, and metal- 
lography determined and selected ones will be subjected to vacuum annealing 
treatment. 

One sample was destroyed by the cut-off wheel during opening and 

The remaining spheres retained their shape and have exhibited 
The specimens were irradiated at volume 

The split, hollow cylinders in capsule No. 6 

The 

An unrestrained, precharacterized specinen of uranium irradiated at the MIlR 
at low temperatures, < 150 C, to a nominal burnup of 0.25 a/o, has been 
examined in Radiomtallurgy. Prior to irradiation, the specilpen was a 
right cylinder, 0.50'' in diameter and 0.198'~ thick. 
surface of the beta heat treated specimn was extremely rough, presumably 
due to extensive growth (bumping) associated with its low irradiation 
temperature and the large number (40) of full 2ower irradiation cycles. 
In addition, the specimn had become barrel shaped. 
varied from 0.577 to 0.606" ar;d thickness measurermhs gave values from 
0.207'' to 0.233". 
and probably indicate very little concerning the volume change experienced 
by this sample. Replicas of this specirnen in the as-irradiated state and 
after repolishing and etching have been prepared. 
density determinations are in progress. 

After irradiation the 

Diameter measurements 

me to surface roughening, these values are maximum 

Microphotography and 

Pore Size and Distribu3ion 

Optical and electron microscopy are being used as a direct means for deter- 
mining the size and distribv-tion of pores in irradiated uranium. 
hformation is needed in ordm to understand how gas atoms migrate, coalesce, 
and grow into large pores. 

Such 

Speciaens used for study of the swelling phenomenon were obtained from 
clad rod specimens irradiated to burnups of 0.29 and 0.41 a/o, respectively. 
Since swelling in the as-irradiated state was slight, it was felt that ex- 
reactor studies of declad specimens under a variety of post-irradiation 
annealicg histories should provide valuable swelling information. It would 
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f'urthermore, provide a convenient way to obtain n variety of pore distri- 
butions from a common abundant supply of specimens in order to develop 
the appropriate statistical mthods for analyzing the pore size distribu- 
tions. 
mtallography, density measurements, and aeasuremepts on micrographs, has 
been coqleted. Statistical evaluation of the data and indicated changes 
in the degree of swelling sustained by the test specimens are in progress. 

This phase of the experimental portion of this study, annealing, 

Piss ion Product bb ility 

A knowledge of the mobility of rare gas fission products in uranium is 
important to the understanding of the basic mechanisms underlying the 
swelling phenomenon. 
inert gas introduced into the surface by "glow" discharge and U-U diffusion 
couples are being studied that have had an appreciable amount of fissioning 
occurring in &e-half of the couple but none, or at least very little, in 
the other half. 

-ton evolution studies are continuing on uranium disks that have been 
subjected to "glow" discharge and to cathodic vacuum etching under various 
conditians. 
a IQ pressure of two mm of Hg and a current and voltage of 40 ma and 
0.8 Kv, respectively. 
consumed during the flow. 
half, and one piece heated to above its melting point while monitoring 
the evolved gas with the mass spectrometer. 
rate amounting to roughly 7.0 x 1d.l atoms per second was observed at 
about 500 C and a second peak was observed upon mlting. 
system was heated and the evolved I& monitored, two large peaks in the 
evolution rate were observed, one at 300 C and another at about TOO C 
with peak heights being about ll x 1013 and 4.4 x 1013 atoms per second, 
respectively. These data are in close agreenaent with that previously 
reported and corroborate 
the "glow" is trapped on the walls of the system. Large quantities of 
uranium are deposited on the walls during the flow, and it is probable 
that the condensing metal acts to trap the gas. 
here, of course, is enormously larger than that of the specimen &king a 
realistic comparison of the gas in the system and sample difficult. 

Two other uranium disks were prepared in a cathodic vacuum etching chamber 
which uses Kr gas as the etchant. 
fashion at low pressure (approximately 5 p) while the other was etched at 
a much higher pressure (approximately 50 p) so that redeposition occurred. 
Each sample was then heated to above the Ilrelting point and the Kr evolu- 
tion monitored. A small amount of Kr was evolved from both samples and 
both exhibited peaks in the evolution rate in the 300-500 C temperature 
range and upan Illelting, but the data have not yet been processed suffici- 
ently to allow definitive comparisons to be made. There did not appear 
to be gross differences. 

Uranium specimens are being examined that have had 

Samples for the latter are currently being irradiated. 

A disk was glared at ambient temperature for six hours at 

There were positive indications that gas was being 
The disk was removed from the system, cut in 

A small peak in the evolution 

When the "glow" 

the concept that most of the Kr consuIPed during 

The surface area involved 

One sample was etched in the nollcal 
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Restrained Irradiations 

Swelling experiments of Zircaloy-2 clad uranium fuel rods with selected 
uraniumtemperatures, cladding thicknesses, and exposures are being 
conducted employing NaK-filled temperature monitored capsules. 
swelling capsules, GEH 14-94, 14-95, and 14-99, are presently being 
irradiated in the Mm( to various goal exposures. 
center uranium temperatures for the fuel rods in these capsules are 
respectively 0.24, 0.32, and 0.43 a/o and 575, 500, and 540 C. 
capsules from this series of experiments have been discharged from the 
MIX and are now awaiting Radiometallurgy examination. 

Three 

Exposures and average 

Seven 

5- IN-REACTOR MEASUREMENT OF MECHANICAL PROPEETIES 

be-Irradiation Wterial Characteristics 

Activation energies for creep of Zircaloy-2 in the temperature range 
50 C to 275 C are being determined. Both flat and round annealed creep 
specimens are being used. 
differs appreciably from the round specimens which are identical to the 
material to be used for in-reactor testiq. 
determined fall between 15,000 and 30,000 cal/mole in the temperature 
range 50-19 C and climb to 75,000 cal/mole at 277 C. 
appreciably from previously reported values determined at different creep 
rates. 
than those previously reported. 
activation process appears to be both stress and strain dependent. 
nature of this dependency is currently under investigation. 
activation energy measured at 277 C is related to strain aging in 
annealed Zircaloy-2. 

The fabrication history of the flat specimens 

The activation energies 

These values differ 

The activation energies determined in April are more accurate 
The 15,000 to 30,000 cal/mole thermal. 

The 
The high 

In-Reactor Creep kasurements 

A modified creep capsule was charged this month; the capsule contains an 
annealed Zircaloy-2 specimen. The prototype capsule was discharged, and 
the new capsule icstalled in the vacated tube. The modification work 
performed on the capsule has resulted in lower gamma heating &d more 
stable perfomce of the thermocouples and electrical transducers. As 
described in previous reports, the modification involved the removal of 
heavy metal gamma heating slugs, replacement of the thermocouples, and 
lubrication of the gear box and micrometer screw on the mechanical extenso- 
meter. The operation of the capsule has shown that the removal of the 
gamma heating slugs resulted in a decrease of 96 watts of heat generation. 
With this decrease in heat generation, the operating temperature of the 
capsule can be controlled at 300 C (572 F) which is within the design 
temperature limihs of 250 to 400 C. The capsule's new thermocouples and 
modified electrical transducer mountings indicate a behavior of the sensors 
identical to the performaxe tests conducted out of the reactor before the 
capsule was charged. The stress has not been placed on the specimen as 
yet; it is intended to accurrmlate an exposure before beginning the creep 
test so the test will begin on an irradiated specimen while it is being 
irradiated. 
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Capsule and Instrument Development 

Another review of the drawings, materials, and techniques of construction 
for six third-generation capsules was completed this month. 
review at the vendor's plant, final approval of the design and prints was 
given. No major chsIlges were required. Compment fabrication will begin 
in the coming month. 

During this 

Graphite Reaction with Micruwave-Activated Nitrogen Gas 

Specific weight loss rates from 4 to 20 x 10-5 g/g-hr have been observed 
for the reaction of graphite with microwave-activated nitrogen in a pressure 
range from 140 to 740~~ Hg. There appears to be a possibility that more 
than one maximum exists in the rate versus pressure curve; this is being 
investigated further. 
appears to be largely paracyanogen, (QJ),. 

Steam-Graphite Reaction 

As in the earlier work, the product of reaction 

In case of heat ex-r leaks in gas-cooled reactors, there may be exten- 
sive reaction between the steam and hot graphite moderator. 
for the investigation of this reaction has been designed and is in the 
initial stages of construction. 
passed over a graphite sample heated in the range 600 to 1200 C. 
rates will be measured by determining the rates of production of CO-and 

C%. 
will be determined. 

An apparatus 

Steam near atmospheric pressure will be 

The effects of steam flow rate and composition of the influent gas 

Reaction 

Gas Analysis for the PRl% Gas Loq 

The gas chromatograph was tested and calibrated follaring modification 
and repairs by the manufacturer. The peak heights did not change when 
the inlet sample pressure was varied as had been observed earlier. 
heights were directly proportional to the concentrations of 02, Ng, CO, 
and H2 in helium gas in the range from 0.01 to 44. 
and msss spectrometer were moved to the PKEl for installation and addi- 
tional calibration. 

Peak 

The gas chromatograph 

Gas Low Project Manag ement and Design (Project CAH-822) 

Construction is estimated to be 584 complete versus 91% scheduled. 
equipmnt packages have been installed in '%It Cell and welding of connect- 
Fng piping is in progress. 
postponed because pf uncertainties of blower uperation. 
of the in-reactor sections will be performed in "B" Cell. 

All the 

Installation of the in-reactor section is being 
FLcrther testing 

The single blower, for interim operation of the out-of-reactor portion of 
the gas loop at reduced conditions, has passed proof tests and been shipped 
by the vendor, Bristol-Siddeley. The blower arrived in New York on 
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April 18, and is in transit to Richland. The vendor has been notified 
that he will be advised of a firm installation date, when present 
construction work permits, to preclude undue travel expense and better 
utilization of his service representative. The blower electrical 
circuitry requires modification to accommodate the recently established 
high starting currents. 

An order has been placed with Struthers-Wells to reduce the amount of 
NaK in the main loop heater to an amount (150 pounds) compatible with 
the maximum allowable containment pressure. This reduction is being 
accomplished by displacing NaK with stainless steel castings contoured 
to fit around the heater tubes. 
May 12. 
and was replaced by the vendor, will have to be installed before blower 
operation is started. 

Completion of this work is scheduled for 
The heater and one main loop valve, which leaked during testing 

An order has been placed for the sample handling casks which are scheduled 
for delivery by the middle of June. The drawings of the shielding plates 
for the loop have been received from Struthers-Wells, but drawings of the 
supporting framework will not be completed until the first of May. 
requisition for the shielding plates has been processed. 

A 

Component Testing. 
month's report was installed in the in-reactor test section. 
liminary runs were made where heater and inner tube temperatures reached 
1400 F and 1080 F, respectively. 
the test section to gas loop design conditions of 1500 F, phase-to-phase 
arcing of the heater occurred. 
and inner tube, melting a circumferential hole three inches long and one 
inch wide in the inner tube. 
pressure tube and melted a one-fourth inch hole in that tube. 
inner tube, and pressure tube temperatures at the time of the incident 
were 1600 F, 1290 F, and 925 F, respectively. Since direct electrical 
heating has not been satisfactory, the in-reactor test section will be 
set up in "B" Cell and connected to the reactor gas loop system. 
tests will be run with the test section heated by gas fromthe loop to 
gain experience in operating the loop system while final testing of the 
in-reactor section is completed. 

The shortened electrical heater described in last 
Two pre- 

On the third run, which was to bring 

Arcing then took place between the heater 

The arc then progressed to the outer or 
The heater, 

Futur-! 

Dismantling of the 314 Building gas loop mockup has been completed. 
Roots-Connersville blower has been delivered to the reactor and repair of 
the test section has been started. A design survey to determine the best 
location in '3'' Cell for the in-reactor test section and the additional 
piping components required for this installation is 5074 complete. 

The 

Although no firm conclusions can be drawn from the sparse test data, 
extrapolations indicate that temperatures across the test section would 
be as follows (with no moderator in the calandria and C% inlet gas 
temperature at 1500 F): inner tube, 1400 F; pressure tube, 1000 F. The 
temperature of that portion of the pressure tube which extends below the 
bottom primary shield would be 800-900 F during normal operation. 
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7. GRAWITE IRBADIATIQI? DAMAQ3 STUDIES 

Imadiatian of Ppolytic Graphite 

basuremmts have disclosed that the distance between carbon layer planes 

!&I irradiation to 2100 EaJD/A11 (1.7 x loa nvt, E > 1 Mev) while heated 
to 500 to 600 C. In these materials the c spacing was 6.85 A before and 
efter i-ation. These results in conjktion with the length changes 
reveal that the l$ increase in bulk density inferred from length measure- 
ments on as-deposited materials is not caused by crystallite expansion. 

c-spacing) does not change appreciably in as-deposited pyrolytic material 

Tbe c spacing of graphitized pyrolytic carbon is 6.71. A. 
net& equal to that for single crystals. 
the c spacing of graphitized material expanded about 0.3s. 
is c&sistent with eqerience with single crystal material. 

This is very 
After the exposure cited above, 

This result 

Hi@ Teqerature Graphite Irradiations 

The GEH-13-6 capsule containing four special graphites (see Msrch monthly 
report) has operated successfully for one cycle in the ETR. 
controlled temperature positions are operating at the design temperature 
of 650 C. It is estimated that the three non-instrumented positions are 
operating at 600 C. 

The four 

A capsule is being designed for irradiation of graphite samples at very 
high temperature in the Em. It is expected that tenzperatures of about 
2000 C can be attained by insulating the sample with porous graphite. 
The sample temperature may be monitored by following the temperature- 
sensitive c spacing of baked carbon wafers enclosed with the samples. - 
Fast Flux Monitor Materials 

Iron and titanium appear to be promising fast flux monitor materials. 
Irradiations have been completed in the Word Quickie Facility, and the 
isotopes hh54 (from the Fe5k(n,p)h54 reaction) and Sc46 (from the Ti46 
(n,p)Sc& reaction) were counted. Since no inforxnstion is available on 
the cross section for these n,p processes as a function of incident 
neutron energy, an empirical relation between the nickel activation and 
the activation of these materials will be necessary. Additional longer 
term irradiations are in progress to determine if burnout of the activated 
is-otupe is a problem. . 

Electron Microscopy of Graphite 

The electron microscopy of replicas taken from polished and cathodically 
etched surfaces of graphite has been extended to pitch-bonded graphite 
prepared with a carbon black filler. Thermax carbon black particles in a 
sample processed to a maximum tenperature of 2570 C do not show well 
developed polyhedral faces, noted by other 'investigators in blacks graphi- 
tized at 3000 c. The cathodic etch apparently attacks the carbon black 
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particles more rapidly than the coal tar pitch binder, leaving depressions 
in the binder roughly circular in outline. 
suggest rudimentary developmnt of polyhedral structure. 

Occasional angular outlines 

8. ADVANCE EVALUATION STUDIES 

ConceDtual Desim - Fuel Element Fabrication mant 

The final draft of the Introduction and Part I have been completed. Part I1 
has been issued for comment. 

Supercritical Pressure Water Reactor Study 

The economic evaluation of a 300 We Supercritical Pressure Power Reactor 
continued with detailed consideration of the equipmnt in the power cycle, 
reactor core design, fuel element hydraulics, fuel cycle costs, and plant 
layout. 

Power Cycle. Cost estimates have been received for the main boiler feed 

pumps. 
for the pump, if a turbine, will cost about $400,000, and if an electric 
motor, about half that amount. 
two drives (assuming six mills per kwhr electric power) is about $250,000 
per year in favor of the turbine. 
From an emergency back-up power point of view the turbine drive appears 
more desirable also, since it can operate on steam generated following a 
reactor scram at temperature. 

The pumping unit proper will cost about $100,000. The drive unit 

The differential operating cost for the 

Hence, a turbine drive has been selected. 

The vendors recommend a five- or six-stage pump operating at speeds of up 
to 7650 rpm. 
full head electric drive boiler feed pump unit for startup and/or backup 
purposes will also be a multistage high speed unit. 
is approximately $150,000. 
Booster pumps will probably be required to assure adequate suction head. 

Pump efficiency will be approximately 80$. A half capacity, 

The cost of this pump 
Both pumps have high NPSH requirements. 

Estimated costs and size information for the feedwater heaters have been 
obtained. Each of the four stages of high pressure feedwater heating will , 

require from 7200 to 9000 square feet of surface area. 
be Elonel. 
15 F approach. 

Tube material will 
Performance is based on zero degrees terminal difference and 

Total estimated cost of the four heaters is $400,000. 

Jumper piping to and fromthe 85 fuel element clusters (each of which 
contains seven fuel elements) will be 3" OD x 2" ID, 316 stainless steel 
tubing. To simglify access to the jumper piping and reduce insulation 
costs, a loose fill type insulation will be used instead of conventional 
pipe insulation. When access is required, the insulation will be vacuumed 
from the area to be serviced. 

Reactor Core Deslgn. Radial flux distributions through the supercritical 
reactor core are being performed using the three-group Flux Weight Code. 
Uncertainties in the cross-section input has led to an attempt to duplicate 
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some experimental results from 8 uacium dioxide, light water moderated 
lattice. After these experimental results can be duplicated, radial flux 
distributions over the core can be carried out. 

Several flux distributions over the core will be pezformed with the core 
being uniformly enriched with 2.54, 3.6, and 3.5$ U-235. 
of zone type enricbnt, moderator poison addition (boric acid), ana 
variable lattice configurations with respect to flux distribution across 
the core will be investigated. 

The benefits 

A feasibility study of moderator poisoning with boric acid for long term 
reactivity control continued. 
tor operating temperatures appears to be no problem. 
cleanup for corrosion products without removal of borate ions is feasible 
by utilizing a mixed bed demineralizer containing commercially available 
strong base anion resin. 

Solubility of boric acid at proposed modera- 
Continuous moderator 

The concept of an unpressurized moderator appears to be lending itself well 
to fuel handla requirenrents. 
enter fromthe top face of the reactor and fuel charging and discharging 
will be pei-formed through the bottom of the reactor. Since the "reactor 
vessel" simply sits in a large pool of water, a trapdoor type arrangement 
on the bottom of the vessel (to prevent gross mixing of the moderator and 
shielding fluids) is moved aside, and fuel clusters are dropped into an 
underwater cart and transported from under the reactor. 
in the reverse manner. 

Reactor piping and control mechanisms will 

New fuel is charged 

The inverted cluster fuel element configuration is being analyzed to deter- 
mine allowable flux deviations within the reactor based on primary and 
secondary stresses developed within the Hastelloy-X tubes. 
pressure drop curves are being calculated for various heat flux patterns 
and for each coolant pass through the reactor. 
elenrent cumes are then combined with an assumed reactor neutron flux shape 
to obtain the outlet temperature distribution from a seven fuel elemnt 
cluster. 

Flow versus 

These individual fuel 

Fuel Cycle Costs. Fuel cycle economics are being examined on the bases of 
power density, fuel to moderator ratio, and type of fuel managemnt (batch 
discharge versus wed discharge). While it has been generally assuued 
that high specific powers (approxima3ely 20 W/T average) are desirable, 
there is so= indicatiori thaz with high cross-section materials in the core 
(such as Hastelloy X) the ratio of +,he volume of fuel to the volume of 
cladding is a significant factor. Hence, reference fuel designs with power 
densities ranging from 20 MW/T to 5 W/T and fuel to clad ratios ranging 
from about six to one to twenty to one are being evaluated with respect to 
total fuel cycle costs. 

Fuel to moderator ratios (wkich reflect in the amount of plutonium formed 
and burned in situ) are being examined also. 
ated at about $lO,OCO each) suggests long exposures with considerable in 
situ plutocium fission. 

The fuel element cost (estim- 

This in turn suggests low moderator to fuel ratios 
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and a hardened thermal neutron spectrum. 
becomes too close, then construction and fabrication tolerances may become 
impractical. 

However, if the lattice spacing 

Preliminary fuel cycle costs are in the range of 2.5 to 3.0 mills per kwhr 
for graded discharge and about 0.25 mills higher for batch discharge. 
Additional reduction may be obtained when the fuel design is optimized. 

Plant Layout. 
reactor building. 
from 220 feet to about 180 to 200 feet due to a reduction in the area re- 
quired to be serviced by the main crane. 
use the crane to pull the generator rotor; however, as now conceived, the 
rotor will be pulled with a separate crane or a cart-track mechanism 
thereby reducing the length of travel required for the main crane. 

Additional equipment layouts have been made within the 
Indications are that the building diameter may be reduced 

It was originally intended to 

Fuel Element Design. 
has been completed to a point that vendor quotations can be obtained for 
the various components. 
of' the "inverted cluster" type fabricated primarily by vibratory compaction 
methods. It is anticipated that the pressure-bearing member of the fuel 
assembly can be purchased in much the same fashion as small heat exchangers, 
i.e., on a comgletely fabricated and tested basis. 
pressure member will be inserted in a Zircaloy, hexagonally-shaped, thin 
wall container and U@ placed by vibratory compaction. 
will minimize heat loss to the unpressurized water moderator exterior to 
the Zircaloy container. The fuel elements will be assembled in clusters 
of seven and charged and discharged fromthe reactor in that fashion. 
Present calculations indicated that 85 such clusters will produce sufficient 
heat to generate 300 We net. 

Preliminary design of the fuel element for the SPPR 

As presently conceived, the fuel element will be 

The multiple U-tube 

Zirconia insulation 

9. ALUMINUM CORROSION AND ALLOY DEVELOPMENT STUDIES 

Cbrygen Inhibition Test 

A test to determine if high oxygen concentrations will inhibit the uniform 
corrosion of carbon steel, 304 stainless steel, X-8001 alumintim, and 
Zircaloy-2 has been started in neutral pH, 300 C deionized water. 
four weeks of exposure the corrosion rates are 0.39, 0.06, and 40 mils/year 
for the carbon steel, stainless steel, and aluminum, respectively. The 
22-2 is exhibiting normal weight gains. These rates are all comparable to 
rates obtained without the addition of oxygen. However, there are two 
factors which may affect these results. The rates were obtained fromthe 
first four weeks of exposure. Normally, corrosion rates in high temperature 
water decrease significantly after the first month of exposure, and it is 
these lower rates which are normally reported. 
added by inserting known volumes of (& gas into the makeup water and 
resulted in concentrations of only one ppm. 
the makeup water in the form of hydrogen peroxide. 
of 20 to 30 ppm are now being maintained using this method. 
steel and stainless steel samples all have a ti&t,shiny gray oxide film 

After 

In addition, oxygen was 

The oxygen is now added to 

The carbon 
mygen concentrations 
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covered with a thin, loose, red oxide film. The aluminum samples have 
started to form a tight gray oxide which is felt to be more protective 
and may reduce the rates. 

It is planned to use the 8-1 Loop for corrosion testing of aluminum-clad 
fuel elemnts. A project is being initiated to: install replacement 
punxpe; provide autamatic dumping with a switch to single-pass cooling if 
normal caolant is lost; Improve the control of heat exchangers; and make 
other improvemnts in loop operation or safety required for the new test 

ProeEram- 

10. coapERATIvEusAEc-AEcLpRoGRAM 

Heat Transfer Studies 

As part of the Cooperative USAEC-AECL Program, a study was started to 
determine the feasibility of steam generation with a 19-rod bundle fuel 
elemat ib a horizontal position. 
stratification of the steam-water mixture would take place for such a 
horizontal fuel element and leave the uppermost rods in the bundle to be 
cooled in a steam atmosphere. 
eqected for such a case. 

!be concern in this problem is that 

Excessive fuel temperatures could be 

An electrically heated test section identical in size to the PRTR Wk I 
19-rod bundle fuel elermnt was placed in a 3.25 ID horizontal process 
tube in the experWntal heat transfer apparatus. Heat was generated in 
the test section at a constant rate while the flow was reduced in steps 
until boiling conditions were established. With the inlet temperature 
and pressure held constant at 478 F and 1085 psig, flaw was reduced from 
150 gpmto 50 gpm for a tube power of 1250 kw and to 30 gpm for a tube 
power of 750 kw. At the end of both of these runs the outlet quality was 
approximately 20$ by weight. 
detected in the rods at the top of the bundle. Apparently the wlre wraps 
which are put on 12 of the 19 rods to maintain proper spacing and promote 
flow mixing do mix the two-phase coolant sufficiently to prevent stratifi- 
cation. 

The highest heat flux encountered in these tests was 208,000 B/hr-sq ft 
for the outer 12 rods of the bundle during the 1250 kw run. 
were made to investigate conditions at a higher heat flux, but during a 
1500 kw run the seal at the end of the test section failed to hold. 
test section was removed for modification. 

In neither of these were high temperatures 

Attempts 

The 

Radiation damage in various metals, including aluminum, copper, iron, molyb- 
denum, nickel, titanium, zircqnium, and type 347 stainless steel, is being 
studied by a nMer of techniques. 
and mechanical properties measurements are the primary methods being used. 

Electrical resistance, x-ray diffraction, 
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The variation of properties with irradiation and the kinetics of property 
recovery upon annealing are being analyzed to arrive at a damage model. 

Recovery studies have been concentrated on irradiated iron and kinetics have 
been determined for all recovery stages except that which is centered at 
245 C. To recapitulate, covery occurs in three stages for iron with an 

an exposure of 1.5 x 1020 nvt, recovery OCCUTS in a single stage over the 
range 250-400 C; substages may be present but are not pronounced. 
exposure of 1 x 1017 nvt, recovery again occurs in a single stage, from 

The 100-200 C recovery stage at 4 x 1018 nvt proceeds by a single process 
having essentially first-order kinetics. 
mole (1.7 ev). The 275-375 C stage at 4 x 1018 nvt also takes place by a 
single process with first-order kinetics. 
is 27,850 cal/mole (1.2 ev). 
of 1.5 x 1020 nvt occurs by two processes. 
proceeds with activation energies which vary according to the measurement 
technique. 
41,900 cal/mole (1.8 ev) and a reaction order of 1.25. 
as determined by microhardness recovery is 29,800 cal/mole (1.3 ev); the 
reaction order for microhardness recovery has not yet been determined. 
high temperature reaction occurs with an activation energy of 84,800 cal/mole 
(3.7 ev) for both resistivity and microhardness recovery. Based on the above 
results and tensile behavior reported previously, recovery of neutron damage 
in iron is tentatively described as follows: 

exposure of about 4 x 1s r nvt: at 100-200 C, 225-260 C, and 275-375 C. At 

At an 

200-300 C. 

The activation energy is 39,700 cal/ 

The activation energy in this case 

The low temperature reaction 
Recovery of damage in a specimen with an exposure 

Resistivity masurements indicate an activation energy of 
The activation energy 

The 

Exposure Temperature Rang e 

1 x 1017 nvt 200-300 c 

4 x 1018 nvt 100-200 c 

225-260 c 4 x 1018 nvt 

1.5 x lo2' nvt 250-400 C 

Process 

Pre c ipit at ion of interstitial 
impurity element(s) (C,N,O) 

Breakup of defect clusters 

Precipitation of interstitial 
impurities 

Release of trapped inter- 
st itials 

a) Release of trapped inter- 

b) Self-diffusion 
stitials 

Factors which relate to the damage and damage recovery mechanisms in body 
centered cubic metals such as molybdenum, tungsten, niobium, tantalum, and 
iron, are being evaluated. Analysis of available information shows that some 
of the radiation damage recovers during annealing in temperature ranges which 
are very close to those in which internal friction peaks due to dislocation- 
impurity atom interactions are observed in non-irradiated metal. The 
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pcssibility that so= of the annealing of radiation damaged body-centered 
cubic materials is due to these reactions is being studied. 

Changes in x-ray extinction resulting from irradiation-induced defects are 
teicg investigated as a method for studying irradiation we in single 
crystals. Faces have been cut parallel to crystal planes on single crystals 
of aluminum and ~polybdenum. 
these faces are being used to determine the amount of and type of extinction 
effects. 
calculated for OOK, the temperature correction is determined, and an estimate 
of the Debye temperature can be made. 

The intensity of x-ray beams diffracted from 

In addition, by canparing the observed intensities with those 

me cold worked layer resulting fromthe cutting of the faces has proven 
troubles- for aluminum crystals. Alternate chemical etching and electro- 
polishing is being employed to remove this layer. Both aluminum and molyb- 
denum shaw considerable extinction, indicating a high degree of crystalline 
perfection in the unirradiated state. 
to observe changes in extinction and in the x-ray temperature factor. 
x-ray measurements will be conducted at temperatures other than room 
temperature to determine the temperature correction more precisely. 

Selected samples will be irradiated 
Also, 

CUSTOMER WORK 

Radiometallurgy Service 

Examination of three bumper fuel elements with high corrosion weight loss was 
completed this month. 
with the unaffected area being between the process tube ribs. About six mils 
of cladding were removed from the spire surface. 
an increase of both internal and external diameters of the fuel. Ellipticity 
up to 30 mils was also observed (RM-418). 

Corrosion occurred over three-fourths of the surface 

Uranium growth resulted in 

Examination of a longitudinally-split failure from 3781-H revealed that water 
penetrated the element at the female (upstream) end. An oxide blister formed 
distorting the cladding into the external. coolant annulus. 
that the downstream surface temperature exceeded 350 C. 
ably caused by rapid cooling of the very brittle uranium (RM-420). 

Evidence indicates 

' 

Splitting was prob- 

A xire-wrapped Zr-2 bar was examined for fretting corrosion after exposure in 
KER-3. 
deep spiral grooves had formed. 
was 14 mils (RM-342). 

The wire was loose and in those spots where the wire contacted the bar, 
The greatest depth of penetration measured 

Electron Microscopy Service 

A positive replication technique has been successfully applied to a resin- 
bpregnated, resin-mounted graphite specimen. 
was used as a primary replica. 
142 C. The polished graphite surface was placed on the polystyrene and a one- 
pound weight was placed on top of the specimen. 
again reached 142 C, the speciEn and adhering polystyrene were removed and 

Polystyrene sheet, 0.125'' thick, 
The polystyrene was presoftened in an oven at 

When the oven temperature 
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allowed to cool. 
primary or negative replica. 
fromthe negative. 
the specimen in a given condition. The specimen itself can then be given 
any number of additional treatments and a comparison made to an identical 
area in the base condition. 

The graphite was separated fromthe polystyrene leaving a 
A polyvinyl alcohol positive replica was made 

The primary replica serves as a permanent reference of 

ktallography Service 

The type 304, schedule 80 stainless steel piping of KER-2 which had been 
repaired on January 8, 1961, failed again on Mrch 22. 
of a longitudinal split three to four inches in length and, as in previous 
failures of the stainless steel loops, it occurred imdiately downstream 
from the cold water inlet from the heat exchanger. 
crack were networks of fine cracks as revealed by Zyglo fluorescent dye pene- 
trant. 
on the inner wall of the tubing and were identical to cracks examined from 
other loop failures. 
corrosion failures was apparent in this latest examination. 

The failure consisted 

Adjacent to the main 

&tallographic examination of these cracks showed that they originated 

A high resemblance to the cracking found in stress 

A metallographic examination was made of the type 347 stainless steel tubing 
fromthe KER-3 reactor front-face crossheader. 
in which indications of possible cracks were found by dye penetrant testing. 
Extensive cracking was found in two of the suspected areas. 
originated on the outer wall of the tubing, and they were of the type associated 
with chloride stress corrosion cracking. It is suspected that the chloride ions 
may have been leached from the lagging with which the tubing was wrapped for 
insulation. 

Samples were cut from areas 

All the cracks 

Samples Processed During the bnth: 

Total Samples 
Replicas 

577 
35 

Photographs : 

Micrographs 
Macrographs 

807 
62 

i% 
Electron Micrographs 

Nm Charging Machine 

Fabrication and assembly of the NPR charging machine are estimated to be 47% 
complete. transfer arm sub- 
assemblies are complete and their installation was started; installation of 
modified main frame components was completed; the main frame has been installed 
on the cross travel drive assembly, aligned, and fastened in place; idler roll 
assemblies are 86 complete; drive roll assemblies lare 56 complete. The cross 
travel drive and vertical lift assemblies have been operated. Hydraulic piping 
is 253 complete. 

Status of individual components is as follows: 

f 
c 
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Shielding for Fuel Recycle pilot Plant 

Shielding calculations in support of the design of the Fuel Recycle Pilot Plam 
were continued at the request of Facilities Engineering Operation. 
fuel element, cooled for 15 days, about 50 inches of heavy aggregate concrete 
should be used. This is based on magnetite aggregate concrete with a density 
of 3.5 grams-per cubic centimeter and an assumed allowable dose rate of 0.2. mrem 
per hour. 

For a PRTR 

Manager, Reactor and Fuels Research 
and Developent 

FW Albaugh:kb 

e .;a 
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FISSIONABLE MATERIALS - 2000 PROGRAM 

FUELS - 
Nuclear Safety in FPD 

A meeting was held with Engineering Operation personnel (L. E. Kusler, J. E. 
Ruffin, and W. Re IUrk) to discuss nuclear safety in the 306 and 333 Buildings. 
The specifications for handling 0.95$ U-235 enriched I and E and NPR fuel 
elements were reviewed. Other topics discussed were: 1) interpretation and 
application of geometry control, 2) handling and storage requirements for the 
NPR billets; 3) the handling of scrap, 4) spacing requirements between arrays, 
and 5) the probability of water flooding in each building. 

The primary basis for nuclear safety control in the wing and storage of fuel 
elements will be the "safe mass per unit area" limit. Using this limit, spacing 
between arrays of the same enrichment is not necessary, and array height is not 
necessarily restricted. 

The safety of all arrays is based on the assumption that flooding with water can 
occur 0 

REACTOR 

EQonential Measurements for NPR 

The material buckling of the NpR condensed lattice was measured with natural 
uranium f'u 1 elements and water coolant. The final material buckling was 

the process tubes and 1.2 inches parallel to the process tubes. 
-135 x 10' % The extrapolation lengths were 1.0 inches perpendicular to 

The density of appraximately 10 percent of the graphite used in the NPR mockup 
has been measured. 

. 

The resulting batch density is 1,695 gm/cc. 

NPR fie1 Temperature Coefficient 

An internal report which is titled The Variation of &, with Fuel Temperature 
for the NPR, ~~-693h3, is being prepared. 
temperature, &(T), and the uncertainty in that quantity due to spectral and 
adjoint mismatches have been derived, 

The measured change in koo with he1 

Exponeqtial Measurements of Large Diameter Fuel Elements 

%all source theory has been used to analyze horizontal traverses taken in the 
exponential pilea, The theory predic%s an oscillation in the flux in addition 
to the normal cell fine structure. The magnitude of the peaks of this oscilla- 
tion varies from zero at the pile center to 13% near the pile edge. Canparison 
of the experimental traverses to the calculated results shows good agreement 
within the normal experimental errors of 1%. 



Lattice Parameters and Neutron Temperature for Large Diameter Fuels 

Cadmium ratios for various foil materials have been measured (Table I). 
foils were irradiated on the rotator in the core of the TTR. Ten sodium foils 
were irradiated to determine the normalization requirements necessary for the 
interpretation of the measurement. 
for the sodium foils was f .74$. 
sodium may be used as a "l/v" detector: 

The 

The uncertainty in the specific activity 
The following table shows the degree to which 

Thickness Cadmium Equivalent "l/v" 
Material MUS Ratio Cadmium Ratio 

Capper 5 15 .io 24.84 

Mmgane8e 2 15.09 26.19 

SOdiUm 15 24.07 

 le -is of data *am lutetium foils irradiated in a 103" graphite lattice 
containing 24" solid Fuel has been continued. 
integrals for each foil position, using fluxes calcula d by HFEJ and resonance 

the spectral index may be obtained. 
been assumed to be &/E except near the them cutoff where it is greater than 
&,/E. The values of &% and spectral index obtained are given in Table 11. 

Application of effective resonance 

integrals calculated by ACE, has produced values of 2 +% (Table 11) fran which 

The slowing-dam flu at the cell edge has 

TAELE II 

TOK 
Wet 

TOK 
Dry - Dry - 

Fuel Center 1.96 . 330 2.07 345 
me1 Edge 1.93 326 1.98 335 
Midway Graphite 1.84 313 1.81 3og 
Cell me 1478 304 1.74 298 

Foil i+% 

- Wet - Position 

Digital Cunputer Programs for Reactor Analysis 

Developnent of m, the multi-group neutron diffision theory code, is continuing. 
The option which allows suppression of portions of the output has been used suc- 
cessfully. Changes presently being incorporated are: 

1. Inproved arrangement of output on the output sheets. 
percent ccanplete ) 

(Coding 90 

2. Extension of code to handle calculations in spherical one-dimensional 
gecmetry. (coding complete) 

3. Improved formulas for calculation of direct and adjoint flux gradients, 
for use in perturbation theory aPBJyses of atput. 

Extension of criticality search feature so that any one diffusion 
parameter, region radiu or outside boundary condition may be varied in 
an attempt to reproduce an input specified multiplication factor. 

(Coding cmplete) 

4. 

Gmem 
* .- . (coding canplete) 
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5. Cbkange errcr indications from a printed code nmber to an explanatory 
message. (ccding 95 percent ccmplete) 

In addition to the above a-hanges> a start has been made on the project of chang- 
ing the input format, which preseatly uses all 80 columns of the input cards. 
This is being cut to 72 columns, in order to facilitate t'de future use of other 
codes in preparing inprrt. 
procedures which must be used on FORTRAN monitor programs punching more than 
72 columns of a card. Coding of this change is about five percent complete. 

This is desirable to avoid the special handling 

FIT-1, the few group natron diffusion theory code for analysis of experimental 
detector traverses has Seen readied for a fihal repcrt. 
in the report, has been run. 

A test case, to be used 
The repcrt is now being polished. 

Neutron Thermalization Studies 

An approximate method has been*formulated for determining the effective neutron 
temperature incident 02 a fie1 element for the case of a temperature discontinuity 
in the surro-mding mderator. 
ture discontinuity work of Kottwitz to annular cylindrical gemetry and uses the 
"effective temperature" appraxhatisn to this work, 
metallic Materials Development, the method h&s been Ltilized in a kinetics cal- 
culation of the effect of a temperature transient propagated radially outward 
thr- the graphite. 

This me+,hod is based on an extension of the tempera- 

At the request of Non- 

Cunputatioml Progrw Services 

Azl HW document on the exponential data processing code VTBCL is in final form, 
and will be isstied withir the next few days. 
INELASCAT are in preparation. 
are being revised to handle both arrays and single items cf data. 

Bw documents on COFIT 2 and 
The binary input-output subroutines WTEX/RTBX 

Inst ment at i cn 

One of $he two ccmbined quasi-logarithmic and mlti-range linear prototype 
experimental scintillaticn 3eta-gamma area mcnitors has undergone continuaus 
stability %ests with good results for Sett.er $ha twc weeks. 
was slightly modified tc proaxe better logarithmic sealing. 

C-12 mr/?ir aecade& 5c 2-10 r/hr (4 decaiies), gave reading accuracies te within 
k 10 percent of the tme dose rate, 
chopper perfomeci nearly foxr cmtincms rnmths with no accumdatea drift errors 
and with fiay-t-s-day readings varying by less t.hm +, 10 percellt. 
the improved logari+,hmlc cirzzit gcrtion will be accelerated. 

The second unit 
The linear rawes, 

The criginai "breadboard" circuit and 

Final tests on 

The design drawings, drawn by CE&UO personnel, for +he transistorized NPR Beta- 
Gamma Scintillatim Air Monitcr were reviewed and corrected. 
to perfom satisfactorily in the field. 

me -mit continues 

Csmments an2 correctims were made o-oncernir!! the CE&UO specificetions for %he 
slow-scan px?ri.cn .;f the NPR Fuel Failwe Mocitcr. 

Ekperimental circuitry 2-e-reiopmmt is nessix csaqlet ion for the experimental 
Fast md Slm Scannirg 'Type r-el Failxre Mcizit;r, The rctating portion and the 

http://px?ri.cn
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slip-ring assembly, in constant ratation now for two months, continue to per- 
form correctly with no change in the original 50 microvolt slip-rirq noise 
level e 

planning is under way for experimeatal stzrdies of fuel failure detection 
problems in conjunction with operation of the PRTR Rupture Loop. These will 
be aimed at determinbg cqtimum adjustmento ,901. initial operation of the NPR 
monltor, at obtaining basic infomation regarding detection of fniures in 
XPR type fuel, and at developing ad applylng instrumentation for studying 
the mechanisms of -el failure by analyses of the radioactivities released 
to the coolant. 
channel analyzer to be purchased by IPD for this work. Specifications for a 
delayed neutron detector and a gross gamma detector are currently being pre- 
pared. 

Specif'ications were pepsred for a gamma spectraneter multi- 

A prototype experimental high temperature ceremic tube pulse amplifier, using 
General nectric Ccqany type 7462 ceramic triodes, is being fabricated for 
testing in reactor 'and other high temperatures environments. 

The X-Y Gamma Scanning system for reactor shield studies, originally designed 
to scan 121 points in an ll x ll matrb, was modified tc permit either ll x ll 
or 6 x 6 scanning as desired by the operator. 
satisfactorily . 
The special IPD ionization chamber specification HWS-8127 was revised and 
issued jointly with members of Batnxnent Develcpnent, IPD. 

A detailed proposal was made to improve the shielding effectiveness of the 
octant modtor experimental facility at lO5-DR in conjunction with the progosed 
new ionization chambers. 

The unit continues to perform 

The Optical and mechanical. ccerponenta of the radiation ratio pyrometer for 
reactor moderator temperature measurements were assembled. 
unit had been canpleted earlier, the pyrzneter is now ccnuplete (except for dis- 
tance fGCUSing Optics) and ready for shop sesting. 

Since the electronic 

Systems Stxidies 

Progress is being made on the IPR Plant Simlator. 
zer equations have been simplified to where 0d.y three amplifiers rather than 
fifty are rewed to simulate it. 
(simulation) require that new technicpes be lised in simulating the reactor. AII 

attempt is being made to transform the reactor and heat transfer equations to a 
form that will allow the reactor to be simulated frm source level to ten times 
normal operating pwer. 
the way up with no discontinuities. 
fit to future reactor studies. 
ary loop. 
power on the aver-all operation of the reacfor. 
be studied in detail before incorporating it in the plant simulator. 

The primary loop pressuri- 

The requirements placed on this model 

This will allow the operator to bring the reactor all 
If suc=essf'ul, this cmld be cf major bene- 

New equations have been sbtained for the second- 
These equations will consider the effects of producing electrical 

The secondary loop will first 

Progress 3n the reactor control experiment at 100-D reactor has been retarded 
due to occurrence of several reactor shEtdarns jut pricr to Flamed tests. 
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However, two short term tests were made using six temserahre control zones, 
one in the tap-center and the other in t,he Sottan-center of %he front face 
planeo 
sample (&inch) were ;IS& for both tests, 

A constant sampling pericd (48 seconds) and constant rod travel per 

It was found that the location of the temperatme measuring points with res- 
pect to the control rod tips was more critical than when only four points 
were used. Two interesting situations developed during these tests. During 
the first test, the four "corner" pcints were left in the positions set by 
the chief operator and the two new pcints were added approximately midway 
between the corner points, After a timej it was foulld that the effect of one 
rod on its assigned temperature zone was a3wt *&e same as its effect on the 
adjacent temperature zone and vice versa. During the following see-saw battle 
between these two rods, the heat started to ship- to one side and the test was 
discontinued to allow correction of this situation. 
for the second test by moving the "far" corner pcints back four tube rows to 
increase the separation between zone Iceasuring points 

This situation was improved 

During the second test, a disturbarxe occured which could not be adequately 
cmpensqted with the prescribed controi riles (&inch rod movement per 48 
seconds period, maximum). This possibility had been predicted 5y the analog 
computer studies made previously. 

Same difficulty has been experienced i.n 93taining a stable temperature recorder 
for the additional two points, 
grade or less is desirable and %Ms requires a measurement deadband of no greater 
than Gel degree Centigrade for comparatively acccrate results. 
constantan t0hemocmpies, a 0.1 degree Centigrade temperature change causes a 
voltage change of apprclxbately fair micrcvglts, which is less than the tbres- 
hold sensitivity of most avaiie3.l.e reccrders e 

would Frobably be more satisfactory fcr this application. 

A conzrol beadband of one-half degree CeLti- 

For copper 

Reliable reaistance themmeters 

A new reactcr speed Df control simdaticn has been initiated ~3 afford a more 
detailed examfw-bion cf resct,cr behavior following loss of primary ccolant. 
Reactor speed of rontr5l. studies have been de in the past, and will continue 
lx be ma&" tc determine whether the Frxiuition reactcrs are being Dperated 
within limits a5 set Sy the sped cf ccntrol criteria, As presently faterpreted, 
these criteria stfpuiate that tie reactors are 
trat nc credible eceiderC will result in fwl xelting iuing a nuclear excursion. 
It is assumed that the maximcm credi3le accident ib t3tal LCSS of primary cocdant 
water, 
pile, with a single, mer-all rai function to sA1,ate inse-Z,icn cf vertical 
safety rads upon ioes of coolan$. 
into 19 siae-%:.-side regicns, with a different rcd function fcr each region. 
This provides representation cf the effects me tc nalfiactir,s of safety rds 
irr one or mcre regiom at a time, where the over-ali pile may be aperating within 
limits, 3ut fuel ne1tin.g may occur krirg an exnxrslon in a single region due to 
improper furrctioning of safety rods. 

3e cperatej in stch a manner 

FrevFms speel of controi stkales have assilmea an entirely homcgenem 

In the new sinrjlation, the reactor is divided 

SEFAR AT I ON8 

Plutonim Critizal. Mass FacLli'Y 

Solut im Syst.ms 



of leaks were found, and with one exception, these leaks were repaired by 
tight- fittings, backweldiag or replacing faulty parts. A leak in the 
flexible line of the ~IXQ system reqgires the welding on of a new piece of 
stainless steel tubing and ordering a new piece of flexible tubing to fit 
properly at both ends. 
lines have been disconnected and capped. Calibration curves, volume versus 
liquid level meter readings are being taken. 

The piping to the second hood and the direct sampling 

The thickness of the vessel walls has been measured at several points in brder 
to test the uniformity of the walls and provide an average thickness. 
volumes of the reactor vessels have been measured and curves prepared giving 
volume of fluid versus fluid height. 

The 

Solid Systems 

The framework of the split-table machine has been assembled at Technical Shops. 
Assembly of the motor drive and control rods has begun. 
with cE8auo have been made to obtain electrical design help. 

Preliminary contacts 

In Situ Neutron Multiplication Measurements With Plutonium Metal 

During April, the first in situ critical approach experiment with Pu metal was 
cwducted at Hanford. 
ing Hood HC-2lA. 
at times when regular shift personnel were absent from the building. 
of CPD made the arrangements for the experiments, and performed the measurements 
with instrumentation borrowed fran Critical Mass .Physics. R. L. Stevenson of 
CPD planned the experiments. 
the conduct of the experiment. 

The measurements were made in the 234-5 Building, utiliz- 
The measurements were conducted on two successive week-ends 

Personnel 

E. D. Clayton served as technical director during 

In the first experiment, a cylindrical array of Pu was built from Pu metal disks 
2.75-inches in diameter. 
assembly. The estimstd critical mass obtained from extrapolation of the multi- 
plication curves was about 10.5 Kg Pu. 
the adjacent hood walls and steel floor of the hood on which the’asseably rested. 
Ban shape factor conversions, the estimated critical mass for a canpletely un- 
reflected Pu cylinder with the above diameter is expected +o be about 15 Kg Pu. 
The preliminary results indicate an appreciable reduction fn the critical mass 
as the result of partial reflection by the hood walls and adjacent material, 
etc. 

A total of 6.19 Kg of a-phase Pu was used in the 

The system was unreflected except for 

A critical approach was also made with a pair of simulated, plastic hands around 
the assembly. 
equivalent of adding 3 Kg of Pu to the assembly. 

The results indicated the plastic hands to be appraxiaately the 

Measurements were also made with a second cylindrical assembly with the 2.75- 
inch Pu metal disks positioned in a 3/32-inch thick tantalum crucible, which 
was partially reflected by a graphite holder. A total of 7 Kg of Pu was used 
in the array. The lower portion of the cylindrical assembly (which contained 
4.1 Kg of Pu) was reflected by a 1.78-inch thick layer of graphite. Fram the 
multiplication measurements, the estimated critical mass for the assembly was 
about lO,5 Kg Pu. 
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Further experiments are ohnned i.2 the SelieS Of i1-plELiIt r!dtiplication meas- 
urement s a 

The purpose of these experiments is to obtain critical inass estimates for the 
pu under various conditions of partial neutron reflection as encountered during 
operations with the PU metal. 

Data Correlation - Development of Nuclear Codes for Criticality Calculctions 

Critical Mass Calculations 

The computation of the critical mass versus plutoniun concentration for 
Pu%-QO homogeneous systems, with 5 and 10 percent Pu-24Q have been completed 
for spherical geanetry. Table I is a canpilation of the data for these 
systems, including data given last month. 
cal density, 11.46 dcc, and the +O density as 0.99 gm/cc. 

Puo;! density is taken as the theoreti- 

The sane kind of calculation has been carried out for Pu-H20 homogeneous bare 
systems. The purpose was to check against previous calculations performed at 
Los Alamos Scientific Laboratory. 
good except for the Pu-240 effect. 
continue. 
find the effect to be smaller, and the maximum effect to occur at a luwer Pa-239 
concent rat ion 

The agreements with other results is generally 
Efforts to explain and correct olir difference 

The two principal difficulties with the Pu-240 effect are that we 

The results are s-ized in Tables I1 and 111. 
pertinent composition data, and Table 111 summarizes the critical masses, criti- 
cal radii H/PU ratio. 

In Table I1 are given the 

Monte Carlo Code - RISMC 

The tlme requirement for running the HISMC code (a Monte Carlo code to study 
the behavior of neutrons in hanogeneaus systems) has been improved by a factor 
of approximately twenty; a recent run of 1000 histories, in a solution of hydro- 
gen-plutonium with an H/pu ratio of 300, was cmpleted in three minutes and ten 
seconds. 
ev) canputed from the 1000 history sample was 27.1 cm*, very much’in line with ‘ 

recent measurements of the age in water. 
errors In the code that should be easily corrected. 
tinuing to thoroughly check the code for other errors. 

The valce of the age for fission neutrons to indium resonance (1.44 

There still appear to be a few clerical 
Additional debugging is con- 

Interaction of Subcritical Systems 

The study of the interaction of moderated subcritical systems by an appraximation 
method was continued. In slab geometry, earlier work was extended to include the 
examination of the dependence of criticality on fuel concentration and on size 
ofthe individual systems. 
separation on criticality was determined for two and three component systems of 
fixed concentration and several sizes. 
diffusion theory results was devised for cylindrical gometry, by comparing, (a) 
the approximation method results for 51 cylinders in contact in a ring with, (b) 
diffusion theory results for an .annular fuel region chosen tc preserve volumes. 

In cylindrical and spherical geometry, the effect of 

A check of the apprcucimaticn method against 
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Critical Masses for Bare and Reflected Spheres of PuOp-&o mures 
with 0, 5, and 10 Percent Pu-240 

Bare Spheres Reflected Spheres 
+240 5*240 10k-240 +240 

H/Pu Rc(cm) *Mc(&) Rc(cm) Mc(IQ) Rc(cm) Mc(Kg) Rc(cm) Mc(Kg) 

0 

038 

1.25 

1.66 

2 -37 

3 936 

4.85 

7.33 

12 03 

27.2 

57 01 

117 

29 5 

395 

594 

660 

742 

849 

991 

1189 

1487 

2977 

7-79 

8.54 

9-52 

10.0 

10.5 

10.8 

11.7 

12.2 

13.1 

14.5 

15.2 

16 .o 

16.9 

17 03 

18.2 

19.2 

19.5 

20.4 

21.9 

24.3 

20 .o 

23 

25.5 

25 -9 

25.6 

24.5 ’ 

23.5 

20 .o 

16.5 

u.2 

6.5 

3-77 

1.78 

1.44 

1 .oo 

1.02 

*9r 

e945 

-965 

1.06 

8.02 

8.75 

9.74 

10.24 

10.72 

U.30 

u.99 

12.83 

14.03 

15 *go 

17.4 

17.2 

17.85 

18.2 

18.6 

19.1 

19.8 

20.4 

21.4 

23 .o 

25.8 

62.8 

20 -75 

23 50 

25 *96 

26 37 

25 89 

25.32 

24.20 

22.24 

19 -39 

14.10 

9.24 

4.47 

2 .oo 

1.60 

1.13 

1.09 

1.08 

1.04 

1.03 

1.07 

1.20 

8.67 

* All critical masses axe given in Kg-PU-239. 
Jt. .. -.-;&** 

“4 25 1243 

8.20 

8.94 

0 

10.48 

u.01 

11.64 

12 e37 

13 030 

14 .@ 

16 .n 

18.4 

18.1 

18.6 

18 .g 

19.4 

19.8 

20.4 

21.3 

22.4 

24.2 

27.4 

08.8 

21.01 

23 075 

- 
26 .n 

26.67 

26 .a 

25 -17 

23 *47 

21.08 

15.73 

10.36 

4 089 

2.13 

1.69 

1 .a 

1.17 

1.13 

1.12 

1.12 

1.18 

1.35 

23 -3 

6 -7 

7 92 

8.8 

9 01 

9.5 

10.2 

ll.2 

12.2 

12 -3 

13.4 

13.8 

14.4 

14.8 

15.3 

16 .o 

17.0 

18.5 

20 .g 

52 

12.74 

13 067 

12.58 

11.06 

9.56 

7.80 

5 023 

3 .u. 

1.70 

0 9897 

=72 

55 

54 

531 

533 

.540 

92 

.676 

5.16 
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TABLE I1 

canpositions of Pu-EpO mstems for Criticality Calculations * 
Pu- Concent rat ion Atoms Pu 24 Molecules &O 

H/pu Ratio (Total pu,@/cc) (Per cc x 10 ) (Per cc x 1024) 

0 0 19.6 04939 

.86 12 .O 

1.3 10.0 

2 .o 8 .o 

3 -1 6 .o 

.03O24 

.02520 

.02016 

.015l2 

.01296 

.01638 

01979 

.02320 

4 .O .om8 a661 5 *3 

2 .o 5.0402 (-3) .03002 ll.9 

-25.2 1 .o 2.5201 

31.8 . 0.8 2.0161 

42.9 0.6 1.5120 

65.0 0.4 1.0080 (-3) 

03173 

.03207 

.03241 

03275 

I 
131 

264 

529 

0.2 5.0402 (-4) .03309 

0.1 2.5201 5 .03326 

0.05 1.2600 (-4) 
9 03335 

872 0.03 7.5622 (-5) 03338 

5.0402 T .03340 1325 0.02 

.03342 2.5201 1 0.01 26 52 

3536 0.0075 1.@03 (-5) .03342 

* Pu density is taken as 19.6 gm/cc (0.04939 x lG4 atoms/cc) and 
- H20 density was taken as 1.000 @/cc ( .03343 x 1024 molecules/cc). 



H/pu 

0 

.86 

1.3 

1.96 

3 007 

5.28 

11.92 

25.2 

31.8 

42 09 

65 

131 

264 

529 

872 

1325 

26 51 

3 536 

TABLE III 

critical Masses for Bare Spheres crf Pu-HpO Mixtures 
With 0, 5 snd 105 Pu-240 

4 -90 

6.88 

7.59 

8 -41 

9.40 

10.65 

12.50 

14 .I2 

'14 .'60 

15.18 

15 *43 

16.05 

16.61 

17.65 

19 -70 

22 -97 

40.68 

111.3 

9 *a 

16-37 

18 -32 

19 -94 

20 -87 

20.24 

16 .% 

11.79 

10 -43 

8.79 

6.16 

3-46 

1.92 

1.152 

.961 

1.015 

2.82 

43 *3 

4 099 

7.02 

7.74 

8.62 

9.60 

11 .10 

13 .bo 

15.46 

16.03 

16.67 

17.18 

17.25 

17.78 

18.88 

20.61 

24.23 

46.5 

- 

16, = .9@ 

9 -e3 

16.52 

18.45 

20.39 

21.12 

21.77 

19 -15 

14.70 

13 .U 

11.06 

8.07 

4-09 

2.24 

1 339 

1.045 

1.132 

4 .OO 

- 

5 -09 

7.20 

7 *93 

8.82 

9 -96 

11.47 

14.03 

16 -33 

16 095 

17.60 

18 .u 

18.04 

18 53 

ig .60 

21 55 

25.59 

55.5 

- 

9.74 

16 .@ 

18.80 

20.69 

22.35 . 

22.76 

20.82 

16.42 

14.69 

12 33 

a .96 

4.43 

2.40 

1.42 

1.132 

1.263 

6.44 

- 
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Agreement to within about 1.25 percent was obtained. 
with the agreements obtained in slab geometry and strengthens confidence in the 
order of accuracy obtainable in the appraximation method. 

This canpares favorably 

Criticality Hazards Specificatiom 

Nuclear Safety in HLO 

A meeting was held with Fuel Fabrication Developnt Operation personnel 
(R. G. Nelson and R. S. Kenper, Jr.) to discuss the nuclear safety aspects 
of fabricating Th-232 - 2.5 w/o U-235 fuel elements, which is to begin within 
the next few months. 
riched uranium metal with thorium metal, after which the alloy castings will 
be machined, clad, extruded, an2 cut into fuel rods. Nuclew safety specifica- 
tions will cover the handling and storage of both the 93$ U-235 enriched 
uranium and the Th-232 2.5 w/o U-235 alloy. 
safety will be based Gn the critical parsmeters for 2.5s U-235 enriched 
uranillm, until more exact data are available, 
conservative because l$.,, for the thorium-U-235 PLel rod systea is lower than 
for the U-2%-U-235 system. 
compared to 18.9 g/cc for urariiun, but uath is 7.9 3ms for the Th-232 
compared to 2.7 barns for u-238. 

The process will require the casting of 9346 U-235 en- 

Fcr the thorium alloy, nuclear 

The 2.5s V-235 data will be 

Not only is the density cf thorium 11.2 g/cc 

The etes thus compare as follows: 

The fast fission factor for the thorium alloy is also lower because the high 
energy fission cross section for thorium is 0.1-0.2 barns compared to 0.4-0.5 
barns for U-238. Therinal utilization may be slightly higher for the thorium 
alloy and resonance escape probability is about the same. 

A meeting was held with Programming Operation personnel (L. D. Turner, K. E. 
Schneider, J. G. Bradley and R. W. Dascenzo) to discuss the nuclear safety 
aspects of the mels Recycle Pilot Plant (FRPF'). 
were the sizes of the bursts that have occurred in past non-reactor accidents, 
and the probability of accident occurrence (for estimating shielding require- 
ments) and the variables that will affect the nuclear safety of the FRPP. 

The main topics discussed 

Evttluation for Nuclear Materials Operation 

The nuclear safety of 1985, Kg of 1.25$ U-235 e 
was reviewed and approved for shipment to ORNL ?!lj For the packaging, hand- 

ling, and shipping limits specified, this shipment represented less than 25$ 
Of a critical mass. 
fuel elements would have represented 1.6 minimum critical masses. 

i hed uranium fuel elements 

Under optimum conditions of moderation and geometry, the 

(1) Letter, P. F. Gast to E'. J. Zelley, Nuclear Safety of l.25$ U-235 Enriched 
Uranium Shipment, April 4, 1961. 
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Mass Spectratry 

Studies were made to determiPe the cause of a bias in the $35/$38 abundance 
ratio for natural uranium as measured on the heavy element mass spectraneter. 
The primary cause of the bias was isolated to a nonlinearit in th electron 
multiplier part of the ion current measuring system. 
was observed for several sample loadings of natural uranium at various ion 
bean intensities and curre 
cases the observed $35/& ratio was below the accepted value for natural 
uranium and appesrs to be most strongly correlated with the -tude of the 
aatput current of the multiplier for the major isotope. 
obsemed $35/l$@ ratio from t 
at an output current of 3 x 10-pamperes to about 4.2 percent at 1.4 x 10-7 
amperes. An extra latio of these measurements to zero multiplier output 
aarrent yields a &/& ratio about 0.5 percent below the accepted value. 
At present the mechanism of the nonlinearity of the electron multiplier with 
output current is unexplained. 

&/a9 ratio 

gain settings of the electron multiplier. In all 

The departure of the 
accepted value varied from about 1.3 percent 

Instmmentatian and Control 

fnvestigatiazls continued on the tracer lathe control system for CPD. Six of 
these lathes were delivered by the manufacturer and found unable to meet the 
desired tolerance. 
canpensating networks to provide stable operation with the desired tolerance. 
A measuring technique was established which allows a suitable determination of 
the linear and non-linear transfer functions of the system. 

Several resonaraces have been found which have not all been identified. One may 
be due to a vibration of part of the lathe structure itself. 
be sub-harmonics which arise because of nonlinearities in the system. As first 
trials, mostly by guessy sa simple corrective networks appeared to help. An 
analysis fran accurate test data will be needed to el-te the guesses. 

Stability studies are aimed at synthesizing the proper 

Others seem to 

The addition of dither at 300 cps, as recanmended by the General Engineering 
Lab, did not seem to help. However, this frequency is beyond the capabilities 
of the Brush recorder, and it is not certain if reliance can be placed on this 
conclusion. 

As an interim measure, to get the lathes in operation in June, CFD is adjust- 
ing them, increasing the size of the hydraulic piping, adding accumulators, and 
shielding as many electrical leads as possible. 
some, and, will probably be used. 
lathes can be used, but at reduced accuracy and at reduced cutting speeds. 
Modifications to the electronic portions to obtain a more acceptable system can 
be made after the lathes go "hot". 
the d-elopment work to continue. 

mEuTRoIv CROSS SECTIom PROGRAM 

Slow Neutron Cross Sections 

Dither at 60 cps does help 
The results of this work will be that the 

It is planned to keep one lathe "cold" for 

Tests were made on the newly prepsred fission charnber to be used in the remeas- 
urement of the pU2B fission cross section in the vicinity of the 0.3 ev resonance. 
An "edge effect" or the falling off of detected fission activity observed as a 
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1/8 inch diameter neu%roE bean is scam& across tae fissim fcils was el-- 
ted by increasing the chamber gas pressure frm 5 pods to 15 pcuds absolute. 
The fission counting rate is observed to be about a factor of 100 below what is 
anticipated even after realigning the aixninum crystal of the spectraneter. 

The evaluation of the low energy neutrm crcss sections of the fissile nuclides 
for an invited paper at the IWxtrca physics Symposium at Rensselaer Polytechnic 
Lnstitute, my 5-6 Provisiol.al values for the 2200 m/sec 
parameters for $33 e,nd $35 were reported last month. Provisional values for 
Pu2B pve now been derived on the a~sumption that the vahes obtained for eta 
for Pu 39 are the most .probable source of the four percent discrepancy which 
exists in the derived parameters, 
~$39 at 2200 m/sec aze: 
un = 254 f ll, unf = 7% k9, Q! = 9.337 A 0.017, V = 2.@k 0.05, and 7 = 2.16 
f '6.05. 

1961, was ccmpleted. 

The provisionally recamriendei: values for 
u = 1018 A 5> urn = 10 * 3, a = 1008 f 6, 

Fast Neutron Cross Sections 

Investigation of malfunctions in tke ckmo%rr,n sya+,em cceupied a major shme 
of the mwth. Two interrelated aifficalties in the Wormity of chamel width 
were studieil. One was curd, and tbe other tentatively attribute& ta trable 
in the 256-chame1 analyzer. In a thorough overhaul of the analyzer, more than 
20 badly-soldereci joints hve Seen &iscavered and repaire3, bu? correct opera- 
tion in conjunction with the chroxtrcx has not yet been re-establisLed. 
recording cf events by the chrmo*rm in the absence of ar "acsegrb" pulse in the 
side channel was traced to a chwce-coiaci3ence phencaneooz ad cured by revising 
the times required fcr various cipr.li.t; cperaticns. 

The 

A transit was olhained from Fie12 Swvey Operstim on idefirdte loan. It kill 

be used in Vax~ de Graaff alignment. Sciatiilating materials capable of pulse- 
sbpe discrimination in addlticm tc fast time resohtion were received fra the 
vendor. Orders were placed for a special 5-inch &otm.d.CYiplier for the time- 
of-fligh% program and for a Hall-effec-5 gamsmezer 50 be VseC in dmagnetizing 
the analyzing magnet on the Tdan &e Graaff. 

A set of measurementa to eete;lmir?e %e re3.ati\re se=lsitSvi+,y .;f the myzing 
spectrameter at 0.125, 9.1, 3.15, 0.2> 0.25, asrl C43 ev fk& energy has beer, 
cmpleted. T-e res-dts obtaixea are xt cm-pletely sor-sLsteat, hmeT:er, 
further-xcrk is tieing done $0 iClen53y fhe cube nf takat, appears ta be a large 
systematiz iiiscrepancy Setweaa upscatferfrg ani 5wscatteriJg. 

The series ef sca-bteriag measursxnta at G.2 ev ixidenz szeu5rm energy bas 
continued. 
19' scattering angk> %he + im5 ~aza3u~ saai~le at lCo and SO", a& for an 
empty water samplFj holser at ;ao ad 30" 

Energy analysis FXQS hve been miie for the 13 mil water sample at 
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Considerable time was spent trouble shocthg the fast neutrm time-of-flight 
vernier chronotron and the 256-(.-hRnnel memory. The troubles with the vernier 
chronatron msy have been cured, but thi8 will not be certain mil the instru- 
me& technician finishes clearing up all the many trmbles in the 256-channel 
analyzer. 

A more canveniently adJustable circuit is being developed for p;rlse shape dis- 
crtmination gama rays. The present scheme requires access to the photo- 
multiplier unit for a&jwtmext. This is aot considered comenient, especially 
while the accelerator is running. 

REACTOR DEVELOm - 4000 PROGRAM 
mom REcYcIa PROGRAM 

The critical Facility of the PRp 

An appropriation request has been apprwed for experimental eqyiment to be 
used with the PRP-CF. 
canponents for two additional transistorized scalers will be purchased. The 
oscillator and two scalers will be used as an electronic timer for measurFng 
periods. 
ments Ut. 

Two scalers, a tuning fork oscillator, and the necessary 

The transistorized scalers will be assembled by the Physical Measure- 
These scalers will be used to obtain data fran fission chambers and 

BF cuunters. Specifications for the purchase 
wr f tten. 

The description of the MEi-ARMF experiment has 
distribution was limited because it is written 
who will be making the reactivity measurements 
document (HW-69169 Rev.) will be Issued with a 

~~ 

of some of these items have been 

been distributed as HW-69169. The 
for the benefit of the personnel 
in the AFMF. 
larger distribution. 

Eventually a formal 

It is planned to re3lace the samples which are to meas-ne the semitivity of the 
ARMZP to absorbers. 
samples which coatah the saae caqositioo of plutonium 
pcssfble to mix the reqJired 3oron with th= fael. 
accurate calibration 02 the 

As originally planned boron tase was to be fastened on to 

If this can 5e done a more 
Zwever, it may be 

souLC 3e Me. 

PRTR startup 

Siies ofthe results ofthe PFITE Critical Tests for Series I and I1 have been 
distrihted to k3erested persoanel. 
other results became available, they also wfll be Cistributed. 
coefficieats has preaentd same conceptual problems. 
hanogenization technique used 13 the SWAP cde was reccpmpended, which may help iz 
the resolation of these problems. 

The results are not ccanplete or finai. 

A revision of the cell 

As 
Analysis of void 

partisipatior in Series IIi experiments was begun Uril 21, 1961.. 
vas loded to critical wit], a three zone lcadi;?a which will probably 3e f=e load- 
ing for the power fests. 
a U0;L lattice cell were made with latetiurn foils. Ir: ation, da2a to determine 
B/L by the aoise analysis technique and tbe fbal calibratim of tbe shims were 
obtained. ’l?le reactor was skjt daJn 01: April 26 la order to prepre the elements 

me reactor 

A traverse of the fhs in a plGtOnium lattice cell ad 



for the power tests. 

Analysis of the data fran lutetium foils which were irradiated during Series 11 
has begun. 
ties of the foils at the end of the irradiation have been obtained for both 
Lu-17611 and Lu-17'7. 
activities must be corrected to saturated activities. 
cated by the fact that the foils were Irradiated during three period measure- 
ments rather than at a constant parer level. 

'phe analysis is being made with a modified version of LUW. Activi- 

Before a spectral index can be obtained from the data the 
The snalysis is ccpnpli- 

Low Ebmosure Plutonium Lattices 

The measurements of kop and f for 19-rod clusters of 1.8 w/o PU-U fuel in a 69 
inch graphite lattice were begun on Mril 20, 1961. The first two days of experi- 
menta were observed by Pierre Bacher of Saclay, France. Collection of data is 
proceeding on a two-shift basis and will continue into the second week in May. 

The neutrm spectrum in this lattice is quite under-moderated, with a cadmium 
ratio at the cell1boundary of about 1.7, wing .006" Au foils with .040" cadmiam 
covers. 

throughout the lattice cell. 

admian ratio measurements are being made with detectors of Cur Au, 
m239, $85 and 1 utetium in an effort to define the shape of the neutron spectrum 

Plutoxham Fuel Temperature Coefficient and Pu-240 Effective Resonance Integral 

A cost estimate has been received frcm Plutonium Fuels Developnent Operation for 
fabrication of high (16s Pue-240) and low exposure &-AI. 19-rod clusters for the 
fuel temperature coefficient experiment, and for the fabrication of the rods for 
the Pu-240 effective resonance integral experiment. 
specifications have been made that will reduce the cost without reducing the value 
of the experiments. 

Sane modifications of the 

A work order has been written to start work on both jobs. 

Neutron Soectnmr SWes 

The shape of the Pu-239 fissios and absorgtion cross sections which Westcott 
used for his calculations (CRRp-960) does not agree with the shape of the curves 
(TMCC(WS)-~~) which best fit all of the measured data. Since the proper shapes 
f2r these crass sectias is important for neutroz spectrum st-adies wd calcula- 
tions which involve phtonium, the program ACE is being used tc fM the Function 
which will generate the proper cross sectiozs. Westcott obtains his cross sec- 
tions by fitting a f'unction which is the 3un: of single-level Weit-Wigner equa- 
tions to %he experimeatal data, The parameters which he obtained from fits are 
beia mdified until a fit is abtained to +,ne 6ata in TNCC(US)-~~. 
the Pu-239 fission data is mnpleted ane the mdificatisns to the absorptioa data 
have be- 

The fit to 

Neutron Rethermdizaticn 

The Illultithermal grm? diffasion male1 btrauces the comept of ret'aermalization 
in a description of the space-energy distribution of theraal neutrms. 
rethermalizatioz moss sections are set equal to zero 3r WMty this nodel 
reduces to previmsly LQed Ziffusiosr models. 
these reduced models and the IklZltithermal goup moCel. 
the szgeriority of the rm;ltithemal grap model. 

If the 

Comparisons have been made between 

The results have bee3 included 
The resvlts illustrate 
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in a !PRO Quarterly Report for 

Tbe experlmentsl apgsratus for 
rod has been fabricated snd is 

mch, 1961. 

5-5/16-inch diameter copper 
re& for use. Canfietian of the appaxatui-far __ 

the 1-1/2-in& diameter rod experiment is expected by my 5, 1961. 

~lttraplum aide has been received for fabrication of Europium-resin detectors 
wbich sre also to be used in these experiments. 

Effective Radii of Neutron Detector plne 

The qpestion of the reeolukion of an ifiadiated pin traverse, or the effective 
radius of neutron detectiun of a cylindrical detector in a cylindrical rod, has 
been of concem far sane the. 
exactly under the assusuption that the Unperturbed neutron flux in the rod is the 

This problem has been fonmiLated and solved 

I, Bessel'e ~ctiaa. 

llre result is that the effective radius of detection is the physical radius, 
indeperrdeat of the size of the detector pin. 
same diffusion properties as the rod. 
neglected. 

The detector is assumed to have the 
The effects of spectral hardening have been 

A correction has been calculeted for the case of an unperturbed neutron flux with 
a Quadratic radial dependence. The correction is radius dependent and is a func- 
tion of pip size. 

Analysis of Ur8nlum klde Temperature Coefficient 

Additional work has been done on the fit of the fuel terrrperature coefficient data 
to a better extrapolation ionmrla. The errors that are attached to the numerical 
values reflect all uncertahties except those due to flux and adjoint mismatch. 
These are be- determined. 
the fitted equation and the required expressions thus far obtained fran this equa- 
tion are 

For the 42-mi21ute heating cycle, frau 322 to 767'~, 

Ipp(To) - -(T) = o(23.5 f 0.6) x 10-3 + (1.32 f 0.03) x l$3- 

!Che results for the 65-minute heating cycle, from 323 to 789"K, are the same with- 
in the errors of the measurements. 

Effect of IVeutron Rethermalization on the Fuel Temperature Coefficient of 
Reactivity 

The method described last month for determining the rethennalization cross sec- 
tion of aluminum as a Au?ction of temperature did not take into account spectral 
hardening. 
cumbersme and arbitrsry. 

In order to include this effect, the spectral model becomes both 
In order to circumvent this complication, a new approach 
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is being considered wdereby the spectral effects due to heating the alucuiwm are 
lumped into the thermal blackness of the rod. 

Slowing Dam Models 

A study of various slowing down models has been undertaken to determine the appro- 
priate models for calculating spectra to use in determining group constants. Par- 
ticular emphasis is being placed on the range of validity in terms of energy and 
types of material. 

The simpler sl- down models, obtained by assuming the incident neutrons are 
scattered isotropically in the center of mass system from a stationary scattering 
nucleus, have been canpared. The COVEYOU-MACAULEY slowing down model is obtained 
frm a second order Taylor series expansion in the diff'usion equation. 
Selengut slowing down model is obtained by a sWar expansion in the slowing 
down density. 
to second order differential equations. 
culating the neglected third order term. 
smaller third order term for all materials except hydrogen, in which case the 
Selengut model has the smaller third order term. 

The 

In both schemes, the resulting equation for the flux correspond 
The two schemes may be canpared by cal- 
The COVEYOU-MACAULEY model has the 

Plutoniua &el Value study 

Analysis of the Advanced Pressurized Water Reactor is now in the final stage, 
with prduction runs currently scheduled for the computer. 
centratioas were studied earlier; the effect of boron poisoning is, as expected, 
almost entirely in the saving of required reactor control capacity. 
on attainable exposure acd' plutonium com2osition is very small. 

Several boron con- 

The effect 

Cross Sections 

Iiew values of the Westcott g and s factors have been fitted with polyncmials by 
the least squares methods, and are now being used in the baz,E&~R code. The RBU 
Basic Library edit routine is now finally cqlete, and a routine was written to 
allow the Library to exist in column binary card form. This routine wiU punch 
cartis from the binary tape, a.nd also write a binary tape from the cards. 
Library itself is now apparently free of farmal errors. 

Supercritical Water Reactor Study 

Wsis of resonaace capture in this lattice by the IDIOI code appears Unsatis- 
factory. 
a& internal Dancoff correction factors was de-;eloped. 

Code Developnent 

Fuel Qcle Codes 

The 

A set of curves suitable for use ia manual calculations of the external 

C. H. Westcott's analysis of the relationship of cross sections to the neutron 
spectrum h modified one-grmp apprcarimatiors has been criticized as inconsistent 
with neutron conservation in the epithermal region. 
MELEAGER code was formulated to =her explore this question. 

A modification of the 
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A new code, Wessex II, has been formulated to evaluate the closed-fonn solutions 
of the linearized burrnrp equations. It is now being written by personnel of the 
Electrosic Data Processing Operation. 

The thermalization routine used in RBU prwed to be inadequate and was canpletely 
refomulated. The revised mutine was being debugged at the end of the month. 

C-6 - 
 em ot the word version of the spectlum code C-6 continues. ~n a few 
test caaes which can be solved analytically, the C-6 results agree with the analy- 
ti- solutions. ~ebugging other portions of C-6 introduces additid diffi- 
culties because of the lack of C-6 test cases. One solution currently being 
tried is to we teat cases for C-5, a predecessor code possessing most of the C-6 
features. At present, sane disagreement rPmainn between these results under 
cosititiane in which appsrently identical operations are being performed. An 
additional modification to C-6 has been made which permits the break point between 
the slw down calculation and the them group to be an arbitrary input pea- 
meter. - rea, is needed to adapt C-6 to a them spectmm code. 
mtput subroutines have also been recoded to prwide a more ccrnplete and easily 
read presentation of the output. 

Several 

Izzetrumextation and Systems Studies 

The PRPCF "last ditch" safety fuee system was reviewed. It was concluded that 
it Kill be adequate for all reactor periods of 100 millise onds or greater for 

satisfactory for periods greater than 200 milliseconds. 
an asd flux of lo4 nv. For "normal" flux levels of 1 06 w, the fuse will be 

Bcperiments were temporarily suspended, and an interim report issued concerning 
gennns scanning methods for investigation of Puo;! concentration wiations in 
fuel rods containing both ad U+. Tests, to date, shared that two percent 
by we- of Pu% discontiauities, in canparison to normal 0.5 percent by weight 

can be located and measured using gama scanning methods measuring the 
0.3 -7% Mev Pu &ammss. Autoradiograph tests of all supglied test rods proved the 
approach method accuracy; however, the tests also proved that the packing uni- 
formity (density variations) and the dispersion uniformity were bath. quite poor. 
The experiments will st& again when more uniform sample rods can be prepared 
by Ms Fabrication personnel. 

The special instrmnentation for the PIiTR critical tests waa reactivated for the 
final set of tests. This 
device was used to place a set of foils in a horizontal position between process 
tubes inside the calandria. 
tors were removed f'rau the reactor and sll special instrumentation was removed 
fran the PRm control room. 

The cell traversing mechanism was used with success. 

At the termination of the critical tests, all detec- 

Considerable attention has been applied to the PRTR -1 Failure Monitor. 
faulty conditions have been corrected In experimental form and the appropriate 
circuit modifications are being incolporated in all channels. 
tion probes were tested to determine proper gain settings. A Illzmber of checks 
remaLn to be made to determine if the total system can be adjusted or modified 
for proper performance. 

Several 

All 85 scintilla- 
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1. 

2. 

3. 

4. 

Ebgineering support was furnished PRTR Operations to assist in certain phases 
of the instrumentation design testing during the first two weeks in April. 
Special assignments canpleted during this period include: 

Process tube flow monitoring system. The performance of five 0-10 psig flow 
modtor units was examined in the laboratory, and the results were reported 
in Physical Measurements Mano 61-10. The data obtained during the initial 
flow monitor system tests (Design Test 2, Section 4b) were reviewed, and the 
conclusions (trip settings were not properly adjusted prior to the test) and 
recommendations forwazded to PR'IIR Operations. 

A design change, to convert the existing %O storage tank level measuring 
system to a bubbler type liguid level measuring system, was generated, sub- 
mitted, and appruved. 

A method of increasing the time constant in the trip circuit of the building 
exhaust air activity monitor system was designed, submitted, and approved. 

A design change which will add a third channel to the existing exhaust air 
activity moaitor was generated and submitted for approval. 
chaage will include comrerting the present air mollitor safety circuit to 
a coincident type safety circuit. 

This design 

Two methods of recording &ron flu were used to obtain kinetics data on the 
mTR. !The first used an ionization chember to measure the statistical variations 
of flux level, identical to the method used on the TTR. 
a proportional counter, a high speed (one megacycle) scaLer and a count rate 
meter to obtain the s-. 
and is being tried here for the first time. 
recordee and the analysis necessary to obtain neutron lifetime is yet to be cam- 
plet ed. 

The second metha3 used 

This method has not been reported as far as known 
These data have just recently been 

Fabrication of the probe asserrbly for measuring the wall thickness of FBTR process 
tubes is appraximately 50 percent canplete, but -her work on this project has 
been tempmsrily discontinued. Four -ultrasonic trassducers having active surface 
areas of 1.0 x 0.5 kch have bee= recei-fed. 
large area transducers exhibit greatly improved acoustic coupling characteristics 
mer the small area uits used heretofore. 

Preliminary tests indicate that these 

Assembly and calibration were cmpleted on the Mazk I1 (radiation resistant) 
probe for measuring the inside diameters of PRTR process tubes. 
tes+,ing awaits the delivery of special "0" ring seals for the linear variable 
differential transformer shafts. 

Flnal leak 

The PRTR gas balance system simulation is in progress. 
conditions, the enclosed gas system may becane oscillatory. 
oscillatim will, in turn, cause an oscillation in the moderator level and come- 
quently, a pwer level oscillation. 
to determine the necessary systm change& to ellminate the possibility of oscilla- 
tim. 
the caputer. 

Under certain operating 
The gas pressure 

This study has been initiated in an attempt 

The prel-j work has beer cmpleted and the problem is ready to go on 
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Electraa@&ic Testing 

'phe first quarterly repart was received on a study of signal analysis applied to 
nondestructive testing being msde under a research contract by The Jahns Hop- 
mversity. The first report is titled "rJondestructive Testing sim wsis: 
On the I-ification of Maltipamneter mtema" by W. H. Ihzgglns and L. G. 
Wolsey. !!!he problan considered is tbat of spec- an optimized driving ar 
probizq wwefarm a& the inatrmaentsticm for the sWt8neous and independent 
determination of dwiatiana-of test specimen system parameters f'ran their ncminal 
values. The use of a set of grawltlg eXp0nential.s as an optimum probing si& is 
discussed. It ie shown that the test system may be declmposed into a number of 
parallel camponent systems, each associated with variaus canbinations of the 
system parameters. Reqrriremeats concerning selection of optjmrrm probing signals 
and the independent measurement of parameters are explored, and suggested means 
to apply the theory developed to lumped circult models are given. 

Means for stabilizing the tesuperature of eddy current test coils are being eval- 
uated. 
in tk windings, and when Sraught near a test specimen, can be subdected to sddi- 
ti& heating or cooling affecting the impedance of the test coiLs. Such changes 
can cue undesirable drifts in instrument readings which are most objectionable 
in the caee of instnrmeats with direct current readout such as those used for 
conductivity, iaductive themmetry, thickness and ather dimensional measurements. 

EIddy current coila 'errcperience a temperature rise due to current nowing 

An axtcmgtfc probe coil tmrature control cir&t has been tested which utili- 
zes the eddy current coil for both temperature sensing and heating Aractiona. 
Coil tempratwe changes were reduced to one-tenth of that experienced without 
the control. 
ment. 

Qoser control is anticipated by optimizing control circuit adjust- 

A report titled "Mdy Current Device for Detecting Anisotropic Conditions", 
HW-69269, by H. L, Li3by was prepared, issued, a& submitted as ap invention 
disclosure. 

HeEt Transfer Testing 

E3mluatian of plasma arc jet heating for application to heat transfer testing 
hari indicated that it ia in same ways superior to induction heating. Purchase 
specifications for a plasma arc have been writtec. Zircalay-clad uranbn heat 
transfer standazds have been designed. Tests hare shown that emissivity varia- 
ticm of as-welded alunirmn self-supports is too great to allow heat transfer 
testing. Autoclaving to produce more uniform emissivity has been canpleted. 

Initial evaluation of the plasma arc jet as a heat source for beat transfer 
testing has been canpleted. 
of tests is occasid failure of the arc to start, and the requirement of 
appraPrimntely two seco& for the arc to reach fall equilibrium power after it 
is started. 
cooled copper shutter to interrupt tke arc, rather than st;it~hi;zg the electrical 
power on asd off. 
en- that no -ariation in surface temperature due to arc flicker has been 
found above the noise level of eitker the mare& radiometer or the eddy ar- 
rent thermaneter . 

%e main diffimlty found 13 the present series 

However, these 3Sficulties should be uvercane by using a water- 

Parer transferred to the test piece fian the arc is stable 
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The plasm axc jet has an ircportant advantage Over i;lductioa heating in that it 
is not so sensiti-re to spacing between the heat transducer and the test piece. 
Therefore, small changes in spacing due to eccentricity, ellipticity, and other 
irregularities of the test piece surface do not cause detrimental variations in 
surface temperature. This is very important in testing of coextruded Zircaloy- 
clad uranium fuel elements, self supports, and other test pieces having projec- 
t ions or surf ace nm-unif ormities . 
A Zircaloy-clad coextnzded uranium fuel elant was tested using a plasma arc 
jet heat source, and infrared surface temperature radiometer. Surface tempera- 
tures on one side of the test piece were consistently higher during testing than 
at other points. 
been aesigned, and are nuw being fabricated. 
allow better interpretation of data froan Zircaloy-clad uranium fuel elements. 

Several Zircaloy-clad uranium heat transfer standards have 
These heat transfer standards should 

An attempt to test self-support bonds on x-8001 aluminum alloy clad ur&u fuel 
elements showed that emissivity variations between different self supports in 
the bright "as welded" condition were too great. 
autoclaved to pravide a more nearly uniform emissivity. 

These Rzel elements have been 

The plasma arc jet in the present series of tests bas been on loan from Ceramic 
Fuels Cperation and must be retursed in the near fiiture. 
tions for a plasma arc for applicatior in heat transfer testing development 
kave been written. 

-chase specifica- 

Variation ir surface emissivity of test pieces is the limiting factor in sensi- 
tivity of heat transfer tests when using inf'rared detectors as the surface tem- 
perature monitors. 
emissivity independent radimeter. 

An attempt is being de to develop a new type of high speed 

A lathe has been obtained for application in a he&t transfer tester for immediate 
application and farther evaluation of existing techniques. 
review has been completed, and this heat transfer testing equipment is being 
htallea. 

A plant forces work 

ZirconizM mille Detection 

Fast rieuzron scacterhg meas*srements were co&dcted us- the Vim de Graaff 
generator. 

tor was shielced by stlrround.ing it with two inches of lead and six inches of 
lithium-loaded paraffin. 

Faurteen-Mev neutrom fran the T(d,n)3e4 re ctioxi and five-MeV 
neutrms frun the D(d,n)Be3 reaction were used. The U t? I scintillaticn detec- 

Prelimimzy measurements indicated the neutron and gamma background presents a 
serious problem in detecting neutrons scattered from the sample. The shielding 
vas fotmd to be inadequate to resolve the signa3 produced by neutrons scattered 
frm even a sample of paraffin above the backgrvad signal. Direct neatrons 
frcm the target and scattered neutrons frm nearby objects ccaapletely masked 
the signal due to elastically-scatterell neutrons frm the sample. It is be- 
lieved seco.ada;ry effects within the azintillation crystal itself in addition to 
its gemma ray sensitivity are mntributisg to ths background signa. 

PresezQy a circuit to le ased with a stilbene scintillation crystal is being 
designed aa3. check&. Previous investigators have successfully ased this crystal 
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aa an efficient fast neutron (1 to 10 ~gv) detector while providing a rejection 
of 99.9 percent of pmna and beta rays. 
separstd fraa the neutron pulses through use of the pulse shape characteristics 
of the stilbene crystal. lzle prtlse shape is differeat for neutron pulses than 
fcr &amma and beta pulses. When the circuit is cunplete, neutron scgttering 
measummmts WU egsia be scheduled at the Van de Gwsff generatar. 

The gamma and beta ray pulses are 

A low noise, narrow bandwidth, high gain amplifier has been designed and construc- 
ted for Hsll valtage messrrraneats. TJae noise level has been reduced to 0.004 
mimnmlts, referred to the input, thr- the ue of a special mose low noise 
i,nput trassfarmhl. aria a trfdde circrrit . The bandwidth was reduced to approxi- 
mately one to two cps tbroprgh the use of two psrallel tee filter networks in 

10 
loops irr following stages. Gain at the cwter freqpncy is appraximately 

rpbe EaU EZfect see holdem have been ccmpleted, asd present efforts are 
toward p-t.lminating stray pickup due to magmtic snd electrostatic coupling. 

Consideration is being given to the macle= magnetic resomace method of detect- 
ing hydrogen in zirconium, and aa an initial. step a simple aut- circuit is 
being fabricated. 

Corrsideration is being aven to several possible acperimental techniques for 
testing the response of prototypical PU isotope extended lifetime neutron detec- 
tors. It is desired to develop experiments which will test the validity of the 
capgatstianal models which have been used in the analy-ses to date. Possible 
canposite foil sensitivity messtlrements using the ThermA Test Reactor 8se cur- 
rently being auated. The !P!ER flux spectrum can be shaped similar to that in 
the Word production reactors, although, of course, the flux level is much 
lower. 

For in-core flux mapging applications, it may be advantage- to have a detector 
with a l/v cross-eection. This gives an output independent of the them&L spec- 
trum and proportiapal to the neutron density. 
do not have a l/v response, they may have to be sumounaed by a shield or filter 
for certain flux mapping apBUcatioIJB. It has been determined that the Meleager 
cunputer code cannot be used to examine the feasibility of shielding the Pu 
isatape units to obtain l/v response. The shielding problem will require a multi- 
group approach and a "least squares" fit to find an apprcspriate shield. 

SiPce, the Rz isotope detectors 

!Phe effeuts of varying neutron temperatures upon the responses of the Pu detec- 
tors are being -her exaxbed. 
possible to alleviate such effects by judicious placement of the detectors; 
in the center of coolant channels, for example. 

In a given reactor application it may be 

PHYSICAL FIISEARCE - 5000 PROGRAM 

Mechanigm of Graphite Damage 

Semples of graphite were irradiated with 0.018 coulanbs of 2 MeV electrons at 
dry ice temperature. 
prewed to I>ermit irradiation at liquid nitrogen temperature. 

No change in resistance was observed. Empent is being 
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BI~Y AND MDLC~ - 6000 PRWRAM 

Atmospheric msics 

Results of studies of deposition of zinc sulfiee tracer material utilizing the 
19% difArsion data were smmarized with publication of HW-69292. The report 
includes estimates of deposition fran maas continuity determinations, canrparison 
of exme parameters -ith tCose faund by other investigators, and discussion of 
a gausaiaa diffraaioI; nodel that aceaunts for loss of material frm the air due 
to cleposition. 180 firm conclusions were presented because of the limited data 
available for the analysis. Inateai?, the significasce of the deposition phenanena 
was poiated aut and methods of experimentatiorz that will ultimately lead to 
clarification of the canplex icteractiom between the important physicsl varia- 
bles were discussed. 

Calibratioa of the re-droplet sampler for we in studies of precipitation 
scavenging processes was caupleted for the droplet size rqe 0.25 to 4.6 m. 
equivalent diam&er. Qaatitative meamremerit of the efficiency with which 
rai;?draps scavsllge zhc safide tracer p&,fcles fmn the air as a fbctioa of 
drop- size, and r3e3erninaticm of raFtld-o;?-size sgectra to smaller sizes thaa have 
been previously reported ip the literatiire will result fran this development. 
Microscopic examisa3ion of 681 droplets ccllected during a diffusbn weriment 
in mtwal rab prmided prelhhmy estim-bes of scavenging efficiency for pur- 
poses of experimeatd 6esi.s. me va~.ues fend were greater than 2% and 12% 
for the size rmges 0.22-0.65 mm a& 0.65-1.2 m, respectively, ccmfimbg that 
the est-lmates used in our feasibility study were reasonable. 

TkLPee ad,C+,iol;al diffusior; experherhs were attempted duriag' the month, with 
twa suzcesees, bringiw the totals for tLe year to nix successes in thirteei 
trials. 
located at 2~33 fee$ height 03 the n&eorclagicd. tmer with dossge measarements 
at 1.5 meter3 keigkt to a Gisza,zce sf 16~ meters oa a horizontal grid. 
sear experimect failed when t5e wid skified shorbly after startup, carryiilg 
the tracer material off the samp1k.g pic. 
uzilized a swce xesz grcxcd lave1 wit3 Cosage neasureEe;lts on 50k.h the Sori- 
zoz5al & vertkal ssrrpliGgi& tc a distaxe of 3230 meters. 

Oze successfcl asrimat was conducted zslr?g an elevated source 

A 

3e sexxl successfbl experimezt 

Activities ia Air Foxc supported program 'kireasec lixriag the m~ztii h pre- 
paration for cmCiictia diffasioa. acgerinecta at Cap Camveral, IloriCa, dspring 

May azld ,Ue. 
series 'oy 2xe 30. 
Stmup at YsnZeaberg AFr Force QFLsc, Califcr-a, ia acheeded for We 5 with 
cmpletion of tbis series in eight weeks- 
were prepred for b&h sites foz us9 itr sc3e3aliz& field operatiom. Iz!struc- 
tiom material was prepared for 0riaotiz.g an3 tra- field crews. Meld 
engiaserSi3g &ad Cvechical assistace %as prxided to Air Force cozztractors res- 
pomible for prepmi,% the field sm~lim grids. 
materials ( zuorcszent ~igmezt 
accessories ) sapplied by Atmc;lJ?;leric Phpicu Cpz~tic~ for the first Camveral 
series -das cmplete2. 

Scha.?-llice start-J;, &ate is May 14 w2th completior, of the first 
A secozd series 3f experhats is ssheeded for November. 

ESc;ersiue cl'bmtological summaries 

Shipext of all special 
caczratcd orificss, saqler assemblies arx~ 
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me P-32 subject obtained last month was studied again. 
of the p-32 is taking place fran the center of the body to the extremities. 
During the first month the higher counting rates were obtained over the lower 
chest area. 
and the pelvis. 

A slow redistribution 

Now the higher cuunting rates are obtained Over the upper chest 

Another P-32 subject was studied. 
for diagnostic purposes. 
that of the first subject. 

He is a plant employee who received p-32 
The distribution of the P-32 has been similar to 

Radiation Protection Operation was assisted In the identification of a,n 
UZllLBual isotope found in a subject during the* routine counting program. 
isotope was identified as Sb-l25. 
of gamma ray energies. 
ium X-rw counter confirmed the Identification. 

The 
Identification was made through measurement 

Detection of a 27 kev conversion X-ray with the pluton- 

Studies were begun of the elklnation of Sb-125 from the abave subject. 
were continued of the el-tion of CO-60 fran a subject in a case reported 
previously. 
fran a subJect whose contamination status was discovered during the routine 
counting program this month. 

The positive ion Van de Grasff was out of operation half' of the month. 
of this time was due to failure of supporting instrumentation. 
required to repsir a water leak in a mercury diff'qion pump. 
operated satisfactorily dur- the rest of the month. 
laboratory was covered with thln sheets to give a smooth working surface. 
Better storage facilities were provided in the laboratory. 

Studies 

Studies are being made of the elimination of 22-Nb-95 and Ru-106 

Part 
The rest was 

The accelerator 
The grating floor of the 

The work to date on the precision long counter was summarized in a report 
presented to the American pSrsical Society. 

Sane carem studies were made with the double moderator of thin taxgets of 
deuterium adsorbed in titanium or zirconium and bcarbarded with deuterons. 
These studies showed that the neutrons prcduced from these targets were not as 
monoenergetic as we had supposed. 
elbinate this problem. 
for energy measurements of the sort required for this problem was investigated. 

A gas flow target now being fabricated should 
The use of a potassium iodide scintillation counter 

The gamma ray calorimeter was placed in operation again. 
measure the half-life of the ,531-124 neutron sources. 

It is intended to 

Alarge moderator was designed in cooperatior. with Radiological Developnent 
Operation. 
aruund the Van de Graaff target and be used in neutron activation studies and 
source strength measurements a 

They have canpleted fabrication of the mcderator. It will be placed 

IMmmmIoN 

Final prototype fabrication contlnues on the experimental scintillation airborne 
plutonium monitor which uses coincident counting techniques to eliminate inter- 
ference frm radon-thoron buildup. Circuitry fabrication is 75 percent completed. 

i ::&!a& 
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Experimental fabrication continues on the miniature alarming personnel dosimeter 
which uses a modified "pencil" ionization chamber, a quartz fiber illllmtor, 
a CdS cell, and transistorized circuitry. 
factorily in tests throughout the month. 

The breadboarded model worked satis- 

Two new approaches are being investigated, using quartz fiber ionization 
chambers, for personnel alarming dosimeters. One method uses an automatic 
recharging technique with one pulse out for each 4.5 mr of dose received. 
second method employs a contactor-type, aquadag coated fiber and alarm circuit. 
The coated fiber unit worked satisfactorily in tests and carried 10 microamps 
of current, for later amplifying and alarming, without difficulty. 
miniature personnel alarming dosimeter work, stress is being placed on the use 
of ionization chamber detectors in order to obtain a reasonably proper measure 
of accumulated dose and dose-rates. 
although successful in prototype operation, has poor energy response character- 
istics for use in measurement of dose-rates and dose. 

The 

For all 

The miniature G.M. tube detector unit, 

Variations in gamma background levels in the 200-West Medical Building were 
investigated in conjunction with the imbedded-plutonium Wound Monitor in use at 
that building. Variations of twice normal, or average, levels were obtained on 
a number of occasions during the month. 
Wound Monitor effective sensitivity. 

Such level changes adversely affect the 

Developnent of a new pulse height selector circuit, using silicon transistors, 
was completed and a prototype unit is being fabricated. 
+ 150°F is satisfactory by simple adjustment. 
temperature variations of k lO*F do not affect calibration. 

Operation of bF to 
At any one adjustment, ambient 

Final development was canpleted on a miniature "paLn-size" alpha survey monitor 
using a silicon surface-barrier diode detector and transistorized ampliQing and 
gated oscillator annunciator circuit. 
Some progress was made concerning the use of the surface-barrier diodes for 
alpha energy analysis work with c 

detectors. 

Two prototype units will be fabricated. 

=forts pletion of a small vacuum chamber. 
continue concerning the use of Li g.1 F with the detector diodes for use as neutron 

Investigative work was started concerning tritium monitoring detector techniques 
for both portable and line-operated instrument applications. The initial work 
concerns the use of two matched phototubes with 0.002 inch thick terphenyl-in- 
polyvinyltoluene sheet detectors over each tube with a cover over one detector 
to eliminate tritium betas. 
a miniature blower. The method used will integrate the difference between the 
two tubes with periodic (chopper) discharge to produce a variable decay time 
pulse. The decay time of the pulse will be used, with transistor circuitry, 
to drive a meter. The present sampling period is 0.5 seconds at present. This 
is a challenging problem to obtain suitable meter indication at 0.1 Mpc or less 
of airborne tritium, and the technique being investigated appears to be new. 

The detectors will have a light tight housing with 

All necessary circuit developent was completed on the low-power consunption 
decade (binary-quinary) transistor scaler and other required circuits for a 
prototype gamma energy analysis portable instrument with both scaler and count- 
rate-meter readout. One prototype unit is being fabricated for eventual use by 
3iology Operation personnel. The instrument, by probe selection, is expected 

&%? tcuJlb)extremely versatile for many low-level nonitoring problems throughout the 
plant e 

1251310 
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Contimred developbent& progress was made on the Autclnatic 
taueter system, The programer unit was fabricated and is 
Slight revisions of power supply circuits proved necessary 

Film Badge Densi- 
now being tested. 
to improve regula- 

tion. 
lete. 

Technical progress continues on the circuitry for the personally carried por- 
tions of the Integrated Radiological System with methods of readout and trans- 
missipn under investigation. 

Investigations with a mvbg tape air filter head and our transistorized cir- 
cuitry for use as a beta-ganrms (mixed fission products) air monitor produced. 
the following resulta: 

The system circuitry design-developnent effort is now 90 percent canp- 
Several offsite purchases still have not arrived, 

continuaus Ta to Air 
Efficiency Flow - Concentrat ion Alarm 

Radianuclide 

1. Sr90-9O WO-lo p/cc 61 minutes 28$ 15 CFM 

2. meii Fission mducts UO-9 pc/cc 25 minutes 20$ 15 cR4 

The results were obtained with the alarm level set at two times the maximum 
radon-thoron levels. This level equates to the same meter deflection as from 
a 10 mr/hr gsnrmcr field in which the lead shielded detector head is placed. 
Thus, similar alarm tines would be obtained for operation in a 10 mr/hr gama 
field. The camplete system was instslled for use in the 327 Building. This 
instrument is about ten times more sensitive than the portable, fixed filter 
units in use on plant primarily because of the heavier shielding. 
mare expensive. 

It is also 

Accelerated experiments continue on the thennoluminescent dosimeter (CaF2:Mn) 
problem in an effm to improve the low-gama energy response and the angular 
response. By using a 1/8-inch-thick lead "Button", lined with 3-mil broqze, 
as the finely ground Ca%:Mn holder, the detector was determined to be gama- 
energy independent to * 10 percent from 17 Key to 1 MeV except for a region 
centered near 70 Kev. 
ness will be varied in an effort to flatten the energy response cume. 

Both glass container thickness and bronze lining thick- 

The new-design lucite light pipes were nearly canpleted for use in the experi- 
mental ccanbined alpha-beta-gamma transistorized hand and shoe counter. 

The material for building a spectrum data storage device for the whole-body 
counting facility was purchased. 
up to four 400-channel pulse-height spectra on a magnetic dnzm and transmitting 
the data back to the analyzer memories in either binary or binary-coded-decimal 
form. 
decoder, printer and tape punch, making possible considerable saving in the cost 
of readout eqyipment . 

The proposed system will be capable of storing 

In this way, spectra may be sent fran any of four analyzers to the same 
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WAsHlplcTON DFSIGMATED PROGRAM 

Isotopic Analysis 

The mass spectrmeter for this program provided isotopic analyses of the program 
samples received this month. 
200 percent of the goal. 

The program sample load processed was again about 

A study was made of the nature of the law ion current backgraund which exists 
throughout the uranium mass region and limits the detection of minor isotopes 
in a sample. Evidence was obtained indicating that this background is can- 
posed mainly of Re' ions which are reflected by the walls of the analyzer tube 
into the ion detecting system. 
ionizing filament of the suurce and, depending on sample size, are frm 10 to 
1000 times more abundant than uranium sample ions. 

To reduce the reflection of Re' ions and minimize this background a set of 
baffles was designed and installed between the magnet and ion detection system 
of the mass spectrometer. 

Re' ions are evaporated from the hot rhenium 

TEST REACTOR OPEEWIONS 

The cleanup of the plutonium spill was ccmpleted and the PCTR was loaded to 
critical April 19, 1961. 
mains to be done. 
techniqye 

Finsl adjustment of the moving face rails still re- 
There was one unscheduled shutdown due to faulty bypassing 

The plutonium-aluminum fuel in a 6-1/2-inch lattice experiment was started dur- 
ing the month. 

Two groups of foils were irradiated in the TTR during the month. 
for Cd ratio canparisons of various materials and the other was Lu29 pins 
to determine the amount of LLQ~ that would give a 1 percent self-shielding 
factor in 0.050 inch diameter pins. 

One group was 

Reactivity measurements of 8 samples (consisting of 4 sets of 2 each) of stain- 
less steel fuel element jackets were made for Reactor and Fuels Research and 
Development Operation. 
for a future experiment and to determine if any contamination.with elements of 
high neutron cross sections were present. 

These measurements were made to calibrate the samples 

The data for the neutron lifetime experiment in the TTR have been analyzed. 
The experiment was performed three times, twice using air to insert the poisoned 
piston into the core and once using helium. 
and 0.271 milliseconds using air and 0.287 milliseconds using helium. 

The results indicate that the effect of using air to insert the poison is not 
significant and the prompt neutron lifetime in the TTR is 0.274 milliseconds if 
the value of the delayed fraction is 0.00755. 

The resulting lifetimes were 0.263 



Weather Forecastlm and Meteorolonical Service 

Tire second in a series of three scheduled reports on prospective 1961 crests of 
the Columbia River flaw at Hanford was issued on April 20. As of April 1, 1961, 
snow water in the Columbia River watershed above Hapford, although substantially 
above that on the same date of 1960, was still slightly below the 1943-57 aver- 
age. The peak flow rate Is mected to be about 100,000 CFS greater this year 
than last, resulting in crest elevations at least one foot above those of last 
year, as shown in the table below. 

1961 1960 
Forecast Observed 

Peak flaw (units of Id CFS) 370-450 311.4 
peak stage (feet MSL) at: ~W-B 405.0-408. o 403.4 

100-K 400.0-403.0 397.7 
100-D 394.0-396.5 392.2 
100-H 386 0-389 0 384 .o 

Richland 349 -0-352.5 346.5 
100-F 381 0-383 5 378.8 

Meteorological serrrlces, viz., weather forecasts, observations and climatologi- 
cal services were provided to plant operations and management personnel on a 
routine basis. 

Type of Forecast 

8-Ha~r Production 
24-Hour General 
Special 

Number Made 

90 
60 
178 

$ Reliability 

Temperatures were a little below normal and precipitation a little above. 
ever, 0.21 inch of the 0.48-inch precipitation totsl occurred in only twenty 
minutes during a thunderstom on the 29th. 

How- 

There were numerous windy days, although the average speed for the month was 
only a little above normal. 

Instrumentation and Systems Studies 

Design has been cmpleted for the installation of the hydrogen detecting system 
in the 333 Building autoclaves. 
contractor, has estimated $7,000 installation costs for the detection system as 
against a $2,500 estimate by General Electric. 
engineer has asked J. A. Jones for an estimate. 

Autoclave Engineers, the present construction 

For this reason the project 

A circuit was developed to generate a precisely shaped pulse to activate a trap 
in the IBM-?OgO cmputer. 
one to one-hundred cycles per second, will allow the timing of selected sections 
of a 7090 program. 
the time required for the 7090 to perform involved sub-routines. 

The pulse generator, which has a repetition rate of 

At present there is no other way econanically to determine 
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Electronic 
beta-gamma 
Building. 
two weeks. 

circuitry fabrication is 80 percent cmplete on a combination alpha- 
Stack Air Monitor for use by Chemical Research Operation, 325-A 
The mechanical portion is scheduled for fabrication canpletion within 

Discussions were held with Radiation Protection Operation monitoring personnel 
concerning recommendations for an airborne alpha filter monitor for the Fuel 
Recycle Pilot Plant. 
was strongly reccxnmended. 

Our developed and tested coincident-count alpha air monitor 

Advice was rendered to 308 Building personnel concerning fabrication of two alpha 
shoe monitors (vertical wall mount) with transistorized circuitry. 

All developnent and design work was ccmpleted on a special sensitive scintilla- 
tion Beta-Gamna Portable Field Monitor for use by Biology Operation personnel. 
The unit will be fabricated in the 328 Building Electronics Shop. 

Development of the logic circuitry for the Panellit-Heise gage readout device 
for IPD has been started. 
computer components once a satisfactory circuit is developed. 
equipment, except the cmputer components, is on order and should be delivered 
in time to camplete the project by the June 30 deadline. 
ccmponents by that time may be difficult. 

It is planned to use conmercially-available, plug-in, 
All the major 

Delivery of the cmputer 

An existing edge-control amplidyne control unit was modified for testing as a 
possible speed control device for a swage machine feed-rate drive. Laboratory 
testing of a mocked-up speed control system indicated that the drive speed could 
be controlled to well within one percent of the desired speed with this device 
and the proper compensating circuits. As a result of these tests, Ceramic Fuels 
Development Operation decided to purchase the necessary conversion equipment and 
use the amplidyne control units on two of their swage machines. 
(SR-61-10) was issued on this work. 

A memorandum 

Difficulties with a High Level Alpha Air Monitor at 231-2 and with a Scintilla- 
tion Criticality Alarm Instrument in the 325 Building were traced to inadequate 
maintenance attention. 
instruction of maintenance personnel and a well-planned routine maintenance prog- 
ram for developed instruments placed in field use. 

Both incidents gave emphasis to the need for proper 

Cdibration of micro-displacement readout systems to be used by Physicdl Metal- 
lurgy for in-reactor creep measurements has continued during April. To date, 
calibration of the Schaevitz DRS-100 system is 63 percent complete. Runs com- 
pleted during 4ril include drift tests on the 0,lc-inch scale at 100°C, 200"C, 
3W°C, and 400'C; calibration runs on the 0.04-inch scale at 2OoC, 10OoC, 2OO0C, 
300"C, and 400°C; and calibration runs on the 0.004-inch scale at 2OoC, 100°C, 
200°C, and 300°C. The DRS-100 has continued to exhibit inconsistent non-linear- 
ities with a continuing deterioration of operating characteristics. 

Ron-Metallic Materials Development, RLO, has indicated an interest in utilizing 
the high temperature calibration facilities for the calibration of similar trans- 
ducers presently on order, The transducers are to be used for an in-reactor 
creep measurment of graphite in support of the Oak Ridge gas-cooled reactor 
program. Adapting the present reference system to accommodate these transducers 
will be nec,esssry but should involve only minor changes. 
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The pulsed mtraction Column Dynemics Simulation has been ccmpleted. This study 
was initiated in an effort to determine the aynemic characteristics of an extrac- 
tion column for various frequencies and types of driving pulses. 
tion desired consisted of the displacement of the column interface as a f'unction 
of frequeacy and amplitude of the air pulser. 
the natural frequeacy of the system. 

The informa- 

It was also desired to determine 
This infomation was obtained satisfactorily. 

physical Testing 

A total of 7,816 tests were made on 5,945 items representing 125,412 feet of 
material. Of the foutage even, by far the largest was accounted for by mpR 

reactor process tubes and fuel element sheath tubing. 
autoclaving; dimension~l measurements (mechanical gaging); eddy current; magnetic 
partide; penetrant (fluarescent OD and ID); radiography (gamma-ray and x-ray); 
stress ~nalyais; surface treatment (Wine cleasing, pickling for autoclaving 
and conditioning, steam detergent cleaning, and vapor degreasing); axui ultrasonic 
(flw detection and thickness measurements). Work was done for 31 organizational 
caaponents representing most of the operating department and service organiza- 
tions at HAPo. 
theory and applications. 

Test work included: 

Advice was given on 49 different occasions on genera testing 

Itall production t3nd treatment of the IVPB process tubes has been achieved and is 
proceeding rautinely. 
The additional ultrasonic flgw detection test for discontinuities transverse to 
the longitudinal axis is m being used on a routine basis. Successful operation 
of the two autoclaves has resulted in the realization of substantial throughputs. 

pickled faster than they can be autoclaved. 
production output, it has been necessary to add additional personnel for the 
duration of NPR tube work. 

Dnpmements in the penetrant testing are encouraging. 

UtfliZw tW0 Shifts for pickling,, it has proved Out that the tubes CBS be 
To be able to accQmDOdate the full 

Field testing work proceeded routinely with continued effort on the reactor 
nozzle. modification program for the bumper fuel element, followup of the 1.706-KER 
loop pipe failures, and the strain measurement programs at the H and DR reactors. 
Assistance was rendered to the 100-N area in connection with IVPR construction, 
and special assistsnce was given in connection with the HUICO pipe shop at Big 
Pasco . 
A radiographic investigation was carpleted fonmrlating an optimum technique 
suitable for accurate, econanical, and rapid inspection of the inner and outer 
welds of production I&E fuel elements. In addition to the continuing work on 
Zircaloy sheath tubing, an increased amount of work was done on various sizes 
of stainless steel fuel element tubes. To allow accurate evaluation of fuel 
sheath tubing, electro-machined standards are being prepared for both ultrasonic 
and eddy current testing. The stanrlnrds will contain longitudinal, transverse, 
and 45-degree notches in both the outer and inner surfaces. The notches will be 
fran 1 to 10 mils deep and from 1/16 inch to 3/8 inch long and will have widths 
as maU as possible. 
was selected for the manufacture of the stsndards. 
is being measured by replication techniques. 

Defect-free tubing as evaluated by current testing methods 
The exact depth of the notches 

The prel- evaluations .made on the two eddy current instruments available 
indicate they vary in ability to detect wall thinning. 
holes dr notches are equally apparent to both machines. 

Abrupt changes due to 
Work will be concentrated 
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on the instrument capable of detecting gradual changes as well as abrupt changes. 

Several new Parker fittings were received from IPD on the nondestructive test 
program to detect fittings with suspected cracks. The fittings were defected 
by electramachining, and these simulated defects were reliably detected by an 
ultrasonic'technique. 
threads to pick up the simulated defects; one in the thread relief and one in 
a thread root. 
A memo giving results and recommendations for further work is being prepared. 

A longitudinal wave was made to traverse just under the 

It should be possible to apply the technique by contact methods. 

The first f'unctional tests of the 2-Mev Van de Graaff unit were made. The tank 
was successfully pressurized after all leaks were sealed. 
a voltage no tube current could be obtained. 
was opened and the tube observed. 
that a sizable leak existed in the sealed X-ray tube. 
evacuated tube will be used utilizing the recently acquired ion pump. 

However, upon applying 
To ascertain the trouble, the tank 

It was apparent from the discharge in the tube 
For the next tests an 

optics 

A traversing mechanism is being developed for determining the contour of the 
centerline of process tubes and reactor channels in three dimensions. The present 
methods for obtaining the information are only partially satisfactory.. The mer- 
cury manometer gives accurate information about the contour in a vertical plane. 
Surveying methods, using a transit and a maving target, give the contour in all 
planes but are cumbersane to apply and fail when the process tube or channel is 
distorted more than about one-half inch from straight. 

The traversing mechanism will be read out with a borescope and will give cmplete 
contour information within its limits of accuracy. 

The first developnent unit, made for 2" x 3" channels, has been fabricated and 
tested. Fabrication and assembly revealed the need for some change in design. 
These changes are currently being made. 
the field of view. 
good. 
length, as expected. 

A field lens has been added to increase 
Tests have shown the centering action of the springs is very 

The sensitivity is at least f. 0.005 inch per eight inches of channel 

The method of treating the data given by the mechanism to obtain the contour of 
the channel has been studied and is discussed in Physical Measurements Memo 
61-14. This memo also suggests other optical systems having characteristics 
differing frm those of the development unit. 
sensitive only to parallel displacements of sections of the channel and not angular 
displacements. 
only. 

Mechanisms can be built which are 

They can also be built to be sensitive to angular displacement 

Wooden test channels are being fabricated to f'urther test the unit in the Optical 
Shop before field tests are performed. 

The design of a unit suitable for use in process tubes has been cmpleted. 
work order has been requested to cover the fabrication and testing of such a unit. 

A 



A total of 440 manhours' shop work was performed bring the four-week period 
(April 2 to Pgrll 30) included in this report. The work included: 

1. 

2. 

3. 
4. 

5. 
6. 
7. 
8. 
9. 
10. 

l.l* 
12. 
13 

Fabrication of parts for an ultrasonic wall thickness probe for physi- 
cal Measurements, HLO. 
Fabrication of a traversing mechanism and modifications to it. 
Repair of one barescope cross ann for Irradiation Testing, IpD. 

Fabrication of two condenser lenses for the log-C md. Barninstion 
Facilities. 
Repair of two borescopes for IPD. 
Fabrication of ccmponents for a radiation ratio pyraneter. 
Polishing one lead glass window for Cm>. 
Repair of two crane periscope heads for Purex. 
Fabrication of five filters for Physical Testing Operation. 
EPaporation of stainless steel on 20 borescope lamps for mbrication 
shap, =* 

Servicing of two Rod Room periscopes for 105-B. 
Polishing of eight CaF spectraneter windows for Chemica3 Research. 
Resurfacing of 12 pump seals for PRm. 

Analog Ccmputer Facility Operat ion 

The major analog ccmpuZer problems considered dura April include: 

1. ??PR =ant Simulator. 
2, Reactor Speed of Control. 
3. PRTR Gas Balance system. 
4. =sed Extraction column Dynamics Simulation. 

The ccmputer program for the speed of control of the old reactors is presently 
being reorganized to more efficiently use cauputer time. 
sre being redrawn to confom to the present circuit being used. The installa- 
tion of new equipnent will Uar the entire problem to be run on the EASE cquter; 
i.e., it will no longer be necesssry to use both canputers to solve the problem. 
All arbitrary Arnctions used in the problem are being tabUated and filed for 
ready access to the ccmputer. 

The computer circuits 

Test cases will be run to cut dam the checkout 
time on the canputer. 
and the cost to the customer. 

These impruvements will reduce the 

The canputer operation was as follows: 

GEllA 14 hours up Ex33 66 hours 
69 hours scheduled downtime 63 hours 
69 hours unscheduled downtime 39 has 
16 hours idle 0 hours 

I68 hours total hours 

cunputer time involved 

UP 
scheduled downtime 
unscheduled darntime 
idle 
total 

Instrument malua,t i on 

hraluation tests were started concerning rechargeable smaU batteries for possible 
portable instrument application. To date, eight complete charge-discharge cycles, 
with care taken to prevent ccgnplete discharge which could damage the batteries, 
have been run withuut difficulty. 



Purchase specifications were reviewed concerning the IPD Instrument Development 
Operation designed Wansistorized Dose Totalizer wherein the messured dose- 
rate, as measured by a suitable portable or other instrument, is set, by dial 
adjustment, on the Totalizer. The dial controls an internal. oscillator to drive 
an electro-mechanical register at a particular rate to indicate accumulated dose 
at the specified dose-rate. Four of the units are in use .at PRTR but apparently 
none is functioning due either to lack of charging facilities for the incorporated 
rechargeable battery or due to circuitry malfunctioning. 

Evaluation tests were continued on two developed portable Scintillation Dose Rate 
Meters using a chopper input and transistorized circuitry. 
ponse, the organic detector thickness was reduced by a factor of five while retain- 
ing W-scae first range sensitivity of 5 mr/b or less. 

To improve beta res- 

Evaluation tests were continued on the experimental Scintillation Beta-GsmmEt 
(line operated) transistorized Log and Linear Area Monitors. 
linear ranges to within f 10 percent of the true dose-rates were obtained. 

Accuracies on the 

Advice was given concerning the twelve portable Sentinel Alarming Instruments 
for use on reactor elevators. 
of 200 mr/br, and this necessitates using RCA 6655-A phototubes and 2" x 3" 
terphenyl-in-polyvinyltoluene detectors in place of the Smaller phototube and 
detector used to meet the original requirements. 

Field personnel nm want a full-scale first range 

Brief evaluation tests were made on a Victoreen Portable (Vibrating Reed) 
Dose Rate Meter Model 440. 
turned. 
the loaned unit seemed reasonably good with accuracies to within f 15 percent 
of true dose-rates Over sll ranges. 
approached -0.38 per degree F, and a battery voltage change of 14 produced a 
reading error of 0.758. 

The unit was temporarily borrowed but had to be re- 
One production unit was ordered for cauplete tests. Initial tests on 

Ma,ximm reading error with temperature 

Full scale first range is 3 mr/hr. 

Tests were made of random samples of commercial double-aluminum-coated Mylar 
in use at the plant. 
consistent weights of 1.5 mg/m2. 
geanetry when the material is used for alpha monitoring light shields. 
was dispatched to the manufacturer to inquire of the condition. 

The quoted weight is 0.9 mg/cm2; whereas the tests shared 
Such added weight reduces the possible 

A letter 
' 

One prototype, of 30 total units ordered, of a Model I1 Scintran instrument 
designed by HLO, was received from GE-APED, the off-site fabricator. Ekcept 
for minor wiring errors and layout difficulties the unit was most satisfactory. 
An addenda (prototype) cast-plastic head alpha probe, also of our design, was 
received and tested. The light-shield, consisting of double-aluminum-coated 
Wlar and aluminum dutch leaf had been glued together resulting in low getmetry. 
Proper application of light-shielding material corrected the problem. Camnents 
on both the Model I1 Scintran and the alpha probe were dispatched through Radia- 
tion Protection Operation and Purchasing to the manufacturer. 

Acceptance tests were nearly completed on 75, 50-r and 75, 10-r pencil dosimeters 
of the self-reading type. Rejection rates of the two models were 75 and 218, 

12Si3l8 
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respectively. -her testing continues on 100 
ad 2C$ of these have already been rejected for 

dosfmeters of the 
poor perfonnance. 
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CBEMICAL RESEARCH AND IEVELOPMFJTT OPERATION 

RESEARCH AND EMGINEXRING 

FISSIONABIZ MA!ERUIS - 02 PROGRAM 

IRRADIATION PROCESSES 

Uranium Oxidation and Fission Product Volatilization Studies 

Evidently some form of vaporization is the principal mode of particulate generation 
from uranium oxidized at 1200 C. 
particles actually consisted of agglomerated submicron particles, some of which 
probably seeded the formations. Secondly, rate of collection at that oxidation 
temperature depends relatively less upon air velocity. 
as the square root of velccity at 1200 C, directly as velocity at 1000 C, and as 
almst the square of velocity at 800 C. 
during oxidation and, incidentaily, remained constant at the s- value even after 
oxidation had become complete. 

First of all, the (weight) majority of collected 

For example, the rate varied 

Finally, rate of collection was constant 

New Production Reactor Effluent 

The region of any phosphate discharge to the Columbia River will be more than five 
miles downstream from the reactors, sho7ld phosphate decontamination wastes be dis- 
charged to gromd just north of GaXe Mountain. 
movement was reaffirmed with the installation of appropriate well points. 
ment is significantly affected by the irregular surface of a several hundred feet 
thick, relatively impermeable RfigoPd clay deposit resting on the basalt bedrock. 
Five wells are being drilled generally north of the Mountain to help complete geologic 
arzd hydrologic knowledge of the area. 

Such southeasterly ground water 
The move- 

Reactor Effluent TreatElzt 

Suspended algae growths in the 207-0 reactor effluent basin were confirmed to be an 
important source of pressure drop increase in the pilot scale alumfnum.bed decontamina- 
+ion faciLity. 
depth of about 1/4 ilzrh, which xquired reduc5ion of flow to about 2 feet per ainute 
to avoid tank overflow. 
pipe line or in the ahmim,n bed IL,self, the algae should not pose a problem. 

A 14 x 18 mesh screen placed in the inlet was coated in 50 hours to a 

If s~ck growths prove to be insignificant in the effluent 

Promising desigrs were reviewed for an As-76 monitor ?or reactor effluent. 
mcnitcr is to be used to help control reactor ccolent influent treatment with alum 
for redccing As-76 (and P-32) formation. 

The 

Cectirzuing la5oratory study of dneral beds for remving P-32 showed that fluorite, 
galena, goethite, microcline and apatite remved a zonstant 30 to 40 percent of the 
radioisotope fxn: 1900 bed vcluaes of 0.01 uc P-32/ml, 80 C tap water having a 2.9 
rrinui,e residence. Approach of sat;uratio= was net evident. Calcite, scapolite, 
doioalte and hornblende, CE the mker hand, exkibited a finite adsorption capacity; 
the fraetionai removal of P-32 was reduced nearly to zero after passage of 500 to 
1200 be6 volumes. 
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X-WJ Techiqus for Measurement of Zircaloy Cladding Thickness 

Calculations have kdicated X-ray fluorescence methods to be probably workable for 
mnitorlng cladding thickness on extruded IOPR fuel rods. Excitation of uranium 
kph flwrescance will 'be necessary and will require at least a 140 KV source. 
The method is obtriously less applicable to Zircaloy than to alumhum cladding but 
it has been estimated +At Wrcaloy clad thickness could be measured to a precision 
(two s-) of about f 0.75 mil at a total thickness of 20 mils, f 0.9 mil at 30 
mils, and 2 1.2 mils at 40 mils, or about f 3 percent over the entire range. 

SEPARATION PROCESSES 

Furex Studies 

Evaluation of Diluents - Three diluent nrrterlals, Shell E-2342, Soltrol 170 and 
dodecane, were made 30 percent in TBP, washed rith s dium carbonate, equilibrated 

The lrradlated solvents-were washed (equal-volume contacts ) successively with 0.025 
M RMnO4 - 3 percent Na$O at 60 C, 1.0 M WO3, 3 percent Na$O3, and 1.0 HIVO . 
They were then subjected & ''use tests" Tbatch contacts simulating Purex extrac ion, 
scrub and strip operations). !Be solvent containing Shell E-2342 extracted about 
four times as much activlty as those containing Soltroll70 and dodecane. 
extracted activity stripped =re readily fromthe latter solvents. 
the overall decontamination factor from feed to final aqueous was less with these 
solvents than with Shell E-2342 as the Uuent. 
high for aU three solvents indicating the severity of the radiation exposure given. 

with 3.0 E RIW3 - 0.05 M NaN02, and irradisted to 10 &4 In the 100 KE Co-60 source. 

2 - 

However, 
In consequence, 

Extraction of activity was relatively 

Soltrol 170 recently obtained from the vendor WBS nitrated and compared in "use tests" 
with Soltrol 170 used in previously reported studies. 
on the plant several years. A new diluent, Soltrol130, was also tested in this 
series. 
Improvement of solvents with aging has been noted before. 
superior to old Soltml 170 but it has a low flash point (Tag-closed-cup value 127 F 
vs. 186 F for Soltrol 170). 

The older Soltrol has been 

The new Soltroll70 appeared slightly inferior to the old in the "use tests." 
The Soltrol 130 appeared 

Fracfions obtained by distillation (E. Martin, Chemical Research Operation) of Shell 
Code 82,000 were comblned to give three fractions containing principally (1) undecane, 
(2) dodecane, and (3) tridecane. 
aiid subdected to the "use test." 
boiling point of the fraction was obsenred. 
other workers that "do-bads" are associated with higher-boiling fractions of dlluents. 
All three fractions, and particularly the two low-boiling fractions, were superior to 
Eon-fractionated Shell Code 82000. 

These three fractions were degraded by nitration 
Successively poorer performance with increasing 

This is consistent with observations by 

Evaluation of Purex Water - A series of runs was completed in the C-Columu Facility 
to conpare column performance when the 1CX water source was shifted from 321 Building 
condensate wa+&r to Purex sanitary water an& to Purex demineralized water. 
parisons were made of *& uranium distribution throughout the column and of the 
organic holdup throuqhout the column at comparable conditions of flow rates, stream 
temperatures, feed compositions, pulse amplitude md three values of pulse frequency 
(40 cycles per minute, 60 cycles per minute, and the instability frequency). Column 
instabiiity was indicate2 by a fhictustion of the column density instrument and a 
fluctuation of the interface psition indicating instrument. 

Com- 

Calm instability 

1251321 
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frequencies were appoached by increasing the frequency at a rate of 5 cycles per 
minute per hour. 
the Purex Process Technology personnel in studying process columu performance and 
apparent water quality. 

These comparisons wipl be continued on a monthly basis to assist 

Observation Welis 

Changes in ground water contamination patterns in the vicinity of the 200 Areas 
insignificant; although the past year saw a 20-fold concentration of gross beta 
emitters as monitored in weU 699-50-53, 0.6 mile north of the abandoned 216-BY 
scavenged waste cribs. 

Tritium in Redox Tank Condensate Waste 

were 

Apparently from fission, a significant amount of tritium was found in a Redox tank 
condensate. !!!he several mc/l concentrations anticipated in some wastes may permit 
identifying those streams by ground water analysis. 
reported in Savannah River Plant wastes. 

Fission product tritium was 

Analysis of High Purity Plutonium 

The formal report, "Spectrochemical Analysis of High Purity Plutonium for Metal 
Impurities Using Anion Exchange," HW-69199 was issued April 11, 1961. 

General 

A report, aW-68752, "Comparison of Waste Calciners," was completed and issued. 

Batch Calcination 

Studies of the batch calcination of simulated Purex high-level wastes were continued 
on a bench sca2e. 

Fodng was studied ia two sizes of annular pots. 
6-inch and 3-inch standard pipe, and the larger was fabricated from 8-inch and 4-inch 
65andsrd pipo 
the larger pot. 
presented ody a mLl?rl poblem in the 8-inch pot. 
agents proved to be helpful in reducing foam. 

The smaller was fabricated from 

!?%e problem of foaming during the boll-down step was less severe in 
A waste solution that foamed badly in the 6-inch diameter pot 

The use of silicone anti-foam 

The weights of ';he calcines obtainee in the majority of the studies made to date in 
which the sulfate cortent was iz excess of the stoichiometric sodium equivalent 
indizate that a portion of the ex:2ess sulfate is retained in the calcine. Two runs 
were made in 3-inch diamefer pots to study this further. 
a-,d aluminum sulfate crystals were used in both runs. 
in the first run. In toe secorxt 
of dflu+& Gitr::: acid aizd recrystallized prior to heatlcg. 
+,aired at 950 C until the evoLut2on of sulfur cxides was no longer evident. 
differentials indicaze that the aiuminuin sulfate decomposed to alunina or equivalent 
in the first rm. 
mixture, however, did cot result in the same products. 
about me-quarter a ml of sulfur tricxide and six-tenths of a mol of oxygen per 
original ml of charge was experiexed. 
I& $he calcind was cct s5udied. 

A mixture of sodium sulfate 
The dry mixture was heated 

the salts were dissolved in a small amount 
Both pots were main- 

Weight 

Tke calcination of the sodium sulfate-sodium aluminum alum 
A weight loss equivalent to 

Lonq--,e,rra stability of the excess sulfate 



The tempera%ure perturbation caused by a partial lack of bond between waste and 
conLYeiner wall was esthated. !be naxbm temperature within the waste is only 
nine percent higher thsc 'ht wi+& a competely bonded cylinder in a system where 
an unbonded longitudinal strip has an angular width of ninety degrees upon the sur- 
face of a one-foot diameter cylindrical storage vessel, the overall surface heat 
transfer coefficient on the mbnded strip is zero and .that on the remaining surface 
is 10.7 Stu/hr-l/ft-2/('P)-l, and the solidified waste has a thermal conductivity 
of 0.6 Btu/hr-l/ft'2/( V/ft)'l- 
noted for smaller and/or partially ccnductive unbonded strips 

ProportloaaLly smaller temperature excesses are 

A general solution to tlze Poisson's equation for infinite slab geometry has been 
derived to facilitate the estimation of thermal parameters in annuli having radii 
much larger than the annular (slab) thicknesses. The solution is simpler than the 

rigorous one for annuli; thus, permitting more rapid estimation of the relationships 
between heat generation rates, inner an& outer coolant temperatures and overall 
surface heat trarrsfer coefficients, thermal conductivities, annular thicknesses, and 
the temperature distri3utlons wl&Yhin the self-heating core. 

"hemal Conductivity of Underground Stored Waste Sludges 

An apparatus for de+,ermination of underground stored waste sludge thermal conductivity 
was developed. 
can be instahled in a wash tank prior to fEing. 
measured as the shdge acamulates and ages by measuring the transient rate of heat 
dissipation from an electrieaUy heated wire. 

The device includes a "Line Heat Source" conductivity system which 
mermal conductivity can be 

Was+& msfzr Program 

A test program shed at studying removai of underground stored waste sludges has 
been developed. 
removal of solu3la sets, followed bjj an in-*& submerged sluicing test. The 
problem of them& shck to +&e ta& lher and concrete structure is currently being 
studied. 

T& program inchdes supernate rexwvs1, soaking of the sludge for 

-C ELEMIVT AIQD FISSION PROIXICT RECO'JERY 

Strontium Recovery Rog=a~~ 

325-A Stroctiun Pcrification - Strontiun prification nm No. 4 was begun on April 
io, and eolcpleted on AprU 20. 
employed; however, the feed was clarified a: Pzer (by centrifugation) and was 
free of troublesome solids. 
previous nus ard Decalso effhent) as w13E as 12,OGO curies of fresh feed was 
processed. 
product plus 1,400 c-zies of semi-refbed strontiu~~ for.re-work, compared with 
8,000 curies of prcduct OIL the pre-rious run. 
and like ruc No. 4, vis use plirex c,ontrL.tged fee4. 

The chemical florsheet was sWar to that previously 

So- 3,600 z-ules of re-work strontiu-90 (from the 

Twelve thousand four huncked (12,400) curies were recovered as purified 

Run No. 5 is scheduled to begin May 1, 

Operation was gezeraL2.y ;re-ry amr;o+h and uneveE5fifi, and the use of clarified feed 
anti 20-40 mest res3 allcwed high pumping rates to be maiztaiaed throughout the 
loadirg cyzie. Tltz G~Y difflzulties were caused by duIllinum contamination in the 
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re-work and by the high sodium and ammonium contents of the new feed. 
(presumably leached from Decalso or left from run No. 3 resin removal) absorbed 
preferentially and served as a barrier to cerium and rare earths when fresh feed was 
introduced. The aluminum and absorbed cerium and rare earths were successfully 
removed with an HEDTA wash. A premature strontium breakthrough was next experienced 
due to the high ammonium and sodium content of the feed. 
overcame this effect and allowed all of the remaining feed to be loaded. 

The aluminum 

However, a two-fold dilution 

Product elution was with 5 M ammonium nitrate (which laboratory experiments had shown 
to be somewhat superior to Eitric acid) rather than with HEDIIA, since the Decalso 
cask was not available for filling and HEDTA solutions undergo radiolysis on storage. 
Almost all of the strontium (160 grams) was eluted with only six liters of ammonium 
nitrate. HEDTA elution will be used on run No. 5, if the Decalso cask has returned 
from Oak Ridge by then, since this technique maximiqes the amount of strontium which 
can be loaded on a limited volm of Decalso. 

Rapid Strontium Analytical Method - A streamlined strontium method applicable to 
samples of effluent during coluum loadings was developed. This method is similar to 
the cation exchange-alpha hydroxyisobutyrate method reported earlier. The significant 
difference is in the higher flow rates used during the loading, washing; and elution 
steps. A total strontium value can be determined within one hour after receiving the 
sample 

This method is limited to samples which contain Zr-Nb-95 activities in the same 
order of magnitude as strontium. 
strontium recovery runs in 325-A and in Hot Semiworks. 

This condition is met in the feed being used in 

High Strontium Glasses - Sintered strontium titanate pellets are used as the fuel 
in the current generation of strontium-powered SNAP devices. 
titanate is very dense and quite insoluble, it is difficult to prepare and requires 
the use of ceramic fabrication techniques which are troublesome to perform remotely 
with radioactive material. 
in the expectation that these would be easier to prepare, would have satisfactorily 
low solubility, and would have the added advantage of being castable. Five glasses 
containing 34 to 70 weight percent strontium oxide were successfully prepared. 
These had melting points ranging from 1000 to 1400 C and densities to 3.6 g/cc, 
corresponding to a strontium content of 1.8 g/cc. 
melting point and efforts to prepare glasses with even higher strontium content are 
continuing. The thermal conductivity of glasses in general is about one-half that 
measured for strontium titanate; however, this should be quite adequate. The 
strontium glasses are visualized as a product form which could be readily produced 
and cast directly into the customer's heat source for off-site shipment, thus 
obviating the shipment of solutions or powders. 

Although strontium 

The formation of strontium glasses is being investigated 

Measurement of solubility and 

Strontium Purification Development - Laboratory experiments, with tracer-level 
synthefic solutions, aimed at improving the 325-A, Hot Semiworks, and future B Plant 
processes have continued. 
been mentioned. Use of €EDTA, vice EDTA, in the chromatographic ion-exchange puri- 
fication cycle was explored and has certain advantages, particularly for one-column 
Semiworks use, Separation of strontium from barium and calcium was almost complete 
at pH 7, but less so at pH 8 or 9. 
source, of EDTA, EEIZW, and citrate solutions have shown the latter to be much the 

me use of &muonium nitrate as an elutriant has already 

Radiation stability studies, in the cobalt-60 



=re stable. Column experimhnts, 
citrate and BEDS complextd feeds 
strontiumloaded aud completeness 

simulating the 325-A loading cycle, showed that 
were identical at pH 4 with respect to amount of 
of cerium rejection. At PH 3, strontium losdinas 

were still identical, but all of the cerium also loaded from the citrate solution;, 
versus 30 percent from EEDTA. Thus, the allowable pH range is narrower with 
citrate, but the greater radiation stability could be an important advantage in 
some cases. 

Radiation decomposition of strontium-containing EDEA or BEI)TA solutions produces a 
precipitate which waa identified as strontium carbonate. This reaction, depending 
on the kinetics and degree of completion, might be usem in preparing strontium 
for filter cask shipmat since it would permit elution from the Semiworks ion- 
exchange column with - rather than sodium nitrate. 

In other experinmnts, the liquid "ion exchanger" dinonyl naphthalene sulfonic acid 
was briefly evaluated as a strontium extractaut (as a possible replacement for 
di-2-ethylhexyl phosphonic acid) and found relatively unpromising. The extraction 
coefficient (EX) of strontium from a synthetic feed increesed from 0.06 to 0.04 
molar extractant (in Ameco-125) to 0.95 at 0.47 mlar and was very nearly constant 
over the pH range 1 to 10. 

Solvent Extraction Flowsheet Studies - Further miniature mixer settler and miniature 
pulse column studies were made to define the optimum flowsheet for the startu~ of 
thc Hot Semiworks. 
"crude cut" solution for others. 
product decontamination was obtained for the two types of feeds. 
rently considered opt- specifies a first column feed at pH 4.7 and containing 
sodium acetate and EDTA for buffering and for contplexing. 
citric acid. 
1.84/0.1/0.50 for fe&scAb/or&ic. 
obtained in both tracer and high level runs using this flowsheet. 
aud zirconium-niobium decontamination factors of about 20-75, 1000 and 1500, 
respectively, wae obtained. 

!Traced synthetic feeds weri ued in som runs and -ex piant 
Good agreemant on strontium recovery and fission 

The flowsheet cur+ 

Flows &e 
The scrub is 0.6 M 

Extractant is 0.4 M D2EHPA - 0.2 M TBP - Shell E-2342. 
Good strGntium recovery (7 95 percent ) was 

Cerium, ruthenium 

In the second column (U), 1.0 M citric acid is used to strip strontium from the 
UP. Strontium recovery in a high 
level run was poor (ca. 60 percent) probably due to some difficulty in maintaining 
proper flows. 
should be obtained. 

Solvent Washing - Preliminary solvent washing studies were made using a portion of 
lBW remaining from an earlier high-level run. One equal-volume wash with three 
mol= nitric acid removed 99.75, 93.3 and 7.7 percent of the strontium, cerium, and 
zirconium-niobium, respectively, remaining in the solvent. Ruthenium was below 
detection af'ter the first wash. 
produced a solvent containing 0.74 curies sr-89-90, 0.006 curies Ce-144, 0.010 
curies Ce-141 per gallon. Zirconium-niobium was below detection. Detection of 
ruthenium was doubtful. 
was used in the high-level run. 

Aqueous to organic flow &io is about 0.25. 

Tracerstudies indicate strontium recovery of 95 percent or better 
Cerium decontamination factors of about 50 were obtained. 

!Wo equal-volume acid washes and one water wash 

These washing studies were made 12 days af'ter the solvent 

Waste Concentration - A sample of synthetic lAW waste was concentrated by a factor 
of seven; boiling point, density, pH and solids formation were observed as a function 
of concentration factor. The waste was free of solids at the boiling point and at 

125 1321; 
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room temperature at concentration factors up to 4.7. 
sodium nitrate, formed at the boiling point at a concentration factor above 4.7. 
Iron hydroxide formstion did not occur showing strong complexing by the EDTA in the 
waste. 

Solids, which appeared to be 

Ion Exchange Isolation - Batch equilibration studies pertinent to the loading of 
strontium and cerium onto Dowex 50-X 12 resin from lBP solution indicate higher 
loading of the resin with strontium can be obtained by diluting the UP to reduce 
the sodium concentration. However, cerium adsorption increased more rapidly than 
strontium adsorption with dilution and cerium decontamination would be decreased 
by dilution. 

Batch equilibration studies were also made to compare sodium nitrate, nitric acid 
and mixtures of these reagents as elutants for removing strontium from Dowex 50 
resin. At comparable concentrations, smaller strontium distribution coefficients 
were obtained with sodium nitrate than with nitric acid indicating greater elution 
effectiveness for sodium nitrate. 
to be slightly bet+ar elutants than sodium nitrate alone at equal total nitrate 
concentrations. 

Mixtures of sodium nitrate and nitric acid appear 

Destruction of Ion Exchange Resin - Chemical means of dissolving Dowex 50-X 12 ion 
exchange resin were studied. A means of destroying the ion exchanger before dis- 
carding it to underground waste tanks was desired because of possible lowering of the 
pH of the waste (with consequent increased corrosion of the tank) during radio- 
lfiic decomposition of the resin. 
potassium permanganate solutions was studied. Both solutions will solubilize the 
resin. 

Dissolution of the resin in HNO3-Mn(II) and 

The reaction with Hmr03-Mn(II) is somewhat easier to control. 

One liter of 13 M HNO 

point permits additional resin dissolution bz results in the formation of a cake 
on the container walls. Nitric acid con- 
sumption is about 0.9 mole per 100 grams resin. 
sulfate is not complete. 
to dryness, a solid remains which chars and evolves gas on further heating. 
tern tests indicate a corrosion rate for 304-L of about 4.5 mils/mo in the 13 M EN03 - 
0.4 - M Mn(NO3)2 solution. 
Strontium Carbonate Filter Cask - Construction of the strontium carbonate filter 
cask simulator was completed and initial hydraulic studies undertaken at Hot Semi- 
works. Bulk density of carbonate deposited on a flat mock-up filter was 0.55 gram 
strontium carbonate per cubic centimeter of cake. 
potassium bicarbonate 

- 0.4 M MU(NO~)~ held at boiling will dissolve about 180 ml 
of dry resin (Doiex 5 a -X 12, a-60 mesh) in ca. 4.5 hours. Adding acid at this 

The reaction is moderately exothermic. 
Destruction to carbon dioxide and 

When a solution containing dissolved resin is evaporated 
Short 

- 

Precipitation was performed with 

In other studies, exhaustive washing of strontium carbonate precipitates lowered 
the sodium contamination to 0.5 weight percent of strontium carbonate. Precipi- 
tations were made from solutions simulating Hot Semiworks product. 

Instrumentation in Support of Hot Semiworks - Ion chambers designed for high intensity 
measurements were instazed on the HAP, HCP, and HCW lines in "B" cell. The ion 
currents from these chambers will be read on the "B" system micro-micro ammeter. 
Final calibration of the units will be made by comparing measured ion currents with 
iaboratory analysis of grab samples taken during hot runs. 

-1 
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The shielding and collimators for the gamma scintillation probes have been further 
modified to mcrtch the expected radiation levels. Tbese monitors will read out on 
the "A" system recorders and will also be calibrated during hot runs. Flwrothene 
cells are now installed in the sampling systems for these scintillation monitors. 
Stainless steel cells also have been fabricated in case the plastic cells deteriorate 
prematurely in the high radiation fields. 

Hot Semiworks Operation - The preparation of the Hot Semiworks for strontium-90 
processing continued with the completion of two "cold" runs, with feed pH's of 4.75 
and 5.25. 
the first run (pH 4.75), limited analytical results indicated that the strontium 
loss was less than four percent and the calcium separation factor was about 14. 
The cerium decontamination factor for solvent extraction in both runs was apparently 
greater than 2,000 and possibly greater than 4,000 in the second run. 
tainty exists due to the limited analytical accuracy at such low cerium concentrations. 
.Other analytical results from the second run are not yet available. 
control and pH indication by line monitors were very satisfactory in both runs. 

The equipment pe2Zormed satisfactorily with a few minor exceptions. In 

So- uncer- 

Both the pH 

Bulk Fission Product Packaging - Studies of the filter canister shipping container 
continued with demonstration of built-in automatic shut-off of filtration. Strontium 
peroxide is precipitated at room temperature by addition of.hydmgen peroxide and 
slow neutralization to pH 11. 
crystal growth, filtration to a cake density of 0.20 to 0.25 grams strontium per 
cubic centlmcter is accomplished in less than 30 minutes. 
to the oxide was largely accomplished by heat- the cake to 400 C for two hours. 
Considerable strontium carbonate was found in this product, indicating that inert 
gas blanketing will probably be required to prevent reaction with atmospheric carbon 
dioxide. 

Following a brief room temperature digestion for 

Conversion of the peroxide 

Radlation decomposition studies by Chemical Research indicate strontium-90 peroxide 
will decompose at a rate on the order of 5 percent per hour under its own radiation 
field . 
Other Fission Produc% Recovery 

Cesium Decalso Loading - Design is currently under way (CPD-FEO). on a replacement 
for the Decalso filled, Oak Ridge SRl's. If the capacity of Decalso for cesium (from 
Purex *& suprnates) could be increased, tke size-of the cask couid be proportion- 
a*dly reduced. Decalso loading exper-nts were accordingly run to determine the 
effect of dilution and pH adjustment on tot& cesium loading from synthetic 103-A 
supernate. 
A two-step process "absorption on Decalso, displacement with a divalent ion, and 
re-absorption on a second bed; was also ineffac5fve. 

Neither dilution nor pH edjus-nt resulted in any increase in capacity. 

Techne+,ium Anion Exchange - The recovery of 'echnetium from Purex tank supernate by 
passage through a Dowex-1 colm was reported earlier (HW-66738) Although excellent 
recovery and purif icaticr was obtained, - experherts have been performed to determine 
whether feed dilution WOUU increase total loat%ng and wkether any other anion 
exchange resin would be superior to Dowex-1. Of 13 resins tested (including both 
strong- and weabbase exchangers), none were significantly better than Dowex-1. 
t-ee best were Dowex-1, Duolite A-lOi, ed IRA-400 wizh distribution coefficient 
values (Kd) of 340, 370, and 410, respective2j. 
significant effec+v 03 UstriSutiorz soeificiat. 

The 

Dilution (up to four-fold) had no 



Cask Closure Development - Studies of closures for IIAPO I and I1 shipping casks con- 
tinued. 
slight pressure but can be made to hold vacuum by installing elastomer O-rings in 
place of the V-groove packing provided. 

In general, "Snap Tite" primary closures leak "vigorously" under vacuum or 

Tests of 2-3/4 inch diameter metal O-rings showed that none are completely satis- 
factory at temperatures over 300 F, although suitable for 1000 psig hydrostatic 
service st room temperature. Silver coated stainless steel rings appear to offer 
some slight advantage over simple stainless steel. Similarly, O-ring sealing 
between clamped rather than screwed surfaces are preferred. 

Cesium-137 Loss From a Shipping Cask Accident - Laboratory examinations were per-, 
formed in support of an evaluation of the hazards involved in shipping casks of Cs-137 
adsorbed on a synthetic zeolite. 
zeolite. 
washed with tap water and used in experiments simulating shipping accidents. 

Laboratory beds were loaded to 12 w: Cs-137/g 
Cesium source was 103-A tank supernatant solution. The loaded zeolite was 

To estimate the leaching rate of the Missouri River in the event of a Cs-137 cask 
immersion, leaching with 20 bed volumes of synthetic river water (about 8.6 meq 
cation/l) was performed. 
zeolite 

Some 0.63 percent of the cesium was removed from the loaded 

Various cesium volatilization studies were made to simulate a high temperature incident. 
Two hours in separate atmospheres of air and helium at 3.350 C resulted in release of 
0.35 and 0.71 percent of the cesium loaded on the zeolite. 
after 100 minutes' heating in either atmosphere. 
to a maximum of 1500 C within two hours was employed in both helium and air. 
ive releases were 0.3 percent and 0.25 percent. 
l2OO-l3OO C, near the fusion temperature of the zeolite. 

Cesium release stopped 
A programmed temperature increase 

Cesium was not released below 
Respect- 

Clinoptilolite, a natural zeolite, would reduce the risk of accidental spills enroute 
if used as a carrier for radiocesium. Clinoptilolite's capacity was found to be 
more than 2.5 times that of a synthetic zeolite for adsorption of cesium from syn- 
5hetir Purex waste tank supernatant solution. A leaching comparison was even more 
favorable with synthetic river water removing only oae-tenth E.S much cesium from 
clinoptilolite per volume of leach water passed through. 

Clarification of Uadergromd Stored Waste Supekates - A concept involving the use 
of a submerged eannsd motor pup discfiargiag to a hydroclone was developed as a 
means of providing a source of clarified hrrex tank farm supernatant liquid for 
recovery of eeekm-137 and tecl?netlua-~90 
-lone is flc. prog?%ss. 

Fabrication of a p~mp and test hydro- 

Detednation of '1Thorium-232 and Th~rim-230 in Uranium Ore and Mill Tailings 

The thorium-230 found in uaniun! ore is of potential importance a8 a starting 
material in produzing uranfm-2?2 fcr roxnpe% power sources. 
natural thorium, :horlum-232, is undesirable. Another set of uranium ore sqles 
and some matariais expecraed to be somewhat enriched in thorium-230 (ionium) were 
analyzed for bo% ieo'bpes, Th-232 and Th-230. Previous dissolution methods 
[HIJ-66220) were usi~C., 
preripltatfon and 2-thezoyltrifLuoroasetone extraction me',hods. 

The accompanying 

Thorium was separated by the common lanthanum fluoride co- 
Two measurement 
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techniques were used for each isotope to increase the confidence in reliability of 
results. 
spectrometric ( thermal ionization) analysis Alpha counting results averaged 97.5 
percent of th spectronmtric results. The detection limit for Th-230 is estimated 
to be 4 x lo-! microgram by alpha counting and 10-50 micrograms by spectrometer. 
Thorium-232 was determined by emission spectrographic (Hw-66220) and neutron acti- 
vation methods. The 0.3 ntv garmpe activity of the protactinium-233 produced 
(Th-232 Th-233 B',z p8-233) MS iwasured by gamma scintillation-energy analyzer 
techniqye. Isuplicate thorium standards were irradiated with each group of samples 
to obviate flux emd cross-section measurements. Duplicates differed by 0.72 percent. 
Pile Irradiations were made directly on ore and on seperated thorium fractions, with 
comparable results. Protactinium-233 was separsted from irradiated and dissolved 
ore samples by co-precipitation with lanthanum fluoride and extraction into a 2:l 
mixture of 2,6 dimethyl-4-heptanol in benzene. The detection limit for Th-232 is 
estimated to be 1.2 x lom4 microgram by activation and one mlcrogrsm by emission 
spectrograph. Some of the selected material contained as much as 5 percent Th-230. 

Precision of Coulometric Analysis of Uranium-Plutonium Alloy 

Thorium-230 was measured by alpha scintillation counting and by mass 

The precision of direct coulometric analysis of unirradiated U-Pu aUoy for plutonium 
was determined. Sampling was performed carefully. 
each of two alloy bars, differing in plutonium content, by making bevel cuts. Each 
sample was treated Kith nitric acid to remove surface oxide, washed, dried and 
weighed to f 0.0005 gram. 
dilute (1:4) hydrochloric acid followed by a nitric acid boil-down to clarify the 
dissolver solutions. The final 50 milliliter solutions were 4-8 mlar in nitric acid 
and 0.3 molar in uranium. Four aliquots from each 50 milliliters were titrated 
according to a direct, controlled-potential, coulometric method (HW-58491). 
titrations were performed over a five-day period by two analysts. The order of 
sampling was random and various sample sizes were used; that is, 100 to 200 micro- 
grams of plutonium. The average results and standard deviations obtained were: 

Four samples were taken from 

Tbe samples were dissolved by an initial treatment with 

The 32 

Average $ Standard 
Plutonium Devlat ion 

Bar1 0.1510 0.0024 
Bar2 0.0886 0.ooog 

Air Driven Pulse Generator Study 

oncept for mech ai 

Mechanical Dejacketing or Production Fuel Elements 

Initial tests were performed with encouraging results on a 1 
stripping of production element jackets. 
clad slugs were performed with a device involving rolling axial jacket cutters 
followed by peeling. 
aluminum jacket, penetrating at the AlSi bond layer. 
removed with the jacket. 
oversize core fractured the peeling die. 

Tests with both alumin& and Zircaloy 

The system readily removed greater than 99 percent of the 
Essentially no uranium was 

In a test with a coextruded Zircaloy clad element, the 

Hydrodynamic equations were derived for the Recuplex prototype air pulse generator. 
mog computer solutions to the equations have been obtained and are being correlated. 
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It appears that the system will be stable to process upsets. 
hydraulic systems of this type is a highly flexible tool. 

Analog simulation of 

-- Continuous Centrifuge 

Batch preparation of cerous oxalate slurry followed by processing in the 6-inch 
continuous centrifuge was used to compare performance of the machine with the vendor’s 
laboratory tests. Using a centrifuge and test conditions which were presumably 
identical to those employed In the HAP0 machine, the vendor’s machine produced a solid 
product containing 15 percent free moisture as compared to UP0 experience of 35 
percent free moisture. 

Corrosion Studies 

Galvanic Corrosion Test on 1020 Steel in Purex Waste - Samples of 1020 steel, one 
of which is coupled to a 304-L stainless steel sample of about equal surface area, 
are being exposed to synthetic Purex underground waste (pE 12). The test is being 
made to evaluate galvanic corrosion effects which may occur if stainless steel 
valves are used in 1020 steel lines handling this waste. No galvanic effects have 
been noted. The test will be continued. 

Griscom-Russel I.D. Welded Joints - One of several Griscom-Russel I.D. welded tube- 
to-tube sheet joints (stainless steel tube to stainless steel tube sheet) exposed 
to boiling synthetic Purex 1WW waste (6 M in nitric acid) failed after only 54 days 
exposure. 
severe end grain attack. 
exposure conditions. 

The failure occurred in the tzbe sheet area of the joint and was due to 
This type of joint is not suitable for use under the 

Nitric Acid-Oxelic Acid Systems - Samples of A-55 titanium have been exposed to 
oxalic acid-nitric acid solutions initially 0.5 M in oxalic acid and ranging from 
zero to five molar in nitric acid. 
corrosion rates decreased from l9O to 80 mlls/mo as nitric acid increased from 0 
to 0.25 M. 
mils/mo kge. 
Visible decomposition of oxalic acid occurs at nitric acid concentrations of one 
molar or greater. 

After one fobhour period, liquid-phase 

Rates at HNO3 concentrations of 0.5 M and above were in the one to two 
Vapor phase samples all corroded-at rates of 0.01 mil/mo or less. 

Studies in Progress - The following corrosion testing programs are in progress. 
Because month by month progress on these studies is slow, results will be reported 
only at the conclusion of the study or when it is considered that unusually 
significant facts have been noted: 
HNO3-HF-Al(NO )3 solutions, (2) corrosion of 304-L stainless steel, Hastelloy-C 
and Zircaloy-2 in nitric acid-oxalic acid solutions, and (3) corrosion of various 
alloys in calcined waste with phosphate additives. 

(1) Corrosion of 304-L stainless steel in 

Non-Metallic Materials 

After 45 days at room temperature in a 75 percent carbon tetrachloride - 25 percent 
TBP solution, a glass reinforced polyester sample was undamaged. 
showed some eQe attack in a 1 M HF - 1 M BnO3 solution but no finished surface 
damage 
in the organic solution but showed no other effect. 
in the mixed acids. 

A similar sample 

Transparent and opaque-polyviny’lchloride samples both softened somewhat 
Both WC samples were undamaged 

c 
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A sample of "Pluton," a woven organic fiber material produced by Minnesota Mining 
and Mslrurecturing Company for high temperature use was irradiated to lo9 r total 
integrated dose. There was no obvious physical we. 

A second Mlnuesota Mining product, "Crystal M," a synthetic mica bonded in sheet 
form with a silica or silaceous material was also undamaged by exposure to 109 r 
total dose. 
determined. 

Tbe chemical compatibility of these last two materials is still being 

P.RocEssco~L~o~ . 

Time Response of Continuous Density Monitor 

The design of an automatic density control system such as may be required for salting 
strength control in Recuplex requires that the time response of the measuring element 
be detennlned. 

The transient response of a "Densitrol" continuous density mnitor to a step change 
in density was measured with a high speed Brown Recorder. Although the lag time 
observed corresponded with theoretical calculations the response with respect to 
mes in flow rate did not. 
the chain or limited recorder response. 

This is possibly due to resistive forces in moving 

The observed time response to a step change in density at the Densitml input is 
of the order of one minute at flow rates greater than 700 milliliters per minute. 

Measurement of Aqueous to Organic Ratio Within a Column 

The use of electrical capacitance to measure orwic to aqueous ratios and/or as an 
empirical index to predict flooding conditions is being investigated. 
probes for insertion through 3/8-inch diaueter ports are undervay on the experi- 
meatal C-column in the 3U Building. A zirconium probe with a burned on oxide 
coating has produced the most favorable results to date. 
determine the usefulness of the observed readings, the effect of changing solute 
concentrations, temperature dependence and stability of the oxide coating. 

Tests with 

Testa are continuing to 

C-Column Runs and Instrumentation 

A series of four runs were conrpleted establishing the upper limit for the pulse 
frequency for the forthcoming studies. 

The 1CF flow transmitter was repaired &d recalibrated. 
mitter improved the sensitivity of the flow measurement to the point where the 
pulsating flow due to the pulsating pressure at the 1CF distributor was being seen 
and interfering with the flow control. A small surge pot, installed on the 1CF 
line satisfactorily absorbed the pulse and snmothed the flow at the rotometer and 
the operation of the flow controller. The calibration data obtained from the 1CF 
flowmeter and pressure to voltage transducer has been reduced to flows and inte- 
grated average output voltages and has been submitted to "Operations Research" for 
processing. 
accounting for uranium concentration. 

The repair of the trans- 

These data will provide the standard calibration of the 1CF flow 

The redundancies in the measuring circuitry of the Data Scanning Programmer which 
were incorporated last month failed to operate satisfactorily under the 321 operating 
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gallery conditions. 
mercury wetted relays. 
voltages is expected. 
ceeding. 

The circuitry used in transmitting the sampled port number from the canyon to the 
Programmer has been converted to 6 VAC from 110 VAC line current to achieve ssfer 
operation. 

The measured frequency response obtained for the micromicro ammeter used with the 
mid-column photometer has indicated that alternately measuring the "Read" and 
"Standardize" voltages at 0.75 second intervals as described last month would give 
errors. 
micromicro ammeter to settle within 0.01 percent of its ultimate reeding. 

All measuring circuit switching has now been converted to 
A substantial increase in reliability of the measured 

The debugging of the necessary wiring changes is now pro- 

The time interval has thus been lengthened to 2.4 seconds to allow the 

Salt Cycle Process 

Uranium Chemistry in Ioac1-Ioc1 Systems - Further studies have been made of the 
effect of atmosphere on uranium species in molten WaCl-KIcl systems. 

Prior electrochemical studies had revealed the existence of a "cut-off" point 
beyond which cathodic potentials in excess of those required to deposit alkali 
metals out of the IOacl-MCl melt would be required to further deplete the uranium 
content of the melt. The location of this cut-off in terms of residual melt 
uranium concentration could be varied by altering the gaseous atmosphere over the 
melt during the electrolysis. 

These effects have been subjected to further study and additional experimental 
techniques utilized in an attempt to elucidate the effect of such manipulations on 
the number and nature of uranium species existing in the melt. 

starting with ~a~1-10~1 melts containing 3.5 weight percent uranium (as uranium(V1) 
species) electrodeposition under an air sweep (the condition normally .utilized to 
"co-deposit" PuO2 with UO2) allowed the total uranium concentration in the melt to 
be reduced to ca. 0.5 W/O before the total cell resistance doubled. By contrast, 
operation underan anode-generated chlorine blanket (conditions normally utilized to 
selectively deposit U02 away from plutonium) allowed the melt uranium content to 
be reduced only to 1.9 w/o before the cell resistance had doubled. In this case the 
uranium(N) content of the terminal melt was only 0.03 w/o. 
therefore strong that reactions other than the "chlorination" of UO$l2 to UCl4, 

The implication is 

U0$12 + c + c12 .-3 UCl4 - C02 

are responsible for altering the concentrations of easily reduced uranium species 
in the melt. 

Some parallel effects &-e seen in the water solubility and the infrared and visible 
absorption spectra of the uranium species in the melts. 



Io these exper-nts the "water-insoluble" uranium in the frozen melt samples is 
defined as that wbich did not dissolve in the time required (five to ten minutes at 
mom temperature) to effect coinplete dissolution of the N~CX-KE~. 
insoluble" uraaium(VI) solids were readi2.y soluble in acids and are presumed to be 
of the nature of oxides or oqrchlorides. 

!the "water- 

Direct dissolution of U 
insoluble uranium(VI) %e absorption spectnun of a mull of the solidified melt 
in petrolatum showed an absorption peak at ca. 435 mu with shoulders at ca. 4g5 and 
450 IPU. Either sparging this mtlt with chlziae plus hydrogen chloride mth 
graphlte electrodes in place) or conducting an electrolysis in the absence of air 
resulted in Increased absorption at 425 mu and decreased absorgtion at 450 mu 
(relative to the principal absorption peak at 435 ma). 
direction of closer conformity with the spectrum of synthetic colapounds containing 
UO$l4* as have been prepared and studied by J.L. Ryan. 

with chlorine resulted in melts coutaining no water- 

Tbse changes are in the 

Sparging such a melt with either dry or mist air resulted in a visible absorption 
spectrum consisting of a swe peak at 460 mu but of greater apparent molar 
extinction coefficient. 
insoluble uranium(VI) was equivalent to 8 and 20 percent of the total uranium after 
1.5 and 2.8 hour sparges, respectively. 
0.5 mles and the air aparge rate was such that - ca. 0.3 moles oxygen per hour were 
introduced into the melt. 

With air saturated with water vapor (at 0 C) the water 

The total amount of uranium present was 

These preliminary data are obviously not capable of conclusive interpretation. 
However, it may be noted that they are consistent with an hypothesis involving the 
formation of polymeric (possibly colloidal or actually precipitated) uranium spcies 
capable of inclusion in solid U02 cathode deposita via chemical adsorption phenomena 
or electrophoresis. 
vations regarding the relative efficiency of inclusion of plutonium in U02 deposits 
me& under dlf'ferent atmospheres, apparent U02 deposition current efficiencies in 
excess of 100 percent under moist air, etc. 

Such a feature is likewlse not inconsistent with prior obser- 

Electrcchemical Skdies - The potential - current relationship has been studied for 
the electrolysis of a NaCl-MCl sohtion prepared by dissolving non-stoichiometric 

Tbree distinct reductions are seen in this system (which 
presumably coqtains both uranium(VI) and czanium(N) initially). The three waves 
have been tentatively assigned to the U02"/U02( s ), the U( IV)/U( III), &d the 
U(IIX)/U(s) couples. 
IVaCl-KCl reference electrode) were + 0.36 and -1.35 volts for the UO2*/UO (s) and 
U( III)/U(s) redwtions, respectively. 
reduction was -0.42 volts. The first and Urd reduction waves correspond to the 
theoretical shape for a reduction. producing a solid (i.e., cons+at activity) 
product while the second wave has the correct theoretical shape for soluble oxidized 
aad reduced species. 

(O/U = 2.1) with El. 

Th depsition poteatids (against a Ag/AgC1 (one molal), 

Tbe half-wave potential for the U(Xf)/U(III) 

With the aim of completing the picture on effect of salt type on the deposition and 
properties of q, studies have Seen initiated on the NaCl-MgCl2 salt system. This 
system, it is hoped, wlll exemplify lower-melting salts of high available chloride 
activity and will thus fili tke present gap betweec the high-melting, high chloride 
activity NaCl-MC1 systea asd +&e low nelting, lo-# chloride activi3y El-Pbc12 systems. 
One stentfal advanLee of scch a systa is the pcssibility of stabilizing plutonium(n 
via formatiot of R1C16= at a tellrperature belcw its decomposition temperature. 



The first electrodeposition of U02 out of a relatively dilute (ca. 8 w/o U) 
uranium(VI)-bearing melt yielded a deposit the gross appearanceaf which was 
intermediate between products obtained in the IVaCl-KCl and KIC1-PbC12 systems. 
It comprised a "mace" of needle-like cryskls (of mimum length ca. 7 mm) inter- 
mediate in shape and appearance between the "spear points" and "CEistmas trees" 
produced in the NaCl-KICl system and the needie deposits obtained in K?2l-PbCl2 at 
low uranium concentrations. 

Exploratory studies have verified that the *&chi* of chronopotentiometry will be 
a highly useful tool in elucidating electrode processes in molten salt systems. 
'he basis for the method lies in applying a short-duration (millisecond to second) 
voltage pulse to an electrode (at constant current density) ad recording the 
potential-time behavior of the electrode against a reference electrode mrsed in 
the bulk solution. 
relative to the time required for diffusion to replenish the concentration of 
reducible species in the double layer then a series of waves is seen corresponding 
to species reducing at progressively larger ca%hodic potentials. 
time" required to complete the coulometric titration of each species can be related 
to the concezrtration an4 the diffusivity of the species in questiono 

If the cathodic voltage pulse covers a short time interval 

The "transition 

The crude read-out arrangement used to date has prohibited the acquisition of 
quantitative data. However, some noteworthy qualitative observations have been made. 
Titration of a NaCl-KICl solution prepared bj iajection of cs2ucl6 (and therefore 
presumably containing only uraniu(icg) showed two reduction waves at about -0.4 
and -0.56 volts. 
to imply the exis*&nce of two reducible species of su5stantially different nature 
in a supposedly simple system. 

Only the first reduction proved to be reversible. This would seem 

The expected effects were evident +,o a gratifying extent in "titrations" of solutions 
prepared by dissolution of U3O8 izto BaCl-KCl with cEzlorine. An overvoltage was 
seen for deposition of U02 on clean platinum (as compared with deposition of U02 
on U02). 
wave is seen (corresponding k~ the ~02++/~02~8) reduction). 
density discloses a break in the cme at about -0.05 volts 
((transition time)1/2 x currenf density) was cons~at for the UO2++/UO2( s) reduction, 
as expected by theory. 
potential was more posltive by about 3.05 vclts ami It was necessary ti0 increase the 
current delzsity bg a factor of 9 to achieve t e seco~a break in the curve. 
residual current was also increased. T3er lY2 io product was again constant but at 
a lower value than 3efore air treatmen+Y. 
resulted in a high residual cumen% but ro dise,e*raible reduction wave. mese obser- 
vations can be kterpreted 86 representing a regressive decline in the concentration 
of reversibly reducible species (for which (B f/2 io is constant) as the melt is 
treated with driei ah- and tker d,th mist air. Viewed in the context of other 
experience on U02 depoaitioo and plutonium beLavior as a function of atmosphere these 
observations suggest %kat the accmmlation of uracium oxibs on a cathode can pro- 
ceed simdtaceously 3y two indepezdent rwcltes, me being a reversible electrolytic 
reduction, *he ofher being possibly aa eiec",-ic&iy non-reversible chemical pre- 
cipitation or elez$rophoresis process. 
taneous processes coicd aswer a ~m3er oi pertinent questions (e.g., relating to 
the mechanism of imorgorsthi of PuOp in "electrodeposited UOg") and motivates a 
strong inteyesf ic coatfziuazfcr of chx;opotea;Fom?trie aeasmements in more refined 
apparatus 

On a clean platinum eiectrode af low current density only a single reduction 
Increasing the c 
The product I' 

After treatment of the melt with dried air the deposition 

The 

hstment of the melt with moist air 

XXEity tc differentiate Setween such s-- 

-_ 
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Growth of UO:, Crystals in NaCl-KCl System - Recent efforts in this area have been 
concentrated on evaluathg the effect of various vters on the manner of growth 
of U02. Condition8 have been found which vary the rate of growth and the physical 
aspect of U02 deposits in a predictable fashion. 
which have been grown may be described as follows: 

(a) Loosely packed "Christmas tree" dendrites 
(b) Loosely packed "fluted spear point" dendrites 
(c) Solid masses with rapdorply oriented laminar crystal faces 
(d) "blBces" of Cl06ely packed randomly oriented cubes 
(e) Smooth-surfaced, very tightly packed compacts of radially oriented columnar 

!The "spectrum" of U02 deposits 

sa-3 

!chis order is consistent with the rate of growth also. 
grow very rapidly and h' growth rate declines progressively as the packing of the 
crystallites becomcs tighter and their orientation more systematic. 

pie "Christmas tree" dendrites 

Variables which have sham qualitatively consistent and reproducible effects in alter- 
ing the growth rate and character of the U02 deposit include the following: 

Increased agitation of the melt reduces the growth rate and favors more 
CO-t depo6itS- 

Increased El content in the sparge gas reduces the net growth rate and 
favors mre compact deposits. 

Increased dry oxygen content in the sparge gas increases the net growth rate 
and favors the production of more loosely packed randomly oriented deposits. 

Increased chlorine content in the sparge gas decreases the net growth rate 
and favors smoother-surface, tightly packed deposits. 

Momentary reversal of current gives the expected decrease in ne$ groeh rate 
and favors smoo$her-surfaced, tightly packed deposits. 

Increased melt uranium content increases the net growth rate and favors 
more random growth. 

Experience indicates that smooth (or abmpt) transitions can be made from one manner 
of growth to another. 
deposition process, possibly involving several inter-dependent parallel routes for 
simultaneous deposition and redissolution of UOg, they also suggest an ability to 
vary the properties of "electrodeposited" U02 over a rather wide range "at will." 
Such versatility may prove quite beneficial in preparing fuel-grade U02 powders 
"to specification" or in introducing impurities (e.g., -02) in controlled zones of 
close-packed ceramic pieces, etc. 

Thus, al+Augh these observations testify to a complex 

Growth of UOg Crystals in Kcl,;p?~lp Systems - The KIcl-PbC12 systems continue to show 
promise as media in which to 
individual grains of which are generally smoth-surfaced, have apparently little 
closed porosity, and are therefore of interest as feeds for vibratory compaction 

electrodeposit" coarse-grained UOg powders, the 
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techniques. 
in experiments employing ratios of 2.0, 2.5, and 3.0 and electrodeposition at 520 c 
out of a 25 w/o uranium solution. 
particles tended to be nore snmoth-surfaced and crystalline in outward appearance 
at the higher K/Pb ratios. The range of the sieve analyses of the gross products 
in these three systems was as follows: 

The effect of variation in I(C1/PbCl2 ratio in the nelt was investigated 

No gross differences were noted although the 

Mesh Size Percent Retained 

+ 10 50 - 58 

20 - 35 8 - 13 
35 - 60 5 -7 
60 - loo 1.8 - 2.5 

- 100 1.3 - 2.7 

10 - 20 24 - 

Properties of the largest single grain yet produced (which was formed in the Sl- 
Pbc1.2 system) were as follows: 

O/U Ratio: 
Density : 
Total weight: 0.64 gram 

2.005; ppm Pb:200; ppm K:lOO 
10.7 g/cc by CC14 displacement, 10.88 g/cc by Fig displacement 

The individual grains prepared in the 2.5 Klcl-PbC12 and 3K?3-Pbcl2 systems exhibited 
smooth, lustrous surfaces in which the 100 and 111 planes predominated, although 
small ll0 planes showed on some particles. Imperfections when visible appeared to 
be concentrated on the 100 surfaces and appeared to develop only after the exposed 
1ll surfaces had become quite small. X-ray data indicate the better-formed grains 
to be single crystals or at most fused aggregahs of a few large crystals. 

Plutonium Behavior in El-Pbcl, Systems - No great success has yet been had in con- 
trolling plutonium behavior in-electrolyses conducted in KCl-PW=l~ systems. 
lyses un+r "partition" conditions are much less successful in effecting separation 
of uranium from plu%onium in this system than in the NaC1-KC1 system. For example, 
conduct of a U02 electrobposition at 600 C with an HC1 sparge resulted in a 
plutonium decontamination factor of only 12. 
several experiments gave decontamination factors averaging about 25. 

Likewise, it was found that uranium(IV) formed in such melts was less readily oxi- 
dized to uraniun(V1) with air than was the case in the NaC1-El system. 

Electro- 

Raising the temperature to 700 C in 
. 

Despite the fact, that partition of uranium from plutonium is less readily accom- 
plished in KCl-PW12 systems thm in NaC1-ICCI systems, attempted "co-deposition" of 
Pu% with U02 is likewise less efficient, yielding "enrichment factors" of the 
order of 0.5 vice factors greater than unity in the NaCl-KCl system. 

These differences are believed to stem from lesser complexation of solutes in the 
KC1-PbC12 systems (vice NaC1-KC1 systems) and prompt interest in lower-melting 
alkali or alkaline earth melts as the most effective means of duplicating the 
attractive features of plutoIzium behavior in the NaCl-KCl system at a lower 
+&mperature 

4 
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Rare Earth Behavior in NaCl-KIcl Systems - Continued search for means of selectively 
precipitating rare earth elements away from uranium in molten NaCl-KCl disclosed 
pyrophosphate to be the most promising of several precipitants tested, LB4(P29)3 
being considerably less soluble than (UO2)2p2O7. 

Possibility of effecting such separations by cation exchange was shown in an experi- 
Pltnt in which a NaCl-XCl solution containing both U02C12 and. LaC13 was percolated 
throw a column packed with 100-200 mesh (U02)$207 mixed with twice its weight of 
60 mesh alundunt. Exchange quite evidently occurred since the lantbaaum content of 
the salt was reduced from an initial value of 0.7 mg LB/g salt to a final value of 
0.073 mg I,a/g salt in its two-minute passage through this bed. 

Engineering Developnmnt on 9alt Cycle - A 20.2 lb. U02 deposit was obtained during a 
single pilot plant electrolysis in a molten salt system, Pbcl2-2.5 KC1. 
addition of UO the bath was chlorinated for 12 hours at 675 C and a chlorine flow 
rate of 2.5 li&s/min. The salt was then electrolyzed for 27.6 hours at 550-585 C, 
an average cell voltage drop of 1.0-1.3 volts, and an average current density of 
6.5 emp/dm2. The average cell resistivity was initially 3.5 ohm-cm but increased to 
5.5 ohm-cm at the end of the run. 

After 

!Lbe material balance for the run was as follows: 

gnrolk 
Input to Electrolysis: 

Dissolved U 32.0 76.8 
Undissolved U 23.2 

Output from Electrolysis: 

Depoe it ( uog ) 34.0 81.5 

Undissolved U 2.4 5 -8 
41.7 1m 

Dissolved U 5.3 12.7 

TheU02 was deposited as a polycrystalline sheet about 7 mm thick, consisting of 
very fine crystals near the electrode inner surface but with the outer 60 percent 
of the thickness occupied by large, dense columnar crystals. A current efficiency 
of 87 percent was indicated. 

The utility of the recirculating gas lift apparatus was demnstrated with the NaC1. 
KC1 salt system in two 20-liter salt baths. 
one bath until depletion of the uranium and buildup of uranium(IV) increased the 
ceU resistance prohibitively. 
20 minutes with the undepleted second bath by gas lift recirculation. 
used in the lift from the first bath to destroy uranium( IV) . 
the gas in the return lift. 
the bath was again depleted. 
of recirculating continuously during the electrolysis. 

The application of Fiberfrd coating cement (an aqueous slurry of A120 Si02 with 

has eliminated corrosion of graphite electrodes in the NaCl-KC1 system. 

An electrolysis was carried out in 

Then the contents of the first bath was mixed for 
Air was 

Chlorine was used as 
The electrolysis was then continued successfully until 
A second run demonstrated the mechanical feasibility 

a thermosetting inorganic binder) to the electrode surface at the salt-a 2;. interface 

@ CarbormdumCompany 
#&. . _I- 
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Materials of Construction - A locally fabricated 90 percent magnesia, 10 percent 
titania crucible which was not oxidize-fired was tested with a barium-potassium- 
sodium chloride melt mixture with the addition of mtallie aluminum at 800 C for 
100 hours. At the end of the test salt had percolated through the crucible wall 
and bottom; 0.04 g of aluminum was lost. 
crucible 

There was no detectable damage to the 

A second crucible similar to the above was tested Kith the same salt mixture but 
without metallic aluminum. 
the eleven-day test. 
Inspection at the end of seven days revealed no penetration. 

Chlorine was percolated through the salt for ten of 
Salt had percolated through the crucible after eleven days. 

Two samples of titanium diboride were tested in a molten bath of barium-potsssium- 
sodium chloride at 800 C with chlorine bubbling through the melt. 
disintegrated completely while the second lost only 2 percent weight. 
in chlorine concentration is thought to account for the difference. 

One sample 
A difference 

Continuous Ion Exchange Contactor Development - Jiggler Contactor 

A modification of the pulsed bed contactor incorporating the new resin pump (see 
March 1961 report, HW-69062 C) has been built and is now undergoing preliminary 
tests. 
and some 4-inch stainless steel pipe. 
for the screened liquid introduction fingers for feed, scrub, wash and elution 
streams. This design minimizes resin friction as well as shape changes in the 
resin plug. 
columns so that all of the process streams can be introduced under the pump. 
"A" column is located directly under the pump with the "C" column occupying a 
section of the remaining parallel column. 

The apparatus is in the form of a loop made mainly from 4-inch glass pipe 
The 4-inch channel is completely open except 

The resin pump is located in the upper end of one of the two parallel 
The 

Initial measurements on resin circulation with no countercurrent flow of liquids 
indicate correlation between the pulser displacement rate and the quantity of 
resin moved. Typical rates for 20-40 mesh resin at a pulser frequency of 4 CPM are: 

Pulse 
Resin Moved Amplitude Displacement 

180 1 824 
5L5 1-3/8 1133 
773 l-ll/12 1586 

Maximum pressure drop Fer foot of resin bed was 0,6 psi. 
resin yielded data similar in magnitude. 

The finer 50-100 mesh 

The ball check valves in the pump are practically leak-proof when pumping liquid 
alone. Resin slurry and/or water, however, as may be deduced from the data above, 
apparently leaks back through the valves. The quantity of leakage depends on the 
hydrodynamic conditions in the pulser chamber arising from the nature of the pulse 
wave and the pressure drop across the pump as well as the nature of the slurry. 

Resin transport studies (again in the absence of countercurrent liquid flow) give 
indication that resin finer %ban the sta2ldard 20-40 or 20-50 mesh may be usable. 

7 
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Particularly in anion exchange in a plutonium-nitric acid system, where particulate 
diffusion varies Inversely with the square of the diameter of the resin beed, the 
smaller resin would product substautial mass transfer benefits. Experiments with 
overhead pneumatic pula- in a 3-inch glass loop more or less confirm the hydraulic 
pumping tests reported above; that is, friction between the particles in the kesin 
bed and glass colunm walls is practicaJJy the same for both ranges of resin particle 
size. 
that 5O-lOO mash resin could be pushed even more readily than the coazser material. 
This nay be explained by the greater pressure drop of liquid in moving through the 
fine resin tending to mova it aa a plug rather than permitting passage of "slip" 
water before solid phase mwement begins. 

FurthermOrc, the pneumetic testing showed that in a practically open loop 

Studies are underwey to establish the engineering practicality of applying these 
observations in a countercurrent system. 

Spray Calcination 

Further tests of the Fiberfrax (ceramic cloth) filters have shown a decrease in 
efficiency, from decontamination factors of about lo00 to a few hundred, with con- 
tinued operation and rith water flushfng, although the filters remained soft and 
pliable. It is probable that the increased penetration is caused by progressive 
saturation of the cloth with powder or by gradual loss of the fiber mat as a result 
of wetting the fibers. Following washing, effectiveness increases with time, as a 
firm cake builds up, although there is no noticeable increase in pressure drop 
( 0 p less than 1-inch Hg at 2 ft/min gas velocity). During these tests, blowback 
was found to be more effective from concave or flat surfaces, which have enough 
slack to "give," than from convex filter surfaces. 

Evaluation tests were run on several scrubbers, including a novel new design, to 
determine their relative effectiveness for removing the small (sub-micron) particles 
which pass through the filter aad condenser. 
a 2-foot Raschig ring packed scrubber gave equivalent performence (decontamination 
factors of about 1.5). 
from 2 to 18. !!!he latter scrubber is still in an early state of development and 
may be capable eventually of even better perfonnance. 
stream is passed through a corona discharge (to charge the particles ) &d then 
hbbled through a scrubber where the charged particles are attracted from the 
inside of the bubble to the bubble wall there they contact the liquid of opposite 
charge and are removed. 
and with nitrogen pentoxide f'um!=s. 
being corrected and further tests are planned. 

A single plate Peabody scrubber and 

The new cataphoretic bubble scrubber gave factors ranging 

In this unit, the gas 

@ite graphic results are obtained with cigarette smoke 
Certain deficiencies in the initial unit are 

The Eco gear pump with Hastelloy-C gears has been used quite successfully during 
ten runs. 
employed (which would be susceptible to radiation damage) and shows promise of 
successful operation in A Cell. 

It is being used in place of the Eco pump with teflon gears previously 

Mineral Reactions 

Clinoptilolite's adsorption capacity for cesium in molar sodium nitrate solution 
was permanently doubled by four hours' preheating at 400 C. The reason for the 

@Y ":-+- 
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temperature effect, a mRY.trmlm at 400 C, is not evident. 
at moderate temperatures and fina;ly fused to a white glass at 1200 C. 

The mineral changed color 

Condensate Wastes 

Ammonium (ion) from 0.01 M ammonia solution depressed both cesium and strontium 
distribution coefficients-for adsorption on sulfonated polystyrene resin and, more 
recently, on a synthetic zeolite and cliaoptilolite. At pH 3, with its relatively 
abundant ammonium, all coefficients were lower than at pH 10. Cesium adsorption 
was highest and less pH dependent for clinoptilolite, known to have unique cesium 
adsorption capacity. Conversely, the synthetic zeolite and particularly the resin 
showed high strontium affinity even at pH 3. 

Moreover, with Purex condensate waste of similar ammonia concentration, strontium 
adsorption by the resin was even higher at the lower pH, 87 percent adsorption at 
pH 3 and 20 percent at pH 10. 
ammonia exceeded 99.9 percent strontium adsorption at either pH. 
pH dependent strontium adsorption from plant waste msy be due to the accompanying 
organic material's forming a non-adsorbable strontium species. 

Corresponding results for the 0.01 M - laboratory 
Lower and more 

The effectiveness of an actual plat adsorption process for decontaminating Purex 
condensate waste with regard to radiostrontium is best demnstrated by column 
experiments. 
laboratory for more than 20,000 column volumes of that waste adjusted to pH 3 and 
pssed through a resin column. 

Stroctium decoctamination factor3 of about 100 were maintained in the 

The Micro Pilot Plant's effectiveness for mineral bed adsorption of cesium and 
strontium was hampered by organic material and ammonia in Purex tank farm conden- 
sate. 
adsorption especially with respect to radiocesium. 
removed by adsorption on activated carbon, the treatment was complicated. 
of both organic and ammonia by a steam stripping process appeared feasible. 
fact, a small steam strippsr was tested with a feed having organic and ammonia con- 
tents similar to those of Purex +& farm cordensate. Feed contained about 180 ppm 
tri-n-butyl phosphate, 30 ppm hydrocarbons, and 50 ppm ammonia. Feed rate was 
about 100 ml/min ~IA distillate rate about 5 ml/min. 
from the reboiler contained h ppm tri-n-butyl phcsphate, 2 ppm hydrocarbons and 
5 ppm ammnia. 
mste for the Micro Pilot Plar?+,. 

The organic fouled the beds and ammonia dissociation inhibited ion exchange 
While organic was successfully 

Remval 
In 

The efflueat bottom stream 

The steam stripper is 'Eeisg modified to prepare actual condensate 

BIOLOGY AHD MEDICm - 06 PROGRAM 

Geology and Ilycboiogy 

The stratigraphy of the!basalt series in the upper aBout 1500 feet of the Standard 
Oil Company of California Rattlescake lo. 1 test well was correlated to the 
sequence in the Benson Ranch - Yakima Ridge area and to that beneath 200 East Area. 
Based upon %his correlation, confined or artesim aquifers exist in the basalt 
series beneath the csctrai par? of the Barford Works. Large, continuous supplies 
of well water probakly will have to come from depths of 1000 feet or more, however. 
Some local, highly pe-meable zones a7Sove that depth may produce large volumes for 
short periods, 
recharged locally. 
large lardslide, 

The shaUcwer aquifers (above about 500 feet depth) appear to be 
Orze recharge ar2a lies above Snively Ranch at the head of a 
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The correlation also shows *at the fanglomerate lying on basalt beneath the Separa- 
tions areas is in turn overlain by at least one basalt flow to the southwest and 
west and perhaps similarly is overlain to the southeast and east. A low3ead out- 
si& the Word Works area and a high head inside the area (caused by high ground 
water mounds) may force waters carrying tastes into the upper part of the basalt 
series. In the Columbia Basin Irrigation Project area, however, water table levels 
in the basalt have risen more than 200 feet in places. This is recharging aquifers 
in the basalt that in turn msy be reflected in changes in the Word Works. 
the head in the confined aquifers will increase there, or discharge into the 
unconfined waters may take place; in either situation at least potentially signifi- 
cantly alter- the hydrology of the Hanford Works area and emphasizing the inter- 
relationship of the Word Works and adjacent areas. 

Drfllirrg exploration coqbued at Columbia River mile 348 for dam site studies. 
lichols and !Rnntpson Core Drilling Conrp~ny, contractor to the Corps of Engineers, 
completed one hole to basalt at a depth of 183.5 feet. 
aad clay were encountered to 156 feet, where pebbly clays were encountered extending 
to basalt, 
meterials penetrated. 
feet deeper than predicted. 

Developuent was completed on a computer program entitled 'lMuJ.ti-Dimensional Steady 
State Flow in Soil." 
that involve equilibrium system (in contrast to the non-equilibrium case developed 
for such problems as that posed by a lealslng waste storage tank). 
also permits solving problems in equilibrium flow systems under different conditions 
of saturation and heterogeneity. 
soils may be calculated under the program. Its first problem will be to predict the 
effect of a waste disposal crib on a near-by tile field to be constructed at 100-Io 
Area. 

Either 

A few thin beds of silts 

Sands and gravels of varying degrees of cementation were the only other 
The sequcnce was as predicted. Basalt was encountered 30 

It permits solution of a wide variety of ground water problems 

The development 

Up to 8ooO points including fifteen different 

Much of the geologic and hydrologic laformation obtained from the field is collected 
at random points over the study area. Some applications require estimating corres- 
ponding data at the intercepts of a rectangular grid by interpolating between the 
random points. Various interpolation methods were investigated, including Newton's 
"Divided Difference" method, an application of the Lagrange formula, and the use of 
Tchebysheff polynominals. 
appears to hold promise of being superior to the other methods. 

Testing of the latter method is not complete but it 

Soil Chemistry and Geochemistq 

Preliminary investigation of natural zeolites for selective adsorption of strontium 
from solution was initiated. 
and a commercial zeolite previously shown to be strontium-selective. 
mental design amenable to statistical analysis for evaluating the influence of 
system variables was devised and tested with the above zeolites. 
of experimental conditions studied only sodium ion concentration and column 
residence time of the variables exsmined were statistically significant. 
results of current column experiments were in good agreement with earlier strontium 
equilibrium adsorption measurements utilizing those zeolites. 

Initial experimnts were conducted with clinoptilolite 
An experi- 

Within the range 

The 

Research was continue2 for clarifying miceral reaction mechanisms whereby a mineral 
such as pyrite (FeS2) or chalcopyrite (CuFeS2) in sontact with zinc solution is 
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partially replaced by sphalerite (Zns) 
mechanism since a smaller fr tion of zinc at lO-$'M concentration was incorporated 
into the mineral than at 10-pM and 10-3 - M levels e-kined earlier. Oxygen con- 
tinues to be an unimportant fa&r. 

Evident1 replacement is not the primary 

Field Apparatus Development 

The recently developed orifice-diaphragm flowmeter was calibrated in an artesian 
well and used to measure very low vertical flows in several project wells. 
flows were definitely detected in eight wells and possibly in two others. 
sensitivity remained constant during tests in 13 wells, and only small zero drifts 
needed compensation. 
ground water pressure patterns and will qualify each project well's usefulness 
for monitoring radioactivity. 

Vertical 
The 

The ability to measure very low vertical currents will refine 

Techniques and equipment were investigated for installing small diameter wells for 
obtaining geologic and hydrologic information. 
soil proved successful only to depths of about ten feet. 
to a depth of 40 feet in one location, but in most areas a penetration of only about 
10 feet was attained, A portable, inexpensive rotary drill was demonstrated by 
the manufacturer and holds much promise for quickly drilling small-bore wells to 
depths of 60-100 feet. 

Radioisotopes in Columbia River Sediments 

Jet-washing of small tubes into the 
Well points were driven 

Satisfactory core sampling of sediments from the floor of the Mary Dam reservoir 
has been.performedo 
sediments show relatively large amounts of ~n-65 (245 days), CO-60 (5 years), SC-46 
(85 days), and Cr-51 (27 days) at the surface while only Zn-65 and CO-60 were 
observed one to two inches below the surface. Measurements of a few core samples 
to date indicate sediment depths of 8 to 14 inches and that the material at various 
depths can be precisely dated from the zn-65 to Co-60 ratios. 

Quantitative gamma-ray spectrometric measurements of these 

Radioisotopes in Bio+,a Near the Mouth of the Columbia River 

Samples of diatoms and seaweed from the ocean near the mouth of the Columbia River 
were found to contain Sc-46, Cr-51, and Zn-65 in quantities about the same as or 
larger than the oysters previously measured as containing the largest concentration 
of Zn-65. 
much more Cr-51 (by about two orders of nagnitude). 
twice as much zn-65 as the oysters or diatoms. 
found of Sc-46 were in diatcms (15.9 d/m/g). 
further investigated. 

Diatoms contained about the same concentration of 211-65 as oysters but 
The seaweed contained over 

!The largest concentrations yet 
These interesting findings will be 

Chemical Dosimetry 

In previous work no evidence was observed for post-irradiation effects on Erio- 
glaucine in aqueous solutions; however, it was felt that a more critical examination 
shodd Se =de. 
6 x 10-6 M were irradiated with gamma-radiation at 25 C and 37 C, and their absorb- 
ances were measured periodically from 1 hour before to 167 hours after irradiation. 
The solutions absorbed from 650 to 2600 rads, and the apparent bleaching rate con- 
s5ants were calxlated fro= data at various time intervals. These constants were 

Five solutions covering the 2oncentration range from 1 x to 
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found to have 95 percent confidence intervals extending f 5 percent on either side 
of the mean. With this precision, a significant increase in the apparent bleaching 
rate was detectable at the 95 percent level only after the full 167 hours, and then 
only for the two mst dilute solutions. It can thus be concluded that even a 

week’s delay in measurement will not affect the radiation dose indicated by the 
absorbances of these solutions by more than 1: 5 percent. 
satisfactory for lll~py dosimeter spplicstions. 

This should be quite 

-ger 
Chemical Research and Development 
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A. ORGAiiIZlZION AND PERSONNEL 

No significant changes occurred during April. 

a. TECHMICAL ACTIVITIES 

FISSIONABLE MATZUALS - 2000 PRCGRAM 

BIOLOGICAL MONITQRDJ G 

Effect of Reactor Effluent on Aquatic Organisms 

Effluent monitoring was continued at the 1706-KE laboratory with the exposure 
of young salmon to untreated effluent and to like concentrations of effluent 
passed through a bed of aluminum turnings. 
bed treated, 4 per cent effluent showed a slight increase in mortality but 
no deleterious effects to growth rate. 

Fish exposed to the aluminum- 

I1?l in Rabbits 

Thyroids from twenty-f ive rabbits ad fifty vegetation samples colle 

All thyroids contained measurable amamts, with a mean of 700 + 320 
wet weight in glands from adult rabbits. The thyroid/vegetatiFn 113! ratio 
was approfimately 600. 
concentrations of 1.02 + 0.5 times tbse of their parents. 

d from 
the White Bluffs region on March 28 were analyzed and compared for I n4n content, 

c/g 

Thyroids of fifteen full-term fetuses contained 

- 
BIOLOGY AND MEDICINE I- 6000 PROGRAM 

METABILISM, TOXICITY, AND TRANSFEX OF RADIOACTIVE MATERIALS 

Strontium and Calcium 

During the S2°-Y90 chronic feeding experiment, four out of twenty control fish 
died during the 21 weeks of test. It was assumed that none of the.mortalities 
was due to the *method of force feeding. Since the sample size was relatively 
small, however, and because the feeding method will likely be utilized in future 
tests, the technique was further tested by sham feeding one hundred fish five 
times a week. After ten weeks no mortalities were observed. 

The effect of oxygenization on the uptake of calcium and water transpiration 
by b-rrley seedlings was studied. 
transpiration. 
depression was less in the case of the anoxic plants. 

Anoxia depressed calcium uptake and 
Dinitrophenol firther depressed both processes but this 

Ttle efi’ect of anoxia on content of calcium in roots was variable. 
caused a reduction and severe anoxia, produced by bubbling with nitrogen, 
increased calcium concentrat bn. 
the o;J.ecticn of the effect. 

Mild anoxia 

Dinitrophenol changed the magnitude but not 

UNCLASSIFIED 
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Preliminarg data on the transfer of SrSo from the diet of swine to their milk 
was obtained from three female swine fed 125p/day. 
blood was one-fifth and of the milk one-tenth that of the swine's diet, The 
same magnitude of discrimination from diet to milk is described for man. The 
chemical analysis of the mu of swine showed that the calcium concentration 
waa about 200 4100 ml compared with about 30 to LO in human milk and 125 in 
cuw's milk. Based 
on tb Mrst eight measurements, the daily milk production appears to be about 
one liter. 

Six offspring from two swine fed 125 pc of d0/dg were weaned, 
normal in every respect. 
receiving sr9O daily, All of the f enales are to be retained for lFfetime 
feeding or sacrificed after one year of age.) 

The Sr9O/Ca ratio of the 

Measurements are made once each week for a &-ham period, 

They appeared 
(At the present time 116 females and l& males are 

Iodine - 
Eight lambs were administered I13I in tuo successive oral dos 
at one week of age) to determine if the thyroidal uptake of I 
lambs was unusual and to detect possible changes in tbe metabolim of I 3 
during this period, 
were followed using the whole-body monitor. 
between the two ages, both the gastrointestinal absorption and thyroidal 
uptake being slightly greater for the week-old lambs. 
of maxLrmm thyroid uptake was canparable to that for adult ewes (24 to 48 hours 
following administration). 
for radioactive decay, wa about 30 per cent for newborn lambs and 40 per cent 
for week-old lambs as compared to 20 to 35 per cent for adult ewes. 

Of particular interest were the observatbns that for both age groups fAe 1131 
content of most of the lambst thyroids approached a constant fraction of the 
1131 

administration and that the endogenous excretion of 1131 was very luw 
(estimated between 1 and 4 per cent/dqy). 
turnover of 1131 in the thyroids of young lambs is very rapid, and that the 
controlling factor for the rate of loss of I13I from the thyroid is the rate of 
endogenous excretion. 

(at birth and 

The amaunts of 1131 in both the lambs and their thyroids 

in veT TOrng 

f71 

Only small differences =re noted 

At both ages the time 

The maximum thyroid uptake of 1131, corrected 

their bodies (60 to 75 per cent) by three to five days after 

This implies that the rate of 

The whole-bod 
burden of ,139 and should prove usef'ul also in contemplated stxdies on 1131 
metabolism. 

monitor proved very userul for obtaining the body and thyroid 

Comparative Toxicity of Strontium, plutonium and Radium 

Radiographs taken of animals approximately18 mnths after plutonium injection 
revealed only minimal change, except in the aimals injected at six weeks of age. 
A progression of those changes noted at l.4 months post-injection was seen. 
These included thickening of the cortical bone, increased trabeculation of the 
spongiosa and 10s s of definitive medullary canal. 
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Five animals were sacrificed 18 months after being placed on the experiment. 
These included two injected with h239 (at 6 weeks and 6 months of age), one 
injected with SrP0 (at 6 weeks) and one injected with Ra226 (at six weeks). 
No significant gross lesions were detected. Tissues from these animals will 
be studied for detection of possible early damage. 

Plutonium 

Tests of the new chelating agent 2-(B-Aminoethoxy) cyclohexylamine-N, 
N,N' ,Nt -tetraacetic acid were continued. The indications reported last month 
were confirmed; namely, that this agent is slightly less effective than DTPA. 
When administered one hour following intravenous injection of plutonium 
citrate, retention of plutonium in the total animal, after four days, was 
8 per cent of .the injected dose in DTPA treated animals and 12 per cent of 
the injected dose in animals treated with the new agent. Control animals 
retained 77 per cent of the injected dose. When treatment was delayed until 
18 days after plutonium injection, DTPA was effective in reducing the 
retention to 75 per cent of control while the new agent effected a reduction 
to only 90 per cent. 

In a single preliminary study, employing intestinal perfusion techniques, 
it was indicated that plutonium appears in the intestine at sharply increased 
levels uithtn 20 minutes following intravenous DTPA administration. 
rat upon which this study was made had received its plutonium injection six 
months prior to the experiment. Plutonium excretion into the intestine was 
maintained at about the same level for two hours following DTPA administration. 
This level averaged about 20 times the pre-DTPA level. 

The 

The nature of plutonium excretion into the intestine and the effect of 
DTFA on this excretion was studied in bile duct-cannulated rats. Plutonium was 
administered to these rats 60 days prior to the cannulation and DTPA treatment. 
The results indicate that approximately one-fourth of fecally excreted 
plutonium arrives in the intestinal tract via the bile. 
was not clearly shown in these experbnts; the combined insults of plutonium 
burden, surgical cannulation and DTPA treatment tending to cloud the interpretation. 
There was an indication, however, that both the biliary and non-biliary 
excretion of plutonium is increased by UTPA treatment 

Eight months following the intradermal injection of h239 in swine, the fraction 
of the original dose that still remained varied from 15 to 35 per cent. Eschars 
were noted at all sites previously injected with 0.04 to 5 pc of h239 nitrate, 
the size of the eschar related to the dosage given. 

The effect of DTPA 

To cneck the effect of the depth of an intradermal injection on the external 
count from a scintillation probe, a white miniature boar was injected at 
27 sites, to a depth of from 2 to 12 mm. 
monitored utilizing our own scintillation detector and also the one in the 
internal dosimetry group for a correlative count. 
analysis was performed on each site. 
the animal in order to determine if detectable amounts of plutonium appeared 
in the blood. Results from this study should be available next month. 

The injection sites were removed and 

Following this, radiochemical 
A few injections were made prior to sacrificin 
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Radioactive Particles 

Tests were continued to develop a therapy procedure for inhaled radioactive 
particles. When rats inhal 

inhalation of carbon particles. 

onized air, negative ions appeared to slightly 
increase the clearance of Ce % from the lung. No effect was obtained with 

Three beagle dogs me exposed to plutonium nitrate aerosols and three were 
exposed to plutonium dioxide particles (MMD lp) for further studies of 
the retention, translocation, and excretion of plutonium. 

experiments shuwed that particles with a Mass Median Diameter of 1.7 p 
were cleared from the lungs more rapidly than 3.0 and 4.3~ particles. 
dogs will be exposed to aerosols of plutonium dioxide particles with 
Mass Median Diameters greater than 4.7 p. 

One of the major problems associated with the use of dogs in research is the 
accumlation of heavy deposits of tartar on the teeth. 
necessary to scrape off the tartar with the dog under anesthesia to prevent 
inflammation ad infection. 
feeding of oxbails to the dogs. 
appreciable savings in labor will be realized. 

Previaus 

Other 

Periodically it is 

Tartar is now being removed by semi-weekly 
The dogs seem to enjoy the "therapy" and 

Microbiological Studies 

Positive identification of nuclear material in yeast was obtained by staining 
with toluidine blue stain, 
From the parent cell does not pass into the daughter bud until the bud is about 

half grown. 
thymidine autoradiography, 
material to the bud is of interest because of the high radioresistance of the 
immature buds. 

Preliminary studies on the biological effects of deuterium on yeast were 
started. Effects of deuterium on respiration, glucose uptake, and potassium 
transport were noted. 
decrease in perPEBbility of the cell membrane. 

Preliminary data suggest that the nuclear material 

This correlates with previous observations using tritiated 
This observation of the tkne of passage of nuclear 

The data suggest that these effects may be due to a 

Effects of Radioactivity upon Populations 

Stock cultures of two species of flour beetles (Tribolium) were obtained and 
developed to study effects of radiation upon populations. 

Waterfowl Ecology 

The annual nesting survq of Canada geese showed 7-1/2 per cent fewer pairs 
of geese on the nesting islands, and total nests observed were 6 per cent less 
than last year. 
however, which will probably result Fn gosling production nearly equal to 
that of 1960. 

A greater percentage of the nests appear to be successful 
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Project Chariot 

D -5 Hw-6940 8 

Sorting of samples fcr ecological analyses of terrestrial invertebrate communities 
of the Cape Thompson, Alaska region was completed. Species determinations of 

the Mollusca, Orthoptera, Copepoda and Cladocera were obtained from taxonomic 
specialists 

IOLOGY LABORATORY 

JJ Davis/es 
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C. Lectures 

a. Paprs Presented at Meetings 

Schiffman, R. H., 9tronth Uptake and Excretion by Rainbow Trout,Il 
Midwest Bentholugical Meeting, Whitewater, Wisconsin, April 9, 1561. 

b. Seminars (Offdite a3dLocal) 

George, L. A., nMechaniSms of chemical protection from radiation,11 
Inbservice Institute in Radiation Biology, University of Washington, 

Hungate, F. P., "Genetic Effects of Radiation,t1 In-service Institute in 
Seattle, Waahingtan, April 5, ~61. 

Radiation Biology, Univ. of Washington, SeatUe, Wash., AprU 17, 1961. 

Kornberg, H. A., "Use of Radioactive Isotopes in Biological Research,1a 
Seminar Institute of Forest Products, Universitg of Washington, 
Seattle, Washington, AprU 21, 1961. 

Thompson, R. C., lW,rontium-calcium interrelationships in the rat," 
Washington State University, Pullman, Washington, April 27, 1961. 

C. Seminars (Biology) 

Case, A. C., t?13~logyfs large animal counter facilities," April 19, 1961. 

Olson, P. A,, "Effect of variable river flow on reactor effluent toxiciw,ll 
April 19, 1961. 

Dr. Noe Siginl&tham, Department of Botany, Washington State University, 
"Recent advances in ion uptake by excised higher plant tissue with 
particular reference to electmpotential, calcium, and auxin,I1 
April 26, 1961. 

d. Miscellaneous Lectures 

Bustad, L. K., l%diobiology at Hanford,I1 BrQtherhood of Southside Protestant 
Church, Richland, April 4, 1561. 

Hanson, W. C., "Project Chariot,It Central United Protestant Church Brotherhood, 
Richland, April 3, 1961. 

;-lamon, W. C., ITmject Chariot," HLO Finance Group - 100 Area, April 6, 1961. 

George, L. A., IIBiology Activities at Hanf~ld,~~ Project kgineers - 100-B Area, 
April 13, 1961. 

Sweany, H, A., Vroject Chariot," Benton City PTA, April 18, 1961. . 

George, L, A., llBiology Activities at Hanford," Biology Class, Kennewick High 
School, Kennewick, Wash., April 19, 1961. 

Ijavis, J. J., IIProject Chariot,I1 Kiwanis Club, Kennewick, kpril 25, 1961. 
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c . Miscellaneous Lectures *(continued) 
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Bustad, L. K., "Radiation ad Golden Age Club, Richland Cornunity 
Hmse, April 25, 1961. 

Bus tad, L. K ., WadiobioLogg at Hanford," Northwest Computing Association 
Banquet, Richland, Washington, April 29, 1961. 

D . Publications 

a. HW Documents 

b. Open Literature 

George, L. A,, S. Marks, and L. K. hstad, I'Fibrosarcoma in a Rabbit 
Following B-Irradiation of the Skin," Nature 189 770-71 (1961). 

p. 1-13, Reinhold Publishing Corporation (1961) . 

autoradiography,I1 Science - 133, 1423-24 (1961). 

-' . 

Dockurn, N. L., "Autoradiography of tissue,I' in Encyclopedia of Microscopy, 

1 

George, L. A., S. Marks and L. K. Bustad, ltElectron microscopy and .. . 
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OPERATIONS RESEARCH AND SYNTHESIS OPERATION 
MOM'EILY REPORT - APRIL, 1961 

OROANI&ON AD PERsoNmEL 

There were no changes in personnel during the month of April. 

CPERA!l'IONS RESEARCH ACTMTIES 

Ingut -Output Model 

Work continued on a highly aggregated HAP0 model in an effort to segregate the 
learning pattern in the production process from that in design and construction 
of new facilities. 

Objectives, Goals, and Measurements 

A review has been made of the major criteria used for planning and evaluation 
of progress at HAP0 and the first draft of a report was prepared. 

OPERATIONS ANALYSIS STUDIES 

F'uel Element Performance 

EstFnration of the parameters in the empirical models expressing fuel element 
distortion as functions of reactor variables was completed. comparing the 
variation between fuel elements within cells of camparable power, temperature, 
and residence time with the residual variance computed about the regression 
line, it was concluded that there is little room for imprcnwment as far as 
goodness of fit is concerned. Based on 
these models, calculations were performed giving the csrmbinations of reactor 
variables which will resul3 in a given average -mount of distortion, thus 
enabling one to easily construct con+,aur lines of the response surface. 

This is especially true for warp. 

Observed averages of fuel element distortion were plotted as a f'unction of 
canning date, and of Fernald shippi@ date which leads by about' 25 days. 
Values predicted by the empirical models were also calculated and plotted. 
These showed that the distortion environment in the reactors has been essen- 
tially constant over the past tw3 years, but that there have been definite 
cycles fc observed warp accompanied by trends in diameter grwth. These are 
of suf'ficient magnitude to be of practical importance. 

?he relationship between warp and hot spots previously found for the initial 
2000 Quality Certification fuel elements has been confirmed. 
based on some 7000 fuel elements. 
in the tendency to exhibit hot spots for a given amount of warp, but the 
reactors do not differ significantly in the amount of warp experienced by the 
fcel elemenfs chayged. 

This is now 
A difference between reactors was found 

Assistance was given in determining "control limits" for pre-irradiation data. 
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Initial measurements performed on the bare cores of irradiated fuel elements 
stripped in C-basin prior to measuring have indicated that an increased num- 
ber of bare core measurements muat be made. 
to determine if post-irradiation measurements performed on the canned fuel 
element are truly indicative of bare uranium distortion. 

This program is being undertaken 

An evaluation was made of dingot dum fuel elements based on the ten tubes 
of dingots thus far measured under the Quality Certification program. 

Same 60 tubes of data will be Snaly.t& by using orthogonsl polyndals to 
describe the fuel element proflles in addition to the present method. 
ROL-J to accomplish this is under my. 
will give a truer picture of the types of distortion experienced in the reactors. 

It is felt that this technique 

Optimization of Reactor Operatione 

Further work w done on the problem concerned with determining fuel clip 
requirements for use in charging the reactors. 
enable optimrrm solutidns to be located for a wide variety of condltions. 

optimum sizes for sqqlemental crew8 are being detemlned for the period when 
bumper fuel elements will have been charged in all old reactors. 
developed last summer are being used with minor modifications. 
nection, it was sham that the problem of determining the probability of s-- 
taneous reactor outage8 can be approached using available multi-channel queuing 
theory results. An unscheduled outage can be regarded as the "customer" who 
ahits service at one of the reactors, or "channels." 
simultaneous outages is then the probability that several "channels" are busy 
at any time. Very good agreement was found between results predicted by this 
model and observed der-. 

Process Tube Leak Detection and Replacement 

An atteqt is being made to describe internal corrosion along a process tube 
by polynomial expressions. Initially, an investigation is under way to deter- 
mine if minimum thickaess aad location of same wiU. result in roughly the same 
pattern of corrosion along the tube. %is should be helpful in future studies 
of fuel element behavior. 

Ianographs were prepared which 

Formulas 
In this con- 

!5e probability of 

Z-Plant Information Systems Studies 

The new specifications for the Genersl Electric 312 computer memory were received 
from Phoenix during the month. Because the new memory is divided into two unique 
portions, it was therefore necessary to segiegate two unique and self-sufficient 
program routines to use the second portion of memory. This presented a difficult 
problem because the over-all computer program is comprised of many interdependent 
A;roctfonal subroutines designed to optimize memory usage. Two basic routines, 
the computer diagnostic and the daily receipt and disbursements report section, 
were redesigned to include other f'unctional routines sufficient to make them 
self-sustaining. 
structure. 

These modifications were coded and put into the over-all 
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. 
STA!FISTICAL AND MAlIllEMATICAL ACTIVITIES FOR O'MER HAP0 COMPONENTS 

F'uels Reparation Department 

Data had been collected to test the hypothesis that at least 90$ of the fuel 
elements which would fail in a 50 hour autoclave cycle will have failed by 
the end of a 20 hour cycle. 
data. 

Assistance was given in the interpretation of the 

Same further work was done in evaluating factors associated with pre-irradiation 
warp in NPR fuel elements. 

Irradiation Processing Department 

Several more curves were developed expressing fission product decay in a 
reactor. 

A study is being made of thermocouple variation in monitoring tube outlet 
water temperatures. 
based on safety considerations. 

Results will be useful in determining limits of operation 

Given different ranges for permissible goal eqosures, plus a knowledge of 
front-to-rem flux patterns, a determination was made-of the variation in 
average exposures for a group of fuel elements selected randomly from those 
discharged. 
selected at random, but that each tube is sampled cqletely. 

Further results were found assuming the tubes involved are 

Work was begun on (1) the problem of providing an optimum (in the sense of 
minimum cost) sampling scheme for in-pile detection of neutron sinks; (2) the 
problem of providing statistical analysis of data on acceptance testing of 
new tube fittings for NPR; and (3) the design of a testing program to deter- 
mine reliability parameters of panellit FSauge switches. 

Chemical Processing Department 

The required calculations were made for demonstrating conformance to speci- 
fications of parts shipped during the first quarter of 1961. 
represented the first application of the recently adopted part by part 
technique, a detailed description of the calculations was included in the 
report. Calculations required to maintain control over the parameters of 
importance are being performed by CPD personnel. 

Since this 

Available data were analyzed to evaluate the potential sources of variation 
affecting the radii of fabricated parts. 
of these data were used to design future experimentation. 

Conclusions reached on the basis 
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An experiment was designed to evaluate the effects on product purity and density 
of the iodine booster used in the reduction of plutonium fluoride. 
this eqerinmnt were azdyzed, and the results reported. Further eqerimenta- 
tion concerned with optimizing the production of buttons is being planned, and 
current data are being analyzed to aid in designing these experiments. 

Data from 

Sane results were found in connection with evuluatlng potential smoothness of 
fabricated parts subject to limitations in the radlus of the cutting 
the feed rate. 

Ebrther caments were given in connection with the potential hazards 
in shipping strontium and cesium to Oak Ridge. 

Contract and Accounting 

Mathematical assistance was provided in obtaining a series expansion 
deiinite integral. 

tool and 

involved 

for a 

A sampling scheme was provided sharing the proper ssmpling of various line item 
categories in order to cover 7-8$ of line items in this year's inventory. 
limits of error were predicted for such an inventory using past years' results. 

%e 

2000 Program 

Chemical Development 

A prelimhazy analysis was completed of mid-cola photometer calibration data 
and the results used to guide a machine calculation to determine the best mathe- 
matical mathod of correcting for the temperature differential between calibration 
and experimental runs. Output fram the machine analysis of the test data is cur- 
rently being evaluated. Data *can the calibration experiment for the rotameter, 
which will be used to measure the flow rate of the pulse column feed streams, are 
currently being analyzed. Data from five individual test runs covering a range 
of uranium concentrations have been analyzed to determine the form of the mathe- 
matical relationship between flow rate and bob translation and the influence of 
solution density. An eqerimental program was designed to calibrate the gamma 
absorptiapneter, which will be used to measure *he uranium concentration of the 
organic phase within the pulse column proper. %e absorptianeter uses a standard 
cell containing pure wster, two five-centimeter long cells for low uranium concen- 
tra.C,ions, and two one-centimeter long cells for high Mum concentrations. Be 
experimental schedule allows for the estimation of the average characteristics of 
the two cell sizes-as a function of uranium concentration and also the differences 
between pairs of cells. In addition, any systematic the trends occurring during 
the experimentation period can be estimsted and subtracted aut. 

Materials Develapment 

Further calculations were performed on +,he graphite physical properties test data. 
The cqonents of variance analyses on tensile strength measures, load and 
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deflection, electrical resistivity, thermal conductivity and coefficient of 
thermal expansion were used to construct tolerance statements describing 
the population of graphite bam currently under consideration for use as 
mPR moderator. 

Corrosion Studies 

Further analysis was performed on M-400 and x-8001 Buoy corrosion data froan 
an experhent to investigate corrosion rate of aluminum alloys as a function 
of certain heat treating variables. 
corrosion penetration during the break away stage of the corrosion pattern 
which is independent of any assumption on the pre-induction time corrosion 
mechanism. 

A new method is being used to estimate 

4000 Program 

Swelling Studies 

Several discussions were held with personnel of Physical Metallurgy Operation 
to consider the utilization of the IBM 70% to analyze fission gas pore size 
distributions from the irradiated uranium samples. 
current study have been read on the Zeiss particle size analyzer and a total 
in excess of 50 pore size distributions are ready for analysis. These dis- 
tributions are now being transcribed onto IBM cards. Void fraction and void 
density estimates as well as the fundamental distributional characteristics 
properties can be machine calculated and correlated with irradiation and 
annealing variables. 

All micrographs in the 

Plutonium Recycle 

Data f'rwn the experiment designed to investigate high energy uranium oxide 
impacting as a function of the independent variables, oxygen uranium ratio, 
Dynapak piston pressure, and oxide temperature are currently being analyzed. 
Response function techniques are being used to maximize oxide density as a 
function of these variables. 
culate quadratic response functions for nonorthogonal factor levels of the 
independent variables, estimate the stationary point of the fitted surface, 
and ca1culate.a confidence region for the position of the "true" stationary 
point. 

An IBM program is being written which will cal- 

Comparison of results obtained from actual particle packings using pre- 
calculated parkicle sizes and size:ratios with those determined by pure 
geometrical theory are not yet complete. In the meantime, an empirical 
approach to the problem is under discussion which may more realistically take 
cognizance of the facts that fuel fabrication mixtures are not truly composed 
of spherical particles nor are the sizes or size ratios actually determined 
to fine degrees of accuracy. 

6000 Program 

Biology 

A four cmpartment,three parameter model was applied to the problem Of 
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predicting thyroid uptake in 
and the rate parameters were 
parruncters were then applied 
found for ten different sets 

man. 
estimated by meam of the analog computer. 
to an analytical solution, and solutions were 
of boundary conditions. Amember of the Biology 

ktaweresupplied by the Biology Operation 
(Ihese 

Operation has obtained solutions by me& of an empirical formula found in the 
literature, ersd a cursory ccqarison of results indicates reasonable agreement. 
Further ccllppar~sons will be made. 

Work continues on the multicamparbmnt model in an attempt to show the useful- 
ness of the model in predicting experimental results. 

Work continued on the problem of expressing the multiccmzpartment model in terms 
of a mltlvariate diffusion equation. 

Instrumentation 

Statistical -is was continued of data from a reference system calibration 
study being conducted by the Instrument Research and DevelaIpnent Operation. 
reference system will be used to calibrate linesr variable differential trans- 
ducers in connection with in-reactor creep testing of zircaloy. 

Ple 

Division of Research Programs 

Work continued jointly with Chemical Instrumentation and Data Processing in the 
setting up of a -etic tape master file of progrem sample data. Several least 
squrrres procedures for estimating total count at the zero and half-life from 
correlated counting data were devised and flow charted for IIM coding. Be 
analysis of mass spectrometer ura,nium standard data was completed, the best 
estimate for each of the stamhrds was reported to interested persons, and a 
report is in preparation which describes the relationship between certain sta- 
tistics that can be calculated from a sequence of mass ratios and quantities 
which describe the functioning of the mass spectrameter. 

Work is continuing on the problem of determining whether reactor conditions can 
be determined by a knowledge of the percentages of the various Pu isotopes in 
the irradiated product. 

Methodology 

A discussion was held with personnel of Nuclear Physics Research Operation con- 
cerning the use 'of propagation of error fonmiLae to approximate the error in 
products of randam factors. 

Carl A. Bennett, Manager 
Operations Research & Synthesis 
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PRocfRAMMIlpG OPERATION 
APRIL 1961 

A. REACTOR DEWEXOm - 4000 PROGRAM 

1. PY2JTamMREcYcmpRoGRAM 

Computer Code Development. The PROTEUS 1 code was completely debugged and 
Is ready for operation. pR(YI'EUS 1 greatly extends the information available 
from the MELEAGER physics code by providing extra end points as well as non- 
interacted graded dsta; but it is unable to generalize the specific power; 
and It is also restricted to one type of input format. 
(and is presently being debugged) to contain these features. 
code is being made more efficient to reduce the computing time required per 
case. 

The QUICK fuel cost code ms modified to increase its utility. 

so that all of the output will be on a separate output tape. This will make 

it convenient to have the results bound into a book and be available to make 
additional copies, as was done for the Russian Reactor and the Rice Schedule 
studies. 

PROTEUS 2 was written 
In addition, the 

When it Is finished, PRCYI!FNS 2 will replace PROTEUS 1. 

The PUVE 

* plutonlum value code was made into a subroutine and the printout arranged 

PUCK I1 Economics was campletely debugged and results now agree with those 
previously obtained with PUCK I. 
are being standardized throughout all subroutines, shipping cost equations 
are being added to economics, and a new subroutine SCHPIE, is being written 
to produce a table of plutonium values as a function of delta fabrication 
costs for nonoptimizedzonal operation. 
plutonium composition equations is now working and results have been plotted. 
This routine will be used to determine near equilibrium plutonium batch 
compositions for study in PUCK. 
continues. It is planned to extend this work in another study to demonstrate 
the impact of plutonium fuels on the interchange of claddlng materials in 
nuclear reactors. 

Further work on PUCK 11 continues: formats 

The min program for testing the 

Work on the first cladding study report 

A study of burn-up calculations as a function of flux-volume weighting has 
also been started. 

PRP Planning and Analyses Activities. The study of the fuel cycle conditions 
which show the most favorable economics by which the "Salt Cycle" partial- 
decontamination type processes may be applied was continued during the month. 
Efforts are being directed primarily at situations involving near-future 
(540 10-year) reactor applications. An attractive application may also 
exist in the use of this process as a step in plutonium oxide-uranium oxide 
fuel preparation rather than as a separation process. In reactor cycles 
discharging plutonium as well as valuable enriched uranium, it is probable 
that salt cycle In combination with a more conventional process for uranium 
recovery will be need&. 
to be essentially of no value a salt cycle process should be most attractive. 
Work is continuing to establish these Conditions, and to assess the economic 
results. 

For cases where the uranium is sufficiently depleted 

UNCLASSIFIED 
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2. 

During the month, one member of Rrogrannning participated in visits to 
several NRTS hot laboratory sites (ANP-ArcO, EEEt-II, CPP, and MTR) for 
discussions of hot laboratory technology which might be desirable for 
inclusion in the Fuels Recycle Pilot Plant. 

Special Studies. 
wae~ prepared for the Divlsion of Reactor Development Of the AEC at their 
request. This "book" containa all cambinstions of l6 different sepsntive 
duty costs and 16 different naM uranium costs; 256 schedules in all. 
The cost of separative duty and the natural uraaium costs were varied from 
50 through 125 percent of the present values in five percent increments. 
The computer print-outs were bmd into two volumes; each incltding a brief 
comptrter print-& describing the calculstioa procedure and the contents. 

Supercriti(cal Reactor. 
for the supercritical reactor using available mschine codes to obtain total 
fuel Costs, whtch have been in the range of 3 mills per kwh. 
that hse been encountered is that lower fuel costs arc associated with 
undermoderated lattices in this system. 
sumey work are be- operated in a region for which they were not origIn8U.y 
desi@aad when used with these lattices. 
bracket the credibility of the results attained to date. 

A computer print-out "book" of eched urasium costs 

A number of fuel element cases have been evaluated 

One difficulty 

The physics models available for 

Therefore work is in process to 

Ibe codes being utilized in these studies are: IDIOT for lattice parameters, 
MELEAGEEI for reactivity and isotopic compositions as a function of exposure, 
and PRcrpEus to generallze and interpret the exposure and isotcrpic camposition 
data and prepare input cards for the economics codes. 
utillzed by QUICK to obtain the fuel costs for batch discharge operation and 
by QUICK G to obtain the costs for fully graded operation. 

These cards are 

The Graded Ecmamics Code, QUICK G9 hae been extensively modified and 
expanded. 
beginning and end of each recycle step or at each enrichment for uranium 
cases. 
cost for any reactor being studied. This subroutine was modified and added 
to the QUICK G code 80 that or PRcrpEus output may be minimized. 
This minimizer will calculate minimum fuel coat for each set of economic 
parameters used in the normal QUICK calculations. 

ThC isotopic concentration and exposures are pllnted art at the 

The wcI( code utilizes a minimizing routine to Held minimum fuel 

Graded calculations were made for the supercritical reactor, but without 
startup and shutdown charges. 
cycle cost to account for the extra cost of achievLng equilibrium graded 
operation asd shutting dam the reactor with only sUghtly burned up elements 
as part of the fuel charge. The addition of these charges to the super- 
critical reactor Are1 costs amounted to less than 0.1 mill/kwh. 

These charges are added to the graded f'uel 

The supercritical reactor economic calculations have to be made using a 
special set of AEC economic rules. QUICK G has been altered to allow these 
calculations to be made. 
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B. 

Advanced Pressurized Water Reactor. 
calculations for the revised study of the APWR have been completed using 
the MEIlEAGER code. Changes in the resultant physics calcuhtions from 
those previously reported result from improved methods of calculating the 
effective resonance integral and from small changes in cross sections; 

A portion of the final physics 

A study to determine the effect of adding a boron poison to the fuel in 
the APWR showed almost no effect on reactivity lifetime and associated fuel 
cost if reactor control system costs are ignored. Four sets of reactor 
cases were studied. =the first set, no boron was added; in the second, 
enough boron was added to lower the initial value of k, to 1.15; in the 
third, to 1.10; and in the fourth, to 1.047. In all four sets, the initial 
conditions were for a three percent U-235 enriched fuel system, followed by 
nine recycle cases which used three percent U-235 plus ninety-seven percent 
of the plutonium from the previous case as enrichment. In all far sets of 
data, the reactivity limited exposure for the first case was about 13,500 
mwd/t; for the second case, about 17,500; and for the third through the 
tenth cases, about 19,000. 
Fuel in terms of a decreased requirement for control rods which would lower 
the capital costs of the reactor. 
(difference between initial and final values of k, for a given run) amounts 
to 153 milli-k; in set No. 2, to 113 mk; in No. 3, to 88 mk; and in No. 4, 
to 70 mk. 

Gains are made, however, when using boron poisoned 

In set No. 1 (no boron added), the &k 

!Be potential hazards Involved in shipment of thousands of curies of long-lived 
radionuclides, particularly cesium and strontium, were studied extensively 
during the month. 
adsorbedcaticn on Decalso inorganic ion-exchange medium. 
heresis clearly the release of cesium to the atnosphere either by volatilization 
or by an explosion of other materials in connection with the postulated accident. 
On the basis of new cesium vciatility data and the above study the potential 
hazard is less serious than previously believe3. A report on this subject will 
be issued in the near future. 

Primary attention was devoted to shipment of cesium as +,he 
The prlmary hazard 

Planning was also ccmpleted on the type of studies needed for.estimating the 
hazards of shipping Ce-144 siUate, Sr9oC33, and strontium adsorbed on Decalso. 
Details of the above type of estimates were reviewed with Company specialists 
in radiological hazards analyses. 

Analytical work was completed on a series of uranium ore samples comprising 
the total feed to a typical domestic uranium mill. 
thorium-232 content ranging from 3.3 to 60 ppm. 
correspondingly showed high Th-230 ratios (up to 3.746 Th-230 in the total thorium 
content). 
Th-232 compositions containing more than 2s Th-230 in over 40% of the total ore 
suFplie3. Concurrently with these results, aMi+,ional analyses were obtained 
in streams frsm a large miii in Colorado not imestigated earlier. 
also shei;ed thorium ccqositimu in the range of 2*1 to 2,4$ Th-230 in the 
total thorim content. These results confirm earlier indications and firmly 

The results showed a 
The low ~h-232 specimens 

In general, a mixtllre of selected feeds to this mill could assure 

These streams 
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establish substantial sources of tkoriUm of relatively high Th-230 content 
from &sting mills. 

Dr. Gerald W. Johnson, Associate Director of the Lawrence Radiation Laboratory 
of the University of Cslliornia, W(LB the speaker at the Hanford Science 
Colloquitrm on April 18. Bs topic was "Project Plowshare - Status and Problems". 

Assistance was pnrvided'in axmughg for visit8 and tours by 292 visitors 
during the manth. 
high school and collage students and teachers 011 7 separate tours, and 6 members 
of the Rwss on two separate visits. 
by Dr. W. B. fiewis, Vice Realdmt Research and Develupment, Atomic Energy 

This number included 35 visitors on 21 official visits, 251 

It also included a one-day visit and tour 

Of Cd Limited, chalk Rim. 
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WU!I'ION PROTECTION OF%WTION 
REPORT FOR TBE MONTE OF APRIL, 1961 

A. ORGANIZATION AND PERSONmEL 

R. F. Urd wss reactivated on April 12, 1961, and W. H. Bischoff was deactivated 
on April 13, 1961 due to extended illness. 

B. ACTIVI!l!IES 

TKO cases of plutonium deposition were confinned during the month. 
was involved in a known incident, a contaminated minor injury and the spread of 
plutonium contamination in the 305-B Building. 
indicate a body deposition of less than 55 and less than O.$, respectively. 
total number of plutonium deposition cases that have occurred at Hanford is 267, 
of which 194 are currently employed. 

Each employee 

Initial bioassay measurements 
The 

Two minor injuries were examined for plutonium contamination in the Whole Body 

Counter. 
did not warrant medical action. 

Each case showed detectable, but minor, plutonium contamination which 

Antimony-lZ5 was identified in a regular examination of a Radiometallurgy employee 
at the Whole Body Counter during the month. The body burden was estimated as 
0.02 pc, an insignificant fraction of the maximum permissible burden of 40 pc. 
Subsequent examinations of all other Radiometc4llurgy personnel were negative. 

Prompt action by a Radiation Monitor prevented significant exposure to an IPD 
employee ' from highly contaminated gauntlet gloves and other protective clothing. 
While working at a rupture tube in the discharge area of the lO5-E Reactor, the 
monitor observed the employee grasp the contaminated end of a rupture tool. 
Immediate removal of the protective clothing limited the dose to the hand to an 
insignificant amount. A dose rate of 200 rads/hour was measured on the gauntlet 
glwes. 

Contamination was largely confined to the fenced burial ground area in 200 East 
Area following the rupture of a burial box containing equipment jumpers from Purex. 
Particulate contamination from 15,000 c/m to 500 mrads/hour was detected northwest 
of the trench, but surveys revealed negligible contamination outside the fenced area. 
The contamination was fixed to prevent further spread. Movement of several railroad 
cars from Purex to the burial ground caused extensive contamination to the track 
way in the 200 East Area. 
-ex, and were moved before being surveyed. 
was confined to the track and immediate area. 
the ground contamination fixed to prevent contamination of other railroad equipment. 
No Significant personnel exposure occurred in either incident. 

The cars had been used to accomplish g tunnel burial at 
General contamination to 80,000 c/m 
The rails were decontaminated and 

A strontium spill resulted in floor contamination up to 300 rads/hour at the rear 
face of the multi-curia ceU in the 3256 Building. Decontamination was accomplished 
with nominal personnel dose rates, but residual low level contamination required 
temporary use of shoe covers for entry into the area. The recent false alarms of a 
criticality meter in the 325 Building were traced to a faulty photomultiplier tube. 
Procedures were improved to assure adequate, periodic inspection and maintenance of 
all criticality alarms in the 300 Area. 
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hvestigation of film dosimeter usage during three b-e exchange geriods revesied 
that for the first quarter of 1961, an average of 3.2 film badges were issued per 
employee. 
period; twice the required nunber . 
planned to reduce the nunber of film dosimeters issued. 

More than 100 individvals :rere issred 6 or more film dosimeters for tkis 

:i_:-ro:.riate action through management vas 

Stack sample results at the Hot Semiworks LndicaLcd that 15 icc/day of strontium 
:as discharged to the atmosphere during the processing of the first spike run. 
Air samples collected inside the facility also provided evidence that control of' 
airborne contamination is not yet Satisfactory. 
occurred. 

I?o significant personnel exposue 

Background surveys of the plant ad surrounding environs were continued with tke 
aerial monitoring equipmnt for a total of 20 manhours of flying time. 

Difficulties were experienced with the Redox stack 50' level samTling equipment 
when cell block removal caused variable stack flows. 
work is plsnned to obtain a sample flow proportional to the stack flow at the 
higher flow rates encountered. 

.I 

Additicnal equipment design 

The solid state qlifiers for thekomatic River Monitoring Station were received 
and insta,lJ.ed. 
Specifications.and purchase orders were prepared to obtain sensitive, self-contained 
temperature recording instruments to monitor Columbia River temperatures at the 
300 Area and Paeco. 

Performance of the new amplifiers has been entirely satisfactory. 

Field tests of the charcoal adsorber csrtridges for 1-131 monitoring neared com- 
pletion. 
gain a constsnt air flow at the ideal linear velocity. 

The data show that the diameter of the cartridge must be increased to 

Efforts were continued to place the extended program for bovine thyroid monitoring 
into operation. 
agreements between the General Electric Company and the veterinarians were prepared 
and submitted to the concerned parties for comment. 

Drafts of instruction sheets for the veterinarians and special 

The Annual Summuy Report for 1960 on the Radiological Conditions in the Hanford 
Environs was completed. 
bution to government agencies and interested public officials. 

A comprehensive hazards analysis for shipment of Cs-137 in lo5 curie quantities 
was completed. 
R. L. Junkins, and E. C. Watson as co-authors. 

One hundred copies were transrm 'tted to HOO-ABC for distri- 

The results of the study vere issued for comment with J. J. Fuquay, 

Radiological Design Criteria for the Fuel Recycle Pilot Plant (FRPP) were discussed 
with design engineers and operational personnel. 
were reviewed and new stack limits derived, based on an avarage wind velocity vector. 
Studies to detennine the requirements for radiation monitoring and stack monitoring 
equipment, including cost estimates, were initiated. 

Release limits for effluents 
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Preliminary studies indicate that density measurements with existing equipment 
permit evaluation of duPont 1290 film to a dose of 2000 r. 
to the capability of spectrographic measurements for this film. 
comparable to the upper limit of duPont 510 film, achieved only by the X-ray 
spectrometer method. 
the insensitive emulsion in the Hanford film dosimeter. 

This is similar 
It is also 

The 1290 film has recently replaced the 510 film as 

The use of tungsten as a filter in prototype personnel film dosimeters has 
resulted in a nearly linear film density response for gamma energies between 
0.05 and 1Mev. Studies are being conducted to reduce a slight density peak 
at 0.062 Mev. 
system hsve demonstrated the capability of estimating beta dose in the 
presence of plutonium low energy X-ray and gamma ray exposures. 

Additional experiments with the proposed dosimeter iilter 

About 100 ionization chamber finger rings of Hanford design were received 
from Landsverk Electrometer Company. Performance tests were initiated. The 
manufacturer requested information regarding authorization to produce the rings 
for other customers. 
Patent Attorney. 

The request was referred to Purchasing and the EL0 

Engineering drawings were prepared for components of the double moderator 
criticality dosimeter. 
spectrum were derived from foil activation measurements. 
details indicate that the double moderator criticality dosimeter offers 
performance equal to the present threshold detector system for estimating total 
neutron dose and only a slight compromise in neutron energy spectrum analysis. 
Significant savings from lower fabrication costs plus elimination of the 
plutonium and other radioactive foils of the present detectors are accomplished 
with the double moderator system. 

Equations for the evaluation of the neutron energy 
System perfomce 

The characteristic parameters of silicon diodes fabricated to Hanford specifi- 
cations are being investigated. Measurements of the forward current, forward 
resistance and pulse lifetime have been made. 
determine the reproducibility of these measurements before any neutron 
exposures are made. 

The 400 channel pulse height analyzer was received and installed in the bioassay 
laboratory. 
rapid measurement and identification of gamma emitters that may be encountered 
in biological samples. 

Studies are in progress to 

The equipmeht extends the capability of the laboratory by permitting 

A continuous air monitor for measuring beta emitters was installed at the 
Radiometallurgy Building, and field performance tests were initiated. Plans 
call for installation of several units. 
continuous alpha air monitors in the 231-2 Building were temporarily removed 
from service. 
reliability . 

Because of frequent false alarms, the 

Continued use of the instrumentation is dependent upon improved 
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The prototype Scintrsn instrument was returned to the supplier with instructions 
for corrective action to meet acceptance tests. 
a plastic probe housing for the gamms insensitive, scintillation poppy probes 
was cancelled when the vendor failed to deliver satisfactory items. 

A purchase order to provide 

Personnel iram RPO ccqonents participated in the National Civil Defense Exer- 
cise, OPAL 61. The exercise for Haaford was conducted at the Mobile Emergency 
Relocation Center. Based on fragmentary information received intermittently 
through normal conmnmicatiane chaanels, fallout patterns and dose rates were 
calculated and plotted for simulated nuclear weapon bursts throughout the 
Ncrthwest. Fran these predictions, radiological. recommendations were made to 
the Word Civil Defense staff and other participating localities. 

Radiation protection consultation was provided on April 18 through April 20 for 
Dr, J. A. IVorcross, Dr. T. 5. Ely, Dr. J. V. Nehemias, and Mr. J. P. H. Kelly 

who were at Hanford on a periodic visit for the Office of Health and Safety, 
AEC Headquarters, W~shingt~t~~ D. C. 

Dr. M, Eisenbud and Mr. E. B. !&omas from the Consolidated Edison Campany dis- 
cussed eampLing of ,.the Colunibia River and biota on April 24 and 25. 

Mr. J. W. Healy from General Electric at Schenectady and Mr. J. M. Smith from 
APED consulted on the assessment of hazards from fission product release. 

On April 3, 48 students from Chief Joseph Junior High School visited the 
Calibrations Building, 

D. EMPLOYEE REIATIOMS 

Seven suggestions were submitted by personnel of the Radiation Protection Operation 
during the month bringing the year-to-date total to fifteen. 
adopted and none rejected. 
evaluation. 

No suggestions were 
Ten suggestions submitted by Rpo personnel are pending 

There ws6 one medical. treatment injury during the month for a frequency of 0.47. 
No security violations occurred during April. 

Radiation Protection training included: 
presented on three occasions to IPD processing exempt employees and IPD radiation 
protection personnel; radiological orientation talks were presented to -four groups 
of new employees; and three 2-hour discussions on radiation protection were 
presented to Hanford patrolmen. 

a seminar on Internal Dosimetry was 
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E. SIGNIFICANT REPORTS 
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HW-69278 "Analysis of Radiological Data For The Month Of March, 1961" 
by R. F. Foster 

HW-69464 t'Monthly Report - April, 1961, Radiation Monitoring Operation" 
by A. J. Stevens 

"Precision Instrumentation for an Electron Accelerator" co-authored by 
R. V. Larson and I. T. Myers was accepted for publication in "Muclear 
Instruments and Methods". 

"A Method of Linearizing Thermistor Thermometer Data in Calorimetry" 
co-authored by H. V. Larson'and I. T. wrs was submitted for publication 
in the "Journal of Scientific Instruments". , 
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Activity Monthly 
Sample ryPe and Ucation 'PYEe Average 

Driddng Water 

units - 

100-F Area 
Separations -8s 
msco 
Kennewids 
Richland 

Isotopic 0 -6 e MPc,-GI* 
1.7 x 10-7 w/cc 

Isotopic 6.3 e %-GI* 
Isotopic < 1.2 e =+GI* 
Gross Beta .< 3.0 x lo4 W/CC 

Gross Beta 

Columbia River Bter 

Above 100-B Area Gross Beta 1-7 x 10% pc/cc 
100-F Area 
Hanf'ord 

HcNary Dm Gross Beta No Sample 
Vancouver, Washington 

Atm;osphere 

Isotopic 2 .a e --GI* 
Isotopic 2.6 $ MPc,-GI* 
Isotopic 16 e --GI* 
Is0 topic 0.8 e %-GI* 

-8CO 

1~3 Seperations Areas 113 
1~3 Separations stacks 113 
Active Particles - ProJect -- 
Active Particles - Environs -- 

4.1 10-~3 vc/cc 
0.6 Combined curies/ 

ptle/lW rn3 1.1 
0.04 ptle/100 m3 

Vegetation (Control umit for vegetation IS 10-5 pc 113/g) 

Separations Areas 1131 
Residential . 1~31 
Eastern Washington and 

Oregon 1131 

3.9 x 10-6 w/g 
< 1.5 x VC/8 

No Samples 

* The $ Mpc, is the percent of the maxLmum permissible limit for occupational 
exposure ta the gastrointestinal tract calculated from drinking water limits 
contained in loBB Handbook 69. 

* The Mpc,-GI is the percent of the maxlmum pmulssible concentrations for 
persons in the neighborhood of controlled areas for continuous exposure to 
the gastrointestinal tract calculated from drinking water limits contained 
in NBS Handbook 69. 

H++ This location is now sampled quarterly. The most recent result is tabled. 

UNCLASSIFIEI) 



UNCLAsSIFlED G-7 

EXPOSW EVALUATION AND RECORDS 

mosure Incidents above Permissible Limits 

Whole Body bcaliz ed 
0 0 . 
1 3 

Gamma Pencils 
Pencils Paired Readings Paired Readings Lost - 

Proc es sed 100-280 mr Over 280 mr Readings 
April 4,046 35 0 0 

1.961 to Date 18,788 248 1.3 0 

Beta-Gamma Film Badges 
Badges Readings Readings Readings Lost Average Dose 

Processed 100-300 mads 300-500 mads Over 500 mads Readings Per Film Packet 

142 29 22 April 9,931 1,055 
1961 to 
Date 40,434 3,695 408 107 100 9.29 21.34 

Neutron Film Badges 
Fllm 

Processed 
Readings Readings Readings bst 
>O-lOO mrem 100-300 mrem Over 300 mrem Readings 

0 0 0 2 

0 0 0 27 

- 

Slow Neutron 
April 
1961 to Date 

Fast Neutron 
April 
1961 to-Date 

46 
264 

5 
58 

0 2 

0 27 

Whole Body Counter 
Female April 1961. to Date Male 

*& 

78 2 80 228 
4 0 4 31 
0 0 0 1 

GE Employees 
Routine 
Special 
Terminal 

Non-employees 2 0 2 ll 

0 - 0 - 
84 2 

0 - 0 - 
86 271 

Pre-eqloyment 

Total 

Bioassax 
April 

2 Confirmed Plutonium Deposition Cases 

Assayed 465 2,398 
above 2.2 x pc Pu/sample ,IO 63 

Plutonium: Samples 
Results 

Fission Prcduct: SEslples Assayed 568 
Results above 3.1 x uc FP/ 0 

2,630 
2 

281 1,143 
sample 

Uranium: Samples Assayed 
Whe totel number cf plutonium deposition cases which have occurred at Hanford 
has increased t3 267, of wi?ich lgk are currently employed on plant. mcLAss~m 

?I-# '1 
122l:i~ 1 
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Uranium Analyses 

Sample Description 

hels Preparation 
hels Reparation* 
Hanford Laboratories 
Hanford Laboratories* 
Chemical Processing 
Chemlcal Processhe 
Special Incidents 
Random 

Following Exposure 
Units of 10.9 c\c U/cc 

i1umber 
Maximum Average Samples 

41.5 5.3 61 
3.1 3.1 1 
14.8 4.2 26 

FollowFng Period of No Eqos, - 
Units of 10-9 uc U/CC 

Number 
Maximum Average Samples 

28.7 3.5 
0 0 

23.3 2.7 
0 0 

U.9 4.6 
0 0 
0 0 
0 0 

YSamples taken prior to and after a specific job dura work week. 

Thyroid Checks 
Checks Taken 
Checks Above Detection Limit 

Hand CLecks 
Checks Taken - Alpha - Bets-gamma 

Skin Contamination 
Plutonium 
Fission Products 
Uranium 

WRATIOIJS 

Portable .Instments 
CP Meter 
Juao 
GM 
Other 
Audits 

Total 

Personnel Meters 
Badge Film 
Pencils 
Other 

Total 

Miscellaneous Special Services ' 

Total I?umber of Calibrations 

April 1961 to Date 
0 0 
0 0 

34,377 
48,159 

22 
61 
1 

85 
190 
25 

Number of Units Calibrated 
Auril 1961 to Date 

916 
230 
475 
194 
102 

1,917 
- 

A 

3 , 626 
933 

2,257 
691: 
414 

7,9= 

5 9 799 

1,524 

7,323 

3,505 

18 9 749 

- 

62 
0 

29 
0 

38 
0 
0 
0 

'Mahager 
G/" Radiation Protection 
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CENERAL 

There were no security violations charged to the Operation. 

There were no major injuries; the minor injury frequency rate was 
5.52 for the month and 3.19 for the year to Idate. 

TECHNICAL SHOPS OPERATION 

Total productive time for the period was 20,153 hours. 
14,087 hours performed in the Technical Shops, 3,661 hours assiwed to 
Minor Construction, 67 hours assimed to other project shops and 2,338 
hours assigned to off-site- vendors. Total shop backlog is 19,301 hours, 
of which 60% is required in the current mnth with the remainder dis- 
tributed over a three-mnth period. Overtime hours worked during the 
month was 5.2$ (933.9 hours) of the total available hours. 

This includes 

Distribution of time was as follows: 

Man-hours $of Total 

Fuels Preparation Department 5,195 25.8% 

Chemical. Processing Department 66 5 3- 3% 

Construction Engineering & Utilities 21 O.l$ 

Irradiation Processing Department 8 57 4.2$ 

Hanf ord Lab0 rato ries Ope ration 13,415 66.676 

Requests for emergency service decreased sharply, requiring an overtime 
rate of 5.2$, compared to 8.3% the previous period. 

At the close of the reporting period, there were two open requisitions 
for Machinists. 
and final call-in issued. One Machinist and one Instrument Technician 
were added to the roll during the reporting period. 

Candidates for these positions have been processed 

Security performance was considered satisfactory with no violations. 
There were 15 medical treatment injuries, which is considered higher 
than no& for this type of operation. 

CONSTRUCTION OPERATION 

There were 70 existing J. A. Jones Company orders at the beginning of the 
rnocth with a total unexpended balance of $74,616. 
new orLers, 3 stpplements and adjustments for underruns amounted to 

One hundred and four 

$C8,90&. Expenditures 
J. A. 6:::es backlog at 

during the month on RLO work were $72,016. 
month's end was $71,504. 

Total 
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- NO. Balance - NO. Balance 

Orders outstanding beginning of month 69 $ 73,162 1 $ i,lC54 
Issued during the m. (Inc.Sup.lbAdj.) 107 @,nS 126 
J.A. Jones Ergenditures during month 

(Inc. C.O. costs) 72,016 
Balance at Illonth's end 50 69,924 1 1,930 
Orders closed during mnth 135 89,051 0 0 

Projects 

The following is a brief summary of project work in Facilities Engineering 
Operation : 

There were 15 authorized projects at mnth's end with total authorized 
funds of $2,424,000. 
The expenditures on these projects through March 31, 1961, were $1,286,000. 

The total estimated cost of these projects is $8,734,000. 

The following summarizes the status of FEO project activity: 

15 Number of authorized pro jects at mnth's end 

3 Number of new projects authorized during the mnth: 
CGH-902 Uranium Scrq Burning Facility 
CGH-919 33-4 Building Air Conditioning 
CGH-924 200 KW Induction Heating System - 306 Bldg. 

Projects completed during the mnth: 0 

New project proposals submitted to AEC during month: 0 

New projects awaiting AEC approval: 
CAE-917 Field Service Center 
CGH-918 Second Whole Body- Counter Cell Addition - 747 Bldg. 
CGH-922 Burst Test Facility for Irradiated Zr Tubes 
CGH-927 Additions to 271-CR Building Waste Treatment 

Demonstration Facility 

Note - Proposals complete or nearing completion are as follows: 

Coolant Systems Development Laboratory 
Laboratory Waste Retention Facilities Expansion 
Safety and Operating Improvements - 231-2 Building 
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Enginee ring Services 

Engineering work performed during the month included the following 
listed major items as well as scope engineering for project proposals. 

Title Status 

Pressure Vessel and Piping Systems This is a continuing work program on 
Engineering & Inspection S.ervice HID vessels, pressure systems and re- 

lated safety devices. 
not only periodic inspection and engineer- 
ing evaluations of plant pressure systems 
but engineering service during design, 
fabrication, installation, and operation 
to Rgg components having process devices 
subjected to high pressures and tempera- 
tures. Code compliance engineering 
service work is being perfonned on 1) 
PK~~R Systems: 2) Irradiation Studies 
Loop; 3) Breakaway Corrosion Loop; and, 
4) Equipment Projects. 

The work includes 

"Split-half" Machine For Critical Mechanical design of machine is essentially 
Mass Studies complete. Electrical design work remains. 

Components have been purchased and are 
being assembled. The special drive for 
remote control with instnunentation re- 
mains to be designed and applied. 

Con&ol and Safety Rods for Tamper Development work is performed prior to 
Tank (Critical Mass) completion of design. 

Electrical Modifications - 3702 
Building of craftsmen. 

Field work is delayed pending availability 

Special Filter Changer - CWS Material is on order for testing a pro- 
posed design using plastic bags and 
shielded cart. 

Material Handling System and 
Other Shop Improvements - 328 
Building 

a) Material Handling System 
b) Coating Process Improvements 
c) Chuck Handling Procedure 

Engineering work is in progress. 
is being ordered for installation. 

Material 
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Status - Title - 
Engineering Studies - 100-F A survey tour was made during March. 

Recomndations of maintenance of main 
air supply units in 108-1- Building 
vex made. 

'\ , 
Electrical Load Improvements - had studies are complete. Engineering 
329 =lug desis complete. Installation work 

will be performed by Plant Forces. 

Motorized Door Opening Device - 
327 -1-6 adjustments. 

hbdiflcatlone to H-1 Wop - 105-E Scope design work is in pmgress. 
Building, for Corrosion Studies will be used in preparation of a project 

pmposal. 

Installation work complete except for 

This 

Arrange +ace and install utili- 
ties for business machines - 
3760 Building. 

Design work in progress. 

Source Positioner - 3745 Building Design complete. Material on hand. 
Installation has started. 

Zone Modifications - 325 Slag. 
Air Conditioning System 

Cost estimates are being prepared based 
on completed detail design. 

Drafting and Design Services 

Work load in 3706 Building drafting mom is constant with some overtime work 
required. 
backlog. 
equalize work load. 
this month. 

Branch offlcss in 306 and 308 Buildings have work loads without 
!?he 308 Building drafting room was reduced by one man to better 

!?he e-quivalent of 150 design drawings were completed 

Major design and drafting work in pmgress includes the folbwing: 

1. Structural Materials Irradiation Test Facility - design - 43 drawings 
completed. 

2. Thermal Precipitator - 5 drawings reqpired - 40$ complete. 

3. Critical Facility - approx. 20 dnswings required - work complete. 

4. Process Calciner - 25 drawings estimated - complete. 

5. Rupture Loop Mock-up Facility - 15 drawings required - work temporarily 
stopped. 

6. Process Tube Monitor Mark I11 - 6 drawings required - SO$ complete. 
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7. 

8. 

9. 

10. 

11. 

12 a 

Spectrosc3py Laboratory - 6 drawings required - 25$ complete. 

Shroud Replacement Tools - '20 drawings estimated - work started. 

Waste Sludge Sluice System - work started. 

Flux Measuring Device - work started. 

Arc Melt Hood - 6 irawings required - 70$ complete. 

Conductivity Insert Model I1 - work started. 

Plant Maintenance and Operation 

March costs were $156,819 which is 98.s of forecast to date. 

Analysis of costs 

The cumulative expenditure has risen to 98.s of the forecast which 
was made last December when the budget was reduced. 
in activity arises from accelerated improvement maintenance. 
efforts to obtain our share of the maintenance manpower has also 
produced favorable results. 

This increase 
Our 

Improvement Maintenapce 

Item 

Relocation and alteration 
Repainting 
Reroofing 
Electrical Modifications 
Piping Modifications 
HgdVent Modifications 
Crane 

- 
$ 6,136 

2- 665 m 
Plant Engineering and Miscellaneous 

Approximately 28,000 square feet of prints were reproduced during the 
mmth. 

Tne total. estimated value of the 10 requisitions issued during the 
month was $260,000. 
approved HLO projects. 
terminoloa for use in areas requiring special radiological protective 
zpp are 1. 

The majority of this procurement activity is for 
New signs are being procured using standard 

Painting is being continued in 325 Building. 

Painting of certain moms in 231-2 Building continued. 
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The rerouting of the crib waste line in 327 Building was completed 
by J. A. Jones Construction forces. 

Electrical Load Studies are being made in 325 and 3760 Buildings. 
New lighting panels are being installed in 325 Bullding. 

- 

The craue in 34 Building ha6 been replrired and Is in service. 

Improvwents to fail-safe features of 325-A Building ventilation system 
are being installed. 

The crane in 3U Building wm inspected during the nmnth. 

Crane rails In 327 Building axe being leveled. 

Criticality alann systqms installed in the Hot Semi-works and Critical 
Mass Laboratory are being interconnected. 

Minor electrical modifications ~pe being made in 3702 Buildirg . 

Preparations ibr the intewiemrs from Saul Hemer and Company, who are 
surveylng Codssion sites to test the effectiveness of MC's technical 
hfOrm8tlOn pmgrapn, are proceeding smmthlyB The survey was annovuaced 
In Manageme& Newsletters to all Departments. 
scientific and technical personnel at HAP0 is being run from the 
Personnel Source File in Data Processing and the ordered sample will 
be selected fmm it. 

A llsting of aU 

Two 

All. 

classification memos were distributed to the field. 

m-69021 "classification : Plutonium" 
HW-69U8 

They a,re: 

"Excerpts fmm Minutes of the Sixth AEC Classification 
Officers Meeting, Germantown" 

fo& R & D reports will be reviewed by the Patent Attorney to 
ascertain whether patentable material and/or legal objections exist to 
prevent a document being sent off-site. A corollary pmblem involving 
the release to the AEC and its contractors of non-formal reports with 
patentable material has been resolved with the use of a new sticker. 
The sticker serves to explnin the Official Use Only category under 
which such reports are released. 

The annual listings of non-classified and Confidential-Undocumented 
documents charged out from Files were mailed to the field in conjunction 
with the periodic inventory of classified documents. The listing has 
resulted in an increase in the number of bcwnents returned to Files. 
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Representatives of IBM met with personnel from Technical Information 
and C & A's Office Procedures Operation to review the detailed pro- 
graming of the Files' Card-a-type installation. Necessary forms 
have been ordered, necessary furniture has been ordered, and the 
Card-a-type operator has been selected. Keypunching of off-site 
addresses has begun. 
small one-drawer file box which plant secretaries can use to keep 
their copies of the new IBM route forms to be used in the new system. 
Installation is expected about June 1. 

Stores has been asked to obtain a supply of a 

Work Volume Statistics 

Document Distribution and Files 
March - April 

Documents routed and discharged (copies) 19,763 29,057 

Documents sent off-site (copies) 5,700 6,630 
Document reserves filled (copies) 671 698 
Documents picked up and delivered 19,114 18,889 

Documents issued (copies) 11,466 14,206 

Do cument Account ability 

Holders of classified documents whose 

files were inventoried 411 638 
Documents inventoried in Files (copies) -- -- 
Documents destroyed or retired (copies) 13,475 16,601 

Documents pulled and documents filed 
(copies) 18,391 22,654 

Do cuments reclassified 602 781 

Accountable copies of SECRET and I3oCuMENTED 

CONFIDENTIAL documents on-site 204,941 199,886 

Documents revised (copies) 1,181 1,701 

Documents micro f ihed 4,220 3,772 

Reference and Publication 

Books cataloged (new titles) 88 152 
Books added to the collection (volumes) 302 374 

professional staff 223 145 
Literature searches by pmfessional staff 71 90 
Reports abstracted (titles) 287 296 
Formal reports prepared (titles) 9 12 
Off-site requests for HAPO reports (copies) 181 306 
Reports released to CAP (titles) 17 24 

Ready reference questions answered by 
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- Msrch April 

Library Acsuisitions and Circulation 

Books ordered (volumes) 
Periadicals ordered 
Books circulated (wlumes) 
Periodicals circulated (issues) 
Inter-Library bans 
FiLne bornwed or rented 
Industrial film  showing^^ 
Bound yeriodicals added to the collection 
Bound periodicals discarded 

377 
208 

2,519 
4,144 

81 
10 

53 
172 
1 

318 
174 

1,647 
3,412 

sa 
18 
106 

5 
0 

Library Collection: 

Ind. Med. Total Main Library W-10 Library 100-F Library - 
no. of books 31,338 8,619 1,769 2,051 43,777 

periodicals 14,422 14 1,892 6 16,299 
Xo. of bound 

- - - - - 
451 760 8,633 3,661 2,057 60,076 

Cla6sification and Declas~ification 

April March 

Documents, including drarlnga and photogmphs 
reviewed for downgrading or declassification 

Documents and papers (htended for oral 
presentation or publication) reviewed 
for iqq rop riate class if i cation 

Documents submitted to Declassification 

3 51 45 

26 29 . 

Branch, Oak Ridge 64 3 

JL B0yd:jw 
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DES1 ON EN GIN I W. RIN G 0 PER A TlON 

OE ClLLD ENOINECRINQ 

-- 2 
SEMI -MONTHLY PROJECT STATUS REPORT I HW- r&pp 

.. 

17 08 70 
90 

’ CPFF 

FP 7 95 

I 
VI VL 

DATE 4/30/61 GENERAL ELECTRIC co. - Hak*ord Laboratories 
PR0J.N 0. TITLE 

76 

I nnr nnA 

stopged pending authorization of this revision. 

MANPOWC A 
llxen --arr 

1 11~90. I SCMCD. IACTUX CON~T. 9-30-61 II 

PLANT CORCLS 

ARCHITECT- ENOINCCII ll 

Struther-Wells has completed steel shielding design. 
to mock-up in-reactor test section in ”B” cell. 

Plans are being formulated 

FIXED PRICE 

COST PLUS FIXED CEC 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESIGN ENGINEERING OPCRATION 

GE FIELD ENOINEERING 

I I I 1 
I 

I 
SCOPE. PURPOSE. STATUS b CROQRCSS 

* Based on the revised estimate cost of $745,000. 

1251J’li 
RM -7ino-na?t ?-GI\ _.._ 



GENERAL ELECTRIC CO. - 

COST PLUS nx.0 PCC 

PLANT romcca 

ARCMltCCT- ENotNCCR 

The lock inatallation has been campleted. R-db&uwy testing rev-& certain 
deficiencies in the operating mechantmu. me vendor bas been info- sad is 
Broviding the paz%s necessary to correct thc deficiencies. 

George Grant Co., the fixed price building contractor, is estimsted to be 
complete My 15 rather than lky I., pTeviously scheduled. 

* Does not reflect the progress mede on G. E. procured items until such iterne are 
. in8talled. 

CLANT FORCES 

A project proposal revision requesting the total construction funds is in 
preparation. 



.. 

PROJ. NO. 

SEMI -MONTHLY PROJECT STATUS REPORT 

FIXED PRlC 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT- ENGINEER 

DESIGN ENGINE E Rl N G 0 PER A TlON 

OE FlELD ENGINEERING 

This project will provide facilities to prepare specimens from irradiated materials 
for use in determining their physical and mechanical properties and involves the 
installation of a cell in 327 Building. 

CUNOlNO TITLE 

Procurement is progressing satisfactorily. 
is due for opening on 5-8-61. 

The Bid on the cell procurement order 

TARTING DESlGNi-5-5g 

CONST. -20- i 

DATE AUTHORIZED 5-31-60 fST'D* ~~aiadI.-lJ+-6O PhRCLNT COMPLETE 

OIR. COW. DATE 6-30-62 DATES CONST. 3-1-62 WT'D. SCHED. ACTUAL 
COM PL. 

ENOINEER 

FEO - RW Dascenzo 
MAN PO WE R MANDAYS 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESIGN ENGINEERING OPERATION 

GE FIELD ENGINEERINO 

oEslCn 100 100 100 

CE-TIT.II 10 100 100 

100 100 

TITLE I 

AE-T1T.I I 9 

I I I I 
I I II I 

SCOPE. PURPOSE. STATUS L PROGRESS 

This project will allowgztater capacity for analytical work involving todayla more 
highly radioactive solwbions and consists of adding a shielded laboratory to the 
325 Building. 

HOO-Mi" Direc5ive HW-495, dated April 20, 1961, approved the project and 
authcrized the incurrence of costs in %he amount of $7OO,OOO. 
completion date is June 30, 1962. 

The advance construction notice has been issued and the bid package will be 

me directive 

issued on April 27, wit be b4ci-o ening on June 1, 1961. Ph f 3r izf 



ELECTRIC CO. - 

CIXCD PRICE 

COST PLUS CIXCD CCC 

PLANTFORCES 

ARCbllTCCl- CNOINCCR 

OCSI QN CNQI N CCRINQ 0 PCR ATION 

0. WCLD CNQINCCRINQ 

(1) G.A. Grant Campmy. 
All design drawinge and construction specificstion8 have been agproved. 

* Detail Desiepl. Scope des- started U./2/59 and completed 3/15/60. 
+* Water plant conetnrctlon wae ~cheduled for rrtarting 3/4'61. Design draw and 

specs for water plant end holdup tank forwarded to AEC-HOO early in February. 
These hare not been relcaeed for bidding as yet. 
3 months behbd schedule 88 a result. 

The project is approximately 

COST PLUS CIXCD CCC 

PLANT FORCES 

ARCMITCCT - INQINCLR 

DL31 ON CNOIN LCRINQ OPERATION 

OE FILL0 CNOINCCRINQ 

This project will provide a facility for recovery of specific radioisotopes from 
xastes, and involves an addition to the 325 Building. 

The Labor Senrice Contractor is scaling the vault cover slabs and cleaning out the 

replaced with an eqbsion-proof motor to make it compatible with the rest of the 
vault. 

1 vault exhaust ducts. One of the governmMt flumished agitator motors is being 

I 

8 M - 7300-042 ( 2-6 I ) aac.oa nicnuno. wun. 

I I 
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SEMI -MONTHLY PROJECT STATUS REPORT I 1 

I I II I I I 

SCOPE. PURPOSE. STATUS L PROGRLSS 

This project provides additional space for biological research supporting services, 
and involves an addition to the 108-F Building. 
Miscellaneous additions and changes were made by G.E. Co. to the tracings and specs. 
which were made at the request of B.D. Bohna and concurrence of AEC. The tracings and 
specs. were presented to the AEC on 4/18/61. Two sets of drawings and a rough draft 
of the special conditione were handed to the AEC on 4/7/61. 
AEC was held up pending receipt of their work authority dated 4/18/61, which was being 
processed. G.E. advised the AEC it considered the radiation handling facilities was 
insufficiently detailed (Title I only) to be included as part of the lump sum general 
contract. 
to AEC on 4/19/61. The Hzx) Tecbical Shops is preparing an estimate of the handlinR 

Bid package preparation by 

The special conditions were prepared by G. E. accordingly and presented 

. 

\ 

4/30/61 GENERAL ELECTRIC CO. - word Laboratories i OATE 

PR0J.N 0. ! TITLE 1 FUNDING 

I 

iNS hoo I ENGINEER 

FEO - SP Lloyd 
MAN PO we R 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT- ENGINEER 

DESIGN ENGINEERING OPERATION 

OE FIELD ENGINELRING 

AVERAGE ACCLM MANDAYS 

STARTING 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESION ENGINEERING OPERATION 

GE FIELD ENOlNEERlNO 

SCOPE, PURPOSE. STATUS b PROGRESS 

This project involves a facility for deliberately rupturing tubing to establish 
service conditions. 

The foudztions have been poured and piping is being placed prior to pourLng the 
walls md floor slab. 
Vendcr pmcurement is progressing favorably. 

The door to the 314 Building has been cut and framed. Sub- 



SEMI -MONTHLY PROJECT STATUS REPORT 

word Labrato*s GENLRAL ELECTRIC CO. - 

CIX.8 LRlC 

HW- 69408 

OAT' 4/30/61 

PLANT CORCU 

ARCMITSCT- CNQINCCR 

DCSl ON CNOINCCRIN 0 0 CCR ATION 

OK WCLD CNOINCCRINO 

pROJ.NO. 

I I II I I I 

acoCe. CURCOSC. STATUS CnoaRaaa 

This project Bppvidcs for the izu?tallation of eqpi-t at the 
changes in the pbyalcal propertfee of reactor structural materials subjected to 
in-reactor conditione can be determined. 

Planned installation start date of 4/17/61 has been postponed for at least six 
weeks because of hi@- priority work by the Phillip Pttr0,leum Co. 

The HIDO-AEC has been requested to confirm the schedule change and 
furnish information concerning the project status. 

for which 

TlTLC CUNDINO 

PRW. NO. TITLE 

CIX.0 PRICE 

coar PLUS Cixco ccc 

PLANT FORCES 

ARCHITECT - ENOINCCR 

DCSIQN ENGINLCRINO OCCRATION 

0s FIELD CNOINCCRINQ 

This project provides a means of making uranium scrap material safer for storage 
and off'-plant shipment by converting this scrap to a stable uranium oxide. 
facility wiU be adjacent to the 333 Building. 

Directive and mrk authority have been received changing the Methods of Performing 
Work. 
accepting the mrk authority. 
were accepted as stated. 

Design will start May 1, 2961. 
* Accepted by the General Electric Company 4/17/61. 

The 

LLl( 

c-1 
An extension of completion date may be required because of the delay in 

The Work Authority and Directive Comgletion Date 

BM -7300-042( 2-61) ~ccr micntlmm -a*- 

CUNOINO 
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~- SEMI -MONTHLY PRCJECT STATUS REPORT 

GENER~ ELECTRIC co. - Hanford Laborazories 1 =ATE 4130161 
PR0J.N 0. I TITLE I FUNDING 

PROJ. NO. 

FEO - OM QSO 

MANPOWER AVERAGE 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT- ENGINEER 

DESIGN ENGINEERING OPERATION 

GE FIELD ENGINLERING 

TlTLE FUNDING ms 

1 I II I I I 
SCOPE. PURPOSE; STATUS L PROGRESS 

This project will allow performance of radioecological studies under local environ- 
mental conditions. 

The field survey work is complete. 
received to date. After comments, detail design will be completed by Bovay. 

It consists of constructing field facilities for this purpose. 

Scope design by the A. E. has not been 

1 

Requisitions have been issued for etplpment being purchased by G. E. 
first items are being reviewed at present. 

* Bovay Engineers. 

Bids on the - 

100 CDNST. 

PF 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DLSION ENGINEERING OPERATION 

GE FIELD ENGINEERING 

I I I I I 
SCOPE. PURPOSE. STATUS L PROGRESS 

I 
This project is to provide a facility to perform a full scope of engineering tests 
md pilot plant studies associated with fuel reprocessing concepts. 

A Design Council Meeting vas held on April 21, 1961. 
was decided to locate this facility east of the 308 Building; to use &-foot thick 
high density concrete Wails in routinely occupied areas; to limit stack height 
to $0 meters and to establish a control estimate. 

1 
1 

1 
1 

As a design basis, it 

1251;:3 

EM 7300 -fldZ( 2-61> AIPCI.*TYI.~~ w.eY 



. 8. H-l6 
I 

SEMI - MONTHLY PROJECT STATUS REPORT I 69408 1. I 
Himford Laboratories I OAT' 4/30/61 

GtNCRAL ELECTRIC CO. - 
PROJ-NO. I TITLE 

- JT Lloyd 
Y A NCO WE R AVERAGE 

ClXED PRICE 

COST PLUS nxrm CEl 

PLANT CORCCS 

ARCHITECT- ENQINEEII 

DLSIQN ENQINEERINQ OPERATION 

OI CIELD ENOINLERINQ 

I 

SCOPE. LURLOSE. STATUS PROQRSSI 

This project wlll piravide facilltles necessary to 
research and developent prom. 

LCCW UANOAYI 

conduct atnmrgheric physics 

!!%e revised plot plan and sheet 7, or the proposal was transmitted to the AEC 
an 4/14. 
approval. 

!Che proposal has not been-revlewed by the Comutiesion for local 

* Based on &c authorization by 5/15/61. 

caw. NO. TITLE 1 CUNDINO 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCCS 

ARCHITECT - PNOINEER 

DEIION LNOINLLRINO OPERATION 

OE FIELD CNOINKKRINO 

This project all provide a second whole body monitoring cell in the 747-A Building 
to increase the capacity of the Whole Body Counter Facility to meet projected needs. 

The project propeal was submitted to the Commission on 12/9/60, and has been sent 
to Washington for review by the Division of Biology & Medicine. 
been no further action eince the last report. 

There has 

* Assuming AEC authorization by 7-1-61. 

, 



I FUNDINQ CROJ. NO. TITLE I 

DATES ' 

This project will supplement existing cooling units, thus providing cooling air 
supply commensurate with heat load and outdoor temperatures. 

Directive AF,C-188 dated March 8, 1961, authorized the project and assigned 
management to the Atomic Energy Commission. 
4/18/61, to the G. E. company. Design wi~ start immediately. 

Work Authority was issued 

[C o N s T 6- 15 -61 11 DIR. COMP. DATE 9-15-61 DATES ~0~1~.9-15-61 WT.0. SCHED. ACTUAL 

I COST & COMM. TO S 

ENGINEER OLSIGN I Ian I I 

FIXED PRICE 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESI GN ENGINE ERIN Q OP ERA TlON 

GE FIELD ENGlNEERlNQ 

FEO - OM L~O 
MAN POWER AVERAGE ACCLM MANDAYS 

FIXED PRICE 

COST PLUS PIXED FEE 

PLANT CORCES 

ARCHITECT- ENGINEER 

DESIGN ENGINEERING OPERATION 

OE FIELD ENGINOERINQ 

It 
I 7, I" 

SCOPE. PURPOSE. STATUS L PROGRESS 

.__ 
I 
I 

I TITLE I 

CE-TIT.I I 

A€- TIT. I I 

- CONST. 

PF 

CPFF 

FP 

This project involves the continued drilling of special research, test and 
monitoring wells. 

AE- TIT. I I 

On Aprfl 19, a contract orientation meeting was held by the AEC for the 
A. 14. 2amscn Drilling Co. 
contract ;inti1 May 2, or when second drilling rig arrives on site. 

Mo work will. be started on our portion of this 



DCSION CNOINlCRINO OCCRATION 

0C nCL0 CNOINCCRINO 

The project grolpsal, which was returned by the Canrmission without action, has 
been revised to include stlgplenkntal data requested by the Cammission and is 
being routed for G. E. CoPPpsny am. 

cc 

cccc 

R 

I This project will provide a facility for specialized spectroscopy work. 

Field Work Releaae #67 has been issued to J. A. Jones for procurement of air 
conditioning equipnent . 

I 

Bid opening on'the mMR Spectrometer e-t is scheduled for 4-2i'-61. 
Bid opening on the air conditioner is scheduled for 4-28-61. 



H-19 

FM) - KA Clark 
MANPOWER AVLRAOE ACCUM MANDAYS 

ClXhD PRICE 

. 

. -- 
TITLE I * 

GE-TIT. I I 

AG TIT. I I 

4' 

SEMI -MONTHLY PROJECT STATUS REPORT 

FIXED PRICE 

COST PLUS FlXLD FEE 

PLANT ?ORCLS 

ARCHITECT- ENGINEER 

DESI ON ENGINE ERIN G 0 PER A TlON 

OE FIELD ENGINEERING 

1 I II I I 

!Fhis project will provide a source of power for induction heating for R & D work 
in the 306 Building. 

SCOPE. PURPOSE. STATUS b PROGRESS 

The directive and AEC Work Authority has been received. 

A work release authorization dated April 26, 1961, has been issued By G. E. Co. 

I Additions to the 271-CR Bdlding Waste Treatment lruNDINa 
PROJ. NO. - 

Demonstration Faciiity 1 614 
AEC S COST & COMM. TO S 

tUTWORIZED FUNDS 

COST PLUS FIXED FEE 

PLANT FORCES 

ARCHITECT - ENGINEER 

DESIGN ENGINEERING OPERATION 

GE FIELD ENGINEIRINQ 

I1 IP 1 
I I 

I I I1 I I 

SCOPE. PURPOSE. STATUS b CROQRtSS 

This project provides facilities for pilot plant development of decontamination 
processes for intermediate level chemical processing plant waste for safe 
discharge to the plant environs. 

The project proposal was submitted to BJO.-AEC on 3-23-61, and was approved 
by the Project Review Board on 4-13-61. 

* Based on authorization by 6-1-61. 

No directive has been issued to date. 

1251'321 
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PROFESSIONAL PLACE- AND 
REIATIONS PRACTICES OPFZWTION 

COHHLTNICATIONS 

Prepared script and directed filming of televised news featura on Operation 
Plowshare and ProJect Chariot. Presenta-tion date for the film has been set 
for Hay 14 at 4:OO P.M.. 

Prepared press releases on: (1) E. J. Seppi's felloxship, (2) V. G, Aquino's 
feuowship, (3) E. A. Rrans' trip to Bnassels. 
Relations Operation in the .preparation of releases on: 
resistance welding (2) E. D. Clayton's trip to Germany. 

In addition, participated with 
(1) maEpletic force 

EHpIclyHENT (Professional) 

Advanced Degree - Tvelve Ph.D. candidates visited HAP0 for professional employ- 
ment intemiews. 
one rejection were received. Current open offers total17. Recruiting trips 
to three universities occurred. 

Eighteen offers were extended; three acceptances (all HI,) and 

BS/m - Offer acceptances rose sharply during April as did rejections. Year- 
to-date progress in campus recruiting has resulted in 152 offers, 48 acceptances 
and 42 rejections . 
Technical Graduate Program - Six llechnical Graduates were placed on permanent 
assignment during the month. 
Current program members total 48. 

We currently have 62 offers open. 

Three new members were added to program rolls. 

EW- (Non-professional) 

Ten requisitions were filled during the month with a total of 25 active requisi- 
tions remaining to be filled. 

0. E. Boston, Manager I 
Professional Placement 
and Relations Practices 

, 
OEB : lmh 
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UNCLASSIFIED 1-3 

C - Technical Graduate Program 
Month ending April 30, 1961 

Number Personnel on Assignment 48 
(HAP0 Tech Grad Program . . . .+. . . . . . . . . . . 44 
(Engineering & Science Program . . . . . . . . 4 

Distribution of Assignments by Departments 

IPD 
HL 
FTD 
CPD 
CUO 
CE&UO 

Distribution of Assignments by Fwction 

Research & Development or Emneering 
Other 

16 

19 
5 
5 
3 
0 

30 
10 

HW-69408 

UNCLASSIFIED 



mcLASs1mED J-1 m-69408 

lXNANCIAL OPERATION M0NTBI;Y REPaRT 
APRIL 1961 

'- 

Personnel 

There were no personnel changes during the month of April. 

Activities 

GEmERAI, ACC-G OF'EZIATION 

A report which has been issued by General Accounting for some time was discon- 
tinued following receipt of information that information contained was not of 
great value to Hanford Laboratories. 
HLo and wave1 plasned by HLO Personnel". 

This report was entitled "Visitors to 

Following is a schedule of approval letters in the hands of the Conmission or 
which have been submitted to them and the current status of each letter. 

- !L'itle status mLanber - 
AT- 97 Submitted to AM: in April. 

Not yet approved. 

~~-104 Fission Products Dispersal Handbook Submitted to AM: in March. 
Not yet approved. 

AT-105 Symposium on the Biology of the Submitted to AM: in Februa.ry. 
Wansuranic Rements Not yet approved. 

AT-140 National Academy of Sciences - Approved April 13, 1961. 
National Research Council - Advisory 
Committee on Civil Defense 

Cooperative Program for Evaluation 
of Decontamination Agents . 

AT-149 Recruiting Practices Submitted to AEC in early 
May* 

Wave1 activity in April was considerably below the year earlier level. 
year-to-date level at the end of April was essentially the same as for the first 
tea months of FY 1960. 

The total 

Project unitization reports were issued during the month on the following projects: 

W-864 Shielded Animal Monitoring Station, 100-F Area $45,244 

w-878 Additional Bcilities for Isotope Study on 
CGH-8'77 Pyrochemical Test Facility, 32lA Building 68,584 

WS - 141C Buildiq 

During the month preliminary unitization work was performed on the followlng 
projects and equipment tagged: 

UMCLASSIFIED 
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m-167 €lutmium Recycle Test Reactor 
CGH-785 
CGH-805 
CAE-822 
CAB442 

In-Reactor Studies Equipment - lo5 KW 
High Temperature Tensile Testing Cell - 325 Building 
Pressurized Gas Cooled bop Facility - PRPi Site 
CriticaL Facflity - =pi Site 

The phssical imrentory of movable cataloged equipment in the custody of Reactor 
a& 3bJ.s R&D Operation which began March 13, 1961, is still in progress. 
field count is proceeding on schedule. 

The 

Reconciliation of phssical inventory of fixed property in connection with the 
Cold Semi-works - 3P Ihcility by 0 is still in progress. 

The Quarterly ixiventory of Special Materials in the custody of 93 HIIX) holders 
was conducted as of mch 3, 1961. 
duced this Qusrter was well accepted by holders of special materials and 
expedited the inventory reconciliation. 

The new verification type imrentorg izrtro- 

The new Hzx> verification tme 
inventory procedure has been put into effect plant wide Bnd inconpo&ted in 
HAP0 O#: 8.14. 

Heavy Water expenditurea th;rough April me $74,659. 
for return to mC0 far rework at A- 30, 1961, amounted to 4,223.90 kgs. 
atring April, 14,485.850 kga. %O were received from SROO valued at 
$446,465 PImd and $309,779 190n-h.~1. 

Heavy Water accumulated 

Thirty-nine new i+,- valued at $22,565 were received at the Laboratory Equipment 
Pool during the math. Fuur items valued at $900 were withdrawn by custodians and 
19 items valued at $5,0C8 were disbursed in lieu of placement of requisitions. One 
item valued at $101 was retired from record on a Property Disposal Request. There 
are ctlrrerrtly 627 iterne valued at $243,135 located in the Equipnent Pool. Included 
in this total are 100 uncataloged type items valued at $15,5l9 available for loan 
or transfer and 44 items valued at $1,800 which are being held for the convenience 
of others. 

Reactor and other Special Materials on ha& at month end consisted of the following: 

aelyuium 
GGld 
Palladium 
matimm 
silver 
zirconium 

Imentary Stock 
R&D Stock 
Scrap 

67,490 
9,114 
-0- 

$- 

Actic,n as ixdicated occurreti on the follcwiag projects during the month: 

llew Funds Authorized BIx3 

cAB-866 Shielded Anslytical Laboratory $138 I 500 
CAH-888 Biology laboratory Improvements 10,000 

CAH-902 Uranium Scrap Bur- Facility 7,500 
OAH-919 Air Conditioning - 34 Building 6,350 
CAH-92k 200 KW Induction Heating, 306 Building 6,350 
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Construction Completion and Cost Closing Statements 
CAFI-864 
CAH-878 

Shielded Animal Monitoring Station - 100-F 
Additional Facilities for Isotope study on us 

(4-C reports for AEM Services on these projects were 
141-C Building 

issued several months ago) 

Concurrent with the authorization of Rroject CAR-924, 200 KW Induction Heating 
306 Building, the AM: will retain management of equipment projects when work is 
to be performed under lump sum contract. 
all costs (GE and AM=) in Equipment Work in Progress and apply these costs 
against GE equipment f'und allocations. 

General Electric will record and report 

A complete analysis of equipment f'und expenditures fiscal year to date and fore- 
casted expenditures for balance of this fiscal yeax was prepared fm Cost Accounting. 

COST ACCOUXFING OPERATION 

Change Authorization 

$-a 
Properties - 30 

+ 51 

As a result of a meeting held on April 27, 1961 between Cost Accounting personnel 
and the Specialists - Technical Administration to discuss the budget' status of 
Hanford Laboratories and subsequent discussions between the Specialists - 
Technical Administration and the Section Managers, the HLO control budget was 
adjusted to reflect a more appropriate balance between anticipated fiscal year 
costs and program authorizations. 

pro am (Amounts in ~housands) 

Swelling Btudies 
In-Reactor Measurements of Mechanical 
U02 libels Research 
Plutonium Recycle Program 

Aajustments were as follow: 
NeW 

*am 

Plutonium Fuels Development 
Uranium Fuels Development 
fiels Reprocessing Development 
Physics and Instrumentation 
Design Development 
Reactm Engineering Developnent 
Materials Developaent 
Teit Reactor Operation 
Cycle AnaJysis 
Procxrement of HX Plutonium 

Total Plutonium Recycle Pr~gram 
Project Gas LOOF 
WLipment 

Total 04 Program 
05 Program 
Radiochemical Analysis 
Equipment 

+ 25 
- 63 
+ 25 
- 10 
- 30 

+325 

-44 
+m 
- 35 
-193 

-- 
-- 

-- 

-- 

+ lo 
- 10 

1 425 
602 

875 
565 
128 
612 

450 
1 625 

3 
38 5 
789 

io 601 

250 
43 

In additicn to the adjustments listed above, the April cmtrol budget reflects 
the fCLowing a-athorizatim changes. 

UNCLASSIFIED 
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Decrease of $10,000 in CPD &cursored Process Technology. 
Increeme of $20,000 in service for CPD to provide a budget for a work 

order associated with their Weapons Research and Developnent program. 

me wet for Fy 1963 and Revlsion of widget for FY 1962 is complete. 
Research and Development propOssls have been distributed to all interested person- 
nel. Wark will now begin on a book for presentation of the budget to HLQ 

The 

Special request activltg during the month was ae follows: 

1 Costs for Project Charlot for the summer of 1961 were estimated at 
$32,800 (incremextal). Authorization of $30,000 is eqected in the 
FY 1962 l?bEncial Plan. 

2 - 9. H. Buah psrtici-pstion in the APED review of practices with respect 
to reactor and power plant structural materials. Authorization was 
far SalSrJT, IME end travel.. 

3 - A transmittal letter was received fram HOO-AM: to proceed with fabri- 
cation of 48 sluminurn alloy clusters for Bettis - Westinghouse. 
total of $30,000 will be authorized for this work. 

A 

4 -- Csncellation bas been received on the Air Force purchase order 
HI ~572. TMS authorization was in the amount of $55,000 was 
for experimental iwest;igation at Mwards Air Force Ease, California. 
This Is the result of the discontinuance of the overall aircraft nuclear 
propulsion program, 

Caacellat$on'has been received on a $3,600 purchase order From GE ANPD 
for X-ray Mfffaction Analyses. me reason is the 88me as above. 

A new data processing report has been prepared for submission to the cost center 
managers. 
percent of space occupied and monthly charge by building. 
product of information already on the machine. 

It will detail the charges for Buildings and Utilities by building, 
This report is a by- 

Be quarferly report listing Word Laboratories planaea expendittires of 
$5,000 or more for each item of material and off'-site contract procured for 
research and awelopent pograms during the ba,lance of FY 1961 was prepared 
and trtumnitted to Contract Accounting. 

Be Quarterly report on Word Laboratories' Baining Program costs was sub- 
mitted to MnanciaJ consoudations. 

&it Cost Reports for Radiation Protection, as prepared for the old organiza- 
tions, were temporarm discontinued; two meetings have been held with the new 
Sibsection -ers to discuss the continuation of these reports. As a result, 
A. J. Scott, Specialist - Measurements and Procedures, was requested to investi- 
gate the situation and provide recommendatioz in accordance with their current 
requirements . 
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payroll Statistics 

Non- Number of HLO Ehployees 
Changes During Month 

Emplwees 03 Payrcll at Beginning of Month 
Additions and P.ansfers In 
Remvsls and Wfers Out 

Employees on Payroll at End of Month 

Total Escempt %! 720 

14 4 10 
-. 

14 8 
722 m 

Overtime Payments During Month 

Exempt 
moll - mempt 

Total 
22 004 

Gross Rqyr ell Paid During knth 
kempt $572 243 $ 576812 
Mon-Ekempt 

Total 

PasticipatiDn in hployee Benefits April March 
Plans At Month End Number Percent Number Percent 

Insurance Plan Pension Plan 1 a3 99.3 1215 99-3 

371 99.9 
981 

3n 99.9 
982 

Personal Coverage 
Depeadent Coverage 

Stock Bonus Plan 
U.S. kvings Bonds 

savings man 
savings and security Plan 

Insurance Claims 
Ehxployee Benefits 

Life Insurance 
Weekly Sichess and Accident 
Cqehensive Medic& 

Cmprehensive Medical 
Dependent Benefit a 

Total 

64 32.2 
83 6.1 

io46 90.0 
April 

Number Amaunt 

65 32.7 
84 6.2 

1049 90.3 
rvhnrch 

Mber Amount 

1 $U 514 
16 939 
62 6 071 

0 $' 0 

7 581 
95 7 087 

April 
930 
68.3 

Gcod NeighbJr Fumi 
Wber Participating 
Percent Participating 

, 
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INVENTIONS OR DISCOVERLES 

All persons engaged in work that might reasonably be expected to 

result in inventions or discoveries advise that, to the best of their knowledge 

and belief, no inventions or discoveries were made in the course of their 

work during the period covered by this report 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 TITLE OF INVENTION OR DISCOVERY 

H. L. 

R. T. 
R. L. 

G. B. 
W. H. 

H. L. 

R. F. 

R. F. 

P. w. 

D. W. 

Libby 

Allemann 
Moore 

Barton 
Swift 

Brandt 

Maness 

Mane s s 

Smith 

Pearce 

D. W. Pearce 

J. F. Jarosch 

An Eddy Current Device for Detecting 
Anisotropic Conditions 

Cataphoretic Bubble Scrubber for Radio- 
active Off-Gas Decontamination 

High Strontium Glasses for Heat Source 
Application 

A Device for Transporting Solid Partic - 
ulate Resin in a Liquid Medium 

Preparation of Strontium Tit anat e 

Preparation of SrO via Sr02 

The High Temperature, Chemical 
Reprocessing of Power Reactor Fuels 
Clad with Oxide Coated Zircaloy-2 

The Use of Ultramarines, Natural or 
Synthetic, in the Removal of Radioactive 
Ions from Radioactive Wastes; In Partic- 
ular the Use of Ultramarines or Modified 
Ultramarines in the Removal of Sulfate, 
Phosphate, Arsenate, Arsenite, and 
Ruthenate from Solution 

The Use of Ferro-Magnesian Minerals in 
the Treatment of Radioactive Wastes with 
Particular Respect to the Use of Olivine- 
Containing Rocks for the Removal of Radio- 
ruthenium from such Wastes 

Rubber Hose Air Chuck 

UNCLASSIFIED 




